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KONGRE PROGRAMI / CONGRESS SCHEDULE

ORAL PRESENTATION

28 July 2023 - Friday

Session 1
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Lect. Umut Saray
Meeting Hall Vice-Chairman:  Assist. Prof. Dr. Tolga Yucehan
Time Title of Study Authors Corresponding Presenter
Author
Rabia Kilic, Bediye Seda
13:30 - 13:40 av;g;g%%sgggs;g&%Eﬂc RGN 91 Kursun Aktar, Emine Elcin Rabia Kilic Rabia Kilic
Oruc-Emre
SYNTHESIS OF NEW A-AMINO NITRILE . . .
Adil Ozbay, Emine Elcin Oruc-
. . COMPOUNDS AND STUDY OF ANTI- . .
13:40 - 13:50 ALZHEIMER'S ACTIVITY BY MOLECULAR IIEr_ndre, Aysegul Karakucuk- Adil Ozbay Adil Ozbay
MODELING yidogan
NOVEL CHIRAL THIOUREAS DERIVED FROM
BENZYL ISOTHIOCYANATE: DESIGN, Zafer Bulut, Aysegul lyidogan
13:50 - 14:00 | SYNTHESIS, CHARACTERIZATION AND Yusuf Sical% Emine Elcin Emr’e Zafer Bulut Zafer Bulut
EVALUATION OF ACHE AND BCHE '
INHIBITION ACTIVITIES
SYNTHESIS OF HYDRAZONE DERIVATIVES Cengiz Karakurt, Bediye Seda
. . AND INVESTIGATION OF THEIR Kursun Aktar, Aysegul . .
1400 - 1410 | ANTIOXIDANT AND ANTICHOLINESTERASE | Karakucuk-lyidogan, Yusuf Camyz ARl | Comg e S
ACTIVITY PROPERTIES Sicak, Emine Elcin Oruc-Emre
INVESTIGATION OF BIOACTIVE PEPTIDES IN
14:10 - 14:20 | CALVATIA GIGANTEA (GIANT MUSHROOM) Ali Zeytunluoglu Ali Zeytunluoglu | Ali Zeytunluoglu
PROTEIN HYDROLYSATES
Session 2
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Lect. Umut Saray
Meeting Hall Vice-Chairman:  Assist. Prof. Dr. Tolga Yucehan
Time Title of Study Authors ComES ey Presenter
Author
RESPONSE OF SOIL ORGANIC CARBON
15:00 - 15:10 gﬂégiﬁghﬁA;—lﬁng II_‘ E:,\\I/DE ISDICI)\JFUS BRUTIA Sahin Cenkseven, Burak Kocak Sahin Cenkseven | Burak Kocak
TEN. UNDER LABORATORY CONDITION
AN EFFICIENT LOGARITHMIC NUMERICAL
15:10 - 15:20 | METHOD FOR THE GENERALIZED BURGERS- Bilge Inan Bilge Inan Bilge Inan
HUXLEY EQUATION
1520 - 1530 | CYCLIC CODES OVER THE RING FPX(FP+VFP) Eztfri';afkas'(';ka”' Tulay Yildirim, | ot Caliskan | Refia Aksoy
THE EFFECT OF SUPPORTING SCIENCE
EDUCATION CONCEPT TEACHING IN Begum Busra Aksoy, Hasan Begum Busra Begum Busra
15:30 - 15:40 | SCHOOLS WITH OUTSIDE CLASS ACTIVITIES Inac ' Aksoy Aksoy
ON THE ACADEMIC SUCCESS OF STUDENTS
AND STUDENT OPINIONS ON THE PROCESS
MODELING OF NUMBER OF TRAFFIC Mustafa Baran Sevimli, Mine Hatice Tul Kubra | Mustafa Baran
15:40 - 15:50 | ACCIDENT IN ANKARA WITH REGRESSION Fulya Gursel, Lina Kiran, Esra Akdur Sevimli
AND DECISION TREE METHODS Sahin, Hatice Tul Kubra Akdur
Session 3
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Lect. Umut Saray
Meeting Hall Vice-Chairman:  Assist. Prof. Dr. Tolga Yucehan
Time Title of Study Authors Corresponding Presenter
Author
COMPUTED TOMOGRAPHY-ASSISTED
16:30 - 16:40 TRANSTHORACIC NEEDLE ASPIRATION Gul Erda_l Donmez, Selahattin Gul Erdal Gul Erdal
BIOPSY BY PULMONOLOGIST IN A CHEST Oztas, Dilek Ernam Donmez Donmez
DISEASES HOSPITAL: 4 YEAR EXPERIENCE
EVALUATION OF KNOWLEDGE, ATTITUDES
. . AND BEHAVIORS OF HEALTH SCIENCES Hilal Nur Sakalli, Sadi Turgut . . . .
16:40 - 16:50 FACULTY STUDENTS ABOUT INFECTIOUS Bilgi Hilal Nur Sakalli Hilal Nur Sakalli
DISEASES: CANAKKALE CASE
DO INSTITUTIONAL DIFFERENCES AFFECT Seyhan Cerci, Nermin Uyurdag
16:50 - 17:00 | HEALTHCARE PROFESSIONALS ATTITUDES ' ' | Seyhan Cerci Seyhan Cerci

TOWARDS QUALITY STUDIES?

Ebru Sevinc, Nuran Reyhanoglu

ISBN: 978-605-71214-8-6 vii
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A COMPILATION STUDY ON THE BURNOUT

17.00 - 17:10 OF HEALTHCARE PROFESSIONALS Altug Cagatay, Figen Ozsahin Altug Cagatay Altug Cagatay
ROLE OF MAGNETIC RESONANCE IMAGING S . .
17:10 - 17:20 | IN THE PROGNOSIS OF INTERVERTEBRAL Eti)lrtjjffrrillfcla:iilIgirie)énspur ii‘g;ifz'\'"“fer ii{';zfz'\'"“fer
DISC DISEASES » °imge g
17:20 - 17:30 ELECTROCHEMOTHERAPY IN VETERINARY Simge Ugur Simge Ugur Simge Ugur
MEDICINE
29 July 2023 - Saturday
Session 4
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Assist. Prof. Dr. Tolga Yucehan
Meeting Hall Vice-Chairman:  Lect. Umut Saray
Time Title of Study Authors Corresponding Presenter
Author
09:00 - 09:10 | CULTURAL COMPETENCE IN NURSING CARE | Burcu Caki Doner g‘;;%“r Caki g‘(‘);"e“r e
CHANGES IN BODY TEMPERATURE IN THE Burcu Korkmaz, Durdu Fatma
09:10 - 09:20 | NEWBORN: NURSING APPROACHES IN Ugur, Atiye Karakul, Duygu Burcu Korkmaz Burcu Korkmaz
HYPOTHERMIA Sonmez Duzkaya
Durdu Fatma Ugur, Burcu
09:20 - 09:30 ASSISTED BREATHING PRACTICES IN Korkmaz, Atiye Karakul, Duygu Durdu Fatma Durdu Fatma
NEWBORNS Ugur Ugur
Sonmez Duzkaya
EVALUATION OF AIRFLOW CHANGES
ASSOCIATED WITH MAXILLARY SINUS Ipek Necla Guldiken, Alperen
. . PATHOLOGIES BEFORE AND AFTER THE . i ! . |
09:30 - 09:40 TWO-STAGE SINUS AUGMENTATION -(I_;ill((le?\ gzﬂﬂri\ljg%ﬁ;);r;ep Alperen Tekin Alperen Tekin
OPERATION USING THE COMPUTATIONAL
FLUID DYNAMICS METHOD
PRE-ERUPTIVE INTRAKORONAL e TR Tieren VIETeER
09:40 - 09:50 | RADIOLUCENCY: A RETROSPECTIVE CASE Irem Mergen Gultekin 19 19
Gultekin Gultekin
REPORT
Session 5
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Assist. Prof. Dr. Tolga Yucehan
Meeting Hall Vice-Chairman:  Lect. Umut Saray
Time Title of Study Authors ComES ey Presenter
Author
FAMILIAL MEDITERRANEAN FEVER WITH Avseaul Alocan. Yasar Kandur
TRIPLE MEFV MUTATION: COMPARISON OF D)e/r gBe ZF; Say in Kocakal |
10:30 - 10:40 | TRIPLE, COMPOUND DOUBLE, AND Serﬁ’an Ta'rsun éi A P Aysegul Alpcan | Aysegul Alpcan
FREQUENT SINGLE MUTATIONS IN A Aliefendioglu !
TURKISH PEDIATRIC COHORT 9
. . EVALUATION OF PREALBUMIN AS A . . .
10:40 - 10:50 BIOMARKER Elif Karabacak Elif Karabacak Elif Karabacak
. . SURFACE-BASED MORPHOMETRIC CHANGES . . .
10:50 - 11:00 IN PATIENTS WITH HYPERTHYROIDISM Baris Genc Baris Genc Baris Genc
VITAMIN D LEVELS IN PREGNANCY,
11:00 - 11:10 | GESTATIONAL DIABETES AND Mehmet Kulhan Mehmet Kulhan Mehmet Kulhan
REPRODUCTIVE AGE WOMEN
ANALYSIS OF PRENATAL INVASIVE
11:10 - 11:20 | PROCEDURES IN A TERTIARY CENTER: A Gokcen Orgul Gokcen Orgul Gokcen Orgul
TWO-YEAR EXPERIENCE
Session 6
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Assist. Prof. Dr. Tolga Yucehan
Meeting Hall Vice-Chairman:  Lect. Umut Saray
Time Title of Study Authors Corresponding Presenter
Author
. . THE EFFECTS OF DIFFERENT DIET MODELS
12:00 - 12:10 IN VITRO FERTILIZATION OUTCOMES Mehmet Kulhan Mehmet Kulhan Mehmet Kulhan
THE EFFECT OF FETAL GENDER ON
12:10 - 12:20 | TRANSVERSE CEREBELLAR DIAMETER Gokcen Orgul Gokcen Orgul Gokcen Orgul
MEASUREMENTS
ENDOVASCULAR MANAGEMENT OF .
1220 - 1230 | SPONTANEOUS LUMBAR ARTERY Muhamimet Kursat Simsek, Munammel | lnammet
HEMORRHAGE g
12:30 - 12:40 BILATERAL FACIAL NERVE PARAL YSIS: Tarik Yagci Tarik Yagci Tarik Yagci

CASE REPORT AND CLINICAL APPROACH
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PARTIAL SPLENIC EMBOLIZATION FOR

12:40 - 12:50 | HYPERSPLENISM AFTER LIVER Ozgur Ozen, Tolga Zeydanli Tolga Zeydanli Tolga Zeydanli
TRANSPLANTATION
Session 7
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Assist. Prof. Dr. Tolga Yucehan
Meeting Hall Vice-Chairman:  Lect. Umut Saray
Time Title of Study Authors Corresponding Presenter
Author
. . RESOLUTION IN READING ANALOG DATA: A A . . . L. !
13:30 - 13:40 LABVIEW APPLICATION Sabri Bicakci Sabri Bicakci Sabri Bicakci
. . INTERNET OF THINGS SUPPORTED FROST . Huseyin Safa Huseyin Safa
13:40 - 1350 | cONTROL IN AGRICULTURE B Unlu Unlu
DETECTION OF DEFECTS IN MOLDED SHEETS
13:50 - 14:00 | USING THE MFL METHOD: AN ANISOTROPIC Hakan Citak Hakan Citak Hakan Citak
MAGNETO-RESISTIVE SENSOR APPLICATION
CONTROL OF PURE INTEGRATING
14:00 - 14:10 | PROCESSES WITH TIME DELAY USING Tufan Dogruer Tufan Dogruer Tufan Dogruer
WHALE OPTIMIZATION ALGORITHM
DEVELOPMENT OF LABVIEW-BASED
QUALITY CONTROL SYSTEM FOR
14:10 - 14:20 | DETECTION OF DIMENSIONAL DEFECTS IN Elif Aydan Bike, Gokay Bayrak | Elif Aydan Bike Elif Aydan Bike
AUTOMOTIVE INDUSTRY PRODUCTION
LINES
. . EFFECT OF GLASS FIBER STRUCTURE ON . o . .
14:20 - 14:30 HEADLINER ACOUSTIC PERFORMANCE Naci Uysal, E. Egemen Yildirim | Naci Uysal Naci Uysal
Session 8
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Assist. Prof. Dr. Tolga Yucehan
Meeting Hall Vice-Chairman:  Lect. Umut Saray
Time Title of Study Authors ComES ey Presenter
Author
Ruveyda N. Kaplan, Gamze
. . MICROSCALE ANALYSIS OF HYDROGEN . . . .
15:00 - 15:10 STORAGE IN METAL HYDRIDE REACTORS Atalmis, Bora Timurkutluk, Gamze Atalmis Gamze Atalmis
Serkan Toros, Yuksel Kaplan
A NOVEL RECTANGULAR NOZZLE DESIGN . . .
15:10 - 15:20 | AND MOTION CONTROL TO INCREASE THE gzﬂﬁaﬁg’gerusey'” Ergin, Yasin Kaya Yasin Kaya
SPEED OF YOGURT FILLING MACHINES
. . EFFECT OF GEOMETRY AND LOCATION OF Mustafa Kurt, Bilcen Mutlu Bilcen Mutlu
15:20 - 1530 | cpACK ON MODAL ANALYSIS OF BEAMS Mitil I X Mitil
NUMERICALLY INVESTIGATION OF THE
. . EFFECTS OF THE CHEVRON ANGLE ON THE . .
15:30 - 15:40 THERMAL PEREORMANCE OF A PLATE HEAT Haydar Yagmur, Halil Bayram Halil Bayram Haydar Yagmur
EXCHANGER
OPTIMIZATION OF PROCESS PARAMETERS Ersin Kaya, Selim
. . FOR TENSILE STRENGTH OF 3D PRINTED ! . . .
15:40 - 15:50 CARBON EIBER BASED POLYAMIDE gir;%r?amoglu, Beril Eker Ersin Kaya Ersin Kaya
SAMPLES
DEVELOPMENT AND OPTIMIZATION OF
. . CARBOXYMETHYL CELLULOSE- . . .
1550 - 16:00 REINFORCED BINDER FOR DIRECT INK Necati Ercan, Onur Saray Necati Ercan Necati Ercan
WRITING METHOD
Session 9
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Lect. Umut Saray
Meeting Hall Vice-Chairman:  Assist. Prof. Dr. Tolga Yucehan
- . Corresponding
Time Title of Study Authors Author Presenter
NUMERICAL INVESTIGATION OF REACTION Gamze Atalmis. Serkan Toros
16:30 - 16:40 | KINETICS OF ADDED AND COATED vuksel Kaplan ! ’ Gamze Atalmis Gamze Atalmis
HYDROGEN STORAGE MATERIALS P
ANALYSIS OF DIFFERENT FIXATION
16:40 - 16:50 | METHODS IN CRANIAL IMPLANTS BY FINITE Murat Giziroglu Murat Giziroglu Murat Giziroglu
ELEMENT METHOD
NUMERICAL STUDY OF A BLOWING
16:50 - 17:00 | VEHICLE’S CENTRIFUGAL FAN FLOW H. Atakan Baytas, Gokhan Koca | H. Atakan Baytas | H. Atakan Baytas
STRUCTURES
THE EFFECTS OF HEAT TREATMENT - .
1700 - 17:10 | PARAMETERS ON CUTTING TOOL Emin Ali Epcim, Mahmut Ercan | iy Al Epcim | Emin Ali Epcim
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PMN-PT BASED PIEZOELECTRIC THICK FILM
PRODUCTION WITH SCREEN PRINTING

Ezgi Kilicgedik, Yusuf Ozturk,

1720 - 17:20 | TECHNIQUE AND EFFECT OF PASTE Afife Binnaz Hazar Yoruc Ezgi Kilicgedik | Ezgi Kilicgedik
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RESULTS OF DIE ELEMENTS OBTAINED BY Ismail Gurbuz. M. Hakan _ )
17:20 - 17:30 | TRIAL-AND-ERROR AND DIE ELEMENTS Ozkan Abdulﬁeéit Guldas Ismail Gurbuz Ismail Gurbuz
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09:00 - 09:10 | CLASSIFICATION: DATA ANALYSIS WITH Yeliz Durgun Yeliz Durgun Yeliz Durgun
EXTRA TREES CLASSIFIER
BIOMINERALIZATION CAPACITY
09:10 - 09:20 | DETERMINATION OF MUTANT BACILLUS Nur Beril Us, Hamdi Ogut Nur Beril Us Nur Beril Us
MEGATERIUM
DESIGN OF SOLVENT BASED ROTOGRAVURE | Bora Ocak, Bahman
WHITE INK FOR PET-G MATERIAL IN HYBRID | Mansurzade, Emine Topaloglu,
09:20 - 09:30 | pRINTING MACHINE THAT CAN BE Sebnem Yildiz, Halide gesli? Canan Uraz RO
COMPATIBLE WITH OFFSET INKS Canan Uraz
HYDROTHERMAL CARBONIZATION OF RICE Zeynep Yildiz Zeynep Yildiz
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ADSORPTION
A SIMPLE SYNTHESIS OF CR203 Gamze Bozkurt Gamze Bozkurt
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PR e gl i Recep Gunes, Ozgur Karadas Ozgur Karadas
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DEEP LEARNING APPROACHES FOR
10:50 - 11:00 ﬁgﬁ;’\gﬁlﬁgg@iﬁﬁ?%E,\TC?STECTION Seda Bayat, Gultekin Isik Seda Bayat Seda Bayat
MAMMOGRAPHIC IMAGES
11:00 - 11:10 QAE?EIL%R%OEEAOE-L?AL\E/LGQ\E\IOG’\I WITH DEEP Huseyin Pullu, Cihan Karakuzu Huseyin Pullu Huseyin Pullu
BLOCKCHAIN BASED VEHICLE Fatih Ornek, Zafer Guler, Yunus
1110 - 1120 | pEGISTRATION SYSTEM Emre Isik, Halil Arslan Zatfer Guler Zater Guler
Session 12
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Lect. Umut Saray
Meeting Hall Vice-Chairman:  Assist. Prof. Dr. Tolga Yucehan
Time Title of Study Authors Corresponding Presenter
Author
CUSTOMIZABLE HARDWARE Omer Faruk Kelek, Zafer Guler
12:00 - 12:10 | COMMUNICATION PROTOCOL FOR Yasin Gormez Haiil Arslan ' | Zafer Guler Zafer Guler
INDUSTRIAL AUTOMATIONS '
AN ENSEMBLE LEARNING MODEL FOR Veysel Turk, Halil Arslan
12:10 - 12:20 | EARLY DETECTION OF DEMENTIA FROM MRI - i ' Halil Arslan Halil Arslan
IMAGES Hatice Catal Reis
1220 - 12:30 | INSTRUMENT CHORD CLASSIFICATION WITH | gjipan Guven, Fatih Aydin Aslihan Guven Aslihan Guven
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DISEASE PREDICTION FROM NATURAL

1230 - 12:40 | LANGUAGE SYMPTOM DESCRIPTIONS IN A. Huseyin Ezirmik, Fatih A. Huseyin A. Huseyin
Aydin Ezirmik Ezirmik
TURKISH
Session 13
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Lect. Umut Saray
Meeting Hall Vice-Chairman:  Assist. Prof. Dr. Tolga Yucehan
Time Title of Study Authors Corresponding Presenter
Author
INVESTIGATION OF TREATED WASTE WATER
. . USAGE OPPORTUNITIES OF KONYA Murat Ekici, Ilknur Kutlar - -
1330 - 1340 | gp1 CUKLU AND KARATAY DISTRICT Yaylali Murat Ekici Murat ER
FARMERS
NINZIIS LAOIDIIHINE @15 Enl HOIHE Burcu Simsek Uygun, Esin Esin Huriye Esin Huriye
13:40 - 13350 | VULGARIS MICROALGAES BEHAVIOR IN Hurive Buodave Baodavet -
WATER TREATMENT e Bugaay gaay gaay
DETECTION OF EARTHQUAKE DAMAGES
13:50 - 14:00 | WITH SATELLITE IMAGERY AND DEEP Fatma Elik Fatma Elik Fatma Elik
LEARNING APPROACHES
IMPACT OF PARAMETER VARIATIONS ON
14:00 - 14:10 | REACHABILITY SETS OF AERODYNAMIC Tugba Bayoglu, Gokcan Akalin Tugba Bayoglu Tugba Bayoglu
INTERCEPTORS
EVALUATION OF ENGINEERING
14:10 - 14:20 | APPLICATIONS IN URBAN AND RURAL Cafer Giyik Cafer Giyik Cafer Giyik
STRUCTURES; VAN PROVINCE EXAMPLE
SITE SELECTION APPLICATIONS IN DISASTER
. . HOUSING IN THE PERSPECTIVE OF DISASTER - - ..
14:20 - 14:30 AND ARCHITECTURAL DESIGN: VAN CITY Cafer Giyik Cafer Giyik Cafer Giyik
EXAMPLE
Session 14
Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Lect. Umut Saray
Meeting Hall Vice-Chairman:  Assist. Prof. Dr. Tolga Yucehan
Time Title of Study Authors SO ETETY Presenter
Author
THERMOCHROMIC DYE APPLICATION STUDY
15:00 - 15:10 | IN HOSIERY AND INVESTIGATION OF IT'S Sevda Koksal Daban ?)%iz pae EZ‘E)‘;?] s
FASTNESS PROPERTIES
MECHANICAL CHARACTERIZATION OF
. . THERMAL AND UV CURED GLASS . . .
15:10 - 15:20 COMPOSITES HAVING DIFEERENT LAY-UP Oguz Eryilmaz Oguz Eryilmaz Oguz Eryilmaz
CONFIGURATIONS
THE INVESTIGATION OF PROPERTIES AND Mustafa Sabri Ozen. Nalan
15:20 - 15:30 APPLICATIONS OF ANIMAL LEATHER USED Kutlu Saticioalu Mine Dursun Mustafa Sabri Mustafa Sabri
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Hall Name: INSI - Meeting Hall Meeting Hall Chairman :  Assist. Prof. Dr. Tolga Yucehan
Meeting Hall Vice-Chairman:  Lect. Umut Saray
- - Corresponding
Time Title of Study Authors Author Presenter
. . MICRO-SCALE STUDY OF THE EFFICIENCY . Fateh Mebarek- Fateh Mebarek-
16:30 - 1640 | 5F HEAT EXCHANGERS WITH NANOFLUIDS | Fateh Mebarek-Oudina Oudina Oudina
PREVALENCE AND ANTIMICROBIAL
16:40 -  16:50 RESISTANCE OF KLEBSIELLA PNEUMONIA Manal Hadi Ghaffoori Kanaan, Manal Hadi Manal Hadi
’ ' RECOVERED FROM RETAILED MEAT IN Sura Saad Abdullah Ghaffoori Kanaan | Ghaffoori Kanaan
WASIT MARKETS, IRAQ
IRON ORE DEPOSIT IN THE VARES AREA
. . WITH OCCURRENCES OF COMPLEX Mevlida Operta, Sylejman . .
16:50 - 17:00 | o)) pHIDES OF LEAD, ZINC, AND BARITE Hyseni, Enes Muzagi Enes Muzagi Mevlida Operta
(BOSNIA AND HERZEGOVINA)
STATIC AND DYNAMIC MODE . .
17:00 - 17:10 | INVESTIGATION OF DISPLACEMENT AND ?;’im%rjza Abbaszadeh, Reza Reza Trinejad /'iﬁﬁllgzriéih
STRESSES IN PINE FLAT DAM .
1710 . 1720 | ANTIDIABETIC PLANTS USED IN SAIVA \S/‘ei‘LiYggaS“th']‘r’ﬁEa;‘ﬁgdz:ﬁjah' Saravanan Saravanan
: =Y | TEMPLE RITUALS IN SRI LANKA jan shanmugaiingam, Vivekanandarajah | Vivekanandarajah
Pholtan Rajamanoharan
SUPPORT VECTOR MACHINE MODEL IN . . .
1720 - 1730 | PREDICTING THE ENERGY DISSIPATION IN Hamidreza Abbaszadeh, Yousef | Hamidreza Hamidreza
Hassanzadeh Abbaszadeh Abbaszadeh
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MICRO-SCALE STUDY OF THE EFFICIENCY OF HEAT EXCHANGERS WITH
NANOFLUIDS

Fateh Mebarek-Oudina

Department of Physics, Faculty of Sciences, University of 20 aout 1955 - Skikda, B.P 26 Road El-Hadaiek,
Skikda 21000, Algeria

Email : f.mebarek_oudina@univ-skikda.dz ; oudina2003@yahoo.fr

Abstract

The effects of multiple input parameters on a micro open tall enclosure filled with various nanofluids and sinusoidally heated
from the bottom sidewall utilizing an experiments design are carried out. The importance of the nanofluids to improve the
energy and thermal system is improved by many researchers [1-6].

The obtained results suggest that the local heat transfer on the bottom sidewall is strongly influence d by Rayleigh and
Hartmann numbers, while the entropy generation dependents on Knudsen number. Also the optimization of the magnitude
and sinusoidal temperature wavelength can improve both heat transfer and entropy generation. The design of experiments
(DOE) is one of the most important strategies for improving the quality and performance of energy and thermal systems.
These results provide valuable insights into the design of micro heat exchangers and suggest that the optimization of micro-
porous geometries using DOE for high energy efficiency. [7-10]

Keywords: Micro heat exchanger; Nanofluids; Experiments Design; Optimization.
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Abstract

Klebsiella pneumonia (K. pneumonia) is a major source of community-acquired and nosocomial infections, as well as a
significant food-borne pathogen that can cause septicaemia, liver abscesses, and diarrhea in people. Several investigations
have shown that meat products sold in grocery stores include various bacteria, including K. pneumoniae, lending credence to
the hypothesis that contaminated meat is a major source of human exposure to Klebsiella. Little is known regarding the
incidence of highly resistant K. pneumoniae in meat products slated for sale in Wasit markets due to a lack of relevant data
about the prevalence of K. pneumoniae in the region's markets, so, this study was carried out in Wasit province to investigate
the bacteria's presence in retailed meat samples.

Samples of chicken (n=40) and beef (n=31) were taken at random from several native markets in order to compare their
quality and safety. Bacteria were isolated and identified using conventional microscopy, bacteriological, and biochemical
techniques. Electronic RapID ™ ONE (4 hours) biochemical panel micro-tubes strep identification system compendium with
reference colors chart and online confirmation microcode data base software was then used for further identification. The
sensitivity of microorganisms to various antimicrobials was determined using a disk diffusion test, with 14 different
antimicrobials being assessed.

Positive tests for K. pneumonia were found in 15 (48.5%) and 9 (22.5%) of 71 samples of beef and chicken, respectively. All
K. pneumoniae isolates tested positive for resistance to at least six antibiotics; these isolates represented 12 different
Antibiotypes. Resistance to the chosen antibiotics was extremely high across the board (74.2%-100%) across all isolates
tested. Eighty-five percent of the isolates were classified as having an MRI score between (0.84 and 1).

Multidrug-resistant K. pneumoniae was detected at an alarmingly high frequency in retail meat sold in Wasit markets, posing
a serious threat to human health. So, it's important to get the word out that food in particular retailed meat might be a
reservoir for this harmful infection.

Keywords: Antibiogram, cattle meat, chicken meat, Klebsiella pneumonia, Wasit Markets
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Abstract

The area of Vares is known for the production of metallic mineral raw materials: iron ore, chromium, manganese, lead, and
zinc with barite. The population of Vare$ has been engaged in the mining and processing of ore, trade, and manufacturing of
iron objects since ancient times. Even during the time of Bosnian rulers, lead was mined in this area, which is related to
German miners (Saxons). In the localities of Borovica, Orti, and Veovaca there are traces of old lead, gold, and silver mining.
This area is also promising in the domain of non-metallic mineral raw materials, among which the most thoroughly
researched spilites, amphibolites, and limestones are suitable as raw materials for the production of technical-building
materials, architectural-decorative stone, and stone wool.

The paper analyses the metallogenic and mineralgenic characteristics of the area of Vare§ and provides a historical overview
of the research of mineral raw materials so far. During 1991, production was suspended in the lead, zinc, and barite mine of
Veovaca near Vares, and the following year, exploitation was suspended in the iron ore mine of Vare§ (the Smreka and
Brezik surface mines, and in the Droskovac pit).

During the exploitation of lead, zinc and barite and the processing of concentrates at the Veovac open pit, a decision was
made to carry out sampling of the mineralized zone at the Smreka open pit in order to gain insight into the quality of the ore
zone with non-ferrous metals and the possibilities of processing. The paper presents the results of laboratory tests and
geological research, as well as the attached geological profiles of the part of the deposit from which sampling and laboratory
tests were carried out.

Keywords: mine, ore zones, lead, zinc, barite, iron, chromium, manganese, geological mapping, laboratory testing, reserves,
quality.
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STATIC AND DYNAMIC MODE INVESTIGATION OF DISPLACEMENT AND
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Abstract

Here, static and dynamic analysis based on the frequencies mode of the Pine Flat dam has been investigated using ABAQUS
software. For this purpose, a mesh with quadrilateral elements was used in the upper two partitions from the arch part to the
crest, and the lower partition from the arch part of the dam to the bottom of the dam. Various mesh networks were
investigated to find the optimal mesh. In addition, in the study of the frequency of the dam mode, the first 20 natural modes
of the dam were investigated. The results showed that the amount of tensile stress at the lowest point of the dam is equal to
0.53 MPa, which according to the tensile stress range of concrete between 2 to 3 MPa, the amount of stress applied to the
dam is less than this range, which leads to its stability. This value is different from each other in different meshes. The
maximum amount of displacement in the dam crest is 0.0114 m. The results showed that the maximum pressure in the middle
of the dam bottom is 2.168 MPa. In addition, its lowest value at the crest of the dam is 0.04 MPa. The effective mass of the
first mode in the x direction is 4641.57 tons, that is, 33% of the total mass.

Keywords: Static analysis, Dynamic analysis, Pine Flat dam.
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Abstract

Saivism is one of the six branches of Hinduism currently followed in Sri Lanka. In 2021, 537 million people (20 to 79 years
old) had diabetes. Further, Siddha Medicine is one of the four traditional medicines practiced in Sri Lanka. Siddha Medicine
principles are based on Saiva philosophies. Therefore, this work aims to identify and document the antidiabetic plant species
currently used in Saiva temple rituals in Sri Lanka and assess the highest levels of reported antidiabetic scientific evidence
for recorded plant species. Sri Lankan Saivism school textbooks and temple rituals books were used to identify the plant
species, and relevant reported antidiabetic activities were obtained employing the Web of Science, ScienceDirect, and
PubMed databases until May 2023. In total, 140 plant species from 58 families were identified, and 82 plant species had
antidiabetic scientific evidence. Moreover, the Fabaceae have the most documented plant species. Most of the plants
identified in the present research were used for medicinal purposes. Overall, 89 antidiabetic compounds were isolated. In
addition, most plant species have in vivo, followed by clinical and in vitro, antidiabetic evidence. This study revealed and
recorded the Sri Lankan Saiva temple ritual plant species and laid the basis for future antidiabetic activity research utilizing
these plant species.

Keywords: Diabetes, Fabaceae, Plants, Saivism, Siddha Medicine, Sri Lanka.
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Abstract

Here, the relative energy loss in labyrinth weir is investigated using the support vector machine (SVM) model. 70% of the data sets
were used for the training phase and 30% for the test phase. The results of different kernels showed that the radial basis function
(RBF) kernel has better results in predicting the relative energy loss of labyrinth weir compared to the polynomial, linear, and
sigmoid kernels. The results of statistical indicators of correlation coefficient (R), mean percentage relative error (Mean RE%), root
mean square error (RMSE) and Kling Gupta Efficiency (KGE) for the SVM-RBF model in the test phase were 0.907, 1.38%, 0.0153
and 0.744, respectively.

Keywords: Labyrinth weir, Support Vector Machine, Statistical indicators.
1. Introduction

The mechanism of flow energy loss has been investigated in many hydraulic structures [1-5]. Ayaz and Mansoor [6] investigated the
discharge coefficient (Cq) of triangular plan weirs using an artificial neural network. This model predicts the Cq with an error within
+2.5% of the agreement line. As a result, it reduces the prediction error of the Ca by 64%. Mohammadzadeh-Habili et al. [7]
investigated the energy loss of labyrinth weirs. The results of their research showed that the amount of energy loss in the labyrinth
weirs decreases linearly with the increase of the critical depth. Ghaderi et al. [8] numerically investigated the Cq and relative flow
energy loss in labyrinth weirs. Their results showed that the Cq of labyrinth weirs changes between 0.4 and 0.8. Haghiabi et al. [9]
investigated the relative energy loss of labyrinth weirs with different plan shapes. Their results showed that labyrinth weirs can
dissipate flow energy between 0.85 and 0.70 in the range of 1>ho/P>0.1. Samadi et al. [10] investigated the influence of the
geometrical parameters of the labyrinth weirs on the hydraulic parameters. Their results showed that increasing the cycle leads to a
decrease in discharge and Cq. Idrees and Al-Ameri [11] investigated the flow characteristics and energy loss on a new form of
trapezoidal labyrinth weirs. The trapezoidal weir increases the energy loss rate by more than 92%.

In the present study, the relative energy loss of labyrinth weirs with triangular and trapezoidal plan shapes has been investigated
based on experimental data using the support vector machine (SVM) model.

2. Materials and Methods

In this research, the data of Haghiabi et al. [9] have been used. Using the Support Vector Machine (SVM) model, the relative energy
loss of labyrinth weirs was predicted. The description of weirs and its shape can be seen in the research of Haghiabi et al. [9].
Explanations related to SVM model can be seen in Vapnik [12] and Norouzi et al. [13]. Of the total number of data, 70% was
considered for training and the rest for testing [14]. The equations of R, RMSE, RE% and KGE were used to check the accuracy of
the model [15-18]. Based on Haghiabi et al. [9] research, the dimensionless parameters ho/P, W¢/Wey and Ley/Wey are considered as
model inputs.

3. Results and Discussion

To predict the relative energy loss by data mining methods, in general, 94 data were selected for the train phase and rest were
selected for the testing phase. According to Table (1), among the Linear, Polynomial, RBF, and Sigmoid kernels, the RBF kernel was
selected as the best kernel for the SVM model due to the favorable results of its statistical indicators (Table 1). The best kernel was
chosen in such a way that it has good R, RMSE, Mean RE, and KGE statistical indicators compared to the observed results.
According to Figures (1-a and b), the results of statistical indicators for RBF kernel in the training phase are R=0.952,
RMSE=0.0076, Mean RE=0.0078, and KGE=0.865. In addition, for the test phase, the values of these indicators are 0.907, 0.0153,
0.0138, and 0.744, respectively.
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Table 1: The statistical indicators of various kernels in the SVM model

Statistical Kernels
indicator Linear Polynomial RBF Sigmoid
R (test) 0.530 0.239 0.907 0.292
KGE (test) 0.308 0.007 0.744 -0.912
RMSE (test) 0.0319 0.0359 0.0153 0.0992
Mean RE% (test) 3.150 2.937 1.38 8.564
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Figure 1: Experimental against predicted relative energy loss
4. Conclusion

In the present study, the support vector machine (SVM) model was used to predict the amount of energy loss of labyrinth weirs. In
the SVM model, the results of the examination of different kernels showed that the radial basis function (RBF) kernel has favorable
results compared to the Polynomial, Linear, and Sigmoid kernels compared to the observed results. The statistical indicators of R,
RMSE, Mean RE% and KGE for the SVM-RBF model in the test phase are 0.907, 0.0153, 1.38% and 0.744, respectively.
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Abstract

The area of Vares is known for the production of metallic mineral raw materials: iron ore, chromium, manganese, lead, and zinc
with barite. The population of Vares has been engaged in the mining and processing of ore, trade, and manufacturing of iron objects
since ancient times. Even during the time of Bosnian rulers, lead was mined in this area, which is related to German miners
(Saxons). In the localities of Borovica, Orti, and Veovaca there are traces of old lead, gold, and silver mining. This area is also
promising in the domain of non-metallic mineral raw materials, among which the most thoroughly researched spilites, amphibolites,
and limestones are suitable as raw materials for the production of technical-building materials, architectural-decorative stone, and
stone wool.

The paper analyses the metallogenic and mineralgenic characteristics of the area of Vares and provides a historical overview of the
research of mineral raw materials so far. During 1991, production was suspended in the lead, zinc, and barite mine of Veovaca near
Vares, and the following year, exploitation was suspended in the iron ore mine of Vares (the Smreka and Brezik surface mines, and
in the Droskovac pit).

During the exploitation of lead, zinc and barite and the processing of concentrates at the Veovac open pit, a decision was made to
carry out sampling of the mineralized zone at the Smreka open pit in order to gain insight into the quality of the ore zone with non-
ferrous metals and the possibilities of processing. The paper presents the results of laboratory tests and geological research, as well
as the attached geological profiles of the part of the deposit from which sampling and laboratory tests were carried out.

Keywords: mine, ore zones, lead, zinc, barite, iron, chromium, manganese, geological mapping, laboratory testing, reserves, quality.
1. Introduction

Mining in Bosnia and Herzegovina has a long tradition, as the exploitation of metallic mineral raw materials began in the Roman era
and continued intensively in the Middle Ages. During the period of Turkish rule (Ottoman rule), many deposits were activated, such
as the Vare$ and Ljubija iron ore deposits, the Srebrenica lead-zinc deposit, and others. In 1991, production was suspended in the
lead, zinc, and barite mine Veovaca near Vares, and the following year, production was suspended in the iron ore mine Vares. The
opening of the nickel and cobalt mine in Vardiste near Visegrad was planned, and the cerusite mine in Olovo has already started
operating.

The metallogenic zone Borovica-Vares-Cevljanoviéi is built of Triassic clastic and carbonate formations, in which the presence of
significant iron deposits and complex sulfide-barite deposits was determined. Mineralogical and ore occurrences are found in the
Triassic sediments. Systematic geological research with minor interruptions was carried out between 1967 and 1989, when the
exploitation of the only open deposit in Veovaca was stopped. Through the systematic geological research carried out in the period
from 1967 to 1989, the valorization of lead, zinc, and barite reserves in the Veovaca, Orti, Rupice, Bresti¢-Jurasevac deposits was
carried out.

In the Borovica-Vare§ metallogenic zone, detailed research of lead, zinc, barite, and other minerals that occur with them in
paragenesis has been intensified recently with the aim of determining qualitative and quantitative characteristics. Through previous
geological, geochemical, geophysical, and laboratory testings, as well as exploratory drilling and pit works, about 30 ore and mineral
occurrences have been identified.

During the exploitation of lead, zinc and barite and the processing of concentrates at the Veova¢ open pit, a decision was made to
carry out sampling of the mineralized zone at the Smreka open pit in order to gain insight into the quality of the ore zone with non-
ferrous metals and the possibilities of processing. Geological mapping, sampling and laboratory testing were carried out at Smreka
open pit to determine the quality of the ore zone with non-ferrous metals.
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Figure 1. Overview map of the Triassic sedimentary zone in the Vare§ area
2. Metallogenic and Mineralgenic Characteristics of The Vare§ Area

The Borovica-Vares-Cevljanoviéi metallogenic zone is built of Triassic clastic and carbonate formations in which geological,
geochemical, geophysical, and laboratory testings, as well as exploratory drilling and pit works, have established about 30 ore and
mineral occurrences (Figure 2). Mineralogical and ore occurrences are found in the Triassic sediments. Until 1992, mining and
metallurgy were the most important industries in the Vare$ area. Metallic mineral raw materials were exploited in the Vares iron ore
mine and the Veovaca lead, zinc, and barite Mine.
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Figure 2. Ore genesis and mineralization in the geological column in the Borovica-Vare$-Kamenica Triassic area (Veljkovi¢,
1983).

ISBN: 978-605-71214-8-6 6 Www.insicongress.com SI



IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

Of the metallic mineral raw materials, the iron ore reserves of the Smreka, Droskovac and Brezik deposits are significant. The
surface mine of the Smreka iron ore deposit and the Droskovac pit are submerged, so their exploitation is practically and technically
impossible. At the end of the exploitation, a lake was formed on the surface mine (Figure 3).

Figure 3. Artificial lake formed on the Smreka iron ore surface mine.

Economically significant ores of non-ferrous metals with contents of lead, zinc, and silver and smaller concentrations of mercury,
copper, arsenic, and antimony are located in three narrow areas. The first one is the western part around the village of Borovica with
occurrences in the localities of Bubanj, Jurasevac, Bresti¢, Rid, Rupice, Zavrsje, Siroki do, Ceo, Radakova stijena, Kraljeva jama,
Sutjeska, Kriz-Zakrizje and Crvena stijena.

In the central group of deposits, there are deposits of iron ore with concentrations of complex sulphides of lead, zinc, and barite.
There are the Smreka, Droskovac, Brezik, Mali borak, Preljev, Veovaca, Orti and Seliste. At the Mekuse site, sulphides were
determined by exploratory drilling. This area is treated as the most promising one.

The degree of exploration of ore concentrations in the eastern part is the lowest. Occurrences of sulphides of non-ferrous metals or
barite were determined in the following localities: Barice, Grubanovi¢i, Brgule, Gasovac, Ljevacki potok, Smajlova Suma and some
other less significant ones.The results of the conducted research made it possible to single out several ore localities, which are shown
in figure 4. The ore reserves in some deposits such as the Veovada, Orti, Rupice and Seliste were valorized through investigative
works. Only on the Preljevo the reserves were not confirmed by investigative works. The degree of exploration of deposits and
occurrences in metallogenic zone is quite low, with the exception of Veovaca and Rupica.

SKETCH OF MINERAL APPEARANCE POSITION IN TRIASSIC
SEDIMENTS 2Z0ME OF VARES AREA
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Figure 4. Sketch of the distribution of mineral resources in the Triassic sediment zone of the Vare§ area (Veljkovi¢, 1989).
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The Veovaca deposit is located in the middle part of the Triassic sediments of the Vare§ area. The deposit was explored with
boreholes on a grid of 30 x 30 m. With these investigations, the western part of the deposit in a length of about 350 m has been
completely defined. During the opening of the deposit, the ore was extracted to a level of 1035 m.

In the vicinity of Veovaca, in the localities of Seliste, Orti and Prijeljev, indications of interesting mineralization and ore genesis have
been obtained, which indicates the perspectivity of this area. The ore concentrations are similar to the concentrations in the Veovaca
deposit. The difference is in the dominance of fine-grained psammitic and aleurolite formations that differentiate fine-grained
breccias with barite and sulfides of Pb and Zn. The minerals Cu, Sh and Hg are less represented.

The Rupica deposit is located northeast of the village of Borovica and represents a deposit of complex barite ore with sulphides of
lead and zinc.

The Rupica deposit was explored and exploited during the time of the Romans and medieval Saxons, as evidenced by the remains of
old mining works and various archival data. Investigative works were also carried out in the period from 1878 to 1941 by Austria-
Hungary, as indicated by written documentation. It was systematically investigated in the periods 1967-1969 and 1979 to 1982. In the
period 1959-1960 barite from the Rupice locality was exploited and sold. Barite was sold in the USA by RZV-Vares.

In recent years, detailed research with deep exploratory drilling on the Veovaca and Rupica deposits has been intensified. These
researches will most likely continue at the perspective locations of Seliste, Orti, Mekuse, Jurasevac and Brestic.

In the Vares§ area, iron ore was exploited until 1992 at three locations: Smreka and Brezik (surface mining) and Droskovac (pit
mining).

In Bosnia and Herzegovina, chrome ore was mined in the past in Dubostica near Vare§, where layers of chromite alternate with
layers of stratified lherzolite and pyroxenite. Chromium was mined in the Rakovac, Meki dol, Meda, Sabanluke and Borak pits in the
period from 1880 to 1966.

The production of non-metallic mineral raw materials in the area of Vare§ was rooted in Bosnia and Herzegovina until the beginning
of the last war, mainly as a supporting activity of metal production.

Of the non-metallic mineral raw materials, the most thoroughly explored were spilites, amphibolites and limestones, suitable as raw
materials for the production of technical-building materials, architectural-decorative stone and stone wool.

Of the non-metallic mineral raw materials, limestone from the Stijene quarry was exploited for the needs of the Blast Furnaces and
construction, and quartz sand from Pobrin Han for the needs of the Foundry. Limestones were most often used as building materials.
Limestones were mainly used as broken stone and crushed stone (limited).

Refractory mineral raw materials include: chromite, magnesite and enstatite dunite.

The occurrence of magnesite has been registered in the marginal area, and in the Krivaja-Konjuh ultrabasic complex there are
deposits with explored reserves of magnesite. Since enstatite dunite contains a high percentage of olivine (over 90%), it can be used
for the production of olivine sands for application in the refractory materials industry and metallurgy.

Of the foundry raw materials in the area of Vare§, the most important are quartz sand with sandy clay and quartz sandstones in the
Pobrin Han deposit, which were used for many years in the Vare§ ironworks.

Fibrous products (glass wool, mineral wool and stone wool) are especially important among the raw materials for petrology.
Although there is a considerable number of rocks in the Vares area from which stone wool could be produced, only the amphibolites
of the Vijaka area have been proven to have a useful value. In addition to the satisfactory chemical composition, the amphibolites of
Vijaka are characterized by a favorable mineral composition.

In the peripheral area of Vares, two mineral raw materials with established reserves can be singled out, which can be used in the
chemical industry. These are limestone and barite that can also be used in the filler industry.

Based on the qualitative properties established so far, spilite from the Kota deposit can be used as a raw material for the production of
crushed stone aggregates for asphalt and concrete for special purposes, crushers for curtain track gliders, stone (mineral) wool and
architectural-building stone (limited).

Previous investigations of amphibolite rocks in the area of Vijaka have established that they can be used as technical-building and
architectural stone (for producing of tables, benches, planters, ashtrays, vases and other souvenirs).

The requirements of the cement industry are met by the limestone from the Kota deposit due to the content of iron-clay material.
Since the sand from the Pobrin Han deposit contains a certain percentage of Fe20z and Al20s, it can be used in the production of
cement.

The area of Vares is characterized by the traditional production of construction lime, which was used to supply both Vares and the
surrounding area.

3. Vares Iron Ore Deposit

Economically significant deposits of iron ore in Bosnia and Herzegovina are located in Ljubija, Vares, Gornji Vakuf and Jablanica.
Ljubija iron ore deposits are genetically and spatially related to clastic and carbonate deposits of the Sana-Una Paleozoic. The main
ore minerals in the deposit are goethite (limonite) formed by chemical weathering of siderite and ankerite. Although the Lubija
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deposits are located in sedimentary rocks, some authors believe that the source of large amounts of iron located in such a small area
should be linked to magmatic activity, as traces of this activity have been discovered.

Another significant deposit of iron ore is Vares, where exploitation was carried out until 1992 in three locations: Smreka and Brezik
(surface mining) and Droskovac (pit mining). Vares iron ore deposits differ both in terms of quantity and quality of hematite ore, and
also according to the position in the deposit itself.

The Smreka deposit is the largest in a series of deposits in VareS. The share of hematite is higher than in other deposits. The
participation of barren liners belonging to that series is also the largest. The quality of hematite in this deposit is the weakest. The
share of barren liners in the Droskovac deposit is lower than in the Smreka deposit. Such a large share of hematite ore in this part of
the ore body was partly due to the non-mining of this ore, which was prohibited by the Republican Committee for Energy and
Industry due to the presence of oligonite-siderite, a carrier of lead-zinc ore. Those masses were declared off-balance sheet reserves.
The quality of pure and diluted hematite ore is significantly better than the hematite ore of the Smreka deposit.

The third deposit, Brezik, is the smallest one in terms of ore quantity, but it contains the highest quality ore, which especially relates
to hematite ore. The share of tailings in the hematite ore series is insignificant, only 0.5%, so it can be said that it is a very pure ore.

In Droskovac, exploitation was initially carried out by surface mining, and later it was switched to pit mining. In this pit, siderite is
found in the core of the anticline and hematite on the wings. The bottom of the ore bodies in the Smreka open mine and Droskovac
pit is formed by Lower and Middle Triassic sediments represented by marls, marly limestones and black bituminous shales.

At the Brezik surface mine, the Triassic-aged ore series lies discordantly on Jurassic sediments. The roof of the ore body is made up
of limestones, marly limestones, marls and sandy mica schists of Scythian age. Small veins and lenses of sulphide mineralization are
found in the limestone series.

The floor of the ore bodies in the Smreka open mine is made up of breccia limestones of Jurassic age, over which lies the siderite
series (siderite and sideritic limestone), which is separated from the hematite series by a low-strength of so called “kremencelkalk”
series, while the roof consists of verfen sediments (Figure 5).
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Slika 5. Geological structure of the Smreka deposit

Mineralizations of Pb, Zn and BaSQO4 appear in the roof lots of the Smreka iron ore open mine, which were not paid enough attention
from an economic point of view. It is also evident that in the productive zone (siderite, hematite) there are significant concentrations
of lead, zinc, barite and silver. In the DroSkovac locality, reserves have even been established and certified, for which there is an
elaborate processing technology.

The occurrence of lead-zinc ore on floor 810 and floor 870 at the Smreka open mine required detailed prospection and geological
processing of these occurrences, which was realized in 1989.

Through detailed prospecting and detailed geological mapping on floor 810, the vein occurrence of this ore genesis was established
over a length of 170 m with an average thickness of 0.80 m. The disposal of the ore mass was carried out in sideritic and aleurolite
limestones, and partly also in sandstones and clays. These sediments belong to the Anisic-Ladinic in which the sediments of the
Lower Triassic are found.

Instrumental geological mapping and sampling using the furrow method was performed. A total of 43 tests were taken and processed,
and based on the results obtained, the quality of the certain mineralization was assessed.

Geological mapping established that the ore genesis has continuity in the northwest-southeast direction, with a general dip of 22/50°.
The average ore genesis capacity is 0.80 m.
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In addition to galena, sphalerite, and barite, also malachite, azurite, chalcopyrite and hydro-siderite with chert inclusions were found
in the ore genesis zone. The immediate overburden of the ore vein consists of altered, crumbling, silty siltstones that form the
overburden contact between the ore genesis and overburden sediments (Figure 6).

The ore genesis is registered on the slope of floor 810 on the surface mine and appears at different elevations, and during
exploitation, the complete ore genesis could only be reached at the floor 790 (Figure 6).
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Figure 6. Geological profiles A-B and C-D

In addition to geological mapping and sampling, samples for petro and ore preparations (15 pieces) were taken, the processing of
which determined the types and composition of accompanying rocks, as well as microscopic determinations of the mineralogical
composition of the ore genesis zone, intergrowth, permeation, grain size and other parameters, which are necessary for technological
research (ore processing).

On the basis of prospection and geological processing, a rough estimate of reserves was made from elevation 825 to elevation 796,
where ore reserves were estimated at 13.000 tons with an average content based on the processed samples taken (43 in total): Pb-
4.06%, Zn-2.36 % and BaSO4 -20.77 %. The results of stastical analyzes of the samples on which the contents of Pb, Zn and BaSO4
were determined are shown in table 1 and graph 1.
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Table 1. Results of chemical analysis of complex ore of lead, zinc and barite at the Smreka open mine

Ord, number | Sampel label | Pb (%) | Zn (%) | BaSO4 (%)
1. SME-1 145 0.48 15.81
2 SME-2 2.21 0.25 23.68
3 SME-3 2.20 0,24 34.76
4. SME-4 1.28 0.30 5.86
5. SME-5 11.28 0.11 13.72
6 SME-5' 1.40 0.40 5.26
7 SME-6 4.19 0.19 30.20
8. SME-7 1.16 0.32 11.20
9. SME-8 3.85 0.25 21.08
10. SME-8' 1.29 1.82 10.26
11. SME-9 2.66 244 33.81
12. SME-10 1.46 0.79 10.75
13. SME-11 1.75 0.10 20.04
14. SME-11’ 0.82 0.51 5.64
15. SME-12 1.06 0.23 2.70
16. SME-13 0.71 0.22 2.33
17. SME-14 1.23 0.24 6.68
18. SME-15 3.15 0.30 7.75
19. SME-16 2.21 1.03 3.81
20. SME-17 2.44 0.34 5.22
21. SME-18 16.26 0.40 27.76
22. SME-19 12.60 0.32 30.13
23. SME-20 6.51 2.60 15.86
24. SME-21 0.77 0.15 5.06
25. SME-22 7.52 0.28 33.97
26. SME-23 4.36 0.62 15.90
27. SME-24 5.67 0.24 6.65
28. SME-25 1.87 1.46 19.00
29. SME-26 5.03 1.19 16.95
30. SME-27 1.69 0.57 7.68
31. SME-28 1.67 1.62 6.50
32. SME-29 1.84 1.67 12.70
33. SME-30 2.64 0.56 7.11
34. SME-31 3.58 6.32 46.57
35. SME-32 6.51 4.89 77.38
36. SME-33 6.15 13.11 65.00
37. SME-34 7.53 12.38 25.38
38. SME-35 10.84 29.29 34.11
39. SME-36 1.69 3.95 10.91
40. SME-37 3.34 2.80 54.92
41. SME-38 2.13 1.21 28.00
42, SME-39 8.78 1.32 34.63
43. SME-40 7.74 4.07 40.37

The ore genesis at elevation 870 in the eastern part of the Smreka open mine was not specially processed, although it is evident that it
extends to the east, because it is located in the protection zone between the town of Vare§ and the Smreka open mine. Ore genesis is
localized in carbonate sediments (Pb, Zn, BaSQ4, Cu, CaCOs and malachite).

The gross of ore formed mass that can be taken is 8000 t, and no sampling or other processing was performed in this part in order to
define the geological parameters.

This zone with non-ferrous metals in the roof of the Smreka mine in Vare§ was also the subject of earlier research, when sampling
was carried out using the point method on four profiles (Kulenovi¢, 1968). Sampling was carried out from several floors of the
Smreka open mine, in order to gain insight into the quality of the ore zone with non-ferrous metals. 12 samples were taken and an
average barite content of 40, 42-86, 15% was obtained in 11 samples, while a content of 11, 17% BaSO4 was determined in only one
sample.

As part of the VAMOS project financed by the EU fund 2020, the Federal Institute of Geology had the task of examining and
investigating the rock quality of the Smreka iron deposit in Vare$. All geomechanical parameters obtained from these measurements
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were used in the modification of the machine that should dig ore in Vare§ under water. After extensive testings and research, it was
difficult to define the bottom of the Lake Smreka by bathymetry because it is about great depths of up to 120 m (Nikoli¢ et al. 2018).

4, Conclusion

Mining in the territory of Bosnia and Herzegovina has a long tradition, as the exploitation of metallic mineral raw materials began in
the time of the Romans and continued intensively in the Middle Ages. During the Turkish rule (Ottoman rule), many deposits were
activated, such as the Vare§ and Ljubija iron ore deposits, the Srebrenica lead-zinc deposit, and others. In 1991, production was
suspended in the Veovaca Lead, Zinc and Barite Mine near Vares, and the following year, the Vare§ Iron Ore Mine also ceased
operations.

In the metallogenic zone of Borovica-Vares, the detailed research of lead, zinc, barite and other minerals that occur with them in
paragenesis has been intensified recently with the aim of determining qualitative and quantitative characteristics.

In the Vare§ area, iron ore was exploited until 1992 at three locations: Smreka and Brezik (surface mining) and DroSkovac (pit
mining). Mineralized zones with lead, zinc and barite have been identified on these iron ore deposits. During the exploitation and
processing of lead, zinc and barite at the "Veovaca" mine, a decision was made to carry out sampling of the mineralized zone with
lead, zinc and barite at the "Smreka" mine, as well as geological mapping and laboratory testing to determine the quality of the ore
zone with non-ferrous metals. and determining the possibility of processing and obtaining concentrate.

At the Smreka surface mine geological mapping and sampling of 43 samples using the furrow method was performed and the
average content of Pb-4.06%, Zn-2.36 % and BaSQO4 -20.77 % was obtained.
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Abstract

Here, static and dynamic analysis based on the frequencies mode of the Pine Flat dam has been investigated using ABAQUS
software. For this purpose, a mesh with quadrilateral elements was used in the upper two partitions from the arch part to the crest,
and the lower partition from the arch part of the dam to the bottom of the dam. Various mesh networks were investigated to find the
optimal mesh. In addition, in the study of the frequency of the dam mode, the first 20 natural modes of the dam were investigated.
The results showed that the amount of tensile stress at the lowest point of the dam is equal to 0.53 MPa, which according to the
tensile stress range of concrete between 2 to 3 MPa, the amount of stress applied to the dam is less than this range, which leads to its
stability. This value is different from each other in different meshes. The maximum amount of displacement in the dam crest is 0.0114
m. The results showed that the maximum pressure in the middle of the dam bottom is 2.168 MPa. In addition, its lowest value at the
crest of the dam is 0.04 MPa. The effective mass of the first mode in the x direction is 4641.57 tons, that is, 33% of the total mass.

Keywords: Static analysis, Dynamic analysis, Pine Flat dam.
1. Introduction

Concrete dams are a significant part of the structures of any country. Weighted dams are large concrete structures that maintain the
stability and water stored in their tank by resisting applied forces, using the geometric shape, weight, and strength of concrete.
Weight dams are made in the form of individual blocks, which are distinguished by discontinuity seams. These seams extend from
the bottom to the top of the dam and from the upstream side to the downstream side. Weight dams are designed in such a way that
each monolith maintains its stability apart from the side monoliths. Weight dams are usually built on a straight axis. However,
depending on the specific prevailing conditions, they may be made curved so that they can use the arch function for more stability.

Tarinejad and Pirboudaghi [1] studied the seismic analysis of dam-reservoir interaction using FEM and SEM methods. The results of
their research showed that the SEM method gives better answers than the FEM method in calculating the dam-reservoir interaction.
Rao and Shaik [2] investigated the seismic response of high-weight concrete dams using the Finite Element Method. The results
showed that the displacement of the dam crest is greater for the dam-foundation system than for the dam system. Qu et al. [3]
investigated the Seismic cracking evolution for anti-seepage face slabs in concrete faced rockfill dams based on cohesive zone model
in explicit SBFEM-FEM frame. The results indicate that the computational efficiency can be significantly improved by decreasing
the damping ratio of the concrete face slab in the explicit seismic analysis. Ya et al. [4] investigated the Seismic analysis of post-
tensioned concrete gravity dams using scaled boundary finite elements implemented as ABAQUS UEL. This paper presents a
numerical framework for the seismic analysis of post-tensioned concrete gravity dams, which automatically inserts anchors into the
structure.

Despite applying a high-reliability factor in the design and construction of dams, there is a possibility of their failure. Therefore,
conducting more research on the stability of dams is essential and should always be considered in various types of research;
therefore, in the present study, the static and dynamic analysis of Pine Flat Dam has been numerically analyzed using ABAQUS
software.

2. Materials and Methods

Pine Flat Dam is located in the United States on the Kings River in the state of California. This dam consists of 36 monoliths with a
12 m width. The length of the dam crest is 550 m, and the height of its tallest monolith is 122 m. The longest two-dimensional non-
spillway section of Pine Flat Dam is selected for analysis. The height of this monolith is 122 m, and the width of the dam is
approximately 97 m at the base level and approximately 10 m at the crown level. The upstream side of the dam is not vertical and has
a slope of 5% from the base to the level of 102 m. The specifications of the materials used in the analysis are given in Table 1. The
dam body is flexible, and the behavior of elastic concrete is linear. The concrete material in the entire body of the dam is considered
to be homogeneous and isotropic.
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Table 1: Specifications of dam concrete materials

Characteristics Value
Elastic modulus 27.58 GPa
Poisson's ratio 0.2
Density 2400 kg/m?

In the present research, mesh with different dimensions has been used (Figure 1).

Mesh no.1 Mesh no.2 Mesh no.3

Figure 1: Model meshing with different mesh

In loading the dam, the weight force is uniformly applied to the entire body of the dam, and the hydrostatic force is applied to the
upstream side of the dam using the hydrostatic pressure relationship (P=9810x(Y-122)) (Figure 2). In the present research, the static
analysis of the weight dam has been discussed; therefore, the only existing boundary condition is the full catch condition for the

foundation of the dam (Figure 2).

Figure 2: a) Forces acting on the dam body b) Base boundary condition
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3. Conclusion
Figure 3 shows the amount of deformation of the dam under the effect of static loads of weight and hydrostatic force in different
meshes. As can be seen, the maximum amount of displacement is at the top of the dam and is equal to 0.0114 m.
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Figure 3: Dam displacement changes

According to Figure 4, as can be seen from the main stress contour, the highest stress occurs at the lower point of the dam. The stress
value at that point is 0.53 MPa. The tensile yield stress of concrete is between 2 to 3 MPa. The obtained value is lower than the
tensile strength of concrete, and as a result, the dam is resistant to incoming forces. In Figure 5, the highest and lowest amount of
minimum main stress along with their place of occurrence are presented. The highest pressure in the middle of the bottom of the dam
is 2.168 MPa. The lowest pressure level is 0.04 MPa at the top of the dam. The results show that in mesh no.3, the results are closer
to the real results of the Pine Flat dam, and large size meshes do not have favorable results. It also exists in various researches [5-7].
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Figure 4: Contour of tensile stress in the dam body
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Figure 5: Contour of pressure stress in the dam body

The total mass of the model is 13835.63 tons and its center of mass is in coordinates (x,y)=(33,73,40,46). The initial results of the
mode extraction stage including extracted eigenvalues (Table 2), participation factors (Table 3), and effective mass (Table 4) are
shown. In Table 3, the value of the natural frequencies of the system is shown in modes with the rotational frequency with units of

radians per second and normal frequency (f) with units of cycles per second (Hz). As can be seen, the base frequency (first mode) of
the dam system is 22.35 radians/second or 3.56 Hz. As a result, the value of the base period of the dam is 0.281.
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Table 2: The eigenvalues

MODE EIGENVALUE FREQUENCY GENERALIZED COMPOSITE MODAL
NO (RAD/TIME) (CYCLES/TIME) MASS DAMPING
1 499.50 22.349 3.5570 1 0
2 2112.6 45.963 7.3152 1 0
3 3497.6 59.140 9.4125 1 0
4 3799.1 61.637 9.8098 1 0
5 6207.2 78.786 12.539 1 0
6 6675.8 81.705 13.004 1 0
7 9462.1 97.273 15.482 1 0
8 13875 117.79 18.747 1 0
9 17707 133.07 21.179 1 0
10 19575 139.91 22.267 1 0
11 24280 155.82 24.799 1 0
12 25181 158.68 25.255 1 0
13 26383 162.43 25.851 1 0
14 27873 166.95 26.571 1 0
15 30859 175.67 27.959 1 0
16 33749 183.71 29.238 1 0
17 35027 187.16 29.787 1 0
18 39790 199.47 31.747 1 0
19 42273 205.61 32.723 1 0
20 42742 206.74 32.904 1 0

In Table 2, the GENERALIZED MASS column shows the mass of a single degree of freedom system equivalent to that mode. The
table of participation factors (Table 3) shows the dominant degrees of freedom in which the modes operate. The effective mass table
(Table 4) shows the amount of effective mass in each degree of freedom for each mode. The results show that the first mode with the
largest effective mass along the x-axis is the first mode. The effective mass of the first mode in the x direction is 4641.57 tons, that is,
33% of the total mass. The first mode with the largest effective mass in the y direction is also the fourth mode with an effective mass
of 7686.51 tons. At the end of each column, the total value of the total effective masses of the mode is presented in different
directions. The total effective mass of the mode for the 20 extracted special modes is 12209.3 tons along the x-axis (88% of the total
mass) and 11210.7 tons along the y-axis (81% of the total mass). In the 20 special values extracted by the software, special modes 3,
6, 7, 10, 11, 13, 14, 16, 18, and 19 have very little effective mass compared to the total mass. These special values are not part of the
natural modes of the system.

Table 3: Participation factors

MODE NO 5 RS Z: X- v Z
COMPONENT COMPONENT COMPONENT ROTATION ROTATION ROTATION

1 2154 476.78 0 0 0 -163423
2 1819.6 265.27 0 0 0 -63277
3 14.985 -39.619 0 0 0 -2675

4 955.83 2772 0 0 0 -112126
5 -1264.4 -930.34 0 0 0 -14836
6 -44.959 -35.565 0 0 0 -449.65
7 -2.1772 -12.134 0 0 0 105.44
8 -996.7 -35.668 0 0 0 -774.18
9 -135.84 1336.7 0 0 0 61135

10 0.0145 12.648 0 0 0 543.71
11 -24.797 4.9275 0 0 0 468.09
12 -581.12 -379.59 0 0 0 -19241
13 -16.678 -25.606 0 0 0 -980.81
14 -31.045 -26.617 0 0 0 25297

15 -415.88 306.56 0 0 0 22368

16 -68.437 -66.184 0 0 0 -3522.3
17 -135.55 -318.3 0 0 0 -18944
18 -98.304 12.565 0 0 0 -699.2

19 -142.76 -24.212 0 0 0 -2682.7
20 406.88 -474.68 0 0 0 -17967
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Table 4: Effective mass

MODE - Y- z X- Y-
NO COMPONENT COMPONENT COMPONENT ROTATION ROTATION 2 ROTATION
1 4639770 227320 0 0 0 26707200000
2 3310970 70366 0 0 0 4003940000

3 224.55 1570 0 0 0 7155580
4 913615 7684020 0 0 0 12572300000
5 1598610 865531 0 0 0 220104000

6 2021.3 1264.9 0 0 0 202188

7 4.7403 147.23 0 0 0 11118

8 993409 1272.2 0 0 0 509357

9 18454 1786860 0 0 0 3737480000
10 0.00021019 159.97 0 0 0 205621
11 614.89 24.28 0 0 0 219107
12 337698 144089 0 0 0 370231000
13 27817 655.65 0 0 0 961995
14 963.76 708.44 0 0 0 639917000
15 172954 93977 0 0 0 500327000
16 4683.7 4380.3 0 0 0 12406600
17 18373 101317 0 0 0 358858000
18 9663.8 157.89 0 0 0 488887
19 20380 586.24 0 0 0 7196690
20 165553 225322 0 0 0 322818000

4, Conclusion

In the current research, static and dynamic analysis has been done using ABAQUS software. The results showed that by reducing the
mesh size and increasing the number of meshes, the results become more accurate. The largest amount of displacement due to the
forces acting on the dam is at the top of the dam. In addition, the highest tensile strength of concrete occurs at the bottom of the dam.
This value should always be less than the permissible amount of tensile strength of concrete so that the dam does not overturn or
crack. The highest amount of pressure force occurs at the bottom and in the middle of dam (section x-y), which may be due to the
weight of the dam.
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Abstract

Disease prediction is a critical task in healthcare that can greatly benefit from the use of machine learning techniques. Over the past
few years, there has been a noticeable upswing in the inclination towards utilizing verbal descriptions as a means to anticipate and
forecast diseases. In this work, we present a machine learning approach for disease prediction from natural language symptom
descriptions. We use a dataset of patient symptom descriptions and corresponding disease labels to train and evaluate several
machine learning models. The dataset comprises 24 different diseases, and each disease has 50 symptom descriptions, resulting in a
total of 1200 datapoints. We use the TF-IDF vectorization technique to convert the symptom descriptions into numerical features. We
evaluate several machine learning models including decision trees, k-nearest neighbors, naive bayes, and support vector machines
(SVMs). Our results show that the SVM model outperforms the other models with an accuracy of 98%. Our findings suggest that our
approach can accurately predict diseases from natural language symptom descriptions, which can have a significant impact on
improving healthcare outcomes.

Keywords: Machine learning, Natural language processing, Disease prediction
1. Introduction

Disease prediction is a crucial task in the field of healthcare as it allows for early diagnosis and timely treatment, ultimately
improving patient outcomes. Natural Language Processing (NLP) has emerged as a promising approach for disease prediction as it
can extract valuable information from unstructured text data, such as symptom descriptions [7]. Machine learning techniques have
been widely used in disease prediction tasks, including k-nearest neighbors, decision trees, naive bayes, and support vector machines
[1]. By combining NLP with machine learning, researchers can develop efficient disease prediction models that utilize large amounts
of data from diverse sources. This can lead to earlier detection of diseases, personalized treatment plans, and improved patient care.

In this paper, we propose a disease prediction model that leverages NLP and machine learning techniques to predict the likelihood of
a patient having a specific disease based on their symptom descriptions. Specifically, we apply k-nearest neighbors, decision trees,
naive bayes, and support vector machines algorithms to classify the symptoms and predict the disease. We evaluate the performance
of each algorithm on a dataset of patient symptom descriptions and compare their accuracy. The proposed model can potentially aid
healthcare professionals in making accurate and timely diagnoses, leading to better patient outcomes.

To conduct our experiments, we first describe the dataset used in our analysis and the preprocessing steps taken to prepare the data
for analysis. We then present the methodology and experimental setup used to compare the performance of the different machine
learning algorithms. This includes a discussion of the evaluation metrics used to assess the accuracy of the models. Next, we present
the results of our experiments, which include a detailed analysis of the performance of each algorithm. We compare the accuracy of
the models and identify the strengths and weaknesses of each approach. Finally, we conclude the paper with a summary of our
findings and recommendations for future research. Overall, our study highlights the potential of NLP and machine learning
techniques in disease prediction and provides insights into the performance of different algorithms in this context.

2. Related Works

Hema et al. (2023) proposed a methodology for disease prediction and communication using machine learning algorithms and natural
language processing. Their approach involved preprocessing the dataset, generating a prediction model using decision tree
classification, forecasting illness using Random Forest and utilizing Naive Bayes for classification. They also implemented a chatbot
mechanism to communicate the results of the prediction model [4].

Hussain et al. (2020) developed a disease prediction chatbot that utilizes natural language processing and machine learning
algorithms to provide users with accurate and immediate disease predictions based on their symptoms. The project also includes an
analysis of pathology reports using Optical Character Recognition (OCR) to provide users with a graphical interpretation of their test
results. The results show that KNN achieved a higher accuracy rate of 95.74% compared to Decision Tree's 92.6% [5].

Vemula et al. (2021) discusses the increasing relevance of analyzing user-generated data on social media platforms to understand
public opinion on various topics. The focus is on sentiment analysis. It is especially important in the field of medicine due to the
potential consequences of adverse drug reactions. The goal of the study is to use ML models to analyze patient reviews and evaluate
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whether the opinions expressed are positive or negative. This research builds upon existing work on sentiment analysis and its
applications in various fields [10].

Yu. (2019) proposes a framework that evaluates the efficiency of applying Machine Learning and Natural Language Processing
technologies for disease prediction systems. They used a disease-symptom dataset from the NHS website as an example and
conducted in-depth analysis of symptom frequency, similarity, and clustering. The results show that disease prediction using these
technologies can be highly efficient, but there are still unresolved issues that need to be addressed [11].

Pooja et al. (2021) used a heart-related disease symptom dataset from the DBMI portal. The initial patient records are encoded in
XML format, necessitating the parsing and subsequent conversion into a structured format. The authors then train the dataset using
the naive Bayes algorithm [8].

Ghosh et al. (2020) compares four approaches - SVM, AB, LDA, and GB - to predict outcomes with high accuracy using an online
dataset from the UCI machine learning repository. Gradient Boosting (GB) achieved the highest accuracy at 99.80%, and different
performance evaluation metrics were presented. The study provides benchmarks for selecting efficient algorithms [3].

Lambay et al. (2022) proposes a framework called AIE-DRP which consists of multiple ML models such as Logistic Regression,
LGBM, MultinomialNB, and deep learning models such as CNN and LSTM to predict adverse drug reactions. It categorizes the
content into drug or dosage and determines if it has an associated adverse drug reaction. Results show that the CNN model with
dropout has the highest prediction performance with an 87.35% F1-score. The proposed framework can automate adverse drug
reaction prediction and potentially provide valuable insights for the healthcare industry [6].

In their study, Rathi et al. (2022) conducted an extensive examination that encompassed data mining, soft computing, machine
learning, and bio-inspired computing techniques applied to the classification and prediction of heart disease [9].

Dandala et al. (2016) proposes a method to score disease-medication associations using advanced natural language processing,
machine learning, and multiple content sources. This approach could potentially improve the accuracy and efficiency of identifying
disease-medication associations in large datasets [2].

3. Materials and Methods

This section begins by providing an overview of the data used in our experiments. We describe the characteristics of the dataset.
Following this, we provide a detailed introduction to the machine learning methods that we will be applying to the data.

3.1. Data Set and Preprocessing

Our dataset is composed of 1200 datapoints and contains two columns: "label" and "text". The "label" column includes the disease
labels, while the "text" column contains natural language symptom descriptions. There are 24 distinct diseases represented in our
dataset, each of which has 50 symptom descriptions, for a total of 1200 datapoints. This ensures a diverse and balanced
representation of various illnesses and symptoms. The following 24 diseases have been covered in the dataset: Psoriasis, Varicose
Veins, Typhoid, Chicken pox, Impetigo, Dengue, Fungal infection, Common Cold, Pneumonia, Dimorphic Hemorrhoids, Arthritis,
Acne, Bronchial Asthma, Hypertension, Migraine, Cervical spondylosis, Jaundice, Malaria, Urinary tract infection, Allergy,
Gastroesophageal reflux disease, Drug reaction, Peptic ulcer disease and Diabetes.

The "label" column enables us to assign each symptom description to the corresponding disease category. This allows us to use
supervised learning algorithms to train models that can accurately predict the likelihood of a particular disease based on the symptom
description provided. The "text" column contains free-text entries describing the symptoms in Turkish language (Table 1).

Tablo 1 A random row samples of disease dataset

label text

Sedef Cildim soyuluyor, 6zellikle dizlerimde, dirseklerimde ve kafa derimde. Bu soyulmaya genellikle yanma veya
batma hissi eslik eder.

Varis Bacaklarimdaki siglik ayakkabimi giyememe neden oluyor ve uzun siire oturdugumda rahatsizlik veriyor.

Yiiksek ates, bag agris1 ve lisiime nedeniyle uyumakta ¢ok zorlaniyorum. Her giin karnimda korkung bir agrt

Tifo .
ile uyaniyorum.

Sucicegi Cildimin her yerinde yogun bir kasint1 yastyorum ve bu beni deli ediyor. Ayrica kirmizi ve iltihapl bir
dokiintiim var.

Artrit Son zamanlarda boynumda kas zayiflig1 ve sertligi yastyorum. Eklemlerim genisledi ve hareket etmemi

zorlastirdi. Yiiriimek de zorlasti.

We convert input text into a numerical representation using the vectorizer class from scikit-learn library. This is an essential step in
natural language processing and allows the algorithms to work with the text data. The TF-IDF method assigns a weight to each word
in the text data based on its frequency in the document and the inverse frequency of the word in the entire corpus. This process given
by Eq. (1) helps to prioritize important words in the text and remove common stop words.

N

dfx
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For a specific term "x" within a document "y":

tfxy = represents the frequency of term “x” in document “y”
dfx = number of documents that contain term "x"

N = corresponds to the total number of documents.

3.2. Machine Learning Techniques

LinearSVC is a linear support vector machine (SVM) classifier that is widely used for text classification tasks. It works by finding
the hyperplane that best separates the classes, maximizing the margin between the classes (Figure 1). In our study, we used
LinearSVC to classify the symptoms and predict the corresponding disease.

SVC with linear kernel LinearSVC (linear kernel)

E E
= =
£ £
— —
b= b=
= =
™ ™
[= N [= N
w w
w w
sepal length (cm) sepal length (cm)

Figure 1 The linear SVM models LinearSVC and SVC yield slightly different decision boundaries, accessed 01 July 2023,
<https://scikit-learn.org/stable/modules/svm.html>.

MultinomialNB is a probabilistic algorithm based on Bayes' theorem (Eq. 2) that is often used for text classification tasks. It works
by computing the probability of each class given the input text and selecting the class with the highest probability as the predicted
class. We used MultinomialNB to classify the symptoms and predict the corresponding disease in our study.

P(x,y)
P(x)

P(x) =

P(y|x) = Conditional probability
P(x,y) = Joint probability
P(x) = Marginal probability

KNN or K-Nearest Neighbors is a non-parametric algorithm that works by finding the k closest datapoints to the input datapoint and
predicting the class based on the majority class of the k neighbors. We used the KNeighbors Classifier implementation in scikit-learn
library to classify the symptoms and predict the disease.

Decision Tree Classifier is a tree-based algorithm that works by recursively partitioning the data into subsets based on the features,
creating a tree-like structure that can be used for classification. We used Decision Tree Classifier to classify the symptoms and
predict the corresponding disease in our study.

4. Results

In this section, we present the results of our experiments with four different machine learning algorithms: LinearSVC,
MultinomialNB, KNN (KNeighborsClassifier), and DecisionTreeClassifier. To evaluate the performance of these algorithms, we
used a dataset of 1200 test instances and compared the predicted disease labels to the actual labels. The confusion matrix of SVM
algorithm is shown in Figure 2.
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Figure 2 The confusion matrix of LinearSVC algorithm

The accuracy rates for each algorithm are also shown in Figure 3. Overall, we observe that all four algorithms achieved high
accuracy rates, with LinearSVC achieving the highest accuracy of 0.98, followed by Naive Bayes and KNN with accuracies of 0.93
and 0.90, respectively. Decision Tree Classifier had the lowest accuracy of 0.81.

104

0.8 4

0.2 4

0.0 -
LingarsVC  MultinomialMB KNM  DecisionTreeClassifier

Classifier
Figure 3 The accuracy rates for each algorithm

5. Discussion

Our experiments have shown that machine learning algorithms, such as LinearSVC, Naive Bayes, KNN, and Decision Tree
Classifier, can be applied to natural language symptom descriptions to accurately predict disease labels. The results show that
LinearSVC achieved the highest accuracy of 0.98, followed by Naive Bayes with an accuracy of 0.93, KNN with an accuracy of
0.90, and Decision Tree Classifier with an accuracy of 0.81.

The high accuracy rates achieved by LinearSVC and Naive Bayes demonstrate the effectiveness of these algorithms in predicting
disease labels from natural language symptom descriptions. KNN also performed well but was slightly less accurate than the top-
performing algorithms. On the other hand, Decision Tree Classifier had a lower accuracy rate, indicating that it may not be as
suitable for this particular task.

In terms of practical applications, the high accuracy rates achieved by LinearSVC and Naive Bayes suggest that they could be used as
effective tools for disease prediction based on natural language symptom descriptions. The use of machine learning algorithms in
disease prediction could help healthcare professionals make more accurate diagnoses and improve patient outcomes.

6. Conclusion

In this study, we applied four different machine learning algorithms to predict disease labels from natural language symptom
descriptions. Our experiments show that LinearSVC and Naive Bayes achieved the highest accuracy rates, indicating their potential
for use in real-world applications for disease prediction. KNN also performed well but was slightly less accurate than the top-
performing algorithms. However, Decision Tree Classifier had a lower accuracy rate, suggesting that it may not be as effective for
this particular task.
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Overall, our results demonstrate the efficacy of machine learning algorithms in disease prediction and suggest that they could be
useful tools for healthcare professionals in making more accurate diagnoses based on natural language symptom descriptions. Further
research could explore the use of other machine learning algorithms or the combination of multiple algorithms to improve accuracy
rates even further. Additionally, it should be noted that the size of the dataset used in our experiments was relatively small, with only
1200 datapoints. As such, further research with larger datasets could provide a more comprehensive understanding of the
performance of these algorithms for disease prediction based on natural language symptom descriptions. Nonetheless, our results
highlight the potential of machine learning algorithms for disease prediction, which could ultimately lead to improved healthcare
outcomes for patients.
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INVESTIGATION OF BIOACTIVE PEPTIDES IN CALVATIA GIGANTEA (GIANT
MUSHROOM) PROTEIN HYDROLYSATES

CALVATIA GIGANTEA (DEV KURTMANTARI) PROTEIN HIDROLIZATLARINDA
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Abstract

Currently, it has been reported that natural peptides obtained by microbial fermentation, food prosessing and enzymatic
hydrolization showed many biological activity such as antimicrobial, antitrombotic, antihipertansive, antioxidant and anticancer and
then they have significant therapeutic potential. Fungi is one of the most important parts of ecosystem and they have both spesific
aroma and sweet and also rich nutrition ingradients such as protein carbohydrates, fatty acids, minerals in the world.

In this study; we performed purification and characterization of bioactive peptides from the natural edible fungi species Calvatia
gigantea found in Denizli naturally. For this purpose, The different chromatografic techniques such as ion exchange (DEAE-
Cellulose), dye-ligand(Affi-gel ® Blue gel) and gel filtration (Sephadex G75) were used for purification. Temperature and pH
stability of the purified peptide were defined as 37°C and pH 4.0 - 7.0. The purified peptid did not show any significant antifungal
activity against Physalospora tucumanensis, Fusarium oxysporum ve Mycosphaerella fijiensis.

Keywords: Calvatia gigantea, fungus, bioactive peptide, antifungal activity, protease activity,
1. Giris

Protein, vitamin ve minerallerce zengin olan makromantarlar, insanoglu i¢in bitkisel ve hayvansal gidalardan sonra en 6nemli besin
kaynaklardirlar. Ozellikle vejeteryanlar tarafindan mantarlar en cok tercih edilen gida iiriinlerinin basinda gelmektedir. Mantarlar
besin olarak tiiketilmelerinin disinda sahip oldugu bir¢ok biyoaktif molekiil sayesinde 6zellikle Asya iilkelerinde ¢esitli hastaliklarin
tedavisinde alternatif tip uygulamalarinda da degerlendirilmektedir(Erkel, 1992; Barros et al.,2008; Ustiin,2011). Bunlarin disinda
mantarlar metabolik iiriinlerin elde edildigi biyoteknolojik uygulamalarda [enzim (Zheng ve Shetty, 2000) ve inhibitor (Lau et al.,
2013) organik asit (Pandey ve ark.,2000) vb.] da kullanilmaktadir. Mantarlar tizerine yapilan ¢alismalar sonrasinda, birgok biyolojik
aktivitenin mantarlarda gézlemlenmesi arastirmacilarin mantarlara olan ilgisini de arttirmigtir (Tablo 1).

Tablo 1: Bazi mantar tiirlerinde tespit edilen biyolojik aktiviteler

Biyolojik Etki Mantar tiird Kaynaklar

ACE inhibitdrd FPholicta sdiposs Kim et al..2006
Antrodieiis iebmsnni,

Antianjiogenik Agaricus mumil, Chen et 51,2008

Rigidoporuz uimarnuz
Fomesz lignosus,

; Marazmivz jodocodo, Gbolagade etal 2007

Antifungsl F'J'Euf‘[:fl.lsﬁéﬂ'ﬂ'il. ’ Wang etsl 2006

Ganodama lucidum

Agaricus bisporus Jeongetal 2010
Hipoglisemik B

Phelinuz bsumii Hwang etal 2005

Agrocybe segenis, Diysbalansge et gl 2008
Antienflamatuar

Temitomyces sibumingzus Lu et s1,2008

Ruzzuis cysnoxanths,

Amanits rubezcens,

Amanits caezares,

Suillus granuisfus,

Boletuz eduliz,

Pheliinuz Aimosus,

Fieurstuz fionds,

E E::::ff: & Ribeiro et 1,208
Antioksidan F.zajoresju, Lakshmi etsl.2004

Ganodems fucidum, Anguiano etsl. 2007

Agaricus bizpomns, YYangetal 2002

Lsctanuz deliciozus,

Cantharelus cibanus,

Lentinuzs edodes,

Fieurptuz zp,

Morchels ezculents,

Flammuiing veiutipes,

Lentinuis edodes,

Agrocybe segents, Diysbslanage etal 2008
Antikanserojen Gsnodems fucidum Stanleystsl, 2005

N Fheliinuz givus, Baeetal 2005

[Antitlimary Agaricus biazei Kaneno et sl 2004

Pheliinuz imosuz Ajith etal, 2003
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Mantar protein ekstraktlarinda ve enzimatik hidroliz sonrasinda olusan peptidlerde cesitli biyolojik aktivitelerin gézlemlenmesi
mantarlarin biyolojik yonden zengin bir kaynak olduklarini1 géstermektedir(Tablo 2).

Tablo 2: Bazi mantar tiirlerinde tanimlanan peptid ve proteinler

i — Biyolojik yapi Peptid/protein T Molekil Kitlesi
Mantar Tur adi Biyolojik aktivitesi . _ Dizisi Referans
(Peptidiprotein} adi (kDa)
Antifungal
‘Wong et al., 2011
Cordyceps militaris HIV-1 reverse transcriptase, Peptid Cordymin AMAPPYGYRTPDAAQ 11
X K i . Parketal., 2009
antiproliferatif aktivite
AGETHTVMINHAGRGAPKLY
Ganoderma lucidum Antifungal Protein Ganodermin 15 ‘Wang and Mg, 2006
VGGKKLS
Fi ti Antifi | Peptid E ATRVVYCNRRSGSVYGGDD 10 W d Mg, 2004
leurotus eryngi ntifunga epti nain ang an X a
1 g g P ryngi TVYYEG g 9.
Polyporus alveolaris Antifungal Polipeptid Alveolarin GVCDMADLA 28 Wang and Ng, 2004b
Agrocybe cylindracea | Antifungal Peptid Agrocybin ANDPOCLYGHNVAAKF [£] Mgai et al,, 2005
Antifungal
Lentinus edodes HIV-1 reverse transcriptase, Protein Lentin CQRAFMMPRDDAIRW 28 Mgai and Mg, 2003
antiproliferatif aktivite
AGTENTCYMNAGTEKVPRGFPS
Lyophyilum shimeji Antifungal Protein LAP 14 Lam and Ng, 2001a
AXGGAIDFFN
ITFQGDLDARQQVITNADTR
Hypsizigus marmaoreus | Antifungal Pratein Hypsin 20 Lam and Ng, 2001b
RKRDVRAA
Anfifungal
Tricholoma giganteum Protein Trichogin QVHWPMF 27 Guo et al, 2005
HIV-1 reverse transcriptase
Pleurotus ostreatus Antifungal Peptid Pleurostrin VRPYLVAF 7 Chu etal, 2005

Biyoaktif peptidler; sinir, kardiyovaskiiler ve otolimmin sistem iizerinde olumlu etkilere sahip olan spesifik protein fragmanlari
olarak tanimlanmaktadirlar (Korhonen ve Pihlanto,2006). Biyoaktif peptidler diyabetin kontroliinde (Holst et al.,2008), obezite
tedavisinde (Yada et al.,2008),kanser tedavisinde (Liu et al.,2007) ,antimikrobiyal ajan (Tanabe et al.,2007) olarak
kullanilmaktadirlar. Biyoaktif peptidlerin biyolojik fonksiyonlart disinda kopik olusumu, jellesme, emiilsiyon olusturma gibi
ozellikleri endiistriyel uygulamalar agisindan ekonomik degerlerini arttirmaktadir (Gauthier and Pouliot, 2003).

Biyoaktif peptidler tstlendikleri fizyolojik rollerden dolay1 terapotik ajan gelistirilmesi i¢in uygun adaylar olarak da kabul
edilmektedirler (Danguah and Agyei, 2012).

Ulkemiz cografi konumundan dolay1 bircok mantar tiiriiniin yetisebilecegi essiz bir iklime sahiptir. Ulkemiz mantarlari ile yapilan
caligmalar 6zellikle son yirmi yilda biiyiik artis gostermistir. Yapilan ¢aligsmalarin ¢ogunlugunun sistematik 6zellikte olmasina karsin,
biyolojik aktivite potansiyellerinin ortaya ¢ikarilmasina yonelik caligmalar da bu stiregte artmstir.

Biyolojik zenginliklerimizden olan mantarlardan yeterince yararlanabilmek ve olasi zararlarindan korunabilmek i¢in bu tiir
aragtirmalara ivme kazandirilmasi biiyiik 6nem arz etmektedir (Kalyoncu et al.2010).Dolayisiyla bu arastirma projesi ile tilkemize
yetisen yabani bir mantar tiiriinden (C. gigantea) medikal, zirai ve endiistriyel alanda degerlendirilebilecek yeni biyoaktif dogal
peptidlerin elde edilmesi planlanmaktadir.

C. gigantea (Dev Kurtmantari, Kabak mantari, Patates Mantar1); mantari; Agaricomycetes sinifindaki Lycoperdaceae familyasinda
yeralan kozmopolit bir mantar tiiriidiir. C.gigantea mantar1; genellikle gayir kenarlarinda, tarla ve, ormanlarda yaz sonu ve sonbahar
baslarinda goriilmektedir. Yenilebilir bir mantar tiirii olan C.gigantea mantar1 biiyiik sigkin, futbol topunu andiran sekliyle dikkat
¢cekmektedir (Sekil 1.). Etli kismi; gen¢ donemde beyaza yakin renkte olup, siinger gibi yumusak ve i¢i dolgundur. Gelismesi
ilerleyince rengi siilfiir sarisindan zeytin yesiline donmekte ve tatlimsi, agir bir koku olugturmaktadir.

C.gigantea mantar1 besin kaynagi olarak tiiketilmesinin yaninda, biyoteknolojik 6neme sahip enzimlerin (a-amilaz) iiretiminde,
kanamay1 durdurucu (hemostatik ajan), yara iyilestirici ve aricilikta arilari sakinlestirici olarak kullanilmaktadir (Coetzee and Wyk,
2009). C.gigantea mantarinda antibakteriyel, antienflamatuar ,analjezik, antiproliferatif ve antikanser aktiviteleri tespit edilmistir
(Shen and Su, 1991; Wu et al., 2011, Yeh et al., 2011; Ng et al., 2003, Takaishi et al.,1997). Bu mantardan elde edilen calvacin
bilesiginin antitimor etkisinin yaninda antiviral aktivitesiyle ¢ocuk felci viriisiine kars1 etkili oldugu da ifade edilmektedir (Coetzee
and Wyk, 2009). Calvatia cinsinde yeralan diger tiirlerde craniformin ve rubroflavin olarak tanimlanan iki maddenin antikarsinojenik
6zelige sahip oldugu, yine Calvatia tiirlerinden elde edilen ubiquitin—benzeri peptidin, gdgiis kanserine kars: antiproliferatif ve dalak
hiicrelerine kars1 antimitojenik aktivite gosterdigi goriilmiistiir (Lam et al., 2001)
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Sekil 1: Calvatia gigantea’nin morfolojik goriiniimii

C. gigantea’nin protein igerigi % 13,7 (Shannon and Stevenson, 1975) ve % 27,3 (Agrahar-Murugkar and Subbulakshmi, 2005)
olarak dl¢tilmiistiir. Yapisinda linoleik asit’in fazla, palmitik ve oleik asit ise az miktarlarda bulundugu, kisa zincirli yag asitlerinden
oktanoik, dekanoik ve laurik asitin C.gigantea’nin lipit igeriginin 6énemli bilesenlerini olusturdugu vurgulanmaktadir (Nedelcheva et
al., 2007). Fosfotidilkolin ve fosfotidiletanolamin eser miktarlarda yapisinda yeralmaktadir. 51-GMP ve glutamik asit C.gigantea’da
tespit edilen 2 6nemli tatlandirici bilesenidir. Calvatia tiirleri kitinolitik enzimleri (kitinaz, kitobiaz) igermektedir. Calvatia tiirlerinde
lipaz ve karboksi esteraz aktiviteleri gézlenmistir (Coetzee and Wyk, 2009). C. gigantea’da ugucu bilesen olarak 3-Metilbutanol, 2-
Metilbutanol 3-metilbiitan-1-0l ve yiiksek konsantrasyonda metoksibenzen tespit edilmistir (Leffingwell and Alford ,2011;
Overton.,1994).

Calvatia gigantea’nin sporlarinin ¢ok biiyiik miktarlarda solunmasiyla sporlarin Lycoperdonosis hastaligina sebep oldugu, Calvatia
tirlerinin diger mantar tiirleri gibi allerjik durumlari (asthma and rhinitis) tetikledigi belirtilmektedir. Calvatia tiirlerinin farkl
metalleri (Hg, As, Pb, Cd ve Li) yiiksek seviyelerde biyoakiimiile edebilmesinden dolay1 biyoindikator olarak da kullanilabilecegi
belirtilmektedir (Coetzee and Wyk, 2009).

2. Materyal ve Metot
2.1. Calvatia Gigantea Mantarinin Temini Ve Protein Ekstraktinin Hazirlanmasi

C.gigantea mantari Pamukkale Universitesi Mantar Arastirma ve Uygulama Merkezi’nden temin edildi. 50 g
C.gigantea(kurutulmus); % 1,5 PVP, % 1 C vitamini ve 0,15 M NaCl iceren 50 mM Tris pH:7,4 tamponu ile o6nce blendirda
parcalandi ve ardindan homojenizérde homojenize edildi. Homojenat 4500 rpm’de 20 dakika santrifiijlendi. Siipernatanta % 80
amonyum siilfat ¢oktiirmesi uygulandi. Coken proteinler 10000 rpm’de 30 dakika santrifiij islemi sonrasi ayrildi. 50 mM Tris pH:7,4
tamponuna karsi diyalizlendi. Diyaliz sonrasi mantar ekstraktinin protein igerigi Bradford yontemine gore belirlendi(Bradford,
1976). Si1g1r serum albiimin standart olarak (25-150pg/mL) kullanildig1 yontemde 6l¢timler 3 tekrarli olarak gergeklestirildi.

2.2. Proteinlerin Enzimatik Hidroliz

Enzimatik hidroliz oncesi C.gigantea protein ekstraktinin (25 ml) pH’s1 8,0’e ayarlandi. Alkalaz enzimi i¢in enzim/substrat orant
(4/100) olacak sekilde uygulandi. Enzimatik par¢alanma igin karisim 4 saat 50 °C’deki bir su banyosu igerisinde inkiibe edildi.
Inkiibasyon sonras1 enzimatik reaksiyonun sonlandirilmasiyla, 6rek ; 8000 g’de 60 dakika santrifiijlendirilerek ¢coktiiriildii.

2.3. Hidroliz Derecesinin Ol¢iilmesi

100 pl protein hidrolizatina 100 pl 50 mM Na2B40O7(pH:9,2) ve 50 ul 4mM TNBS(taze hazirlanmis) eklenerek 30 dakika karanlikta
inkiibe edildi. Daha sonra karisima 18 mM Na2SOs igceren 2 M NaH2PO4’den 50 pl eklenerek mikroplaka okuyucuda 420 nm’de
absorbanslar 6l¢iildii. Standart olarak L-Losin kullanildi.

Elde edilebilecek maksimum a-amino miktarmi belirleyebilmek icin de protein ekstraktr (25 ml) 6N HCI ile 110,C’de 24 saat
muamele edilerek asit hidrolizine maruz birakildi. Asit hidrolizi sonrasi 6rnek 4500 rpm’de 15 dakika santrifiijlendi. Stipernatantin
pH’s1 6N NaOH ile noétralize edildi. Hidroliz derecesi (DH) asagidaki formiile gére hesaplandi. (Li-Chan et al., 2012; Tanzadehpanah
etal., 2013).

DH (%) = (Lt / Lmax) x 100
Lt Enzimatik hidroliz sonrasi agiga ¢ikan a-amino miktari
Lmax: Protein ekstratindaki maksimum a-amino miktart
2.4. Peptid Ektraktindaki Peptidlerin Kromatografik Ayrimi

Enzimatik hidroliz sonrasi elde edilen peptid ektraktindaki peptidlerin ayrimi 10 mM Tris tamponu (pH:7.4) ile dengelenen DEAE-
Seluloz kolonda [2,5x 10 cm econo column(Biorad)] gergeklestirildi. Peptid eliisyonu 0,50 M NaClI igeren dengele tamponu ile
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yapildi. Kolon akis hiz1 dakikada 1 mL olarak gerceklesen kolondan, fraksiyonlar 1 ml olarak toplandi. Yiiksek proteaz aktivitesi
Olgiilen fraksiyonlar birlestirilerek dengeleme tamponuna karsi diyalizlendi ve ardindan Affi-gel®Blue gel (Biorad) kolona
uygulandi. Yiiksek proteaz aktivitesi dlciilen fraksiyonlar birlestirilerek Sephadex G75 (Sigma) kolona yiiklendi. Peptidlerin boya
ligand kromatografisi ile ayriminda kolon dolgu materyali olarak Affi-gel®Blue gel (Biorad) kullanildi. Dengeleme tamponu ile
dengelenen kolondan(1,5 x 10 cm) eliisyon 1,5 M NaClI ile gerceklestirildi. Kolon akis hiz1 0,2 ml/dk olarak uygulandi. Yiiksek
proteaz aktivitesi Olciilen fraksiyonlar birlestirildi. Birlestirilen fraksiyonlar 10 mM 10 mM Tris-HCI pH: 7,4 tamponuna karst
diyalizlendi ve gel filtrasyon kromatografisine uygulandi. Jel filtrasyon kromatografisi sonrasi yiiksek proteaz aktivitesi dlciilen
fraksiyonlar birlestirilerek ve yiiksek basingli sivi kromatorafisinde (HPLC Agilent 1260) ACE RP-C18 (250 mm x 4.6 mm, 5 uM,
300 A) kolona yiiklendi. HPLC kromatograminda en yiiksek proteaz aktivitesi gdzlenen pikteki peptid fraksiyonu toplandi. SDS-
PAGE analizi i¢in saklandi.

2.5. SDS-PAGE Analizi

Biyoaktif peptidin (peptidlerin) saflagtirma adimlar1 sodyum dodesil siilfat poliakrilamid jel elektroforezi (SDS-PAGE) ile izlendi.
SDS-PAGE sistemi Laemmli metoduna gore uygulandi (Laemmli, 1970). Yiriitme i¢in %16°lik jel yiizdesi kullanildi. SDS-PAGE
sonrast jel Oackley ve arkadaglarinin giimiis boyama yontemi kullanilarak boyandi (Oackley et al., 1980).

2.6. Antifungal Aktivitenin Arastirilmasi

Saflastirilan peptidin antifungal aktivitesi Chu ve arkadaglarinin uyguladigi yontemin mindr modifikasyonlariyla gerceklestirildi
(Chu et al, 2005). Antifungal aktivitenin degerlendirilmesin de Physalospora tucumanensis, Fusarium oxysporum ve Mycosphaerella
fijiensis mantar tiirleri kullanildi. Nystatin (1 pg) pozitif, BSA (sigir serum albumin) (100pg) negatif kontrol olarak kullanildi.
Saflagtirilan peptid 40-200 pg olarak 10 pl (10 mM Tris HCI pH:7.4 ) igerinde ¢ozeltileri hazirlandi. Misel koloni gelisimi igin
hazirlanan patates dekstroz agardan (8,5 g/L) petri kaplarina (100 mm x15 mm) 10 ml dokiildii. Herbir petriye ayr1 ayri olarak
mantar tiirleri inokiile edildi. Steril disklere (0,625 c¢cm ¢apinda) emdirilen kontrol (tampon: 10 mM Tris HCI pH:7,4),pozitif ve
negatif kontrol ile saflastirilan peptid 6rnegi petri kaplarina 1 cm araliklarla yerlestirildi. Misel gelisimi i¢in petriler 23°C’de 72 saat
inkiibe edildi. Olusan inhibisyon zonuna gore saflastirilan peptidin antifungal etkinligi degerlendirildi.

2.7. Proteaz Aktivitesinin Arastirilmasi

Saflastirilan peptidin proteaz aktivitesi Wong ve arkadaglari tarafindan uygulanan yonteme gore gergeklestirildi (Wong et al., 2011).
Kazein proteaz aktivitesinin belirlenmesinde substrat olarak kullanildi. 2 g kazein 10 ml distile su icersinde ¢dziilerek ,iizerine 10 ml
0,2 M NaOH eklendi. Daha sonra 60 ml distile su daha eklenerek karisim karistiricida karigtirildi. Karigimin pH’st HCI ile 7,5’e
ayarlanarak 15 dakika 900C’de bekletildi. Daha sonra 100 ml 40 mM CaCI2 igeren 100 mM Tris-HCI (pH:8,0) ile karisim
seyreltilerek sogutuldu. Coken pelet uzaklastirilacak, sivi kisim aktivite 6lgtimiinde kullanildi. Proteaz aktivitesinin 6lg¢iimiinde
pozitif kontrol olarakta Tripsin kullanildi. Saflastirilan peptide ve pozitif kontrol olarak segilen tripsinin 50 pl’sine yukarida
hazirlanan kazein ¢ozeltisinden 350 pl eklenerek 25 dakika oda sicakliginda inkiibe edildi. Siire sonunda 1 ml % 4 TCA
(trikloroasetik asit) eklenerek oda sicakliginda 30 dakika daha bekletildi. Daha sonra 15000 g’de 15 dakika santrifiij edildi. 280
nm’de siipernatantin absorbansi suya karsi (kor olarak) olgiilerek kazeinin prolitik pargalanmasi ile olusan kazein fragmentlerinin
miktar1 belirlendi.

2.8. Saflastirilan Peptidin Karakterizasyonu
2.8.1. pH Stabilitesinin Belirlenmesi

Saflagtirilan peptidin pH stabilitesinin belirlenmesi igin pH’s1 3-11 arasinda degisen farkli tamponlarda [50 mM glisin—HCI tamponu
(pH 2.0-3.0), 50 mM sodyum asetat tampon(pH 4.0-5.5), 50 mM Tris—HCI tamponu (pH 8.0-8.5) ve 50 mM glisin—-NaOH tamponu
(pH 9.0-11.0)] peptid 18 saat 4°C’de inkiibe edildi. Daha sonra proteaz aktivitesi 6l¢iildii.

2.8.2. Sicaklik Stabilitesinin Belirlenmesi

Saflastirilan peptidin sicaklik stabilitesinin belirlenmesi i¢in farkl: sicakliklarda (40, 50, 55, 65, 80 ve 100 °C) inkiibasyonlar yapildi.
Daha sonra proteaz aktivitesi 6l¢tildii.

Kiitle Spektrometresi ile Saflastirilan Peptidin Yapismin Aydinlatilmas

SDS-PAGE jelden kesilen peptid band:i kiitle tayini ve tanimlanmasi icin (Proteome Factory AG, Berlin, Almanya) analize
gonderildi. Nano LC—ESI-MS/MS kullanilarak yapilan analiz sonucunda elde edilen veri Mascot Search yazilimi (Matrix Science
Ltd., London, UK) kullanilarak NCBI veritabaninda tarandi.

3. Bulgular

Calvatia gigantea protein ekstraktinin enzimatik hidrolizi %87,3 olarak gergeklesmistir. Enzimatik hidroliz sonrasi peptid
hidrolizatindan biyoaktif peptidin saflastirilmasi i¢in sirali olarak iyon degisim, boya-ligand, jel filtrasyon kromatografileri
uygulanmistir (Sekil 2).

ISBN: 978-605-71214-8-6 28 Www.insicongress.com SI



IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

0,400 T
03%0 0,100
......................... 05 —
K
0300 -
€ 3 04 E . 0,075
CE, 0,250 & £
=] e o
o E 93 g oo
B 02 IR B 8
= 0,150 ! o2 2 = 5
SEL Y e g 0025
0,100 01
0,000 +
0,050 o o 10 20 30 40 50
o 25 50 75 100 15 150 [ Fraksiyon sayisi
a Fraksiyon sayisi
0325 | ;
0 i
02
209
E 015 -]
o
a1
o 1
£ o1
C
0,05
0
o ]
b o 20 40 &0 a0
Fraksiyon saym 00

Sekil 2: Peptid saflastirllmasinda kullamlan kromatografik uygulamalar: a. iyon degisim kromatografisi, b. Boya-Ligand
Kromatografisi, c. Jel Filtrasyon kromatografisi, d. HPLC

SDS-PAGE uygulamasi sonrasi jelde 5.2 kDa biiyiikliigiinde bir peptidin varligi belirlenmistir(Sekil 3).
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Sekil 3: Peptidin SDS-PAGE analizi: a.Protein markirlari b. Saflagtirilan Peptid

Saflagtirilan peptidin proteaz aktivitesi pH:4.0-7.0 araliginda korunmustur. En yiiksek proteaz aktivitesi 37°C’de gozlemlenirken, en
diisiik proteaz aktivitesi 95°C’de gergeklesmistir. Bitki patojen funguslarina (Physalospora tucumanensis, Fusarium oxysporum ve
Mycosphaerella fijiensis) kargi saflastirilan peptidin antifungal aktivitesi ¢ok diisiik gozlemlenmistir.

SDS-PAGE jelden kesilen bantin Nano LC—-ESI-MS/MS analizi sonrasinda 5,2 kDa’luk peptidin uzunlugu 9 ila 14 arasinda degisen
4 farkl dizisi tanimlanmustir (Tablo 3).

Tablo 3. C.gigantea mantari ektraktinda yiiksek proteaz aktivitesi gosteren peptidin NanoLC-ESI-MSMS analizi

Peptid Ahkonma zamani
Peptid dizisi Uzunlugu mi/z dk Kiitlesi (Da)
(amino asit) (dk)
TSEDCYVLR 9 571,7607 227 1141,5073
SPTSEDCYLLR 1 670,8115 26,56 1339,6077
LLVEASGMNVLFR 12 639,3796 37,02 1316,7431
LVSEFDNSLCLWGK 14 834, 4086 423 1666,8025
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4. Tartisma ve Sonuclar

Diinya niifusunun 2050 yilinda 11,3 milyar, iilkemiz niifusunun ise 93,5 milyon kisiye ulagmasi beklenmektedir. Artan niifusa paralel
olarak da insanlar i¢in gerekli olan gida kaynaklarindaki azalma, gida kaynaklarini, enerji kaynaklarindan daha stratejik bir konuma
getirmistir. Dolayisiyla tiim diinyada insanlarin saglikli ve aktif bir hayat siirdiirebilmeleri i¢in yeni alternatif gida iriinlerinin
gelistirilmesi yoniinde ¢aligmalar baglatilmistir.

Makromantarlar bu baglamda bitkisel ve hayvansal gidalardan sonra 6nemli bir besin kaynagi olarak goriilmektedir. Makromantarlar
iizerine yapilan ilk literatiir ¢aligmalarmi mantarlarin sistematik tanimlanmasi, ekolojik ozellikleri ve ekonomik degerlerinin
belirlenmesi olustururken, daha sonraki ¢aligmalarda mantarlardan biyoaktif bilesenlerin taranmasi iizerine odaklanilmigstir. Son
yillardaki calismalar ise etken biyoaktif bilesenin mantarlardan saflagtirilmasi, tanimlanmasi medikal, zirai ve endiistriyel alanda
kullanilabilirliklerinin arastirilmas: {izerinedir. Ulkemiz cografi konumu itibar1 ile bircok mantar tiiriiniin yetisebilecegi essiz bir
iklime sahiptir. Ulkemizde de mantarlar ile yapilan ¢alismalar 6zellikle son yillarda biiyiik artis gostermistir. Yapilan caligmalarin
cogunlugunun sistematik 6zellikte olmasina karsin, biyolojik aktivite potansiyellerinin ortaya ¢ikarilmasina yonelik ¢aligmalar da bu
slirecte artmigtir. Biyolojik zenginliklerimizden olan mantarlardan yeterince yararlanabilmek ve olasi zararlarindan korunabilmek
i¢in bu tiir aragtirmalara ivme kazandirilmasi biiyiik dnem arz etmektedir.

Mantar protein hidrolizatlarindan enzimatik pargalanma sonrasi iiretilen peptid dizilerinde birgok aktivitelenin tanimlanmasi
makromantarlarin ¢esitli hastaliklarin teshis ve tedavisinde kullanilabilirliklerini giindeme getirmistir.

Calvatia gigantea ililkemizde dogal olarak yetisen yaklasik 45 tiir ile temsil edilen Lycoperdaceae familyasinda yeralan ve siskin bir
futbol topunu andiran bir mantardir. C.gigantea mantar1 iizerinde antibakteriyel, antienflamatuar ,analjezik, antiproliferatif ve
antikanser gibi farkli biyoaktiviteler tespit edilmistir . Bu ¢alismada Calvatia gigantea’dan enzimatik hidroliz sonucu elde edilen
peptid hidrolizatindan farkli kromatografik teknikler kullanilarak saflagtirilan peptidin proteaz ve antifungal aktivitesi degerlendirildi.
Peptid proteaz aktivitesi sergilerken, bitki patojen funguslarina (Physalospora tucumanensis, Fusarium oxysporum ve
Mycosphaerella fijiensis) kars1 ¢cok diisiik antifungal aktivite gosterdi.

Badshah ve arkadaglar1 Aspergillus fumigatus and Aspergillus niger {izerine C.gigantea metanolik ekstraktinin antifungal aktivitesine
baktiklarinda A. niger tizerinde % 50, A. fumigatus tizerinde ise % 15 inhibisyon etkisini gozlemlemisler ve antifungal aktiviteyi
kontrole gore oldukga diisiik bulmuslardir(Badshah et al., 2012). Dolasiyla farkli funguslar ile yapilan denemeler ve farkli
ektraksiyon yontemleri ile hazirlanan ekstraklarda C. gigentea mantarinin diisiik antifungal aktivite gostermedigi dogrulanmistir.

Biyoaktif peptidlerin sahip olduklar1 fiziksel ve kimyasal karakteristik 6zellikler (molekiiler biyiikliik, yiik, polarite, ¢oziiniirliik,
afinite, kovalent veya kovalent olmayan etkilesimler) onlarin kromatografik ayrimlama ve saflastirilmalarinda etkin rol
oynamaktadir. Yiikke bagli ayrimlamalarda iyon degisim, molekiiler biiylikliige bagli ayrimlamada jel filtrasyon, afiniteye bagl
ayrimlamada ise ligand (boya) kromatografisi kullanilmaktadir. Daha iyi bir ayrim igin ise ¢ogunlukla birden fazla kromatografik
adim kombine edilerek uygulanmaktadir(Kim et al, 2013).C. gigantea mantarindan da da biyoaktif peptidlerin ayrimlamasinda
kombine kromatografik adimlar kullanilmistir.Herbir adimdan sonra elde edilen aktif fraksiyonlar birlestirilerek bir sonraki
kromatografi adimina uygulanmaistir.

Sicaklik ve pH; bir peptidin ¢alisma ve depolama kosullarin1 belirleyen nemli iki faktordiir. Bu iki faktordeki degisimler peptid
stabilitesini etkilemektedir. Peptidin stabilitesini etkilyen diger 6nemli faktor amino asit kompozisyonudur. Peptidin amino asit
kompozisyonu hidroliz, oksidasyon, deamidasyon, diketopiperazin and piroglutamik asit olusumu ile degismektedir. Ozellikle
sistein ve metiyonin igeren peptidler oksidayona meyillidir ve oksidasyon hiz1 da pH ile degismektedir Yine asidik ve bazik
kosularda ile sicakliktaki degisim peptidin yan zincirinde degisime sebep olmaktadir. Bu yiizden peptidin stabilitesinin devamliligini
saglayabilmek i¢in ilgili peptidin stabil oldugu pH ve sicaklik araliginin bilinmesi 6nemlidir. C. gigantea mantarindan saflastirilan
peptidin pH 4.0-7.0 araliginda ve 37 °C’de stabilitesini korudugu gozlenmistir.

Proteazlar; protein hidrolizini katalizleyen, bitkilerden mikroorganizmalara kadar genis bir dagilim gdsteren parcalayici enzimlerdir.
Proteazlar hiicresel metabolik proseslerde 6nemli rol oynamalarinin yaninda deri isleme, deterjan sanayi, gida isleme gibi endiistriyel
proseslerde de yaygin olarak kullanilmaktadir (Ma et al., 2007). Birgok mantar tiiriinde de [Agaricus bisporus (Burton et al., 1994),
Pleurotus citrinopileatus (Cui et al., 2007), Hypsizigus marmore ( Zhang et al., 2010), Tricholoma saponaceum (Kim et al., 2001)]
cesitli proteaz aktiviteleri tespit edilmistir. Bu proje ¢alismasinda kullanilan C.gigentea mantarindan saflastirilan peptidin de yiiksek
proteaz aktivitesi gézlemistir.

Bu ¢alisma iilkemizde dogal olarak yetisen makromantarlardaki biyoaktif bilesenin saflastirilmasi i¢in 6ncli bir ¢aligmadir.
Saflagtirmasi yapilan peptidin farkli uygulamalarda (medical, zirai ve endiistriyel) kullanilabilirliginin arastirilmast ileriye yonelik
planlanan hedeflerdir. Ayrica Calvatia veya farkli mantar tiirlerinden farkli enzimlerle yapilacak hidroliz islemleri ile elde edilecek
yeni peptidlerde biyolojik aktivitelerinin arastirtlmasi yine bu konuda yapilacak yeni ¢alisma konularini olusturacaktir. Ayrica
biyolojik aktivitesi tespit edilen mantar tiirlerinin kiiltiire alinma islemleri de ayr1 bir caligma konusunu olusturacaktir.

Tesekkiir: Bu ¢alisma TUBITAK tarafindan 1152774 no’lu proje ile desteklenmistir. TUBITAK a verdigi destek icin tesekkiir
ederiz.
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Abstract

Burnout is one of the concepts we hear very often. Burnout syndrome, especially in healthcare workers, puts employees in serious
trouble. These; problems such as thinking about leaving the job, not being able to give himself to work, being late for work, making
medical mistakes in the work environment, and lack of a sense of belonging to the institution he works for. It is stated that those who
experience burnout suffer from physical and psychological disorders. The aim of this study is to investigate the individual and
organizational causes of burnout in health workers. It has been observed that studies on burnout have intensified in the last ten
years. All the factors that cause burnout of health care workers due to both individual and organizational reasons should be
eliminated at a minimum level.

Keywords: Health workers, Burnout, Hospital.
1. Giris

Bireyler i¢ ve dis ¢evre unsurlarindan kaynakli birden ¢ok uyariciyla karsilasmaktadir. Insanlar bu uyaric1 ve etkenlerden olumlu
veya olumsuz olarak etkilenmektedir. Birey i¢in olumlu yonlii etkenler genellikle bireyleri mutlu etmekteyken, olumsuz yonlii
uyaricilar insanlar1 sikintiya ve bunalima sokarak stresli bir halin olugmasina sebep olmaktadir. Stresli bu halin kisa siirede
¢bziilmemesi ve uzun siirmesi durumunda ise bireyler tikenmislik sendromuyla karsilasabilmektedir. Insan yasaminda birey icin
caligmak Onemli bir yere sahip oldugundan tiikenmislik, calisanlar ile orgiitlerin is yasamini dnemli Sl¢lide etkileyen faktorlerin
basinda gelmektedir.

Insanm insan ile miinasebetinin ¢ok fazla oldugu saghk hizmetlerinde tiikkenmislik daha fazla gériilmektedir. Bu agidan saglik
¢alisanlarinin ¢aligma ortamlarinda yasadiklari hususlar psikolojik ve travmatik durumlara da neden olmaktadir. Diinya 6l¢eginde
ortaya ¢ikan salgin vakasi sirasinda dncii kuvvet olarak nitelendirebilecegimiz saglik calisanlart salginin seyrinin ne olacagindan bir
haber kendi hayatlarmi tehlikeye atmak durumuna kalmiglardir. Bu gibi gesitli varyasyonlar ile karsi karsiya kalan saglk
cahisanlarinim is performanslarim tepkisel bir mekanizma ile kurgulamak oldukea giictiir. Insan hayatinda saglhigin kendi cilvesi
geregi herkesce istenmesi ve ulasildig1 anda da bu hizmeti verenlerce aninda, kusursuz ve eksiksiz istenmesi gibi hadiseleri birlesince
stresin getirdigi bir tiikenmislik ile kars1 karsiya kalinmaktadir.

Tiikenmislik kavramu ilk defa Herbert Freudberger tarafindan 1974 yilinda “basarisiz olma, yipranma, enerji ve giiciin azalmas1 veya
tatmin edilemeyen istekler sonucunda bireyin i¢ kaynaklarinda meydana gelen tikenme durumu” olarak ifade edilmigtir
(Freudenberger, 1974).

Maslach tiikkenmisglige iliskin olarak “isi geregi insanlarla i¢ ige, yogun, duygusal taleplere maruz kalan ve siirekli diger insanlar ile
birlikte ¢aligmak zorundaki insanlarda gozlemlenen fiziksel bikkinlik, bitkinlik, uzun siireli halsizlik, yorgunluk, ¢aresizlik, diisiik
kisisel basari, tiilkenme hali, duyarsizlagma gibi faktorlerin yansimasiyla olusan {i¢ boyutlu bir sendrom” seklinde bir tanimlamada
bulunmustur. Tiikenmisligin duyarsizlagsma, duygusal ve kisisel basarida diisiis olarak bu etkenler ile birlikte ele alinmasi gerektigi,
bu faktdrlerin birbirinden bagimsiz olamayacagi ve bunlarin birbirleriyle yakindan iliskili olduguna vurgu yapilmaktadir (Sarikaya,
2007).

Tiikenmislikle ilgili yapilan farkli aragtirmalarda ortaya konulan ve diger bireylerin rahatlikla gozlemleyebilecekleri hal, bireylerde
duygusal ve fiziksel enerji diisiikliigiiyle birlikte olusmus bitkinlik, isteksizlik, yorgunluk ve memnuniyetsizlik halidir (Maslach,
Leiter ve Schaufeli, 2001).

Tiikenme siirecini yasamus kisilerce dfkelenme, siirekli bir gerginlik hali, kizginlik, umutsuzluk, ¢aresizlik gibi bir takim duygular
sik olarak yasadiklari dile getirilmigtir. Tiikenmigligin ilerlemis oldugu evrelerde ise bunu yasayan insanlar “Etrafimdaki her sey ters,
bunlara ne oluyor?” sorusunu sorarlar; cevap ise “kendilerinin tiikendigi’dir” (Baltas ve Baltag, 1997). Baska bir deyisle kisisel
kaynaklarin tiikenmeye basladigi, giinliik yasanan durumlara kars: siirekli ¢oziimsiizlik ve olumsuz diisiincelerin bas gosterdigi,
yasam hevesinin bittigi hal denilebilir (Barut¢u ve Serinkan, 2008).
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Tiikenmislige yonelik baska bir tanimlama bireyde uzun siiren stres sonucu duygusal, fiziksel ve zihinsel yorgunluk halidir (Giirbiiz
ve Karapinar, 2014).

Maslach ve Jackson duygusal, duyarsizlasma ve kisisel basar1 faktorlerinden olusan “ii¢ bilesenli bir psikolojik sendrom” olarak
tiikenmisligi ifade etmislerdir (Maslach ve Jackson, 1986). Tiikenmislik en basta insanin duygusal birikim ve kaynaklarin
tiiketmesiyle bag gostermekte ve bireyin duygusal olarak ¢okiisiiyle son bulmaktadir. Duygusal olarak tiikkenmis insan bir sonrasinda
ise ¢evresinde bulunan bireylerle olan iliskisini siirlandirarak psikolojik olarak insandan uzaklasma eylemi gosterir. Dolayisiyla
duyarsizlik bu sekilde kendisini gostermis olur. Son agamasinda ise birey onceki tutum ve davranislariyla suan ki hali arasinda olusan
ayrimi fark eder. Bunun sonucu olarak mesafeli tutum ve davranislar ile galistigr isletme ve topluma yaptigi katkiyr kisitladigi
diigiincesine kapilir. Bu sekilde birey, isi ve diger insanlarla iligkilerinde kendisini yetersiz gérerek bu sekilde bir olumsuz duyguya
kapilabilmektedir. Daha kisa bir ifadeyle faaliyet gosterdigi isyerinde veya insan iliskilerinde kendisini onceki durumuna goére
yetersiz gérmeye baslar. Birey kendisini bu sekilde olumsuz diisiince haline kaptirmis olmasi kisisel basari boyutu igerisinde
tamimlanmugtir (Maslach ve Jackson, 1981; Cordes ve Dougherty, 1993: Zimbardo, vd., 2001).

2. Tiikenmislik Modelleri

Maslach’m genel kabul goren ilkelerine gore tiikkenmislik 3 modelden olugmaktadir. Bunlar1 duygusal tiikenme, duyarsizlagsma ve
kisisel bagart modelleridir.

a) Tiikenmeyi duygusal ve fiziksel tiikkenme olarak iki baslikta ele alarak duygusal tiikkenmeyi ¢alisan isyerine gitmeyi diisiindiigiinde
mutsuzluk hali ve yorgunluk hissi olustugu, fiziksel anlamda ise bas agrilari, iisime hali, uyku siiresinde kisalma gibi bireyde
birtakim etkiler goriildiigii dile getirilmistir. Duygusal yonden tiikenmislik bireyin ruhen yipranma duygusunu hissetmesi ve
yasamasini ifade etmektedir (Naktiyok ve Karabey, 2005).

b) Duyarsizlasma; calisanin isine ve iletisim kurdugu bireylere karsi ilgisiz ve alakasiz tutum gostererek karsi bireyin duygularini
anlamamasi halidir. Bu durum karsidakilere karsi olumsuz bir tutum sergilenmesine neden olmaktadir (Arslan, Cagatay ve Savas,
2023).

Calistig1 ortamdaki is arkadaslari karsisindaki insanlar hakkinda olumsuz duygu ve diisiinceler olugsmasi, isini Gnemsememeye
baslamasi, kendi i¢ine kapanma, zorluklara kars1 miicadeleden kaginma, eskiye gore daha az is yapma, alayci bir yaklasim haline
biirlinmiis olmasi gibi belirtilerden s6z edilebilir (Barutgu ve Serinkan, 2008).

¢) Kisisel basar hissinde; birey basarili olmadigini diisiindiigii, buna bagli olarak motivasyonunda diisiis, streste artig gibi faktorler
bas gosterdigini, bu durum ise yasantisina ve is hayatinda basarisizliga neden olmaktadir. Duygusal ve fiziksel yonden tiikkenmis,
hizmet ettigi bireyler ile kendisini olumsuz bir davranig haline sokmus birey yapilmast gerekli isleri tam olarak yerine getirmekte
zorlanacaktir. Bu sebeple bireysel anlamda yeterliligine iliskin duygularinda azalma olacaktir (Giindiiz, 2005).

2.1. Tiikenmisligin Olusumundaki Bireysel ve Orgiitsel Etkenler

Bireysel faktorler arasinda; cinsiyet, etnik koken, yas, meslegi, medeni hali, egitim seviyesi, aile durumu, bireyin beklenti diizeyi gibi
unsurlar yer almaktadir. Saglik ¢alisan1 meslek grubu igerisinde bulunan hemsirelerde duygusal tiikkenme, hekim statiisiinde bulunan
personelde ise duyarsizlasmanin yiiksek oldugu goriilmiistiir. Saglik sektoriinde ¢aligsan bireylerin yaridan fazlasi ¢alisma ortamindan
memnun olmadiklarini, ¢ogu tekrar ayn1 meslek grubunda yer almak istemediklerini ifade ettikleri goriilmiistiir (Arslan, Cagatay ve
Ay Savas, 2023). Bu durumda ise meslek, ¢alisilan ortam ve kisilik 6zelliklerinin de tiilkenmislik tizerinde etkisi bulundugundan s6z
etmek miimkiindiir.

Ayrica, tiikenmislik olgusu duyarsizlik, bireyin basarisindaki distikliik ve isine karsi olan ilgisinde diisiisle beraber zihinsel, duygusal
ve fiziksel yorgunlugun olustugunu ifade eden bir durum olarak ortaya konulmus ve 1974 yilinda Freudenberger ilk defa bu durumu
dile getirmistir. En fazla tabiplik, 6gretmenlik, avukatlik ve hemsirelik gibi unvanlarda insanlar ile yiiz yiize iliskisi olan mesleklerde
goriildiigline ayrica dikkat gekilmistir (Capri, 2006).

Bireysel faktorler, orgiit icerisindeki bireylerden kaynakli ve tiikenmeye sebep olan unsurlardir. Orgiitteki bireyin kisilik yapis1 ve
ozellikleri kisinin tikenmislik yasayabilmesinde onemli bir yere sahiptir (Ardi¢ ve Polatci, 2008). Kisilik 6zellikleri anlaminda;
mitkemmeliyetci, amaca odakli, kazanmay1 seven, elestirici, kisisel ¢ikarlart dnemseyen, sadik, cevresine karsi saldirgan ve ofkeli
davraniglar sergileyen, hizli, islerini zamaninda bitirme gayreti igerisinde olan, sorumluluk sahibi ve hizli konusan bireyler
(Freudenberg, 1974; Nagy ve Davis, 1985; Nowack, 1988; akt.), yasamlarin1 kader ve sans gibi dis etkenler tarafindan yonetildigini
diisiinenler, gergeklestirilmesi zor beklenti igerisinde olan (Cordes ve Dougherty, 1993), 6z yeterlilikleri bulunmayanlar ve empati
yapamayanlar (Lee, vd., 2003) diger bireylere gore daha ¢ok tiikenmislik riski altindadir.

3. Saghk Alaninda Tiikenmislik

Saglik ¢aliganlari, gorevlerinin geregi olarak hem ¢alisma arkadaglart hem de hizmet sunduklar hastalar ile yogun iletisim kurmak
zorunda olduklar yiiksek tempolu bir is ortaminda caligmaktadirlar (Cevik ve Ozbalei, 2020). Bu ortamda calisan saglik
profesyonellerinin tiikenmislik durumlart akademik agidan merak konusu olmus ve bir¢cok yazinsal degerlendirmelere tabi tutuldugu
goriilmiistiir.

Arpacioglu ve arkadagslar1 (2021)’nin yapitlar arastirmaya gore saglik caliganlarmin demografik degiskenler ele almarak yapilan
degerlendirmede tiikenmislik durumlarinin yiiksek oldugu bulmuslardir. Saglik ¢alisanlarinin 6nemli oranda tilkenmislik sendromuna
maruz kaldiklart ve is doyumuna istendik diizeyde sahip olmadiklar1 goriilmektedir (Sivrikaya ve Erisen, 2019). Ayrica yasadiklari
bu tiikenmislik durmalarinin isten ayrilma niyetlerini de arttirdig1 gézlemlenmistir (Kéroglu ve Bahar, 2021) Kaygi ve tiikenmislik
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hali hi¢ siiphesiz ki saglik calisanlarinin iglevselliklerinde kaybi beraberinde getirme riski tagimaktadir (Tirkili vd., 2022).
Tiikenmislik yasayan bireylerin, yasam doyumlarinin buna bagli olarak zarar gérdiigii anlasilmistir (Uzun ve Tortumlu, 2022).

Kisisel basar1 hissinin ve is arkadasindan aldiklar1 destek hissiyati tiikkenmisligi diisiirdiigii anlagtlmaktadir (Ozbezek vd. 2021)
Algilanan sosyal destek sistemlerinin varligi ile tiikenmisligin azaldigi, sergilenen duygusal emek davraniglarmin artmasi sonucu
tiikenmisligin arttig1 sonucuna ulagilmaktadir (Penekli, 2022) Tiikenmislik sendromu tiim saglik ¢alisanlarinda siklikla karsilagilan
psikolojik bir durumdur. Bu sendrom ile ilgili farkindaligin olusturulmasi ve etkin tedbirlerin alinarak oniine gegilmesinin, ¢aligan
memnuniyeti ve verimliligi yani sira sunulan saglik hizmet kalitesini olumlu yonde artiracaktir (Tagdemir Mecit, 2022).

Saglik calisanlarinda tiikenmislik konusu giiniimiiz sartlarinda giderek daha da 6nem kazanmaya baslamistir. Saglik ¢aligsanlarinin
yasamig olduklari tilkenmislik durumu ise, diisiik hasta memnuniyeti, yapilabilecek tibbi hatalarda artig, mesleki tatmin diizeylerinde
diisiikliik gibi sonuglari ortaya cikartabilmektedir. Tiikenmislik sonucu ortaya g¢ikabilecek bu olumsuzluklarin 6nlenmesi saglik
sistemi ve saglik caliganlari i¢in 6nemli bir durumdur (Atilla ve Karakaya, 2021). Profesyonel saglik calisanlarinin hasta ve yaralt
kimselere gerekli ve yeterli saglik hizmeti sunabilmeleri hasta ve yaralinin iginde bulundugu durumu anlamalarina, empati
kurabilmelerine, hasta ve yaralinin psikolojisini anlayarak tedavilerini gergeklestirebilmelerine baglidir Demirbilek ve Uzman, 2021).
Calisanlarin tiikenmisligi etkileyen bireysel faktorlerin farkina varmasini saglamak igin gerekli ¢alismalar yapilmalidir. Ayni
zamanda stresle bas etme yontemlerinin 6gretilmesi de ¢alisanlarin mutlu olmasini saglayarak is doyumu artiran 6nemli bir etkendir.
Caliganlarin tiikkenmisligini ve is doyumunu etkileyen bireysel faktorler ortadan kaldirilirken ayni zamanda kurumlarin 6rgiitsel
faktorleri de ortadan kaldirmak icin gerekli énlemleri almasi gerekmektedir (Oztiirk vd., 2020).

4, Sonuclar

Saglik acisindan ele aldigimiz bu yazinda, saglik calisanlarmin faaliyette bulunduklari saglik hizmetlerinin gereklerini ortaya
koymaya c¢alisirken kendi igsel varliklarini da siirdiirebilecekleri bir olugsuma ihtiya¢ duyduklar asikardir. Yapilan ¢alismalar son
yillar icerisinde Covid-19 salginina denk gelmesi ile tiikenmislik sendromuna iliskin ¢ok fazla ¢alisma yapildigr gortilmektedir.
Covid-19 6ncesi, siras1 ve sonrasi olarak da incelenen ¢aligmalarda Tiikenmiglik stirekli olarak kendini diri tutan ve varligini koruyan
bir durum oldugunu séylemek miimkiindiir. Tiikenmislik saglik ¢alisanlar1 i¢in bir yasanmasi zorunlu kader anlayisi haline geldigi ve
bu meslekte calisacaklar i¢in olumsuz bir kaniya varilmasina neden olacak seviyede oldugunu sdylemek miimkiindiir. Saghk gibi
6nemli hizmet kolunda yiiksek kapasiteli ve igine motive kisilerin varliklarmi stirdiirmesi alinacak hizmetin gegerliligi ve kalitesi
icinde ¢ok 6nemlidir. Ciinkii saglik hizmetleri sunucularinin iyi hallerinin var olmasini saglamak ayni zamanda hizmet kalitesini de
arttirdig1 diger bir faktor olarak karsimiza ¢ikmaktadir.

Saglik ¢aliganlarinin yasamlarini devam ettirebilmeleri i¢in ¢aligmak ve bir takim faaliyetlerde bulunmak ne kadar onemliyse saglik
kurumlar agisindan da calisanlarinin etkin ve verimli olmasi bir o kadar 6énem arz etmektedir. Bu sebeple hem bireyler hem de
isletmeler amaglarini gerceklestirebilmeleri igin birbirlerine ihtiyag duymaktadir. Bu dogrultuda her iki tarafinda tiikenmislik ile ilgili
tizerine diisen sorumluluklari ve yiikiimliiliiklerini yerine getirmeleri gerekmektedir. Herhangi bir tarafta yasanacak bir olumsuzluk
kars1 tarafi da dogrudan etkilediginden, tiikenmislik sendromunun ¢éziimiinde bireysel veya orgiitsel olarak tek bagma miicadelede
basarili olunmasi miimkiin degildir. Boyle bir durumda oOrgiitiin katkis1 olmadan ya da bireysel ¢abayla yani tek tarafli olarak
¢oziilebilecek bir sorun olmadigi goriilmektedir.

Tiikenmisligin olusumu belirli bir zaman dilimi igerisinde gerceklestigi i¢in bunun ilk evrelerinde tedbir almak miimkiindiir. Saglik
gibi 6nemli bir is faaliyeti icerisinde yer alan ¢alisanlarin yasayacaklari olasi tiikenmislik durumlarinin 6nceden belirlenerek 6nlem
ile daha kaliteli bir hizmet faaliyetinde bulunulmasi miimkiindiir.

Bireyler tiikenmislik konusunda arastirma yaparak bu hususta bilgi sahibi olmalari, duygusal, davramigsal ve fiziksel belirtiler
hissedilmesi halinde ise bu sendromun sonraki evrelere ge¢meden ¢oziim iiretmeleri gerekmektedir. Aksi durumda saglik
¢alisanlarinin ileri safhada isten ayrilma niyetlerinin ortaya ¢iktigi yapilan yazinsal ¢aligmalarda ortaya konulmaktadir.

Saglik kurumlari iist yoneticileri saglik politikasi agisindan tiikenmislik konusunda galisanlarma gerekli egitimleri vererek caliganlar
desteklemeleri, moral ve motivasyonlarini yiiksek tutmalari, orgiit kiiltiirine baghligi arttirmak igin her tiirli adimlar1 atmalari
gereklidir.

Incelenen arastirmalar 1s131nda 6rgiit ve ¢alisanlar igin ortak amag ve hedefler belirlenmeli, bu dogrultuda ise biitiinlesmenin
saglanmas1 gerektigi ortaya ¢ikmaktadir. Birey ve Orgiit arasindaki iletisime onem verilmeli, orgiit ve ¢alisan bireyler birbiriyle
stirekli etkilesim halinde olmalidir. Tiikenmiglige yonelik alinan her tiirlii tedbir ve olasiliklar devredeyken sorun ¢ikmasi halinde ise
onceden belirlenmis onaricit ve dengeleyici unsurlardan faydalanilmalidir. Belirtilen agsamalar ve siire¢ iyi yonetildigi takdirde
tiikkenmislik tehdit ve risk olmaktan ¢ikacaktir.
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Abstract

In this paper, we present an approach using machine learning algorithms to determine whether an instrument chord has a major or
minor chord. We use a data set of audio files recorded from two instruments, guitar, and piano, to build our machine learning
models. The data set contains 502 major audio files and 357 minor audio files. We employ six conventional machine learning
algorithms such as Logistic Regression, K-nearest neighbors, Support Vector Machines, Naive Bayes, Classification and Regression
Trees (CART), and Random Forest algorithms. The experimental results show that Random Forest and CART algorithms outperform
the other algorithms with an accuracy of 90.1%.

Keywords: Machine learning, chord classification, decision trees, random forest.

1. Introduction

Determining chords from sound and detecting chords in the melody are important points in playing and understanding music. Music
is entirely related to patterns. After learning those rules and patterns, it is possible to learn everything by ourselves. When everything
is held constant, music in minor and major tones feels sad and happy. In this respect, classifying and detecting instrument chords are
significant in terms of both learning and improving music and identifying the kind of music automatically.

In the literature, many works have been done for classifying instrument chords [1-3, 8]. In this research, we have proposed a new
chord classification model through machine learning algorithms in order to classify instrument chords. We have used logistic
regression, K-nearest neighbors, Support Vector Machines, CART and Random Forest algorithms for the chord classification
process. We have applied the algorithms to pre-processed data set and compared the results. Subsequently, we have selected the
model having the best performance. The chosen model would support professional or individual musicians in terms of music
education and advancing music. Overall, this study reveals the significance and success of using machine learning techniques.

The remaining section of the paper has been organized as follows: in Section 2, we explain the data pre-process stage and machine
learning algorithms used in the experiments. In Section 3, we present the results of the study. In Section 4, we discuss the
experimental results. Finally, we conclude our study with remarks in Section 5.

2. Materials and Methods

In this section, we explain the data set used in the experiment. We then introduce machine learning methods applied to the data set.

2.1. The Data Set and Data Pre-processing

The data set consists of minor and major chords that are used most commonly in music classification. The data set contains 502
major and 357 minor sound files. Thus, we have 859 instances in total.

The chord in music is three or more notes sounding at the same time [2]. In the pre-processing stage of the data set, we first do
various calculations behalf on comprehending the mathematics behind music. In this regard, we use traditional twelve-fret scale: C,
C#, D, D#, E, F, F#, G, G#, A, A#, B. We calculate the frequency values that are the most important characteristics of the notes in
accordance with the western music rules. Table 1 shows the frequencies of the western music notes.

Table 1. The frequencies of the western music notes

A A# B C C# D D#
110.0 116.5 123.5 130.8 138.6 146.8 155.6
220.0 233.1 246.9 261.6 277.2 293.7 311.1
440.0 466.2 493.9 523.3 554.4 587.3 622.3
880.0 932.3 987.8 1046.5 | 1108.7 | 1174.7 | 12445
1760.0 | 1864.7 | 19755 | 2093.0 | 22175 | 2349.3 | 2489.0
3520.0 | 3729.3 | 3951.1 | 4186.0 | 4434.9 | 4698.6 | 4978.0
7040.0 | 7458.6 | 7902.1 | 8372.0 | 8869.8 | 9397.3 | 9956.1
14080.0 | 14917.2 | 15804.4 | 16744.0 | 17739.7 | 18794.5 | 199121
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In the next step, we create a computer-generated note to better examine harmony concept that allow music to sound good. To this
end, we exploit the sinusoidal wave. Since the signal is in time domain, we transform the signal into frequency domain via Fourier
transform. We utilize the package scipy.fft for this transformation. Figure 1 shows the signal in time domain. Figure 2 shows the
main frequency domain of the signal.
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Figure 1. The illustration of a sample signal in time domain
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Figure 2. The main frequencies of a sample signal

Finally, we compose a data framework to analyze the sound data together. Afterward, we save the type of chords, file names, and
harmonies for each file to analyze them easily. Table 2 summarizes this process.

Table 2. A piece of the data framework

Chord type File name Min harmonic | Max harmonic | Harmonics
0 Major Major_0.wav 130.67 1838.22 21
1 Major Major_1.wav 131.11 993.33 16
2 Major Major_10.wav 130.91 1408.64 20
3 Major Major_100.wav 155.45 2449.09 27
4 Major Major_101.wav 155.91 1093.64 20

2.2. Machine Learning Techniques

We have tried six machine learning algorithms (e.g., Logistic Regression, K-nearest neighbors, Support Vector Machines, Naive
Bayes, Classification and Regression Trees (CART), and Random Forest algorithms) to be able to build the chord classification
model and compared their results after cross-validation experiments.

Logistic Regression is a model used to predict the presence or absence of features or outcomes. It works similar to a linear regression
model but is more suitable when the dependent variable is categorical. In our study, we performed analyses using the
LogisticRegression model from the scikit-learn library to classify instrument chords.

K-Nearest Neighbors (KNN) is a classification algorithm. This algorithm makes predictions by looking at the proximity of the data
point to previous data points. In our study, we performed analyses using the KNeighborsClassifier model from the scikit-learn library
to classify instrument chords. This model allows us to classify data points by examining their k-nearest neighbors.

Support Vector Machines (SVM) is a supervised learning method developed based on structural risk minimization. SVM does not
require knowledge of any joint distribution function of the data, making it distribution-independent. Figure 2 shows the network
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structure of SVM. In our study, we conducted analyses using the Support Vector Classifier (SVC) model from the scikit-learn library
to classify instrument chords.

b (sabit) ]
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Agirliklar
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y=f(x)=Y.@ K(x.x,)+b
k=l

Figure 3 SVM Network Structure [12]

Gaussian Naive Bayes is an algorithm belonging to the Naive Bayes classification method. This algorithm handles continuous data
and assumes that continuous features have a normal (or Gaussian) distribution for each class. Using this method, mean and standard
deviation values are estimated for each class from the training data. In our study, we performed analyses using the GaussianNB
model from the scikit-learn library to classify instrument chords.

Decision Tree Classifier (CART) is a classification method that creates a model in the form of a tree structure consisting of decision
nodes and leaf nodes based on features and the target variable. The CART algorithm divides the dataset into smaller and even smaller
subsets, thus forming a tree structure. The general appearance of decision trees is shown in Figure 4 [11]. In our study, we conducted
analyses using the DecisionTreeClassifier model from the scikit-learn library to classify instrument chords.

Root node

Child/Split node

Leaf node

Figure 4 Decision Tree Example [13]

Random Forest is one of the supervised classification algorithms that can be used for both regression and classification problems.
This algorithm aims to improve the classification accuracy by generating multiple decision trees. The Random Forest algorithm
combines many independently operating decision trees to select the classification value with the highest score.

In our study, we conducted analyses using the RandomForestClassifier model from the scikit-learn library to classify instrument
chords. This model allows us to obtain the best classification results by applying the Random Forest algorithm and combining
multiple decision trees.

3. Results

In this section, we present the results of our experiments with six different machine learning algorithms: LogisticRegression,
KNeighborsClassifier, SVC, GaussianNB, DecisionTreeClassifier, and RandomForestClassifier. We used a dataset consisting of 859
audio files to evaluate the performance of these algorithms.

The accuracy rates achieved for each algorithm are shown in Figure 5.
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Figure 5 Accuary rates of algorithms

We observed that the Decision Tree Classifier (CART) and Random Forest Classifier models had equal and the highest accuracy
rates, reaching 0.90. This was followed by KNN with an accuracy rate of 0.83, SVC with an accuracy rate of 0.69, and GaussianNB
with an accuracy rate of 0.65. The Logistic Regression model had the lowest accuracy rate of 0.56.

4, Discussion

Our experiments have demonstrated that machine learning algorithms such as LogisticRegression, KNeighborsClassifier, SVC,
GaussianNB, DecisionTreeClassifier, and RandomForestClassifier can be applied for classifying instrument chords. The results
indicate that the CART and Random Forest Classifier models achieved equal and the highest accuracy rates of 0.90, followed by
KNN with an accuracy rate of 0.83, SVC with an accuracy rate of 0.69, GaussianNB with an accuracy rate of 0.65, and
LogisticRegression with the lowest accuracy rate of 0.56.

The high accuracy rates obtained from the Classification and Regression Trees and Random Forest Classifier models demonstrate
their effectiveness in instrument chord classification. The KNN model also showed good accuracy but was comparatively less
performant than the top-performing algorithms. On the other hand, the accuracy rates of SVC, GaussianNB, and LogisticRegression
models were much lower, indicating that these models may not be suitable for this particular task.

From an application perspective, the high accuracy rates achieved by the Decision Tree Classifier and Random Forest Classifier
models suggest the effectiveness of these methods for instrument chord classification.

5. Conclusion

In this study, we applied six different machine learning algorithms for instrument chord classification. Our experiments resulted in
the Classification and Regression Trees and Random Forest Classifier achieving the highest accuracy rates, indicating their potential
for real-world applications in instrument chord classification. The KNN model also showed good accuracy but was comparatively
less performant than the top-performing algorithms. On the other hand, the accuracy rates of the SVC, GaussianNB, and
LogisticRegression models were much lower, suggesting that these models may not be suitable for this particular task.

Overall, our results demonstrate the effectiveness of machine learning algorithms in instrument chord classification and their
potential as useful tools for musicians and music students to understand and advance music. Further research can explore the use of
other machine learning algorithms to increase the accuracy rate and improve the performance through different algorithm
combinations. Additionally, employing larger datasets can provide a broader perspective on the performance of algorithms for
solving the problem in this study. Together, our findings emphasize the potential of machine learning algorithms for instrument chord
classification as a means for musicians and music students to enhance their understanding and proficiency in music.
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Abstract

This study assessed the clinical relevance and phenotypic attributes of complex allele variants, inclusive and exclusive of the R202Q
allele, within the MEFV gene in triple mutation scenarios. We retrospectively examined medical data from patients with Familial
Mediterranean Fever (FMF) exhibiting triple complex alleles, dual compound mutations, and prevalent singular mutations. The
correlation between phenotype and genotype was evaluated in 71 FMF patients (M/F=42/29) with a median age of 8.5 years (2-17
years). These patients were segregated into three cohorts based on the occurrence of triple, compound heterozygous, and common
single mutations. No significant variances were observed between the cohorts in terms of sex, average age, fever frequency,
abdominal discomfort, chest pain, age at symptom onset, and early onset symptoms. The groups demonstrated no significant
differences in disease severity Scores (7.21 £ 2.04, 8.11 = 1.99, 7.81 £ 1.13, respectively, p=0.228). However, the frequency of severe
scores was considerably lower in the cohorts with triple and single mutations than in the dual mutation group (16.6% vs. 26.9% and
42.8%, respectively (p=0.04). Among patients with triple mutations, 83.3% had the R202Q allele variant. Patients with triple
mutations exhibited a less intense disease phenotype, potentially attributable to benign variants like R202Q and E148Q. Further
comprehensive, prospective research is warranted to investigate the relationship between triple mutations, R202Q, and clinical
manifestations.

Keywords: Familial mediterranean fever, triple mutation, R202Q, pediatrics.
1. Introduction

Familial Mediterranean Fever (FMF) is an inheritable inflammatory disease that follows an autosomal recessive pattern. Its
associated gene, MEFV, is located on chromosome 16p13.3 [1]. This gene is responsible for producing pyrin, a 781-amino-acid
protein [2,3] that serves as a crucial component in controlling inflammation and apoptosis. Dysfunctional pyrin caused by mutations
can result in heightened inflammation, leading to a surge in 11-18 secretion in FMF [4].

The INFEVERS database, a digital compendium of autoinflammatory diseases (http://fmf.igh.cnrs.fr/infevers) [5], has reported over
310 sequence alterations. However, the implications of these changes remain unclear. A preponderance of FMF-related missense
mutations was found in exons 2, 3, 5, and 10. The most common mutations included M694V, M680I, V726A, and M694I located in
exon 10 and E148Q in exon 2. The majority of FMF patients exhibited homozygotic or compound heterozygotic FMF. A small
proportion of patients have more than two mutations, called "complex alleles mutations" [6].

Interestingly, the FMF database identified R202Q as a polymorphism associated with disequilibrium with M694V [7]. However,
recent research has demonstrated a higher prevalence of R202Q in patients with FMF than in healthy individuals. This evidence
suggests that R202Q could be a mutation leading to disease [8-12]. Additionally, R202Q has been linked to uncommon mutations
that cause FMF in Mediterranean populations [13].

The relationship between the genotype and phenotype in patients with complex allele mutations is not well understood. This study
aimed to assess the clinical relevance and phenotypic characteristics of complex allele mutations (including triple mutations) with or
without the R202Q allele of MEFV in a group of Turkish children.
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2. Materials and Methods

A retrospective analysis of the medical records of patients with FMF, including those with triple complex alleles, dual compound
mutations, and common single mutations, was performed. These patients were under observation at the Pediatric Nephrology Unit of
the Department of Pediatrics, Faculty of Medicine, Kirikkale University. FMF diagnosis was confirmed based on the criteria
stipulated by Livneh et al. (14). We conducted an evaluative comparison of patients with triple, dual compound, and single
mutations, focusing on disease severity, regularity of flare-ups (>1 attack per month), extended attack duration (>3 days), symptoms,
age at symptom onset, sex, consanguinity, and family history.

Uniform genetic analysis methods were used in FMF gene analysis. To detect MEFV mutations, DNA was extracted from peripheral
blood (collected in EDTA tubes) using a Nucleospin kit (Macherey-Nagel, GmbH). A reverse hybridization assay (FMF StripAssay,
Viennalab Labordiagnostika GmbH) was used to identify the mutations. Multiplex PCR with biotinylated primers for exons 2, 3, 5,
and 10 was performed following the manufacturer’s instructions. The PCR products were selectively hybridized on a test strip
comprising a parallel array of allele-specific oligonucleotide probes. This included 12 MEFV mutations [E148Q, R202Q, P369S,
F479L, M680I1 (G/C), M680I (G/A), M694V, M694I1, K695R, V726A, A744S, and R761H)]. Hybridization was visualized via a
reaction between streptavidin-alkaline phosphatase and a colored substrate. Patients with homozygous M694V mutations were
omitted because of their elevated severity profile [15], whereas other homozygous mutations were included.

Disease severity was evaluated using the criteria of Pras et al. [16], which comprised six factors: age of onset, colchicine dosage,
monthly attack frequency, presence of arthritis, erysipelas-like erythema, and amyloidosis. According to Pras et al., scores of 3-5
suggest mild (M) disease, 6-8 denote intermediate (1) disease, and scores greater than 9 indicate severe (S) disease. Symptom onset
before age 6 was defined as "early age onset" and was assigned a high score.

2.1. Ethical Issue
Informed consent was obtained from all patients before genetic testing was conducted by the local Ethics Committee (2020.01.16).
2.2. Statistical Analysis

SPSS version 16.0 was used to analyze the data. The chi-square test evaluated the prevalence of male sex, frequent exacerbations,
and early onset of symptoms. ANOVA was used to determine the mean severity score and age at symptom onset. We set the
significance level to p<0.05.

3. Results

To evaluate the phenotype-genotype correlation, 71 (M/F=42/29) FMF patients with a median age of 8.5 years (range 2-17) were
divided into three groups based on the presence of triple, compound heterozygote, and frequent single mutations. Twenty-four
patients (14 males, 10 females) had a triple mutation, 21 patients (9 males, 12 females) had compound heterozygous mutations, and
26 patients (17 males, 9 females) had a single frequent mutation. The mean ages of the mutation groups were 7.9 + 3.5, 8.2+4.1, and
9.2 + 4.0, respectively. Similarly, the mean age at the time of diagnosis was 6.6 = 3.7, 7.1 + 3.6, and 7.1 £ 3.9, respectively (D.A).
The demographic and clinical characteristics of the study group concerning the mutation groups are shown in Table 1.

Table 1. Demographic and clinical characteristic of Turkish FMF patients by the presence of single, double, and triple

mutations
Triple mutation Compound heterozygote Single mutation
Features P N=24 P N=21 e g N=26 p value
Male gender (n/%) 14 (58.3) 9 (42.8) 17 (65.3) 0.214
Early age onset (n/%) 9 (37.5) 8 (38.9) 11 (42.3) 0.938
Median age of diagnosis (years) 6.6+3.7 7.1£3.6 7.1+3.9 0.893
Fever (n/%) 19 (79.1) 18 (85) 24 (92.3) 0.101
Abdomen pain (n/%) 20 (83.3) 19 (90.4) 24 (92.3) 0.164
Arthritis (n/%) 9 (37.5) 14 (66.6) 7 (26.9) 0.010
Chest pain (n/%) 9(37.5) 6(28.5) 5(19.2) 0.296
Mean severity score 7.21£2.04 8.11£1.99 7.81+1.13 0.228
High severity score rate (n/%) 4 (16.6) 9 (42.8) 7 (26.9) 0.040
Family History (n/%) 13 (54.1) 11(52.3) 11(42.3) 0.605

Statistical significance was set at P value <0,05. The mean severity score and age at symptom onset were assessed using The
Mann-Whitney U and Kruskal-Wallis tests. The proportion of male patients, frequent exacerbations, and early age at
symptom onset were assessed using the chi-square test.

3.1. Phenotype Genotype Correlation

The demographics and clinical findings of the patients with triple, double, and single mutations did not differ significantly in sex,
mean age, fever, abdominal pain, chest pain, age of onset, and early onset symptoms. In contrast, those with compound heterozygous
mutations (66,6%) were significantly more likely to develop arthritis than those with triple or single mutations (p=0.01). There was
no significant difference between the mutation groups in terms of disease severity score (7.21 + 2.04, 8.11 + 1.99, 7.81 + 1.13,
respectively; p=0.228, (Table 1)). However, the rate of high severity scores was significantly lower in triple and single mutation
groups as compared to the double mutation group (16.6 % vs. 26.9% and 42.8%, respectively (p=0.04) (Table I). Twenty patients
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(83.3%) with triple mutations had the R202Q allele mutation. The alleles of the other four patients were M694V-V726A-E148Q,
M694V-P369S-E148Q, M6941-V726A-E148Q, and M694V-M680I-E148Q. No significant differences were found between groups
in terms of family history.

The most common mutation was M694V, with 95.8 %, 71.4 %, and 65.3% frequencies in the triple, compound heterozygote, and
single mutation groups, respectively. The percentage of M694V alleles in the triple mutation group was significantly higher than that
in the other groups (P =0.003).

Moreover, the percentages of M680I (41.6%) and V726A (29.1%) alleles were significantly higher than the respective percentages in
the compound and single mutation groups (p<0.001 and p=0.005, respectively). In addition to R202Q and E148Q, two patients in the
triple mutation group had M694l, one with K695R, and one with P369S, which were not found in the other two groups (Table 2).
None of the patients developed erysipelas or amyloidosis.

Table 2. Distribution of the frequencies of the alleles of the identified mutations by the study groups

Triple mutation Compound heterozygote Single mutation
Allel N=24 N=21 N=26 P value
n(%) n (%) n (%)
M694V 23(95.8) 15 (71.4) 17 (65.3) 0.030
M6801 10 (41.6) 4 (19.0) 5(19.2) 0.001
V726A 7(29.1) 4 (19.0) 3(11.5) 0.005
R202Q 20 (83.3) 11(52.3) 0 0.001
E148Q 4 (16.6) 3(14.2) 0 0.041
M694l 2(8.3) 0 0
K695R 1 (4.15) 0 0
P369s 1(4.15) 0 0

Statistical significance was set at P value <0,05. The proportion of mutations was assessed using the chi-squared test.
4. Discussion

Recent advancements in molecular genetics have uncovered mutations that contribute to Familial Mediterranean Fever (FMF) [17].
The expertise of medical practitioners and clinical criteria carry significant weight in formulating treatment strategies. Owing to
FMF's clinical heterogeneity of FMF and the absence of specific diagnostic biochemical tests, genetic analysis may offer
considerable assistance in securing a definitive diagnosis. Our study elucidated the clinical manifestations and genotype-phenotype
associations in 71 Turkish pediatric patients with triple, compound heterozygous, and single mutation alterations.

Typically, the screening process for FMF primarily focuses on a limited number of mutations that account for a significant proportion
of carrier chromosomes in a particular population. Currently, the literature provides limited data on triple mutations. For instance,
Yildirim et al. identified 21 (1.7 %) cases of triple mutations among 1223 FMF patients with a pathogenic mutation [18].

Fever, abdominal pain, and chest pain did not differ significantly between patient groups in our study. Triple mutations, however,
were associated with a lower incidence of arthritis compared with compound heterozygotes.

The triple mutation group exhibited a significantly lower rate of high severity compared to the other groups. This group's mean
severity score was lower, although the difference was not statistically significant. Contrary to our expectations of higher severity in
the triple mutation group owing to the high prevalence of the M694V mutation, our findings suggest that the R202Q allele, which
was prominent in this group, could potentially decrease FMF severity. Thus, our research indicates that the R202Q alteration of the
MEFV gene may decrease symptom severity, especially among patients with pathogenic mutations (M694V, V726A, and M680l).
Although the R202Q mutation has been reported as a common polymorphism [7], limited data are currently available regarding its
significance. Ritis et al. [10] reported R202Q homozygosity in 4 out of 26 Greek FMF patients, compared to none in 60 healthy
controls, suggesting that R202Q gene alteration may be a mutation rather than a polymorphism. Other studies, such as those by
Miyoshi et al. [19], proposed that E148Q/R202Q compound heterozygosity could potentially be responsible for FMF. The clinical
relevance of the R202Q alteration in Turkish patients has been reported by two independent centers. A recent study [20] showed that
23.3% of the patients with R202Q alterations had typical FMF episodes. Therefore, our results suggest that R202Q alteration might
be associated with an inflammatory phenotype and is clinically significant in FMF.We also identified four patients in the triple
mutation group carrying the E148Q mutation. E148Q is classified as a benign polymorphism or a variant of unknown significance,
although its pathogenic impact remains unclear. The FMF phenotype has, however, been described in milder forms in patients
homozygous for E148Q in other studies [21].To the best of our knowledge, the present study provides a basis for future research into
the phenotype of triple mutations. In conclusion, we found that patients with triple mutations exhibited a less severe disease
phenotype, potentially due to the presence of benign variants, such as R202Q and E148Q. However, further comprehensive
prospective studies are required to gain deeper insights into the relationship between triple mutations, R202Q, and clinical findings.
Our findings may help enhance patient management strategies for FMF and improve family counseling regarding the disease.

5. Conclusion

This research represents a significant step towards understanding the clinical manifestations and genotype-phenotype correlations in
Familial Mediterranean Fever (FMF) patients, specifically triple, compound heterozygous, and single mutations. The findings of this
study shed new light on the relationship between specific mutations such as R202Q and E148Q and their influence on disease
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severity and symptomatology.Our study indicates that patients with triple mutations generally exhibit a less severe disease
phenotype. We surmise that this was likely due to the presence of benign variants, particularly R202Q and E148Q. However, despite
these advancements, the complex nature of FMF calls for further detailed research to decipher genotype-phenotype relationships,
especially in patients with triple mutations.As the first study to explore triple mutation phenotypes, this investigation lays a solid
foundation for future extensive studies. This serves as an important reference point and may prompt novel directions in FMF
research, leading to improved diagnosis, patient management, and family counseling. Through continued research and a deeper
understanding of FMF, we have moved closer towards developing more personalized, efficient, and successful treatment strategies
for FMF patients.
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SURFACE-BASED MORPHOMETRIC CHANGES IN PATIENTS WITH
HYPERTHYROIDISM

HIiPERTIROIDILIi HASTALARDA YUZEY TABANLI MORFOMETRIK
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Abstract

This study aims to investigate surface-based morphometric changes in patients with hyperthyroidism. In this observational study,
clinical and magnetic resonance imaging (MRI) data of 24 patients and 15 healthy control participants were evaluated. Surface-
based analyses of cortical thickness (CT), local gyrification index (LGI), and sulcal depth (SD) did not reveal any differences in
hyperthyroidism patients. However, increased sulcal shallowing was observed in the left hemisphere of hyperthyroidism patients.
These findings indicate that along with gray matter volume loss, sulcal shallowing is the dominant atrophy pattern in
hyperthyroidism. This study can contribute to our understanding of changes in brain morphology associated with hyperthyroidism
and provide insights into its neurological effects.

Keywords hyperthyroidism, cortical thickness, local gyrification index, sulcal depth
1. Giris

Tiroid hormonlart hem fetal hayatta hem de dogum sonrasinda beyin gelisimi i¢in olduk¢a 6nemlidir. Hipotalamusta paraventrikiiler
niikleustan salgilanan Tirotropin salgilattirict hormon (TRH) hipofizden da Tiroid stimiile edici hormon (TSH) salgilanmasina o da
tiroid bezinden triiyodotironin (T3) ve tiroiksin (T4) salgilanmasina neden olur. Bu hipotalamo-pitiiiter-tiroid akstir ve viicut
metabolizmasmin diizenlenmesi igin temel yolaklardan biridir. * Ancak tiroid hormonlar1 sadece metabolik yolaklarda yer almaz,
norogelisim agisindan da oldukc¢a 6nemlidir. > Konjenital hipotiroidi geridéniissiiz bilissel kayip ile sonuglanir ve hayatm erken
déneminde tanmip hormon replasmanmin yapilmasi gerekmektedir.  Bununla birlikte yiiksek T3 ve T4 ile karakterize hipertiroidi
sinirlilik, diirtiisellik, anksiyete gibi duysal durumlar ile birlikte zayif hafiza, konsantrasyon bozuklugu gibi bilissel degisiklikler ile
de birliktedir.* Hipertiroidinin de hipotiroidinin de biligsel bozukluklar ile birlikte olmas1 bu hormonlarmn belli diizeye kadar santral
sinir sistemi gelisimine destek saglasa da fizyolojik sinirlar1 astiginda biligsel bozulmaya neden oldugunu diisiindiirmektedir.

Beyinde ¢esitli hastaliklardaki atrofi paternleri birbirinden farklidir. Atrofi gri cevher voliim kaybiyla meydana gelebildigi gibi,
kortikal kivrimlanmada veya kompleksitede azalma, kortikal kalinlikta azalma, sulkal siglagsma seklinde olabilmektedir. Farkli
hastaliklarda atrofi baskin atrofi paterni de degisebilmektedir. ° Hipertiroidili hastaliklarda gricevher hacim azalmasimi voxel tabanli
morfometri ile gosteren kortikal kalinlik azalmasini ¢caligmalar vardir. Ancak surface based morphometry (SBM) ile kortikal kalinlik
(CT), kortikal kivrimlanma (LGI), ve sulkal derinlik (SD) degisikliklerini arastiran herhangi bir ¢aligma yoktur.

Bizim bu ¢alismadaki amacimiz hipertiroidili hastalardaki yiizey tabanli morfometrik degisiklikleri saptamaktir.
2. Materyal Metot

This study was designed as observational. Clinical and MRI data was evaluated prospectively. All subjects were fully informed and
gave their written informed consent, prior to each examination.

2.1. Goniilliiler ve Klinik Veriler

Calisma, yeni teshis konulan tedavi edilmemis 19 Graves hastasi [4 erkek (%23), 14 kadin (%78); ortalama yas 40 + 8,4] ve on bes
saglikli kontrol [yedi erkek (%42), on iki kadin (%58); ortalama yas 44,3 + 3,8] icermektedir. TSH, FT3 ve FT4 diizeyleri ayn1
laboratuvar platformunda elektrokemiliiminesans yontemi kullanilarak 6lgiilmiistiir (Roche-Hitachi Modular E170 analizorii, 2064-
34, Almanya). Her bir hastada en az biri asagidaki klinik belirtilerden birini gdstermistir: anksiyete, artmis irritabilite, yiiksek kalp
hiz1 ve terleme, bitkinlik, 1s1ya kars1 tahammiilsiizliik, kilo kaybi, hafif tremorlar, asir1 yeme, bozulmus bellek, dikkatsizlik ve azalmis
O0grenme, biligsel ve yiiriitme yetenekleri. Bu belirtilerin baglamasi hipertiroidizm donemini tanimlamaktadir.

Kontrol grubu, yas ve cinsiyet agisindan uyumlu, sag elini kullanan, benzer egitim diizeyine sahip saglikli goniillillerden
olusmaktadir.

2.2. Manyetik Rezonans Goriintiileme

MRI taramalari, 8 kanalli kafa bobiniyle donatilmis 1.5-Tesla cihaz (Gyroscan Intera; Philips Healthcare) kullanilarak
gergeklestirilmistir. MPRAGE T1-agirlikli 3D gradyan-ekolar dizisi (TR/TE = 7.2/33 ms; matris = 256 x 256; NSA = 1; FOV = 256
mm; kesit kalinligi = 1 mm; bosluk = 0 mm; flip agis1 = 8°), aksiyel kesitle i¢in elde edilmistir.
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Surface tabanli morfometri igin, TI-MPRAGE goriintiileri kullanilarak gri cevher (GM), beyaz cevher (WM) ve beyin omurilik sivist
(CSF) segmentasyonu VBM y&ntemiyle yapilmistir. © Tiim beyin i¢in kortikal kalinlik, lokal giralasyon indeksi ve fraktal boyut
haritalar1 ¢ikarilmigtir. SBM  parametrelerinin  hesaplanmasi i¢in Statistical parametric mapping-12 (SPM12) ile birlikte
Computitonial Anatomy Toolbox 12.8 (CAT 12.8) kullanilmustir. Kortikal kalinlik i¢in 15 mm FWHM Gauss ¢ekirdegi, GI, SD ve
FD igin ise CAT12 pipeline'inda belirtildigi gibi 20 mm FWHM Gauss ¢ekirdegi uygulanmustir.

Istatistiksel analizler RStudio kullamilarak gergeklestirilmistir. Hastalarin ve kontrol grubunun klinik, demografik bilgileri,
hipotalamik ve limbik hacimleri cinsiyet i¢in Pearson y? testi, yas i¢in ise Student's T-testi ile karsilastirtlmistir.

Yiizey tabanl: istatistik i¢in bagimsiz iki 6rneklem T-testi modeli, hipertiroidi ve kontrol grubu arasinda karsilastirma yapmak i¢in
olusturulmustur. Her bir hastada TSH, FT3, FT4 ve psikometrik testler ile CT, GI, FD ve SD arasindaki iliskiyi incelemek i¢in bir
regresyon modeli olusturulmustur. Genel dogrusal modelde (GLM) yas ve cinsiyet, kontrol degiskenleri olarak dahil edilmistir. VBM
icin de benzer sekilde GLM kurulmustur. CT, SD, FD ve GI karsilastirmalari, non-parametrik permutasyonlar (n = 5,000
permutasyon; E = 1.0 H = 2.0) ve threshold-free cluster enhancement (TFCE) ile Smith ile birlikte vertex kiimelerini tespit etmek
icin yapilmistir. Anlamli istatistiksel esik, 0.05 alfa diizeyinde diizeltilmis family-wise error (FWE) oranidir. Kiime tabanli analizler
ylizey haritalarina yerlestirilmistir. MNI koordinat sistemi gore, kiimelerin lokalizasyonlart milimetre cinsinden ifade edilmistir.

3. Sonuglar
3.1. Klinik ve Laboratuvar Parametreleri

Hasta ve kontrol gruplari arasinda yas ve cinsiyet agisindan anlamli farklilik bulunmamaktadir. Tiim hastalar yiiksek FT3 (ortalama +
standart sapma [SS]; 24.1 + 11.2 pg/ml) ve FT4 (ortalama = SS; 6.3 + 2.2 ng/dl) diizeylerine sahiptir ve ayn1 zamanda TSH diizeyleri
diisiiktiir (medyan: 0.013, interkuartil aralik: 0.025). (FT3: ortalama + SS; 3.25 + 0.35 pg/ml; FT4: ortalama + SS; 1.22 + (.13 ng/dl;
TSH: 2.13 £ 0.58 plU/ml) (tlimii i¢in p<0.001). Hipertiroidi grubunda hastalik siiresi 9.8 + 3.8 yildir.

3.2. Psikometrik Testler

HRDS24; hipertiroidi grubunda 17.4 + 2.7, kontrol grubunda 7.6 & 1.2 olarak dl¢iilmiis ve artmigtir (p<0.001). HARS hipertiroidi
grubunda 16.2 + 2.7, kontrol grubunda 6.7 + 1.1 olarak 6l¢iilmiis ve artmistir (p<0.001). MoCa hipertiroidi grubunda 24.9 + 2.8,
kontrol grubunda 28.6 + 0.8 olarak 6l¢iilmiis ve azalmigtir (p<0.001).

3.3. Yiizey Tabanh Morfometri

Hipertiroidi ve kontrol gruplari arasinda kortikal kalinlik (CT), lokal giralasyon indeksi (LGI) ve fraktal boyut (FD) agisindan
farklihk saptanmamustir (p>0.05 FWE). Hipertiroidi hastalarinda sulkal siglasma iki ayr1 kiimede bulunmustur: ilk kiime insula,
lateral orbitofrontal ve siiperior temporal girustan olusur (Kiime boyutu: 806, TFCE: 20248, pFWE = 0.033). Ikinci kiime ise
supramarjinal ve postsantral girustan olusur (Kiime boyutu: 679, TFCE: 18532, p=0.041)

4. Tartisma

Bu c¢alismada farkli voliimetrik yaklasimlar kullanilarak hipertiroidi hastalarinda kortikal morfolojik degisiklikler arastirilmigtir.
Bulgularimiz hipertiroidi hastalarinda yaygin gri cevher hacim kaybi ile birlikte sol hemisferde sulkal siglasmay1 gostermektedir.
Kortikal kalinlikta, giral kompleksitede ve kortikal kivrimlanmada farklilik saptanmamustir.

Serebral atrofi sadece gri cevherde voliim azalmasi seklinde gergeklesmez, kortikal kalinlikta azalma, kivrimlanmada azalma ya da
sulkal siglasma seklinde de olabilir. ° Kodein kullananlarda sulkal siglasma baskin atrofi paterniyken, alzehimer hastaligi gibi
patolojilerde kortikal kalinliktaki azalma ve hipokampiiste gri cevher voliimiinde azalma daha baskm bir paterndir. "° Bizim
¢aligmamiz hipertiroidili hastalarda koritkal kalinlikta veya kivrimlanmada degisiklik olmadigimi ilk defa ortaya koydu. Ancak sol
kortekste sulkal siglasma saptadi. Bu da hipertiroidili hastalarda baskin atrofi paterninin gricevher voliim azalmas: ile birlikte sulkal
siglagsma oldugunu ilk defa ortaya koymaktadir.

Calismamizin belli kisithiliklart bulunmaktadir. Calismamiz tek merkezli bir ¢aligmadir, boylamsal veriler yoktur. 1.5 Tesla cihaz
kullanilmustir. Hasta sayisi kisitlidir. Tedavi sonrasindaki degisiklikler arastirilmamigtir. Tiroid hormonlart metobolizmanin temel
hormonlarindan birisidir ve birgok hormonal mekanizmay1 etkileyebilmektedir. Bu nedenle bu degisikliklerin bu metobolizma
degisikliginden mi oldugu yoksa tiroid hormonunun direk etkisine mi ait oldugu arastirilmamustir. Ileride yapilacak ¢ok merkezli
boylamsal ¢aligmalar ve miidahale ¢aligmalari bulgularimizi destekleyebilir.

Sonug olarak sol hemisferde sulkal siglasma meydana gelmektedir. Kortikal kalilikta ve kivrimlanmada ise degisiklik yoktur. Ileride
yapilacak boylamsal ¢alismalar bulgularimizi destekleyebilir.
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Abstract

The purpose of this study is to investigate the effect of using educational games outside the classroom on the academic success of
students in teaching science concepts that are described as abstract and complex, and science subjects that are perceived as difficult.
Science teaching aims to enable individuals to understand and reinforce science concepts and to use these concepts to solve the
problem situations they encounter in their own lives. However, the Science course is seen by students as a course that is difficult to
understand, contains abstract and complex concepts. For this reason, the use of teaching methods and techniques and appropriate
materials that will increase the motivation of the students and make them active during the lesson is important for the students to like
the science lesson and not to get away from the lesson. The research was carried out with 6th grade students studying in a village
secondary school in Haliliye district of Sanlurfa province. A mixed-method research is used in this study. A total of 40 students
participated in the study, whose experimental (N=20) and control (N=20) groups were equivalent according to the pre-test. In the
study, while teaching was based on the educational game technique in the experimental group, teaching was carried out in
accordance with the current program in the control group. In the study, the "Transmission of Electricity Achievement Test"
consisting of 21 questions and conducted by Adem (2021) was applied as a data collection tool. In addition, semi-structured
interviews were conducted with 10 students from the experimental group in the collection of qualitative data in the study. According
to the findings obtained as a result of the analyzes, a significant difference was obtained in the academic achievement of the students
in the teaching with the educational game technique. As a result of the qualitative findings, it was concluded that the students were
never bored during the educational games, they enjoyed playing the games, winning the game gave them a sense of achievement and
a positive attitude towards the lesson.

Keywords: Educational game, concept teaching, transmission of electricity, academic achievement.
1. Giris

Yasadigimiz ¢agda bireylerin bilim anlayisini ve bilimsel okuryazarlik seviyelerini gelistirmek igin c¢alismalar hiz kazanmigtir
(Ryder,2001). Bireylerin s6z konusu gelisimlerine katki saglamak ise fen egitimi ile saglanmaktadir. Ciinkii fen egitimi gelisen
teknoloji ile birlikte bilimi ve bilimin 6nemini 6gretmeyi ve i¢inde bulundugumuz ¢aga uyum saglayabilecek bireyleri yetistirmeyi
amaglamaktadir (Hanger, Sensoy & Yildirim,2003). Fen egitimi ile 6grencilere bilim ve toplum iligkisi ve fen ile ilgili sosyal konular
hakkinda karar verme bilgisi kazandirilir (Ramsey,1989). Ayrica yine fen egitimi ile kisilerin fen okuryazari olmalari ve diinyadaki
hem bilimsel hem teknolojik gelismeleri takip ederek bu gelismelere uyum saglayabilmeleri saglanmaktadir (Deboer,2000). Fen
egitiminin verildigi fen bilimleri dersi, 6grencilerin giinliik hayattaki olaylara bilimsel agidan bakmasini saglamasi nedeniyle yasamin
ayrilmaz bir pargasidir. Ancak olgu, ilke, yasa, kavram ve teorilerden olusan fen bilimleri dersi soyut ve karmasik kavramlarin
fazlaca bulundugu konular igermesi sebebiyle 6zellikle ortaokul ¢aginda bulunan 6grenciler igin bazen anlasilmasi gii¢ olmakta,
dgrenciler derse karsi olumsuz tutumlar gelistirebilmekte ve basarisiz olabilmektedir (Sasmaz Oren & Yilmaz, 2013). Bu sebeple
ogrencilerin fen bilimleri dersine karsi pozitif yonde tutum gelistirmeleri, fenle ilgili temel bilgi ve becerileri kazanmalar1 ve kisisel
gelismelerini tamamlamalarini saglamak adina dgretmenlerin daha ¢ok dgrencilerin 6grenme ortaminda aktif olmasini saglayan
dgretim yéntem ve tekniklerini tercih etmeleri &nerilmektedir (Parveen & Batool, 2011; Khan, 2008). Onerilen séz konusu
tekniklerden bir tanesi de egitsel oyunlardir (Altunay, 2004, Charlton, Williams & Mclaughlin, 2005; Chuang & Chen, 2007; Demir,
2012; Papastergiou, 2009). Oyun, onceden hedefi belirlenmis olarak bireylerin fiziksel ve zihinsel yeteneklerini ise kosmalarini
saglayan belirli yer ve zaman i¢inde yine 6nceden belirlenmis kendisine has kurallar ¢evresinde devam eden katilimcilar: sosyal,
duyussal, fiziksel bilissel acilardan gelistiren ve goniilliiliik esasina dayanarak siire¢ sonunda maddi ¢ikar olmayan eglenmeyi
saglayan aktivitelerdir (Hazar, 2005). Oyun, katilimeilarin diisiincelerini iletmelerini, gevre ile etkilesim kurmalarini enerjilerini disa

ISBN: 978-605-71214-8-6 50 WwWw.insicongress.com SI



IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

vurmalarini saglamasi nedeniyle cocuklarin gelisiminin énemli bir 6gesidir (Sasmaz Oren & Erduran Avci, 2004). Egitsel oyun ise
ogretimin temel hedeflerine uygun sekilde planlanmis, egitim Ogretim siireglerinin gelisimine katki saglayan her tiirlii oyundur
(Tural, 2005). Egitsel oyunlar dgretim siirecinin biitiinleyicisi, 6grencilerin biligsel duyussal ve psikomotor gelisimlerine katki
saglamay1 hedefleyen planl bir sekilde gergeklestirilen aktivitelerdir (Ayan & Diindar, 2009). Ayni zamanda Egitsel oyunlar, basta
belirlenen zorlu hedefe belirli kurallara uyularak ulasmak icin yapilan keyifli ve motive edici aktivitelerdir. Egitim 6gretimde egitsel
oyunun pek ¢ok yararindan s6z etmek miimkiindiir. Egitsel oyunun yararlarindan birisi ¢ocuklarinin dikkatlerini bir konu {izerine
odaklamalarina olan etkisidir. Egitsel oyunun diger bir yarari ise yaraticihigidir. Ogrencilerin anlagilmasi gii¢ olan karmagik ve soyut
olaylar1 kendi biligsel ve psikomotor diizeylerine uygun olarak ¢ozerek, kendine gore anlamli hale getirerek yaraticiligimi
gelistirmesine olanak saglamasidir. Diger bir yarari ise ruh sagligidir. Ayni zamanda oyunlar basarili olmak icin gerekli bilissel ve
psikomotor becerilerin gelistirilmesine de imkan saglayan giivenilir 6grenme ortamlari sunan tekniklerdir (Dempsey, Rasmussen &
Lucassen, 1996; Salen & Zimmerman2004).Ormegin, Chuang ve Chen (2007), dijital egitsel oyunlarim dgrencilerde problem ¢ozme
becerilerini  gelistirdigini belirtmistir. Papastergiou (2009), c¢alismasinda, egitsel oyunlarin 6grencilerin  derse yonelik
motivasyonlarini arttirdigini ifade etmistir. Dempsey, Haynes, Lucassen ve Casey, (2002) egitsel oyunlarin 6grencilerin problem
¢ozme becerileri ve karar verme becerileri kazandirmada etkili oldugunu belirtmislerdir. Yine Sahhiiseyinoglu (2007) ise egitsel
oyunlarin Ogrencilerin elestirel diisinme becerilerine katkisi oldugunu belirtmistir. Egitsel oyunlar &zellikle giinliik yasamla
iliskilendirildiginde, konuya iliskin ilginin artmasina ve kavramlar ve kavramlar arasi iliskilerin daha verimli 6grenilmesine katki
saglamaktadir (Foster, 2004; Shi, 2003). Ayrica 6grencilerin gorev alma, 6z denetim, dzgiiven ve bireysel yeterliklerle iliskili aktif
katilimlari, kendi deneyimleriyle 6grenmelerini de destekledigi icin birey oyun ortaminda kendini tanima imkani bulur (Huizinga,
1995; Kinzie, 1990; Malone & Lepper, 1987).S6zkonusu caligmalar birlikte degerlendirildiginde egitsel oyunlarin elektrigin iletimi
iinitesi gibi soyut kavramlar igeren bir konunun 6gretilmesinde etkili olabilecegi ve ¢aligma ile ortaya ¢ikan sonuglarin alanyazina
katki saglayacagi diistintilmektedir.

2. Yontem

Fen bilimleri dersi Elektrigin iletimi iinitesi 6gretiminde kullanilan egitsel oyun tekniginin altinci smif &grencilerinin akademik
basgarilarina etkisini ve siirece iligkin 6grenci goériislerini belirlemek amaciyla yapilan bu galigmada nitel ve nicel verilerin birlikte
degerlendirilmesiyle olusan karma desen kullanilmistir. Karma desende hem nicel hem nitel veriler birlikte toplanip degerlendirilerek
aragtirmanin problemine cevap aranir (Nagy & Biber, 2010 & Punch, 2005). Bu yoniiyle s6z konusu desenin aragtirmacilar igin
avantaji, nicel ve nitel yaklagimlarin bir arada kullanilmasiyla arastirma probleminin daha net ¢éziimlenmesini saglamaktir (Clark &
Creswell, 2007). Arastirma karma desen tiirlerinden de agiklayici desen yontemine gore yapilmistir. Agiklayici desende ise
aragtirmacilar tarafindan Once nicel veriler toplanip analiz edilir, daha sonra bu verileri tamamlamak igin nitel veriler toplanir
(Creswell & Clark, 2007). Brannen ve Halcomb (2009) karma desenlerde nicel verilerin olgekler, testler vb. tekniklerle, nitel
verilerin ise dokiiman, agik uglu sorular ve basili kaynaklardan toplanabilecegini sOylemistir. Brannen ve Halcomb’un (2009)
sOyledigine uygun olarak nicel veriler 6n test son test kontrol gruplu yari deneysel desene uygun olarak basari testi ile nitel veriler ise
fenomenolojik yonteme uygun olarak yari yapilandirilmis goriismeler yoluyla toplanmistir. Calisma grubu amagh 6rnekleme ile
belirlenmistir. Amagli 6rnekleme de arastirmanin problem durumuna cevap bulacagi diisiiniilen katilimeilar yer alir (Cohen, Monion
& Morrison, 2007; Patton, 2002).

Aragtirmanin ¢alisma grubunu 2022-2023 egitim ve 6gretim yili Sanlwurfa Ilinde bir kéyde yer alan devlet okulunun 6. siifinda
Ogrenim goren 6grenciler olusturmaktadir. Arastirmanin ¢alisma grubunda toplam 40 &grenci yer almistir. Bu 6grencilerden 20’si
kontrol grubunda 20’si ise deney grubunda yer almaktadir. Arastirmanin nitel bolimiinde ise ¢alisma grubu igerisinden rastgele 10
ogrenci belirlenmis ve 10 6grenci (N=10) ile yar1 yapilandirilmis goriismeler yapilarak nitel veriler toplanmustir.

Arastirmaya baslamadan 6nce egitsel oyun destekli 6gretim uygulamalariin yapilacag: {inite “Elektrigin Iletimi” {initesi olarak
belirlenmistir. Uygulama siireci toplam 4 hafta siiresince 16 ders saatinden olusmustur. Unitedeki konular deney ve kontrol grubunda
ogrencilere fen bilimleri ders kitaplarina bagli olarak islenmis, deney grubunda farkli olarak ders arastirmaci tarafindan gelistirilen
egitsel oyunlarin kullanilmasiyla desteklenmistir. Deney grubunda yer alan 6grencilere hangi hafta hangi konunun islendigini, ilgili
konunun kazanimlarini ve o hafta oynatilan oyunlarla ilgili bilgileri i¢eren tabloya asagida yer verilmistir.

Tablo 1.Uygulama Siirecine Iliskin Bilgiler

Konu/ Kazanmimlar Hafta Ders Saati Kazanimlar Oyun Adi

-Tasarladig1 elektrik devresini kullanarak

. ) maddeleri elektrigi iletme durumlarina gére \}a ?utllr
Iletken ve Yalitkan Maddeler/ Iletken 1 smiflandirir. p1y
madde, yalitkan madde, iletken ve Haﬁa 4 Saat -Maddelerin elektriksel iletkenlik ve
yalitkan maddelerin kullanim alanlar1 yalitkanlik 6zelliklerinin giinliik yasamda .
. . SR Cemberi
hangi amaglar i¢in kullanildigin1 6rneklerle ilet
aciklar.
-Bir elektrik devresindeki ampuliin
Elektriksel Diren¢ ve Bagh Oldugu 2 hafta 4 Saat parlakliginin bagl oldugu degiskenleri 3. lyi Ileten
Faktorler/ Elektriksel direng, elektriksel ' tahmin eder ve tahminlerini deneyerek test Parlasin
direncin bagh oldugu faktorler(kesit alani, eder.
uzunluk, iletkenin cinsi) 3.Hafta 4 Saat -Elektriksel direnci tanimlar. gj/?;
4 hafta 4 Saat -Ampuliin i¢indeki telin bir direncinin 5

oldugunu fark eder.
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Tablo 1°den goriildiigii gibi uygulama siiresince Elektrigin fletimi Unitesi; Iletken ve Yalitkan Maddeler ile Elektriksel Direng ve
Bagli Oldugu Faktorler olmak iizere iki ana konu baghig1 iizerinden ve toplam 5 kazanim verilecek sekilde dgrencilere anlatilmigtir.
Her bir kazanimin karsisinda yer alan oyunlar belirtilen hafta ve ders saatlerinde Ogrencilere oynatilarak uygulama siireci
tamamlanmigtir. Tabloda isimleri goriilen oyunlarin nasil oynandigina iligkin oyun y6nergelerine ve oyunlarin oynanmasi sirasinda
¢ekilen fotograflara asagida yer verilmistir.

Sekil 1. Ogrenciler Bul Yapistir oyununu oynarken

Oyun 2 takim olarak oynanir.Eslestirme kartlarinin bulundugu masa hazirlanir. Kartlarda iletken ve yalitkanlarin bulundugu gérseller
yer alir. Her gorselden iki adettir. Her takimdan bir oyuncu segilir. Oyuncular sira ile kapali kartlar1 agarak iletken ve yalitkan
gorsellerin eslerini arar. Eglestirdikleri gorselin iletken mi yoksa yalitkan m1 olduguna karar vererek gorselleri iletken kosesi ya da
yalitkan kosesi olarak belirlenen bolgelere tasir ve yapistirir. Tiim eslestirmeler tamamlandiktan sonra yapistirilan kart ciftleri ve
yapistirildiklar: koseler kontrol edilir. Dogru sayisi fazla olan takima 1 dogru sayist az olan takim O olarak puanlanir. Tim
yarigmacilar oyunu oynadiktan sonra en ¢ok puan alan takim oyunu kazanir.

Oyun oncesinde iletken ve yalitkan gubuklart olugturulur. Oyun 2 takim olarak oynanir. Takimlar, oyun sirasinda &grencilerin
tahminleri iizerine ve dgrenciler tarafindan olusturulur. Giinlikk yasamda iletkenlik ve yalitkanlik 6zelliklerinin kullanildig1 6rnekler
kapali zarflar igerisinde dgrencilere rastgele olacak sekilde dagitilir. Zarfi agan dgrenciler kagittaki drnegi gordiikten sonra verilen
Ornegin giinlilk yasamda hangi amag igin kullamldigini tahmin ederekbir halka alir. Aldig1 halka tahmin ettigi amag dogrultusunda
iletken ya da yalitkan ¢ubugun renginde olmalidir. Halkay1 alarak ilgili gubugun karsisina gecer ve ayni amag i¢in bir araya gelen
ogrenciler bir takim olusturur. Daha sonra her iki takimin 6grencileri zarflarindaki esya ve kullanim amacini sdyleyerek halkay1
cubuga atarak gecirmeye c¢alisir. Kisa siirede biitiin halkalarini gubuga gegiren takim oyunu kazanir.

Iletkenin uzunluk, kesit alan, ve cinsi gibi 6zellikleri dikkate alinarak oyun parkuru hazirlanir.Oyuncular parkurun baslangig kismina
gecer ve elektrik akimini sembolize eden sembolii parkurda tahminleri lizerine uygun gordiigii girise yerlestirir. Parkurdaki
ilerleyecegi yollar, iletkeni temsil etmektedir. Oyuncu ampuliin parlakligina etki edecek olan iletken uzunlugu ve iletken kesit alanini
oyun sirasinda kendi tahminleriyle segecektir. Tahminlerini parkur sonundaki devrede deneyerek test eder.Yanlis tahminde
bulunanlar tekrar oyunun baglangicina doner. Dogru tahminde bulunan oyuncular parkurun sonunda karigik olarak verilen farkli
cinsteki iletkenleri devresine dahil ederek ampul parlakligini gézlemler ve verilen farkli cins iletkenleri direnci fazla olandan direnci
az olana gore siralar. En kisa siirede parkuru tamamlayan ve dogru siralamay1 yapan oyunu kazanir.

Temsili olarak hazirlanan devreyi tamamlayan 6grenci karigik olarak verilen elektriksel direncin tanimini igeren yaz boz hunileri
anlamli bir tanim olacak sekilde siralar ve ampulii yakar. En kisa siirede oyunu tamamlayan oyuncu oyunu kazanur.
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Sekil 2. Ogrenciler Halkay flet oyununu oynarken
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Sekil 3.0grenciler Iyi Ileten Parlasin oyununu oynarken
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Sekil 4. Ogrenciler Zor Devre oyununu oynarken

3. Bulgular ve Sonug

Yontem olarak gelistirilen uygulamalarin yiiriitiilmesi sonunda, Nicel aragtirmalarda parametrik analiz yontemlerinin kullanilabilmesi
icin arastirma siiresince tiim test ve 6lgeklerden elde edilen nicel verilerin normal dagilim gostermesi gerekmektedir (Cepni, 2007,
Sim & Wright, 2002). Bu sebeple yapmis oldugumuz calismada elde edilen verilere betimsel analizler yapilmistir. Yapmis
oldugumuz gruplarm 6n test ve son test analizleri ile elde edilen veriler Tablo 2’de gdsterilmektedir.

Tablo 2 gosterilen degerler incelendiginde; ortalama(Mean), mod(Mode) ve medyan(Median) degerlerinin birbirine yakin olmasi
nedeniyleelde edilen verilerin normal dagilim gosterdigini soyleyebiliriz.Ayn1 sekilde basiklik(Kurtosis) ve g¢arpiklik(Skewness)
degerleri incelendiginde bu degerlerin de -2 ve +2 araliginda olmasindan dolay1r normal dagilim i¢in uygun degerler oldugu

goriilmektedir (George & Mallery, 2003). Dolayisiyla elde ettigimiz bu veriler 1s18inda verilerin analizinde parametrik testleri
kullanabiliriz.

Arastirmanin “Deney grubu dgrencilerinin basart on test ve son test puan ortalamalart arasinda anlamli bir farkin olup olmadigma
baktigimiz bagimli gruplar t testi sonuglar1 Tablo 3’te verilmistir.
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Tablo 2. Gruplarin basari 6n test ve son test puanlarina iliskin betimsel veriler

antest_=sonuc

sontest_sanu

lan clan aruplar

Il “Walic 40 40 40
Missing [} [} [}

Mean 5,9500 14,5750 11,5000
Stad. Error of Mean 26542 JG1Ta9 LS008
Median G,0000 14 5000 11,5000
Moo e 5,00 10,00 1,00
Stad. Deviation 1,67T867T 3,90249 S063T
> “Wariance 2,818 15,276 256
Skewness R=ran] 188 oo
Std. Error of Skewness 2T 4 2T 4 2T 4
Kurtosis Y= -1,461 -Z2102
Std. Error of Kurtosis LF33 LF33 LF33
Range .00 12,00 1,00
Minirmum 3,00 9,00 1,00
Maximurm 10,00 21,00 2,00
Sum 232,00 583,00 G0,00

Tablo 3. Deney grubu 6grencilerinin basar1 6n ve son test puanlarina iliskin bagimh gruplar t-testi sonuclari

Std. Error
Mean I~ Stod. Deviation Mean
FPair 1 dntest_sonuclal 6. 5500 20 1, 70062 38027
sontest_sonuclan 17,7500 20 265320 AO327
Il Correlation Sig.
Fair 1 Gntest_sonuclal & 20 -120 JEB1E
sontest _sonuclan
Paired Differences
Double-click to . )
activate 5% Conﬂdgncg Interval of the
Std.Error Difference
Mean St Deviation Mean Lower Upper t df 5ig. (2-tailed)
Pair1  dntest_sonucla - -11,20000 33180 4187 -12,75297 -9.64703  -15,095 19 000

sontest_sonuclan

Tablo 3 incelendiginde deney grubundaki Ggrencilerin basari 6n test puan ortalamasi X=6.55 iken, basar1 son test puan ortalamasi
X=17,75 olarak bulunmustur. Dolayisiyla deney grubundaki 6grencilerin basar1 6n test ve son test puanlari arasinda anlamli bir fark
vardir (t=-15,095, p<,05).

Arastirmanin Kontrol grubu 6grencilerinin basar1 6n test ve son test puan ortalamalari arasinda anlamli bir fark olup olmadiginin
belirlenmesi i¢in elde edilen bagimli gruplar t testi sonuglar1 Tablo 4’te verilmistir

Tablo 4. Kontrol grubu 6grencilerinin basari 6n ve son test puanlarina iliskin bagimh gruplar t-testi sonuglari

St Error
Mean ] Stal. Deviation Mean
Fair 1 dntest_sonuclal 56500 20 1,66938 A7329
sontest_sonuclan 11,2500 20 1,58174 34698
¥l Correlation Sig.
Pair 1 dntest_sonuclal & 20 B55 002
sontest_sonuclan
Paired Differences
§5% Confidence Inferval ofthe
St Error Diffarence
Mean  5id Deviation Mean Lower Upper t af Sig. (Mailed)
Pair1  dntest_sonucla- -6,70000 134164 0000 -6,32791 -507200  -19.000 19 000
sontast_sonuclan
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Tablo 4'teki veriler incelendiginde, kontrol grubu 6grencilerinin basar1 n test puan ortalamasi X = 5,55 iken basar son test puan
ortalamast ise X = 11,25 olarak bulunmustur. Kontrol grubundaki &grencilerin basar1 6n ve son test puan ortalamalar1 arasinda
anlaml bir fark vardir (t = -19,0 p<,05).

Arastirmada tiglincli kisim olarak deney grubu 6grencileri ile kontrol grubu 6grencilerinin basart 6n test ve son test puan ortalamalart
arasinda anlamlt bir farklilik olup olmadig1 arastirilmustir.

Deney grubundaki 6grencilerin 6n test bagari puanlari ile kontrol grubu dgrencilerinin 6n test puanlari arasinda anlaml bir fark olup
olmadigina iliskin yaptigimiz bagimsiz gruplar t-testi sonuglar1 Tablo 5'de verilmistir.

Tablo 5. Gruplarin basari 6n test puanlarina iliskin bagimsiz gruplar t-testi sonuclari

Std. Error
aruplar I Mean Std. Deviation Mean
dntest_sonuclan deney grubu 20 56,5500 1, 70062 ,3B027
kontral gruku z0 5,5500 1,66938 37329

Levene's Test for Equality of

Varances Hestfor Equality of Means
95% Confidence Interval of the
Wean 5t Emor Difierznce
F Sig. t if Sig. (2ailed) ~ Differance Difference Lawer Upper

dntest_sonuelan  Equalvariances 218 643 1,877 kL] 068 1,00000 53287 - 07873 207873
assumed

Equalvariances not 1877 37987 068 1,00000 53287 - 07875 207875
assumed

Tablo 5'deki veriler incelendiginde, uygulama 6ncesi deney ve kontrol grubu dgrencilerinin on test puan ortalamalari (deney grubu
X = 6,55; kontrol grubu X = 5,55) arasinda anlamli bir fark bulunmamustir (t = 1,877, p>,05). Bu elde ettigimiz bulgular gruplarin
uygulama 6ncesinde birbirine denk gruplar oldugu seklinde yorumlanabilir.

Deney grubundaki 6grenciler ile kontrol grubundaki 6grencilerin son test bagari puan ortalamalar1 arasinda anlamli bir fark olup
olmadigina iligkin yapmis oldugumuz bagimsiz 6reklem t-testi sonuglart Tablo 6'de gosterilmistir.

Tablo 6. Gruplarin basari son test puanlarina iliskin bagimsiz gruplar t-testi sonuclari

Std. Error
aruplar I Mean Std. Deviation Mean
sontest_sonuclan deney grubu 20 17,7500 265320 589327
kontrol grubu 20 11,4000 1,759149 38337
Levene's Testfor Equaliy of
Yariances et for Equaliy of Means
8% Confdence Interval of the
Hean St Emor Dieenc
f s, f df 5o (Malled)  Diflerence  Difference Lower Upper
sontest_sonugln - EQualvariances 109 e i il 6,35000 T 4 50856 1700
asslmed
Equal variances not gaa 33000 00 £,35000 e 480176 17882
assUmed

Tablo 6’de yer alan veriler incelendiginde deney grubu 8grencilerinin bagari testi son test puan ortalamalari X = 17,75 iken kontrol

grubu dgrencilerinin bagar testi son test puan ortalamalart X = 11,40 olarak bulunmustur. Deney ve kontrol grubunda yer alan
ogrencilerin ¢alisma sonrasinda bagari testi puanlar arasinda anlamli diizeyde bir farklilik vardir (t = 8,921, p <,05).

Elektrigin iletimi {initesinin &gretiminde kullanilan smif dis1 egitsel oyunlarin 6grenci basarisi {izerine etkisinin incelendigi bu
aragtirmada egitsel oyunlarin kullanildigi deney grubu ile egitsel oyunlarin kullanilmadigi kontrol grubu 6grencilerinin akademik
basar1 0n test puan ortalamalarinin birbirine yakin oldugu gorilmistiir. Bu veriler bize arastirmaya dahil edilerek deney ve kontrol
grubu olarak atanan iki 6. sinif subelerinin bagari agisindan birbirine denk gruplar oldugunu gostermektedir. Her iki gruba da verilen
egitim sonrasinda deney grubunun kendi igerisinde basar1 6n ve son test puan ortalamalari arasinda fark ¢ikmis ancak kontrol grubu
Ogrencilerinin basari 6n ve son test puan ortalamalari arasinda fark ¢ikmamustir. Bu ¢arpict bir sonug olarak degerlendirilmektedir.
Bu sonug iizerinde aragtirmanin yapildigi koy okulunda basart diizeylerinin diisiik olmasi ve sinifta yer alan heniiz okuma yazma
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bilmeyen 6grencilerin az kisilik grupta bir tanesinin bile sonuca sebep verecegi diisiiniilmektedir. Daha sonra deney ve kontrol
grubunda yer alan Ogrencilerin basart son test puan ortalamalart karsilastirilmis deney grubu lehine anlamli bir farklilik oldugu
belirlenmistir. Bu duruma egitsel oyunlarin 6grenme siirecine olan pozitif etkilerinin neden oldugu diisiiniilmektedir.

Alanyazinda bu arastirmanin sonuglarim destekleyen daha bircok arastirma bulunmaktadir. Ornegin, Karamustafaoglu ve Kaya
(2013) calismalarinda optik konusunun 6gretiminde egitsel oyunlarin konuyu somutlastirarak 6grenmeyi kolaylastirdigini ve bu
sebeple 6grenmeye olumlu katkilarinin oldugunu belirtmistir. Clarck., Nelson, Chang, Martinez-Garza, Slack ve D’Angelo (2011),
egitsel oyunlarin fizik konularinin 6gretilmesindeki etkililigini arastirmis ve dgrencilerin derse daha ¢ok motive olup derse konsantre
olduklarmi, bunun da &gretimi arttirdigini belirtmistir. Yine Divjak ve Tomic (2011) tarafindan &grenilmesi zor, soyut ve karmasik
konularin dgretilmesinde egitsel oyunlar yararli oldugu belirtilmistir. Sozii edilen tiim calismalara gore egitsel oyunlar basariy1
arttirmaya katki saglayan kullamigh bir 6gretim teknigidir. Ciinkii oyun bes duyu organmna ayni anda hitap edebilir ve soyut
kavramlar1 somutlastirarak 6gretimin daha etkili olmasmm saglar.. Ilgili alan yazinda egitsel oyunlarm &grencilerin derslerdeki
akademik basarilarimi arttirdigmma yonelik yapilmis baska c¢aligmalarmm sonuglart da bu g¢aligmanin sonuglari ile benzerlik
gostermektedir(Aycan, Tiirkoguz, Ar1 & Kaynar, 2002; Sasmaz Oren & Erduran Avei, 2004; Saracaloglu & Aldan Karademir, 2009;
Karamustafaoglu & Kaya, 2013; Yurt, 2007). Arastirma ile ortaya ¢ikan tiim sonuglara gore, sinif dis1 egitsel oyunlarin elektrigin
iletimi tinitesinde 6. smif Ggrencilerinin basarilarina olumlu yonde etki ettigi belirlenmis 6grencilerle yapilan goriismeler de bu
durumu desteklemis ve agiklamistir. Bu ¢alisma da basariy1 artirma agisindan egitsel oyunlarin destekleyici oldugunu gostermektedir.
Dolayistyla fen bilimleri derslerindeki diger konu ve tnitelerle ilgili olarak da egitsel oyunlar gelistirilebilir ve ders egitsel oyunlarla
desteklenerek islenebilir, egitsel oyunlar teknigi farkli smif seviyelerinde yer alan 6grenciler i¢in de kullanilabilir ve Egitsel oyun
teknigi ile desteklenmis derslerin tutum, motivasyon, kaygi gibi degiskenler iizerindeki etkisi de arastirilabilir.
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Abstract

People's beliefs and practices about health are part of the culture they live in. Nursing care is created in various forms according to
human needs, taking into account cultural differences. In order to provide effective nursing care to the society, it is necessary to
determine the health-related behaviors of the society and to act by knowing what the cultural factors behind such behaviors are.
Therefore, when nurses first communicate with individuals, they should make a cultural assessment and plan care accordingly. For a
culturally adequate care, standards and guidelines have been developed that nurses can use as a guide in clinical practice, research,
education and management. While the standards developed by the American Academy of Nursing and Transcultural Nursing
Association in 2009 and revised in 2011 consist of 12 standards; The guide developed in line with the standards in 2014 consists of
10 standards. It is thought that the use of these standards and guidelines developed to ensure standardization in nursing care will
make significant contributions to intercultural nursing care.

Keywords: Nursing care, culture, intercultural nursing, cultural competence.
1. Giris

Toplumlarin diisiince, iletisim, eylem, gelenek, inang, deger ve kurumlar olarak tanimlanan kiiltiir, kisilerin saglik ve hastalik
konusundaki algilarini, tutumlarini ve davramiglarini etkiler (Tortumluoglu ve digerleri, 2004; Meydanlioglu, 2019). Yeterlilik,
kisilerin belirli bir alanda veya konuda sahip olduklar bilgi, beceri ve tutumun toplamidir. Bu tanimlardan yola ¢ikarak kiiltiirel
yeterlilik, farkli kiiltlirlere sahip bireylerin ve sosyal gruplarin talep ve beklentilerini karsilayabilecek bilgiye, beceriye ve kapasiteye
sahip olmak seklinde tanimlanabilir (Caligkan ve Yilmaz, 2017).

Kiiresellesme ile birlikte farkli kiiltiirden kisilerle etkilesim artmistir ve kiiltiirlerarasi iletisim ¢alisma hayatinin bir gergegi haline
gelmistir (Caliskan ve Yilmaz, 2017). Farkl: kiiltiirden kisilerin ayni ortami paylastig1 saglik hizmetlerinde de kiiltiirleraras: hizmet
kavraminin énemi artmustir (Zorel, 2014). Saghk hizmetlerinde bakim, hizmet alanlarin ve verenlerin kiiltiirel farkliliklarindan, dil
cesitliliginden, kullandiklar1 s6zel/s6zel olmayan iletisim yontemlerinden, kisilerin saglik, hastalik algilarindan ve saglik calisanina
bakis acilarindan etkilenmektedir (Caliskan ve Yilmaz, 2017). Halka beklenen diizeyde saglik hizmeti sunulabilmesi, hizmetin
toplum tarafindan kabul edilmesi, toplumun katiliminin saglanmasi ve konu ile ilgili verilen egitimleri benimsemesi i¢in saglik
personelinin toplumun kiiltiirel 6zelliklerini ¢ok iyi bilmesi gerekir (Bolsoy ve Sevil, 2006). Dolayisiyla saglik hizmetlerinde bakim
saglayici olan hemsireler; birey, aile ve toplumun saglik ve hastalikla ilgili davraniglarinin, inanglarinin ve saglik hizmetlerinin
kullaniminin arkasindaki kiiltiirel etmenleri bilmeli, uygulama ve girisimlerinde kiiltiirel 6zellikleri dikkate almalidir (Yorulmaz ve
Karadeniz, 2021). Bu derlemede, kiiltiirlerarasi hemsirelik yaklasimina ve hemsirelik bakiminda kiiltiirel yeterliligin Gnemine
deginilmistir.

2. Hemsirelik Bakimi ve Kiiltiirel Yeterlilik

Saglik personellerinin kiiltiirel agidan yeterli olmasi bir gereklilik ve istenen bir 6ncelik haline gelmistir (Temel, 2011).
Hemsirelerden de toplumun kiiltiirel ihtiyaclarini fark etmeleri ve bakimda kiiltiirel farkliliklar1 dikkate almalari beklenir
(Tortumluoglu ve digerleri, 2004; Meydanlioglu, 2019). Ulkemizde hemsirelerin biiyiik bir kismuinin farkh kiiltiirden hastalara bakim
verdigi ve ¢ogunun bu hastalara bakim verirken iletisim glighigii yasadig: bilinmektedir. Bu zorluklarin baginda dil bilmeme, hastanin
egitim durumu, sagliga iliskin algisi, dini inanglar1 ve maneviyatiyla ilgili sorunlarin yer aldigi belirtilmektedir (Meydanlioglu,
2019). Hemgirelerin, hastalik ile bas etme, saglig1 koruma ve yiikseltmeye yonelik davraniglart anlamak i¢in kiiltiirel veri toplamalar1
ve bireyleri kendi kiiltiirleri icerisinde degerlendirmeleri gerekmektedir. Zararli bulunan kiiltiirel bir davranis degistirilmeye
caligilirken, kiiltiirlere ters olmayacak bir davranis segilmeli ve hemsirelik uygulamalari bu dogrultuda planlanmalidir (Tortumluoglu
ve digerleri, 2004).

2.1. Kiiltiirel Hemsirelik Uygulamalarinda Bireylerin Degerlendirilmesi

Hemsireler, bireylerle ilk iletisiminde kiiltiirel degerlendirmeyi yapmalidir. Bu degerlendirme derinlemesine olabilecegi gibi, kisa bir
degerlendirme de olabilir. Kisa bir degerlendirmede bireye; saglik uygulamalari, beslenme aliskanligi, dini tercihi, etnik gecmisi ve
ailesi sorulabilir. Bu kisa degerlendirme hemsirenin ilerde yapabilecegi, derin kiiltiirel degerlendirmeye zemin olusturur.
Derinlemesine yapilan degerlendirmede ise kisiden toplanan veriler sunlardir: (Tortumluoglu ve digerleri, 2004).

e  Demografik veriler
e  Geleneksel saglik inanglari
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e  Sagligi koruma ve siirdiirme yontemleri

Saglig1 yeniden kazandirma yontemleri-evde yapilan tedaviler

Saglik bakim kaynaklarinin kullanimi

Hastalik siirecinde bagvurulan geleneksel yontemler

Cocuk dogurmak ile ilgili saglik inang ve uygulamalart

Cocuk yetistirmek ile ilgili saglik inan¢ ve uygulamalart

Oliim ve 6liimii yaklasan bireylere yapilan geleneksel uygulamalar ve torenler

Hemsireler toplumun tiim bu kiiltiirel 6zelliklerini tanimanin yani sira geleneksel ilaglari, ibadet yerlerini, kutsal sayilan yerleri ve
bunun gibi organizasyonlar1 da tanimalidir. Bunlarin yani sira hemsireler toplumda yaygin olarak kullanilan ve bakim verirken
iletisimi kolaylastiracak kelime ve ciimleleri de kismen 6grenmelidir (Tortumluoglu ve digerleri, 2004).

2.2. Kiiltiirel Hemsirelik Uygulamalarimin Kapsami

Bakim verenler i¢in, hastalarin en zor karsilanan ihtiyaclari kiiltiir farkliliklarindan kaynaklanan ihtiyaclardir (Tortumluoglu ve
digerleri, 2004). Kiiltiirel agidan duyarli hemsireler farkli kiiltiirden hastalarin yasantilarina basarili bir sekilde miidahale etmek i¢in
gerekli bilgi ve yetenege sahiptir. Kiiltiirel duyarlilik her hastay1 bir birey olarak géren ve hastanin kiiltiirel deneyimlerini tamamu ile
dikkate almak i¢in kaynak olusturan bir giligtir (Akar, 2010; Caliskan ve Yilmaz, 2017). Bakim verici olan hemsirelerin,
kargilarindaki bireyin kiiltiirel yapilarini bilmemeleri halinde sunacaklari hizmet onlara uymayabilir (Sungur, 2012; Bektas, 2013).
Hemsireler yasadig1 olumsuz kiiltiirel tepkilerin engellenmesi i¢in hizmet verdigi bireyin/toplumun kiiltiirel 6zelliklerine kars1 duyarl
olmali ve miidahalelerini bu dogrultuda gergeklestirmelidir (Prosen, 2015; Sivri ve Karatas, 2015). Bu baglamda birey ve aile
merkezli kiiltiirel yeterli bakim saglamada kullanilan kiiltiirel hemsirelik uygulamalari sunlardir;

e Kiiltiirel gereksinimlerin tanimlanmasi
e Aile ve bireylerin kiiltiirel baglantilarinin anlasilmast
e  Bakim veren ve alanlarin karsilikli hedeflere ulagmalar1 i¢in duygusal stratejilerin kullanilmasi

Boylece birey, aile ve toplumun kiiltiirel inang sistemini tahrip etmeksizin bakim verilebilir (Tortumluoglu ve digerleri, 2004;
Tanriverdi, 2015).

2.3. Hemsirelik Bakiminda Kiiltiirel Yeterlilik icin Uygulama Standartlar:

Hemgirelerin farkl kiiltiirel gruplarin kiiltiirel dinamiklerine agina olmalar1 oldukga zordur ve birgok kiiltiirii 6grenmeleri neredeyse
imkansizdir. Bu sebeple, hemsirelerin kiiltiirel degerlendirme ve uygulama esnasinda genel bir yaklasim kullanmasi daha pratik ve
yararli olacaktir (Meydanlioglu, 2019). Hedeflenen bakimin saglanmasinda kiiltiirel yeterli hemsirelik bakimi igin uygulama
standartlar1 gelistirilmistir. (Douglas ve digerleri, 2011; Douglas ve digerleri, 2014). Hemsirelik bakiminda kiiltiirel yeterlilik igin
uygulama standartlari, Amerikan Hemsirelik Akademisi ve Transkiltiirel Hemsirelik Dernegi tarafindan gelistirilmistir. Bu
standartlar; diinya capinda hemsirelerin klinik uygulama, arastirma, egitim ve yonetimi yonlendirmek i¢in kullanabilecegi, kiiltiirel
acidan yeterli bakim i¢in evrensel olarak uygulanabilir standartlari belirlemek amaciyla olusturulmustur (Douglas ve digerleri, 2011).
Bu Standartlar ilk kez 2009 yilinda olusturulmus, 2011 yilinda ise giincellenmistir (Tanriverdi, 2019). Bu Standartlarda tanimlanan
hemgirelik bakim hizmetinin alicilar1 birey, aile, topluluk ya da tiim niifustur. Bu standartlar sosyal adalet gergevesinde, her bireyin
ve grubun sosyal, egitimsel, ekonomik ve 6zellikle de bu baglamda, adil ve esit haklara ve katilim haklarina sahip oldugu inancina
dayanmaktadir. Kiiltiirel agidan yetkin bakim, sosyal baglamdan bagimsiz olarak sosyal adalet ve insan haklari ilkeleri ile
bilgilendirilir. Sosyal adalet ilkelerinin uygulanmasi ve kiiltiirel ag¢idan yetkin bakimin saglanmasiyla saglik sonuglarmdaki
esitsizlikler azaltilabilir. Diinya ¢apinda hemsire eksikligi ve hem hemsirelerin hem de niifusun kiiresel gégii, cografi konumdan
bagimsiz olarak artan gesitlilikte hasta popiilasyonuna kiiltiirel olarak yetkin bakim saglamak i¢in hemsireleri egitme ihtiyacini
artirmigtir. Bu ihtiyag, standartlarin belirlenmesinde birincil itici giic olmustur (Douglas ve digerleri, 2009; Douglas ve digerleri,
2011; Douglas ve digerleri, 2014).

Kiiltiirel standartlarda; politik, ekonomik ve sosyal sistemlerde mevcuttur. Diinyadaki birgok saglik kurulusu, bu sistemlerin
perspektifinden belirli popiilasyonlara yonelik yapilan bakimi tanimlamustir. Standartlar arasindaki farklilik ve standartlarin
uygulandig1 baglam, tiim kiiltiirlere uyan tek bir set olusumunu engellemektedir. Kiiltiirel yeterliligi hizmet verdikleri toplumlarin
bakim Onceligi olarak vurgulamaktadir. Hemsirelik bakiminda kiiltiirel yeterlilik igin gelistirilen standartlar; uygulama, yonetim,
egitim ve arastirmadaki hemgireler igin bir rehber ve kaynak gorevi goren 12 standarttan olugsmaktadir (Douglas ve digerleri, 2011).

2.3.1. Standart 1: Sosyal Adalet

Profesyonel hemsireler herkes i¢in sosyal adaleti gelistirmelidir. Uygulanan sosyal adalet ilkeleri hemsirelerin hasta, aile, toplum ve
diger saglik uzmanlariyla ilgili kararlarin1 yonlendirir. Hemsireler, sosyal olarak adil politikalar1 savunmak i¢in liderlik becerileri
gelistirmelidir. Standart 1’in uygulanmasi i¢in 6neriler sunlardir (Douglas ve digerleri, 2011);

e  Sosyal adalet kavramlari ile ilgili igerigi, uygulama odag1 olarak genis bir niifus ve topluluk kavramini igeren hemsirelik
egitimi miifredatina dahil etmek.

e Adalet, esitlik, saygi ve hosgoriiyil belirlemek igin politikalarin nasil analiz edilecegi konusunda ¢alistaylar sunmak.

e  Sosyal adaletsizligin belirli konularina odaklanan sempozyumlar diizenlemek.

e  Sosyal adaletsizligin ¢éziimiine yonelik kamu politikalarini savunmak.

e  Hemsireleri sosyal adalet alanlarinda lider olmalari i¢in egitmek.
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e  Saglik esitsizliklerinin giderilmesi ve yasam kalitesinin arttirilmasini savunmak i¢in bagkalarina rehberlik etmek {izere ileri
diizey hemsire danismanlar yetistirmek.

e  Sosyal adaletsizlik konularindaki arastirmalari finanse etmek.

e  Sosyal adaletsizligin diizeltilmesine yonelik etkili yaklasimlara iligkin kanitlar1 yaymak icin klinik, aragtirma merkezleri
kurmak ve konferanslar diizenlemek (Douglas ve digerleri, 2011).

2.3.2. Standart 2: Elestirel Yansima

Hemgireler, kendi 6zelliklerinin kiiltiirel agidan yeterli hemsirelik bakimina etkilerinin farkinda olabilmek igin kendi kiiltiirel
miraslarinin, degerlerinin ve inanglarinin kritik yansimalari ile ilgilenmeli ve bunlar degerlendirmelidir. Standart 2’nin uygulanmasi
i¢in oneriler sunlardir (Douglas ve digerleri, 2011);

e  Kiiltiirel uyum standartlarinin elestirel diisiinmeye dayali pratikte uygulanmasini tesvik etmek.

e  Kiiltiirel olarak uyumlu hemsirelik bakimi pratiginde elestirel yansima uygulamasina odaklanan kiigiik grup oturumlari
diizenlemek.

e  Kiiltiirel olarak uyumlu hemsirelik bakimini etkileyebilecek kisisel degerleri tanimanin 6nemini gdsteren politikalar
gelistirmek.

e  Degerlerin ve inanglarin elestirel diistinmesini ve 6z farkindaligini tesvik eden programlar ve galistaylar diizenlemek.
Hemsirelik bakimimi etkileyen farkli kiiltiirler, gelenekler, sosyal ve saglik uygulamalarinin daha iyi anlagilmasini
saglayacak programlar diizenlemek.

e  Rol modelleme yoluyla kiiltiirel miras {izerine diisiinmenin énemini gostermek.

Akranlar ve personel arasinda elestirel diisiinmeyi tesvik etmek.

e  Klinik ortamlarda 6z ve hemsirelik yaklagimlarinin daha iyi anlagilmasini saglamak igin disiplinlerarasi tiyeleri saglik ve

hemsirelik ekiplerine dahil etmek (Douglas ve digerleri, 2011).

2.3.3. Standart 3: Kiiltiir Bilgisi

Hemsireler ¢esitli kiiltiirdeki toplumlarin, ailelerin ve bireylerin birbirinden farkli gelenek, inang ve degerlerinin oldugunu anlamaya
yonelik bakis agis1 kazanmahdir. Kiiltiirel yeterlilik dinamik, yasam boyu bir 6grenme siirecidir. Standart 3’{in uygulanmasi igin
oneriler sunlardir (Douglas ve digerleri, 2011);

e Kiiltiirel agidan yetkin bakimin genel ilkeleri hakkinda personel egitim modiilleri olugturmak ve / veya saglamak.

e  Hizmet edilen en yaygin kiiltiirel gruplarin 6zel bilgilerinin artirilmasina odaklanan personel egitim modiilleri olusturmak
ve / veya saglamak.

e  Klinik hemsirelerinin, kanita dayali uygulamalarinin saglanmasina hizmet eden en yaygin kiiltiirel gruplar hakkindaki
giincel literatiirii gozden gegirmek i¢in dergi kuliipleri / personel hizmet oturumlari olusturmak.

e Kilinik hemsiresi olarak, ¢alisan hemsireler igin kiiltiirel yeterliligi tesvik eden aylik kiiltiirel farkindalik etkinlikleri
olusturmak(yani kiiltiirel agidan farkli konusmacilar, medya, etnik yiyecekler).

e  Meslektaslart ve bir bilim kiitiiphanecisi (varsa) ile ¢alisan hemsirelere, kiiltiirler ve kiiltiirel degerlendirme araglari
(cesitlilik web siteleri, kiiltiirler arasi saglik hizmeti vaka g¢alismalar1) hakkinda giincel bilgi edinmek ve elektronik
kaynaklara erismek igin bilgi okuryazarlig: becerileri kazandirmak (Douglas ve digerleri, 2011).

2.3.4. Standart 4: Kiiltiirel Acidan Yetkin Uygulama

Hemgireler, kiiltiirle uyumlu hemsirelik bakimini1 yaparken; kiiltiirlerarasi bilgi ve duyarli kiiltiirel becerileri kullanmalidir. Standart
4’{in uygulanmasi i¢in dneriler sunlardir (Douglas ve digerleri, 2011);

Personel hemsireler i¢in uygulama 6nerileri;

e Agcik ve hassas iletisim, aktif dinleme ve hizmet alan bireylerin kiiltiirel inang ve uygulamalarina saygi gosterilmesi yoluyla
giivenilir bir iligki kurmak.

e  Kiiltiirel gruplarin saglik ve hastaligi yasamlarinda nasil tanimladiklarini kargilikli anlamalarini saglamak. Kiiltiirel olarak
farkli gruplarm sagliklarini siirdiirmek i¢in neler yaptiklarini, hastaligin sebebi olarak neye inandiklarini, bakimlari ve nasil
iyilestikleri, hemsirenin kiiltiirel alt yapisinin verdigi hizmeti nasil etkiledigini anlamasini saglamak.

e  Hizmet alan bireylerin fiziksel, psikolojik ve kiiltiirel 6zellikleri hakkinda bir degerlendirme yapmak ve degerlendirme
verilerini bakimin planlanmasi ve dnceliklendirilmesi i¢in kullanmak.

e  Kiiltiirel olarak uyumlu bakimi1 miizakere etmek, uygulamak ve saglik sonuglarini degerlendirmek (Douglas ve digerleri,
2011).

Saglik kuruluslar1 igin uygulama dnerileri;

e  Hemsirelerin saglik kurulusunda saglik hizmeti alan etnik agidan farkli bireyler hakkinda kiiltiirel bilgilerini gelistirmek
icin egitim ve dgretim galistay1 saglamak.

e Hemsirelerin kiiltiirlerarasi degerlendirme ve iletisim becerilerini gelistirmek i¢in egitim alanlar1 saglamak.

o  Etkili kiiltiirleraras1 hemsirelik uygulamalarini saglamak i¢in politikalar ve prosediirler gelistirmek.

e  Cesitli kiiltiirlerden gelen hastalarin saglik hizmetlerini karsilamada hemsirelerin yeterliligini saglamak i¢in degerlendirme
stratejileri gelistirmek.
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e  Mentorluk igin ileri uygulama hemsiresi (APN) damigmanlari gelistirmek ve kanita dayali en iyi kiiltiirlerarasi
uygulamalarin uygulanmasini kolaylastirmak.

e  Kiiltiirel olarak uyumlu hemsirelik uygulamalarina etkili yaklasimlar hakkindaki kanitlar1 yaymak igin klinik ve arastirma
merkezleri kurmak / konferanslar1 diizenlemek (Douglas ve digerleri, 2011).

2.3.5. Standart 5: Saglik Sistemleri ve Organizasyonlarinda Kiiltiirel Yeterlilik

Saglik kuruluslari, farkli kiiltiirden hastalarn kiiltiirel ve dil ihtiyaclarini1 degerlendirmek ve karsilamak igin gerekli yapi ve
kaynaklari saglamalidir. Standart 5’in uygulanmasi i¢in 6neriler sunlardir (Douglas ve digerleri, 2011);

e Kurulus i¢indeki gesitlilikle ilgili sorunlari denetlemek ve sorumluluk almak igin sistem ¢apinda, yonetim diizeyinde bir
gorev giicli toplamak.

e  Terciimanlarin ise alinmasi, ¢ok dilli hasta egitim materyallerinin iiretilmesi, farkli dillerde tabelalar eklenmesi vb. gibi
kiiltiirel agidan uygun bakimin saglanmasini desteklemek icin dahili bir biitge olusturmak.

e  Kiiltiirel agidan farkl: bir isgiiclinii aktif olarak ise almaya ve siirdiirmeye yonelik politikalar ve faaliyetler gelistirmek.

e  Ust yonetim, boliim baskanlar1 da dahil olmak iizere hasta ile temas halinde olan tiim boliimlerde ¢alisan personele ise giris
doneminde oryantasyon ve her yil hizmet i¢i egitim yapmak.

e s tanimlarina kiiltiirel yeterlilik sartlarinin yani sira performans &lgiitleri ve terfi kriterleri eklemek.
Kurumun hizmet verdigi cografi alanin yani sira bakim alanlarin mevcut ve ortaya ¢ikan demografik egilimlerini gézden
gecirmek i¢in bir veri toplama sistemi gelistirmek ve kullanmak.

e  Hizmetin etkinligini ve uygunlugunu belirlemek ve kurulusta daha iyi ele almabilecek sorunlari belirlemeye yardimci
olmak i¢in hasta memnuniyetini belirleyen geri bildirim sistemi kurmak.

e Kiiltiirel cesitlilik gosteren niifuslarin ihtiyaglarii karsilamak i¢in fikir ve kaynak paylasmak amaciyla toplumdaki diger
saglik kuruluslar ile isbirligi yapmak.

e  Saglik kontrolleri, tansiyon taramasi gibi saglik hizmetlerini niifusa getirerek toplum faaliyetlerine katilmak.

e  FEtik veya arastirma komiteleri, egitim programi komiteleri, hasta egitim komiteleri veya sigaray1 birakma, pulmoner veya
kardiyak rehabilitasyon programlari, egzersiz ve kilo verme programlari gibi organizasyon komitelerinden destek almak
(Douglas ve digerleri, 2011).

2.3.6. Standart 6: Hastanin Savunuculugu ve Giiclendirilmesi

Hemgireler tarafindan, saglik hizmetleri politikalarinin, uygulama sistemlerinin ve kaynaklarinin hastalar tizerindeki etkisini tanimak,
hasta bireyleri giiglendirmek ve savunmaktir. Hemsireler, hastalarmin kiiltiirel inanglarinin ve uygulamalarinin saglik hizmetlerinin
tiim boyutlarina dahil edilmesini savunurlar. Standart 6’nin uygulanmasi i¢in oneriler sunlardir (Douglas ve digerleri, 2011);

e  Uygulamada sistem perspektifini ve kiiltiirel agidan yetkin bir yaklagimi1 kullanmak. Hastay1 daha genis bir sosyokiiltiirel
sistemden etkilenen bir ailenin parcgasi olarak diisiinmek ve bu yaklasimla, hemsireler tarafindan; hastanin sagligini,
iyilesmesini veya rehabilitasyonunu desteklemek icin hasta toplulugunu, mahallesini, dini anlayiglarini, politik, ailesel ve
istihdam kaynaklarimi tanimlamak.

e  [lk degerlendirme sirasinda ve hemsirelik siireci boyunca her hastanin durumunu benzersiz olarak diisinmek. Hastalarin
hikayelerini kesintisiz olarak anlatmasina izin vermek, hastalarin ifade edilen ihtiyaglarin1 ve duygularini kabul etmek ve
hastalarla etkilesime girerken olas1 tiim dikkat dagitict giiriiltiileri veya eylemleri ortadan kaldirmak gibi etkili dinleme
becerilerinin kullanilmasini saglamak.

e  (Coziilmesi gereken sorunlardan ziyade tiim problemlere odaklanmak.

e  Hastalar igin savunuculuk yapmak.

e  Tim hastalarin benzersizligini korumak ve anlamak.

e Kiiltiirel agidan yetkin bakim saglamak.

e  Miimkiin oldugunda, tiim etkilesimler sirasinda ve hemsirelik bakimi planlarken ve saglarken hastanin kiiltiirel degerlerine,
inanglarma ve uygulamalaria uyum saglamak (Douglas ve digerleri, 2011).

2.3.7. Standart 7: Cok-Kiiltiirlii Isgiicii

Hemsireler, saglik bakim ortamlarinda ¢ok kiiltiirlii bir isgiicii saglama g¢abasina aktif katilmalidir. Cok kiiltiirlii bir isgiicii elde
etmenin bir 0l¢iisii, hastane ve akademik ortamda ige alim ve elde tutma ¢abalarinin gii¢lendirilmesidir. Standart 7 nin uygulanmasi
i¢in Oneriler sunlardir (Douglas ve digerleri, 2011);

e  Farkli kiiltiirlere sahip mezun hemsirelerin giiglendirilmesine destek ve yardim igin farkli kiiltiirlere sahip katilimcilarin yer
aldig1 rehberlik ag1 olugturmak.

e  Farkli alt yapidan gelen hemsirelerin giiclendirilmesini igeren stratejik bir plan olusturmak ve gelistirmek.

e  Altyap1 degisiklikleri sonucu istenen hedeflere ulagsmadaki engelleri tanimlamak.

e  Burs firsatlart ve bagislar ile aragtirma, uygulama ve egitimi destekleyerek cesitli kiiltiirlerden hemsirelerin devamini
arttirmak.

e  Rehber 6grenci ve hemsirelerin proje ve aragtirmalarda saglik bakim esitsizlikleri ya da kiiltiirel farkliliklara odaklanmasini
saglamak.

e  Yeni personelin oryantasyonu igin;

a) Kiiltiirel yeterlilik i¢in standartlar uygulamak
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b) Kiiltiirel yeterlilik kritik diigiinme egzersizlerini interaktif videolar ve vaka ¢aligmalari ile 6gretmek
€) Kiiltiirel benzerlik grup aktivitelerine katilmak

e  Advanced Practice Nurses ve ¢aligan hemsireler i¢in spesifik kiiltiirel yeterlilik kaynaklar1 i¢in 6rnekler:
a) Saglik bakiminda CLAS standartlar (Kiiltiirel ve Dilsel Yaklagim Servisleri i¢in Ulusal Standartlar)
b) Kiiltiirel Yeterlilik Hemsirelik Modiilleri
€) Kiiltiirel Yeterlilik Miifredat Programlari (Douglas ve digerleri, 2011)

2.3.8. Standart 8: Kiiltiirel Acidan Yetkin Bakimda Egitim ve Ogretim

Hemgireler, kiiltiire uyumlu saglik hizmetlerini tesvik etmeye ve saglamaya egitimsel olarak hazirlanmalidir. Hemsirelik bakimimnin
kiiltiire uyumlu olmasini saglamak i¢in gerekli bilgi ve beceriler, orgiin egitim ve klinik egitimi zorunlu kilan kiiresel saglik bakim
glindemlerine ve ayrica tiim hemsireler i¢in siirekli egitime dahil edilecektir. Standart 8’in uygulanmasi igin Oneriler sunlardir
(Douglas ve digerleri, 2011);

e Ogretim stratejilerini kullanmak
a) Diger kiiltiirlerin ve insanlarm anlayigini artirmak
b) Saglikla ilgili kiiresel sosyopolitik konularin taninmasini artirmak
¢) Fark yaratma taahhiidiinii artirmak
d) Kisisel ve profesyonel biiylimeyi tecriibe etmek
e) Ev sahibi iilkede profesyonel gelisime katkida bulunmak
f)  Kisilerarasi ve kiiltiirlerarasi baglantilar kurmak
g) Hassas ve etkili kiiltiirel yeterlilik gelistirmek
e  Tim egitim diizeylerinin kiiltiirel agidan yetkin bakim bilgisi ve uygulama becerilerini igermesini zorunlu kilmak.
e Kiiltiirel agidan yetkin bakim i¢in danigmanlik, 6rglin egitim, stirekli egitim ve uygulama becerileri saglamak iizere
kiiltiirleraras1 hemsirelik uzmanlar1 olan hemsirelik egitimine fakiilteyi dahil etmek.
e Kiiltiirel yeterlilik bilgisinin igerigine 6zgii kurslar saglamak.
e  Hemsirelik miifredati boyunca kiiltiirel bilgi ve uygulamay1 biitiinlestirmek.
e Imkanlar izin veriyorsa, ogrencilerin kendilerinden farkli kiiltiirel ortamlarda pratik yapmalarmi igeren kiiltiirleraras,
uluslararasi, hizmet-6grenme deneyimlerini kullanmak.
e Tim Kkiiltiirlere duyarliligi ve saygiyir artirmaya yonelik bir strateji olarak kiiltiirel agidan yetkin bakim igin egitim
ortakligini desteklemek.
e  Uluslararas: ortakliklar kurmak igin miifredat yollarini eklemek.
Fakiiltelerin uluslararas1 deneyimler gelistirmesini tesvik etmek ve kaynaklar uygunsa uluslararasi bir hemsirelik programi
ile gelismis ortakliklardan dgrenci projeleri talep etmek.
Hemsirelik personeli i¢in kiiltiirel yeterlilik egitimi saglayan stirekli egitim programlar1 gelistirmek.
Kiiltiirel 6grenme ve iletigim stilleri konusunda fakiilte farkindaligini artiran fakiilte siirekli egitim programlari ytiriitmek.
Kiiltiirel farkliliklar1 kurumsal kutlamalar, 6zel etkinlikler ve faaliyetlerle kutlamak.
Hemsireler ve hastalar tarafindan yapilan ayrimciliga sifir tolerans igin politikalar olusturmak.
Degisik kiiltiirel programlardan yararlanmak.
Kiiltiirel deneyimlere ve beklentilere uygun sekilde cevap vermeleri i¢in Ogrencilere ve yeni mezun olan hemsirelere
yardimci olacak rol modelleri kullanmak.
Bir mentorluk ag1 gelistirmek i¢in farkl kiiltiirlerden gelen egitimcileri ve hemsireleri kullanmak.
e Ogretim iiyesi ve 6grenci hosgoriisiiniin oniindeki engelleri belirlemek ve buna gore altyapi degisiklikleri yapmak (Douglas
ve digerleri, 2011).

2.3.9. Standart 9: Kiiltiirlerarast Iletisim

Hemsgireler, hizmet alan bireylerin degerlerini, inanglarini, uygulamalarini, algilarimi1 ve benzersiz saglik bakim ihtiyaglarini
tanimlamak i¢in kiiltiirel olarak yetkin sozlii ve sozsiiz iletisim becerilerini kullanmalidir. Standart 9’un uygulanmasi igin &neriler
sunlardir (Douglas ve digerleri, 2011);

e Oryantasyon programlarinin bir parcasi olarak hemsireleri farkl kiiltiirlerden gelen bireylerle goriisme konusunda egitmek.

e  Imkan dahilinde, kurum iginde geviri ve yorumlama igin kaynak saglamak.

e  Spesifik kiiltiirel igerik, etnik dykiiler ve ortak dil terimleri hakkinda dgrenmeyi saglamak i¢in hemsirelere ulasilabilir
kaynaklar saglamak

e  Hastalar i¢in agik bir sekilde anlam1 agiklanmig yazil iletisim araglari saglamak.

e Hemsireleri, dil iletisimi olmayan hastalarin bakimi sirasinda sozsiiz iletisim i¢in gézlem yapma konusunda tesvik etmek

e  Toplantilara, hizmet i¢i ve siirekli egitim programlarma kiiltiirel olarak spesifik degerler, inanclar ve uygulamalar iizerine
tartigmalar1 dahil etmek.

e  Terciiman kullanma becerisini gelistirmek.

e  Hastanelerde, kliniklerde ve diger saglik kuruluslarinda, miimkiin oldugunda semboller ve piktogramlar kullanilmasini
saglamak.

e  Hizmet alan bireylere tercih ettikleri dile ¢evrilen egitim ve desarj materyalleri saglamak.

e  Agrn dlgeklerini hizmet alan bireylerin tercih ettigi dilde kullanmak.

e Degerlendirmelerle ilgili kiiltiirel verileri siirekli olarak toplamak (Douglas ve digerleri, 2011).
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2.3.10. Standart 10: Kiiltiirleraras: Liderlik

Hemgireler, farkli popiilasyonlara kiiltiirel olarak yetkin bakimin sonuglarini elde etmek igin bireyleri, gruplar ve sistemleri etkileme
yetenegine sahip olmalidir. Standart 10”un uygulanmasi i¢in oneriler sunlardir (Douglas ve digerleri, 2011);

e Orgiitsel personelin kiiltiirel yeterliliginin gelistirilmesi i¢in sistem ¢apinda disiplinler aras1 programlar uygulamak.

e  Toplulugun ihtiyaclarina cevap veren kiiltiirel ve dilsel olarak uygun bakim hizmetlerini uygulamak (irk / etnik kdken ve
hasta ve topluluklara iligskin sosyoekonomik veriler, ¢eviri ve yorumlama hizmetleri, hasta gezginleri, erisilebilir ve uygun
fiyatli hizmetler).

e  Toplulugun yonetisime katilimini, topluluklarmin sagliga orgiitsel yatirimlarr ve saglayicilar ile kuruluslar ve gesitli
tiiketici topluluklar1 arasindaki etkili iletisimi kolaylagtirmak ig¢in isbirlik¢i ortakliklar olusturmak.

e  Farkl saglik kuruluslari, devlet ve sivil toplum kuruluslari, saglik hizmeti saglayicilari yerel, ulusal ve kiiresel baglamlarda
topluluklar ile bakim hizmetlerinin diizenlenmesi i¢in sistemler olusturmak ve kurmak.

e  Saglik bakim esitsizliklerini gidermek, hastalarin ve toplumun memnuniyetini arttirmak igin politika ve programlarin
etkinligi ile personelin kiiltiirel acidan yeterliligini degerlendiren izlem sistemleri gelistirmek.

e Cesitli hasta ve topluluklarin bakim ihtiyaclarmi ele almada personelin ve kurumun bakim etkinliginde Kkalite
iyilestirmesini saglayacak politikalar ve sistemler olusturmak.

e Farkli hasta topluluklarina &zgli bakim servislerinde en iyi kanitlari kullanmak ve uluslararasi arastirmalarla
biitiinlestirmek, isbirligi ile olusturulan arastirma sonuglarina personel katilimi i¢in destek saglamak (Douglas ve digerleri,
2011).

Personel hemsireler i¢in uygulama standartlari;

o  Kiiltiirel yetkin bakimda diger ¢ok disiplinli personelin ve astlarinin egitimine ve mentorluguna katilmak.

e  Kiiltiirel yetkin bakimi uygulamak icin 6rgiitsel politikalar ve protokollerin ortaklasa gelistirilmesini saglamak.

e Kiiltiirel agidan yetkin bakimin verilmesini tesvik etmek i¢in topluluk faaliyetlerine, meslek birliklerine ve organizasyonel
girisimlere katilmak (Douglas ve digerleri, 2011).

2.3.11. Standart 11: Politika Gelistirme

Hemsireler, kiiltiirel agidan yetkin bakimin kapsamli bir sekilde uygulanmasi ve degerlendirilmesi i¢in politikalar ve standartlar
olusturmak tizere kamu ve 6zel kuruluslar, meslek birlikleri ve topluluklarla ¢aligmak igin bilgi ve beceriye sahip olmalidir. Standart
11’in uygulanmast i¢in 6neriler sunlardir (Douglas ve digerleri, 2011);

Hemsirelerin mesleki ve sivil kuruluslara tiyeliklerini ve katilimlarmi 6diillendirmek igin yap1 ve politikalar olusturmak.
Kurulusun ve hemsirelerin topluluklara katilimini kolaylastiracak programlar ve girigimler gelistirmek.

Politika gelistirmenin politik siirecinde hemsireleri uygun danismanlarla iliskilendirmek i¢in bir sistem gelistirmek.
Hemsirelerin liderlik ve igbirligi becerilerini gelistirmek i¢in siirekli egitim programlar1 uygulamak.

Hemsirelerin sosyal farkindaligi ile toplumsal ve orgiitsel diizeylerde politika ve programlar degerlendirme kapasitelerini
gelistirmek i¢in bir forum olusturmak (Douglas ve digerleri, 2011).

Personel hemsireler i¢in uygulama standartlari;

1) Kaiiltiirel agidan yetkin hizmet sunumunu gelistirmek i¢in organizasyon komitelerine katilmak.

2) Farkli hastalarin ihtiyaclarini karsilamak i¢in orgiitsel ve hiikiimet politikalarinin yanit verme konusundaki duyarliligimi
arttirmak.

3) Toplum bakim hizmetlerindeki bakim ihtiyaglarini ve bosluklarini belirlemek igin topluluk faaliyetlerine katilmak.

4)  Farkli niifuslarin ihtiyaglarini ele alan politikalar ve protokoller olugturmak i¢in organizasyonel liderlik yapisini kullanmak
(Douglas ve digerleri, 2011).

2.3.12. Standart 12: Kanita Dayali Uygulama ve Arastirma

Hemsireler, uygulamalarini, sistematik olarak test edilmis ve hizmet ettikleri kiiltiirel olarak farkl: popiilasyonlar igin en etkili oldugu
gosterilen miidahalelere dayandirmalidir. Etkinlik kanitinin bulunmadigi alanlarda, hemsire aragtirmacilar saglik sonuglarindaki
esitsizlikleri azaltmada en etkili olabilecek miidahaleleri arastirmali ve test etmelidir. Standart 12°nin uygulanmasi igin Oneriler
sunlardir (Douglas ve digerleri, 2011);

e  Hemsirelerin aragtirma ¢aligmalart i¢in kiitliphane arama becerilerini gelistirme konusunda hizmet sinifi veya konsiiltasyon
gibi kaynaklar saglamak.

e  Hemsire arastirma ¢aligmalari i¢in literatiir aragtirmalar1 yapmada hemsirelerin becerilerini gelistirmeye yardim edecek
saglik bilim kiitiiphanesi kurmak.

e  Hemsirelerin kritik arastirma becerilerini gelistirmek i¢in hemsirelik fakiilteleri ile birlikte rehberlik ve danismanlik gibi
kaynaklar saglamak.

e  Hemsireler icin kiiltiirlerarasi hemsirelik ve saglik literatiiriinii gdzden gegirmek iizere birim tabanli, kanita dayali
uygulama dergi kuliipleri olusturmak.

e  Hemsirelerin farkli kiiltirden gelen hastalarin hasta memnuniyetini izleyebilmeleri ve verilen bakimin etkinligini
degerlendirebilmeleri i¢in birim tabanli, kanita dayali komiteler olusturmak.

e Orgiitler tarafindan gelistirilen kilavuzlar gibi arastirma temelli uygulama protokollerinden yararlanmak.
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e  Hemsireler, uzman kuruluslar tarafindan gelistirilen arastirmaya dayali uygulama protokollerini rehber olarak
kullanabilmektedir.

e  Arastirma siirecinde ¢esitli uzmanlik alanlarindan yararlanan bir kalite gelistirme projesi veya arastirma g¢alismasi
gelistirmek icin disiplinler arasi ekip olusturmak.

e  Arastirma siireci ve ¢aligma tasarimi1 konusunda uzmanlik i¢in yerel fakiilte ile goriismek.

e  Farkli uzmanliklardan yararlanmak ve fon bagvurusunda bulunmak i¢in arastirmaci fakiilte ekipleri gelistirmek.

e Hem egitimcilere hem de klinisyenlere arastirilmasi gereken kritik problemlerin seg¢iminde rehberlik etmek iizere
kiiltiirleraras1 / kultiirler arasi hemgirelik aragtirmalart icin ulusal bir giindem olusturmak igin uzman kuruluslardaki
hemsirelere katilmak.

e  Kiiltiirel olaylarin biiyiik 6l¢ekli miidahale galigmalarini tasarlamak ve uygulamak i¢in ulusal ve uluslararasi meslektaglar
ile igbirligi yapmak (Douglas ve digerleri, 2011).

Kiiltiirel yeterliligin gelistirilmesine yonelik ¢alismalari gz ardi etmeyen Amerikan Hemsireler Birligi (ANA), Kiiltiirlerarasi
Hemsirelik Dernegi’nin de katkilarin1 alarak Hemsirelik: Uygulama Kapsami ve Uygulama Standartlarini yeniden gilincellemis ve
iigiincii basiminda kiiltiirel yeterlilik standartlarin1 yayinlamistir (Marion ve digerleri, 2017).

2.4. Kiiltiirel Yeterli Hemsirelik Bakimi1 Uygulama Rehberi

Kiiltirel Yeterli Hemsirelik Bakimi Uygulama Rehberi 2014 yilinda kiiltiirel yeterli hemsirelik bakimi uygulama standartlar
dogrultusunda gelistirilmistir. Rehberin amaci; kiiltiirel agidan yeterli bakimi uygulamak icin evrensel olarak uygulanabilir kurallar
sunmaktadir. Bu kurallar, gesitli rollerdeki hemsireler i¢in (klinisyenler, yoneticiler, arastirmacilar ve egitimciler) yol gosterici
olabilir. Kurallar, kullanicinin sosyo-kiiltiirel baglamina ve benzersiz saglik hizmeti sunum sistemine uyarlanacak sekilde
tasarlanmistir. Rehber, kiiltiirel yeterli hemsirelik bakimi standartlarini igeren 10 madde seklinde olusturulmustur. Maddeler tamamen
standartlarla ayni olup “Sosyal adalet” ve “Politika gelistirme” rehberde yer alamamistir (Douglas ve digerleri, 2014).

3. Sonug ve Oneriler

Hemsireler gesitli kiiltiirlere sahip bireylerle karsilasabilir veya kendi kiiltiiriinden farkli bir toplumda galisabilir. Hemsirelerin kaliteli
saglik bakimi verebilmeleri i¢in saglik ve hastalik davraniglarinin arkasinda yatan kiiltiirel 6zellikleri tanimalari 6nemlidir.
Hemsirelerin hizmet verilen bireylerin kiiltiirlerini iyi anlayamamasi, tantyamamasi ve kiiltiirleraras1 bakimda milliyet¢i girigimlerin
benimsenmesi; kisilerarasi iletisimde bozulmalara, ¢atigmalara, kaliplasmis imajlarin ortaya ¢ikmasina, bakimda belirli bir kiiltiire ait
bireylere 6zel bir ilgi gosterilmesine sebep olabilir. Siiphesiz hemsirelik uygulamalarinin standartlastirilmasi kiiltiirel farkliliktan
kaynaklanan olumsuzluklarin ortadan kaldirmasini amag edinmistir.

Standartlar gelistirilen kisiler tarafindan kiiltiirel yeterliligin sosyal adalet ve insan haklari ilkeleriyle c¢elismedigini, tam tersine
ikisinin temelde birbiriyle baglantili oldugunu diistinmektedirler. Bu baglamda olusturulan rehber uluslararasi diizeyde yaygin goriis
ve Onerilerin, mevzuatlarin, deneyimlerin entegre edildigi ¢alismalarin sonuglaridir. Kiiltiirlerin birbirinden farkli oldugu temel
alindiginda kiiltiirel yeterlilik ile ilgili terimlerin yorumlanmasinda farkliliklar oldugu kabul edilmektedir. Gelistirilen standartlari ve
rehberi gbz ardi etmeyen bir yaklasimin benimsenmesi hemsirelik bakiminin standardize edilmesinde olduk¢a onemli bir adim
olacaktir. Ozellikle standartlarin ve rehberin kullanimina yonelik ¢alismalarin ve miidahalelerin planlanmasi 6nerilmektedir.
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Abstract

The placenta is the best heat regulator in the womb. After the baby is born, this mechanism disappears and the baby's temperature
decreases. The newborn, who is in an environment of 37°C in the mother's womb, finds himself in an environment with a temperature
less than 10°C with the birth. If the child is born with a birth weight of less than I kilogram, the child's body temperature drops by
1°C in 5 minutes. The risk of death increases by 28% for every °C below 36.5°C. If there is a problem in the respiratory system of the
newborn, the risk of hypothermia is high. “Neonatal hypothermia is defined as core body temperature below 36.5°C”. Flicker-free
heat generation needs oxygen to metabolize brown fat. On the other hand, the ability of the newborn with hypoxia to produce heat is
very reduced. In the newborn with growth and development retardation, the cardiovascular response is absent for 1-3 days.
Therefore, they do not have a thermal response capability. Prolonging the duration of the newborn's vital signs and treatment may
make it difficult to maintain the baby's body temperature. Term babies shrink their surface area by moving into the fetal position to
reduce their surface area. Preterm and hypotonic babies cannot regulate their position. The fact that the newborn, whose transfer
needs to take place, cannot be transferred under appropriate conditions also causes heat loss. In such cases, the neonatal nurse aims
to control hypothermia with their approach. In this context, with this study, it is aimed to provide information about the management
of hypothermia, which is an important condition to be considered in the newborn.

Keywords: Hipotermia, Newborn, Nurse.
1. Giris

Termoregiilasyon; 1s1 olusumu ve kaybi aninda dengenin saglanmasidir (Goérak ve Dagoglu, 2008:179). Yenidoganin dogumu ile 1s1
yapimi ve kaybi dengelenmistir. Fakat ¢evrenin sicakligi az ya da ¢ok oldugunda yenidoganin 1s1 dengesi bozulur. Cevrenin
sicakligini bebege gore ayarlamak gerekir. Bu uygun g¢evre sicakligi ise termal nétral alan olarak tanimlanir (Goérak ve Dagoglu,
2008:179). Anne karninda normal sicaklik araliginda olan fetus dogduktan sonra soguk stres ile karsilagir (Conk ve ark., 2013).
Soguk stres maruziyetin de viicut sicakliginin azalmasi, bebegin metabolik isteklerini ¢ogaltarak; sepsis, asfiksi, solunum sikintist
gibi sorunlar1 ortaya c¢ikardigi i¢in 1s1 yapimimin ve kontroliiniin saglanmasi onemlidir (Tessema ve ark., 2022). Kontroliin
saglanmasini zorlastiran birgok faktér vardir. Bunlar, 1s1 yapimini diizenleyecek olan sinir sistemi ve kardiyovaskiiler sistem gibi
sistemlerin heniiz tam gelismemis olmasi, titremesiz 1s1 {iretimini saglayan kahverengi yag dokularinin yetersiz olmasi, cildinin deri
alti yagdokusunun zayif olmasi, yenidoganin kilosuna gére olan yiizey alanmin yetigkine oranla fazla olmast (Conk ve ark.,
2013).Yenidoganin vuciit 1sisinin kontrol altinda tutulamamasi ciddi sorunlara yol agabileceginden hemsirelik yaklasimlari bu
sorunlarin 6niine gecilebilmesi agisindan 6nem tasir (Gergin ve Atansay, 2023).

2. Yenidoganda Is1 Kontroliiniin Onemi, Cevre Sicakliginin Kontrolii

Anne karninda plasenta en iyi 1s1 diizenleyicisidir (Gorak ve Dagoglu, 2008:179). Bebek dogduktan sonra bu mekanizma ortadan
kalkar ve bebegin 1sis1 azalir. Anne karninda 37°C olan bir ortamda iken dogum gergeklesmesi ile bebek kendisini 10°C daha az
sicaklikta olan bir ortamda bulur. Bebek 1 kilogramdan daha az dogum agirliginda dogmus ise cocugun viicut sicakligi 5 dk’da 1°C
diiser (Gorak ve Dagoglu, 2008:180). 36.5°C altina inen her °C’de 6liim riski %28 artmaktadir (Oygiir ve ark. 2021:9). Is1 azalmas1
en ¢ok yayilim, 1s1n1m, amniyon sivisinin tenden evoporasyonu ile gergeklesir (Gorak ve Dagoglu, 2008:180).

Dogum Salonu Yonetimi Rehberine gére Dogum odasinin 1s1s1 23-25°C olmali, radyant 1sitict dogum oncesi agtk olmalidir (Oygiir
ve ark., 2021:9)
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Resiisitasyon ihtiyaci ile dogan yenidogan yatagin 60 cm iizerine 400 waltlik 1s1 kaynagi altina alinir. Saglikli dogan ise 1sitilmig
havlu ile kurulanir, giydirilir, beresi takilir, sarilir ve termal notral alanda bebek kota alinir. Termal nétral alan; ¢evre sicakliginin
uygun oldugu dar bir 1s1 araligidir (Gorak ve Dagoglu, 2008:180). Cevre sicakliginin normal sinirlarda olmasi yenidoganin yasami
icin temel faktorlerdendir. Bu normal sinirlarda yenidoganin metabolizma hiz1 en az seviyededir, enerjisini 1s1 kontrolii i¢in harcamak
yerine biiylime ve gelismesi i¢in harcamis olur (Gorak ve Dagoglu, 2008:180).
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Sekil 1. Notral Termal Cevre Sinir Araliklari(Gorak ve Dagoglu,2008:181).
2.1. Hemgirelerin Notral Termal Cevre Saglamasi i¢in Yapmasi1 Gerekenler

e  Hemsireler sicaklik kontroliiniin fiziki etkilerini bilmelidir.

e I[s1iiretimine ve kaybina neden olan faktorleri ortamdan kaldirmalidir.

e  Viicut sicakliim olmasi gereken diizeyde (36,5-37,5°C) tutmak igin ¢evresel faktdrleri ayarlamalidir(Gorak ve
Dagoglu,2008:181).

Tablol. Is1 Uretimini Arttiran ve Azaltan Faktorler(Gorak ve Dagoglu, 2008:181)

Is1 Yapimum Arttiran Durumlar Is1 Yapimim Azaltan Durumlar
Yenidoganin Uyanik Olmasi Derin Uyku Hali
Haraketli Olmasi Asfiksi, Hipoksi
Sindirim Aclik
Biiyiime Malniitrisyon
Kalp Yetmezligi Hipotiroid
Teofilin vb kullanimi Klorpromazin vb kullanimi

2.2. Yenidoganlarn Is1 Kontroliinii Saglayamama Nedenleri
2.2.1. Yenidoganin Bakiminin Uzamast

Yenidoganin yasam bulgulari alinirken, tedavi uygulanirken siirenin uzamasi bebegin viicut i1sisinin korunmasini zorlastirabilir.
Hemsire, uygulamalarin Oncesinde viicut sicakligmi kontrol etmeli, diisiik olan durumlarda ¢ok acil degilse viicut isisinin
yiikselmesini beklemelidir. Acil olan durumda ise bebek monitérize edilip 1s1 kaynagi altinda girisim yapilir (Gérak ve Dagoglu,
2008:181).

2.2.2. Yenidoganin Yiiksek Viicut Isisina Verdigi Cevabinin Sinirliligt

Cevrenin 1s1s1 arttik¢a yenidoganin viicut sicakligi da artar. Kontrolsiiz eksternal sicaklik kaynagi kullanilan durumlar da buna neden
olabilir. Deri fazla 1sindiginda yiizeysel kan damarlar1 genisler. Daha fazla viicut sicaklig1 arttiginda ise konviilziyon akabinde 6liim
meydana gelebilir. Bu riskler nedeni ile ¢evre 1sis1 kontrol araliginda olmalidir (Gérak ve Dagoglu, 2008:181).

2.2.3. St Kaybini Arttiran Nedenlerin Varlig

Yenidoganin deri gegirgenliginin fazla olmasi, fototerapi, radyant isitict kullanimi, giinese maruz kalma, kiyafetinin ve Ortiisiiniin
kalin olmasi siv1 azalmasina sebep olur. Ishal ve kusma da sivi kaybina ve akabinde viicut sicakliginda degisikliklere neden olur
(Gorak ve Dagoglu, 2008:182).
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2.2.4. Prenatal, postnatal donemde veya dogum aninda noérolojik yikim olusmasi, analjezik ve anestetik ilac
kullanimi

Yenidoganlarda 1s1 kontrol merkezinin hasar goriip diizensizlesmesi nedeni ile hipoksi meydana gelir. Viicuttaki kan damarlarinda
daralma ya da genisleme meydana gelebilir (Gorak ve Dagoglu, 2008:182).

2.2.5. Diigiik Dogum Agirligi

Diisiik dogum agirliginda olan bebekte uterusta iken hipoksi meydana gelmis olabilir. Bebek merkezi sinir sitemi deprese olmus
sekilde dogar ve 1s1 merkezi hasar gormiis olur (Gorak ve Dagoglu, 2008:182).

2.3. Yenidoganda Is1 Kaybi Nedenleri

Saglikli yeni doganlarin viicut sicakliklari, yetiskinlerin viicut sicakliklarina yakin seyreder. Ancak bazi sebepler ciddi 1s1 kaybina
neden olur. Bu durumlar asagidaki sekilde 6zetlenebilir (Gorak ve Dagoglu, 2008:182-183).

e  Yenidoganda viicut alaninin viicut kg’na orani yetiskinlere gore daha fazladir. Zamaninda doganlarda viicut kg’na gore
viicut alani ii¢ kez, zamanindan dnce doganlarda dort kez fazladir. Yani 1s1y1 yayan bolge viicut agirligina oranla genis ve
incedir. Kilogrami 1000 gramdan daha az olan bebekte 1s1 kaybedilen bolge yetiskine oranla 5-6 kat daha fazladir.

e  Pretermlerde deri ince oldugu icin 1s1 kaybina kars1 gerekli bariyer olusturulamaz.

Yenidoganin viicut alan1 minik oldugundan gerekli 1s1 rezervi olusturamaz.

Zamanmda dogan bebekler yiizey alanlarini kiigliltmek i¢in cenin pozisyonuna gegerek alanlarmi kiigiltiirler. Preterm,
hipotonik bebekler pozisyonlarini diizenleyemezler. Hemsireler ortii ve yastik ile destek olusturarak pozisyon verip yiizey
alanlarini kiigtiltmelerine yardimci olurlar.

e  Kahverengi yag dokusu ve glikojen depolar1 yeterli olmayan prematiire ve diisiik kilogramli bebeklerde deri alt1 fasya
tabakas1 azdir. Merkezi sinir sistemi gelismemis oldugu icin cevap eksik ya da yoktur.

e  Cerrahi girisimler i¢in ameliyathane odasi 1s1 kaybina neden olur.

e  Solunum sikintisi, sepsis, hipoglisemi oksijen tiiketimini ¢ogaltir, viicudun sicakligini devam ettirme durumu zarar goriir.

Transferi gerceklesmesi gereken yenidoganin uygun kosullarda transfer edilememesi durumu da 1s1 kaybina neden olur. Transfer
oncesi viicut sicakligt stabil olmali, islem transfer kiivozii ile yapilmalidir. Transfer siiresince viicut sicakligmin 30dakikada bir
kontrolii yapilmalidir (Gorak ve Dagoglu,2008:181-183).

2.4. Is1 Kaybettiren Yollar
2.4.1. Radyasyon (Isima)

Isinlama ile olur. %60 1s1 bu yol ile kaybedilebilir. Yenidogani gevreleyen alan soguksa 1s1 daha ¢ok aktarilir (Boxwell, 2016:93).
Radyant 1sitic1 altina alindiginda siireg tersine doner. Buharlagma ile 1s1 kaybi, pencere duvar gibi 1sis1 az yerlerden uzaklagtirilarak,
15181 25°C olan dogumhanede dogum yaptirilarak ve ¢ift duvari olan kiivéz kullamlarak engellenebilir (Boxwell, 2016:93).

2.4.2. Kondiiksiyon (letim)

Yenidogan, derisi ile temasta olan her yerden iletim yolu ile 1s1 kayb1 yasar. Bu durum yiizey gereclerinin sicakligina bagl olarak
degisir. Omegin, yenidogan 1sitilnus ortii ile sarilirsa iletim ile 151 kayb1 yasanmaz (Gorak ve Dagoglu, 2008:184).

2.4.3. Evoporasyon (Buharlasma)

Havanin nem oranina bagl olarak viicut alanindan ve solunum yolu mukozasindan olan 1s1 kaybidir. Zamaninda dogmus bebekte 1s1
yaniti terleme ile olur. Dogum sonunda bebegi hemen kurulayarak, 30. haftanin altinda doganlar i¢in kiivéz nemi agarak ve polietilen
strec Ortli kullanarak buharlagma ile 1s1 kaybi azaltilabilir (Boxwell, 2016:93).

6.1.1. Konveksiyon(Yayilim)

Yenidogandan havaya 1s1 kayb1 seklinde olusmaktadir. Cevre sicakliginin bebegin deri sicakligindan daha az oldugu durumlarda ve
fazla hava akimi olan durumlarda olur. Bebegin ince plastik ortii ile sartlmasi kaybi azaltir (Gorak ve Dagoglu, 2008:184).

3. Hipotermi

= 9

e  “Neonatal hipotermi, 36,5°C'nin altindaki ¢ekirdek viicut sicaklig1” olarak tanimlanir(Tessema ve ark., 2022).
e  Hafif hipotermide viicut sicaklig1: 36-36,4 °C

e  Orta derece hipotermi viicut sicakligi: 32-35,9°C

e  Siddetli hipotermi (soguk stres) viicut sicaklig: <32 °C

Yenidoganin solunum sisteminde sorun var ise hipotermiye girme riski yiiksektir. Titremesiz 1s1 {iretimi, kahve rengi yagi metabolize
etmek i¢in Oksijene ihtiya¢ duyar. Hipokside olan yenidoganin 1s1 ortaya ¢itkarma yetenegi ¢ok azalmistir(Boxwell, 2016:96).

Biiyiime ve gelisme geriligi olan yenidoganda ise kardiyovaskiiler cevap 1-3 giin yoktur. Bu nedenle termal cevap verme yetenekleri
yoktur (Boxwell, 2016:97).
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3.1. Hipotermi Belirtileri

Ik yanit vazokonstriiksiyondur. Hipotermik yenidogan huzurlu degildir, letarjik hali vardir. Emmesi zayif, karn1 gergindir. Kusma
goriilebilir. Cilt rengi kirmizi ve serindir. El ve ayaklarda 6dem olabilir, devam ederse siyanoz ve solunum sikintist goriiliir.
Dokularda oksijensizlik devaminda metabolik asidoz gergeklesir. Hipotermi devaminda apne, bradikardi, oliguri ve sok tablosu ile
karsilagilir. Intrakraniyal kanama gériilebilir(Gorak ve Dagoglu, 2008:186).

Hipotermi agir seyrediyor ise yenidoganin ¢abuk 1sitilmasi apneye neden olur. Saatte 0,5 °C ile 1°C arasinda yavasca 1sitilmasi ve her
30 dakikada bir dl¢iim yapilmasi gerekir(Gorak ve Dagoglu,2008:186).

4. Hipoterminin Oniine Gecmek i¢in Hemsirelik Girisimleri

e  Dogum aninda en ¢ok 1s1 kayb1 deriden amniyon sivisinin evoporasyonuyla olur. Onceden 1sitilmis havlu ile kurulamak
giydirmek, varsa 1s1 yatagi kullanmak, steteskop ucunu, termometreyi ve ellerini 1sitmak

e Iletim ve 151n1m yolu ile kayb1 azaltmak icin ten tene temasi saglamak

e  Yenidoganin yatacagi yeri yatmadan 6nce 1sitmak

e 28 ile 31. gebelik haftasinda dogan pretermlerin evoporasyon ile 1s1 kaybim1 %50 azaltmak igin giyinmis halde
kiivozlerinde tutmak

e  Bebege baslik takmak onerilmektedir.
Birgok kurum dogum ardindan bebegi yikasa da 1s1 kaybina neden olacagi igin viicut sicakliginin stabil olmasi beklenir

e 1500 gramdan az kiloda olan bebeklerde 1s1 kaybin1 énlemek igin besinin sicakligi 37 “C civarina getirmek

Dogum odasinda bebegin giydirilmemesi gereken durumlar ile kars: karstya kalind ise;

e QOda sitilir personel sicakliktan rahatsiz olacak ise kiivoz isitilir ya da 6nceden agilmis radyant 1sitici altina alinir
e  Solunum gii¢liigii yasiyorsa sicak nemli oksijen uygulanir
e Kan glikoz seviyesi siklikla yakindan izlenir.

5. Yenidoganda Viicut Isisin1 Koruma Yollar
Yenidoganin viicut 1s1sinin korunma yollar1 3 ayri baglik altinda incelenebilir.
5.1. Radyant Isitic1

Durumu stabil olmayan veya c¢iplak durumda olan bebeklerde 1sinin korunmasinda radyanr 1sitici kullanilir. Verilen 1s1 ¢ocugun
kaybettigi 1stya esit olmalidir. Radyant 1sitic1 kullaniminda kiivoze oranla %40-50 daha fazla siv1 kayb1 olmaktadir(Caglar,2011:16).
500W/m?’yi asmayacak giicteki radyant 1sitic1 ile bebek arasmdaki mesafe 90 cm olmalidir. Bebekteki 1s1 kaybi1 denetimi servo-
kontrol yoluyla veya cilde dokunarak elle yapilabilir. Elle yapilacak kontrollerin yanlis sonuglar verebilmesi sebebiyle dlciimlerin
servo-kontrol deri 6l¢iim araglariyla yapilmasi daha net sonuglar verecektir. Bu araglarin 1s1 kaynaklarindan uzak tutulmasi net 6lgiim
yapilabilmesi i¢in 6nem arz etmektedir. Radyant sitict ile viicut 1s1s1 korunmak istenen bebeklerde dogum kilosuna gore belirlenen
karin derisi 1silar1 agagidaki tabloda verilmistir(Gorak ve Dagoglu,2008:187).

Tablo 2. Radyant 1sitic1 altindaki bebekler icin 6nerilen karin derisi 1silari

DOGUM TARTISI KARIN DERISI ISISI(C)
1000 g altr 36,9
1000-1500 g 36,7
1501-2000 g 36,5
2001-2500 g 36,3
2500 g iistii 36,0

Cok fazla girisime ihtiya¢ duyulan yogun bakim iinitelerinde yatan bebeklerde radyant isitict kiivoze gore daha fazla kullaniimalidir.
5.2. Kiivoz

Kiivoz, kontrollii bir sekilde sicak hava ile 1sitilmis kapali ortamlardir. Bebekte 1s1 kontroliinii saglamak ve 1s1 kaybint 6nlemek icin
kullanilir. Kiiv6z odalarin kapisindan giines 1s1gindan, pencere onlerinden uzaga konumlandiriimalidir. Nemi yaklagik olarak %50
civarinda olmalidir(Gorak ve Dagoglu,2008:186).

Tablo 3.Dogum tartisina gére normal Kiivoz 1silar:

DOGUM TARTISI 35°C 34°C 33°C
1000-1500 gr 10 giin 10 giinden sonra 3 haftadan sonra
1500-2000 gr 10 giin 10 giinden sonra
2000-2500 gr 2 giin 2 giinden sonra
2500 gr lizeri 2 giin
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5.3. Diger Yontemler
Viicut sicakligini normal araliklarda tutabilmek igin 1sitilmig pedler, 1sitilmis su yataklari daha risksiz prematiirlerde kullanilabilir.
Kundaklama gozlemi ve radyant sitici etkisini olumsuz etkiledigi igin dnerilmemektedir.

Ten tene temas (kanguru bakimi) kullamlabilir. Yenidogan ¢iplak ancak bashg takili sekilde anne ya da babanin ¢iplak gdgsiine
yerlestirilir. Ikisi bir battaniye ile 6rtiiliir. Yenidoganim deri ve viicut igi sicakligr stabilirligi korunur (Gérak ve Dagoglu,2008:186).

6. Hipoterminin Onlenmesinde Kanita Dayali Uygulamalar

Yenidoganin dogumdan sonra yasadigi hipoterminin 6nemli bir sorun olarak devam ettigi, dnerilen uygulamalarin; kuru havlu ile
kurulamak, battaniyeyi 1sitmak, radyant 1sitict altinda bakim vermek yapilsa dahi hava akimi ve evoporasyon nedeni ile normal viicut
sicakligina ulasmanin ¢aba istedigi ve bu yiizden plastik ortii kullaniminn etkili ve verimli bir yéntem oldugu énerilmektedir(McCall
ve ark,2018; Li ve ark., 2016).

Yenidoganin diinyaya geldigi ilk 1 saat oldukga kritiktir. Hayati risk tastyan yenidoganin vuciit sicakliginin normal araliklarda
tutulabilmesi Onemlidir. Hipoterminin Onlenmesinde ise yapilan tamimlayici c¢alismada Polietilen plastik sargr kullanimi
onerilmektedir(Jai ve ark., 2022). Benzer ve polietilen torbanin karsilagtirildigi bir bagka caligmada ise suyun evoporasyonunu azaltip
1sinin diigmesini Onleyen en etkin yontemlerin plastik Ortiiler ve yiin sapka kullanimi oldugu vurgulanmistir (Possidente ve ark,
2023).

Kosa ve Cmar (2014) tarafindan uygulanan g¢aligmada dogum salonunda diinyaya gelen bebekleri plastik ortii kullanarak
sarmalamanin viicut 1s1sm1 1 derece arttirdig1 tespit edilmistir.

Dogumdan sonra erken donemde emzirmeye baslanmasi ve ten tene temasin hipotermiyi 6nlemede etkili oldugu Demissie ve ark.
(2018) tarafindan vurgulanmuistir.

Yenidogan hipotermisinin kiiresel bir risk oldugunu alaninda uzman hemsirelerin yaklasimlari ve dogru tibbi kayit tutmanin énemi
ile yenidoganin sagkaliminia etki etmektedir (Muhindo ve ark., 2023). Benzer bir galismada (Beletew ve ark., 2020) erken donemde
emzirmeye baslanmasina ve Ozellikle gece dogumlarina dikkat edilmesini tespit etmistir. Bir bagka calismada ise sezeryen
dogumlarda yenidogan hipotermisi riskinin yiiksek olarak bulundugu ve neden olan etmenleri bulmak i¢in daha kapsamli arastirma
yapilmasi onerilmektedir (Patel ve ark., 2022).

6.1. Yenidoganda Is1 Ol¢iimii

Normal viicut 1sist 36,6-37,5°C araligindadir. Rektal yoldan Glgiilen viicut sicakligimm >38 °C olmasi atesin varligini ifade eder.
Gerekmedikge kullanimi Onerilmemektedir. Yenidoganin immiin sisteminin tam gelismemis olmasi, atesin Onem derecesini
arttirmaktadir. Ebeveyn ya da bebege bakan kisi tarafindan evde fark edilen ates durumunda, atesli olarak kabul edilip gerekli tetkik
ve tedavi hizlica yapilmalidir. Bebegin kiyafetleri fazla kalin ve kundaklanmus ise fazla kiyafet ve sarili oldugu ortii ¢ikarilir 15 ila 30
dk sonra viicut 1s1s1 tekrar olgiiliir(imamoglu,2019:201). “Rektal élgiim oncesi bebek yiiziikoyun yatirilir, bir el ile bebegin bel
bolgesi sabitlenirken, ucuna kayganlastirici jel siiriilmiis termometre aniis agikligindan yavasca yaklasik 2 cm kadar iceri itilmeli,
termometre 2. ve 3. parmaklar arasinda tutulurken avug ici ile bebegin gluteal bolgesi desteklenmeli ve 2 dakika beklendikten sonra
termometre ¢ikarilarak viicut sicakligi okunmahdr”(Imamoglu,2019:201).

Aksiller bdlge dlglimiinde viicut 1sisinin rektal dlgiime gore 1°C civarinda diisiik ¢iktigi ve timpanikten yapilan Sl¢timde %30-40
oraninda atesli bebegin gézden kagirilabilecegi bilinmelidir (Imamoglu,2019:201). Preterm bebekte koltuk altinda 3 dk, term bebekte
en az 5 dk tutulmalidir. Term bebekte 36,5°C ile 37,5°C; preterm de 36,3°C ile 36,9°C arasindadir(Dagoglu ve Gorak, 2008:191).

7. Sonug

Hipotermi, yenidogan doneminde sik karsilagilan bir sorundur. Yenidoganmn sistemlerinin immatiir olmas: nedeniyle hipoterminin
takibini yapilmast olduk¢a onemlidir. Yenidoganlarin korunabilmesi adina, hipoterminin dnlenmesi ve hipotermi gelismemesi i¢in
gerekli hemsirelik girisimlerinin uygulanmasi dnerilmektedir.
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Abstract

This study aims to develop a solvent-based rotogravure white ink that can adapt to offset inks for Polyethylene Terephthalate Glycol-
modified (PET-G) material in hybrid printing machinery. Five different ink recipes were prepared and analyzed, considering
parameters such as solvent type, resin addition, varnish type, additive type, and titanium dioxide addition. The inks were tested using
viscosity and gloss tests, a coefficient of friction test, and a tetrahydrofuran test, performed at SunChemical Aliaga campus
laboratory. The results showed the R3 formulation to be the most resistant to the tetrahydrofuran test, making it the most suitable ink
formulation. Although the R3 formulation’s viscosity value is lower than desirable, its overall effectiveness justifies future research
towards its improvement.

Keywords: Hybrid printing, Rotogravure white ink, PET-G, Ink formulation, Tetrahydrofuran test.
1. Introduction

The printing industry has experienced rapid advancement, providing a variety of printing methods suitable for different types of
materials. With the introduction of hybrid printing, there is an increased demand for adaptable inks that can perform across multiple
platforms. One such challenge lies in the development of a solvent-based rotogravure white ink that can adapt to offset inks for
Polyethylene Terephthalate Glycol-modified (PET-G) material in hybrid printing machinery (Oliveira, Correia, Castro, Martins, &
Lanceros-Mendez, 2018).

PET-G is a popular choice for product packaging due to its clarity, impact resistance, and chemical resistance. However, ensuring the
adherence and durability of ink on this material can be challenging, and the need for specialized inks that can maintain their integrity
during the hybrid printing process is pressing.

This study focuses on the design and analysis of five different ink formulations to determine the most efficient and suitable for hybrid
printing on PET-G material. Parameters considered in the formulation included solvent type, resin addition, varnish type, additive
type, and titanium dioxide addition. The inks underwent viscosity and gloss tests, a coefficient of friction test, and a tetrahydrofuran
test, a chemical commonly used in body sleeve dressings, to observe their performance and resistance. The findings of this study
provide significant insights into the formulation of inks for the hybrid printing process, potentially contributing to improved
production efficiency and label quality in the flexible packaging industry.

2. Materials and Methods

In this experimental study, it is aimed to design solvent-based rotogravure white ink that can adapt to offset inks for PET-G material
in hybrid printing (offset + rotogravure + flexo) machine. This study was carried out in various stages, including the preparation of
different white ink recipes, the analysis of the prepared recipes, and the tetrahydrofuran test to observe whether the ink dissolves with
the appropriate formulation and solvent vapor.

To determine the best formulation of the desired white ink, 5 different recipes were prepared using different parameters and
experimental studies were carried out. In the study, the effects of solvent type, resin addition, varnish type, additive type and titanium
dioxide addition were investigated. Inks have been prepared in line with these parameters. The prepared ink formulations are shown

in Table 1.
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Table 1: Contents of ink samples

R1 SMO01 SM04 R2 R3
Nitro Varnish-A 19.00 15 25 13.4 -
Nitro Varnish-B - - - - 9.5
PU1 - 15 - - -
PU2 - - 11 - -
PU3 6.00 - - 5 4.-6
Co resin varnish 1 7.30 - - -

Co resin varnish 2 5.00 - = - -
Accelator solvent - 24.35 26 28.1 5.3
Slow solvent 1 2.60 - - - -
Slow solvent 2 8.00 - - - -

Slow solvent 3 - - - - 37.7
White pasta 1 44.60 - - - -
White pasta 2 - 39.15 34 - -
Co resin varnish 3 - 1.5 - - -
Ketone varnish - 5 - 6 9
Slip addictive 1 - - 1 3.5 1.1
Plasticizer 1.00 - - - -
Wax-1 2.50 - 3 - -
Wax-2 2.00 - - - -
Slip addictive 2 1.00 - - - 1
Adhesion addictive 1.00 - - 3 2
Titanium dioxide - - - 39 27
Alkyd resin - - - 2 1.8
Slip addictive 3 - - - - 1

The application of the prepared ink formulations on PET-G material was carried out in the R&D laboratory of the Sun Chemical
factory, Aliaga campus.

After cutting equal lengths of PET-G material, they were fixed on a thick wooden layer and made suitable for ink application. While
the PET-G material was placed on the layer, care was taken to ensure that the corona treated surface was on the upper side. Corona is
a technique of applying electron bombardment to the surface to ensure the adhesion of printing inks and other coating materials to
synthetic and metal surfaces. This technique is very important in terms of the adhesion of the materials applied to the surface. In
order to understand which surface of the material to be printed is corona, it can be checked whether the ink adheres to the surface by
using the corona pen. During the study, the coronal surface of the PET-G material was determined by using a corona pen. After
corona surface detection, ink formulations were applied sequentially on PET-G material. With the help of a spatula, a small amount
of ink was taken, poured into a thin line on the PET-G material, and pulled from top to bottom with a 0- and 2-degree rod. During the
study, first of all, all inks were applied to the PET-G material one by one. In order to be able to compare later, the ink with the R2
formulation was chosen as a reference and applied to the PET-G material reciprocally.

3. Experimental Study
3.1. Viscosity Test

The viscosity test is one of the important tests that 5 different ink formulations are subjected to. In the paint industry, the viscosity of
the paint plays an important role in wet-on-wet application. Knowing the viscosity value helps us to know in advance how the paint
will spread on the product packaging in the production flow and to make an appropriate application. High viscosities are generally
undesirable because their transfer to the surface can be slow and problematic in the production flow, while low viscosity values can
in some cases create visual deficiencies in printing or adhesion problems (Schwab et al., 2020).

In our project, this experiment was carried out using viscosity flow cups. The test was carried out in the SunChemical Aliaga campus
laboratory. In general, it has been stated that the value range of 20-40" is appropriate in the sector, and due to the tests performed, no
samples outside this range have been seen, except for the R1 sample.

3.2. Gloss Test

Gloss is a visual perception formed by the reflection of surfaces. The perception of brightness is much more pronounced depending
on how directly the light is reflected. The opacity test is one of the scales that visually reflects the quality of the product packaging
(Guzman-Puyol, Benitez, & Heredia-Guerrero, 2022). The test was carried out in the SunChemical Aliaga campus laboratory. BYK
micro-TRI type gloss meter was used to make the measurements. The device considers the absorption and refraction of light as its
operating principle. The gloss meter used in the test is shown in Figure 1.
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Figure 1: BYK micro-TRI glossmeter

In these devices, the refraction of light is measured in Luminance Unit (GU). For the tests, the device was commanded to emit light
at an angle of 60°. In the test results, the lowest value was 28.5 GU for R2, and the highest value was 66.0 GU for SM 01. Other
values are reflected on the device as an average of 45 GU. Figure 2 shows the gloss values of SMO01 and SM04 ink formulations with
#2 bar.

Figure 2: Brightness values of SM01 and SM04 ink formulations with #2 bar

3.3. Coefficient of Friction Test

The Coefficient of Friction (COF) test measures static and kinetic friction values to help determine the quality of the final product. It
involves measuring not only the peak force when surfaces begin to rub against each other, but also the average force as the friction
continues over a given time or length. When material surfaces come into mechanical contact and slide towards each other, complex
microscopic interactions occur between them that can result in friction and wear. Friction can cause various problems in the
manufacturing and transportation processes in the plastics industry.

The coefficient of friction tester is a handy testing tool designed to reduce losses from friction damage. The device digitally transfers
the results to the computer and generates a graph showing durability. A low coefficient of friction indicates that the surfaces are more
slippery and the material is less resistant to sliding action. Understanding the coefficient of friction (COF) of the packaging film is
crucial to optimizing the performance of packaging films (Ohl, 2021).

The tests were carried out in the SunChemical Aliaga campus laboratory. In order to measure the frictional resistance, the samples
were subjected to 2 different tests. The first of these aims to measure its friction on the metal plate. The other aims to measure the
friction between two package surfaces. The second test, as a simulation of the line, plans to estimate the damage to the packaging
from any friction in production. While the values were observed as 0.18 as a suitable value in the tests performed on the metal
surface, the results were observed between 0.26-0.3 in the tests performed between the two surfaces. All test results are shown in
Table 2.
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Table 2: Coefficient of Friction (COF) test results

R1 R2 R3 SMO01 SM04
Face to metal friction test results 0.18 0.21 0.18 0.18 0.18
Face to face friction test results 0.26 0.27 0.26 0.30 0.26

3.4. Tetrahydrofuran Test

Tetrahydrofuran is a chemical used in body sleeve dressings. In paint studies on PET-G material, tetrahydrofuran polyvinyl chloride
was applied and it was aimed to observe whether it damaged the paints as a chemical solvent in the next process. PVC was applied to
the edges of the ink-treated PET-G materials and bonded together with the non-PVC surface of the material.

As a result of the observation of the adhesion resistance of the samples, which were kept for 24 hours by placing weight on the
materials, it was seen that only the R3 sample was compatible with the result aimed by the project. Figure 3 shows the results of
tetrahydrofuran application of the R3 ink formulation.

Figure 3: #0 and #2 bar results of tetrahydrofuran application of R3 ink formulation

4. Results
Test results are compared in Table 3.

Table 3: Results of test

R1 R2 R3 SMO01 SM04
Viscosity (second, ™) 62" 24" 23" 30" 27"
Gloss, #2 435 28.5 39 66 50
COF (Face to face, #2) 0.26 0.27 0.26 0.30 0.26
COF (Face to metal, #2) 0.18 0.21 0.18 0.18 0.18
Tetrahydrofuran test Low endurance Low endurance High endurance Low endurance Low endurance

All tests are specifically designed to select the most efficient and suitable ink formulation. It is very important to keep in mind that
the product packaging industry primarily targets the marketing sector, making label quality an important component when comparing
test values. It is also a necessity to prevent ink loss due to friction in the production line. Our aim was to develop an ink formulation
that could withstand the tetrahydrofuran test, and only the R3 sample showed high durability in this regard. Therefore, we chose the
R3 sample as the optimum ink formulation.

However, when focusing on other criteria, the viscosity value of R3 is relatively low compared to other samples. As detailed in the
report, excessively high or low viscosity values are undesirable due to manufacturing difficulties, meaning that the viscosity of R3
can be improved.

The focus of research was to select the ink that was most resistant to the tetrahydrofuran test, and the R3 formulation showed high
endurance. Therefore, as a result of the study, the most suitable ink formulation was determined as R3.
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5. Conclusion

The selection process for an optimal ink formulation requires a delicate balance of multiple factors, bearing in mind that these factors
affect not only the quality of the final product, but also the manufacturing process and environmental footprint. As a result of the
extensive analysis and careful evaluation of the tests and their results, it has been conclusively understood that the R3 prescription
offers the most suitable and desired formulation for the ink. Various parameters including viscosity, gloss, friction values and
especially tetrahydrofuran resistance were considered to evaluate the effectiveness and suitability of the formulation.

In conclusion, this research provides valuable information and contributes significantly to ongoing efforts in the flexible packaging
industry. The findings clearly demonstrate the promise of the R3 formulation to be a suitable ink for hybrid presses. This work not
only helps increase production efficiency and reduce environmental impact, but also paves the way for improving the quality of
product labels. Future work should focus on addressing identified areas of improvement to further improve formulation viability and
performance, thereby bringing the flexible packaging industry one step closer to achieving superior quality and sustainability.
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Abstract

Developing technology has increased the survival rate of infants hospitalized in neonatal intensive care units. The sensitivity and
efficiency of the devices used in neonatal intensive care units have increased the quality of life of newborn babies. Assisted breathing
applications in the newborn are used to relieve breathing in infants with respiratory distress, inadequate or no breathing. Many of
the diseases encountered in newborns also affect indirect respiration and it is important to maintain respiration. Due to respiratory
distress, CO2 begins to accumulate in the lungs, and changes occur in the baby's blood gas. The newborn's respiration is tried to be
relieved by starting with free oxygen first, and as the process continues, it may continue until mechanical ventilation. The causes of
respiratory distress are generally surfactant deficiency, prematurity, transient tachypnea of the newborn, apnea, sepsis, congenital
pneumonia and meconium aspiration.The most common causes of respiratory distress in newborns are meconium aspiration
syndrome, respiratory distress syndrome (RDS), pneumonia, transient neonatal tachypnea, asphyxia, pneumothorax and sepsis. The
duration of stay on mechanical ventilator varies in proportion to the gestational week and birth weight of the babies. As the week of
gestation and birth weight increase, the duration of stay on mechanical ventilator decreases. The majority of ventilated infants are
high-risk newborns. The parameters to be checked to evaluate the newborn's respiration are wheezing, groaning, apnea, retraction,
respiratory rate above 60 per minute, cyanotic appearance and decrease in the baby's movements. In the laboratory evaluation of
respiratory distress, the evaluation is made if the pH is below 7.25 in the blood gas and the PaCO2 is above 60.

Keywords: Neonatal, Respiratory, Assisted respiratory applications, Nursing.
1. Giris

Yenidogan yogun bakimlarda yatan bebeklerin rahat nefes alip vermelerini desteklemek ve spontan solunumu olmayan bebeklerin
solunum devamliligini saglamak amaciyla mekanik ventilasyona ihtiya¢ duyulmaktadir. Yenidogan bebeklerin mekanik ventilasyonu
uzman bir multidisipliner yaklasimla karsilanmalidir [1,2]. Ekip tiyeleri yenidogan uzmani hekimler, yenidogan hemsireleri ve diger
saglik personellerini igerir. Ekip iyelerinin egitimli ve deneyimli olmasi yenidoganlarin yagam kalitelerini arttirmakta ve yasam
oranlarint arttirmaktadir. Mekanik ventilasyonda amag oksijenlenmeyi saglamak, yenidoganin solunumunu rahatlatmak ve
desteklemektir [3]. Solunum sikintisi olan veya solunumu olmayan yenidoganlarmn solunumunu desteklemek icin mekanik
ventilasyon kullanilir. Amag bebegin en kisa zamanda ventilatérden ayrilmasi ve yenidoganin spontane solunumunun sorunsuz
yapabilmesidir [2].Yenidoganlarda en ¢ok ve serbest bir sekilde ilk olarak oksijen uygulanir. Oksijen fazla uygulanmasinin tehlikeli
etkileri de vardir. Ventilasyon da yenidoganin hedef saturasyonu%90-95 arasinda takip edilmeye calisilir. Mekanik ventilasyonda
takip edilen yenidoganlarin bakiminin ortak bir protokolle hemsirelik bakimimin yapildiginda ventilatérde kalma siiresi azalmistir [4].
nCPAP (nazal siirekli pozitif havayolu basinci) en ¢ok kullanilan yontemdir. nCPAP ile takip edilen yenidoganlarda maskenin veya
prongun kullanimi énemlidir. Kullanim seklinden kaynakli burunda sekil bozuklugu, nekroz ve burun septumunda hasar ve burun
deliklerinde bozukluk gdzlenebilir. Yenidoganin burun yapisina uygun kaniiller tercih edilmeli septum koruyucularin kullanilmasi
diisiiniilmelidir. Kili¢ ve ark. (2012) yapmis oldugu calismada, gebelik haftasi arttik¢a ventilatérden kaynakli komplikasyonlarin
goriilme oran1 azalmistir ve anlamli bir fark bulunmustur [5]. Belbpmar (2020) ¢alismasinda nazal cpap da takibi yapilan prematiire
bebeklerin terapétik dokunma ve anne sesi uygulamalarinin ncpap esnasinda meydana gelen agriy1 azalttigi saptanmistir. Olumlu
etkilerinden bu uygulamalarin yenidogan yogun bakimlarda uygulanmasi 6nerilmistir [6]. Bu baglamda bu ¢alisma ile yenidoganda
dikkat edilmesi gereken dnemli bir durum olan yardimei solunum uygulamalart konusunda bilgi verilmesi amaglanmustir.
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2. Yardimei Solunum Uygulamalari
2.1. Yenidoganlarda Non-invaziv Ventilasyon (NIV) Uygulamalar1

Yenidoganlarda akcigerin gelismemesi, solunum kaslarinin zayiflig1 sebebiyle etkili solunum yapamazlar solunumun desteklenmesi
gerekir. NIV solunumun endotrakeal tiip kullanmadan iist solunum yolunun kullanilarak verilmesine denir. NIV uygulanmasi i¢in
yenidogan stabil olmali ve spontane solunumu var olmalidir.

2.2. Sualt1 Yontemi ile CPAP (BUBBLE CPAP)

Bu uygulama ¢ok basittir. Ventilatér kullanilmasina gerek yoktur. Akimolgerle birlikte oksijen oranli hava 1sitilip nemlendirildikten
sonra maske, nazal kaniil veya nazal prong araciligi bebege verilir. Sistem ekspiryum ve inspiryum dan olusur. Ekspiryumda gelen
hortumun ucu ne kadar peep yapilmak istenirse o kadar batirtlir. Olumlu yo6nii ¢ok egitime gerek yoktur. Olumsuz yonii ise alarm
sistemi yoktur [7-9].

2.3. Nazal Aralikh Pozitif Basingh Ventilasyon (NIPPV)

Prematiire ve diisiik agirligi olan bebeklerde tercih edilir. Ozel bir ventilatorle pozitif basingli bebegin spontane solunumunu akis
sensoril ile destekleyen bir sistemdir. Ozellikle ncpap dan fayda gérmeyen bpd ve apne de etkilidir [1].

2.4. ki Seviyeli Pozitif Havayolu Basinci1 (BIPAP)

Solunum esnasmda iki tane farkli seviyede basing verilmesine dayanir. Alveoller agik kalacak sekilde aralikli basmng farklar:
olmaktadir. Inspirasyon basinci akciger basincini arttirirak en yiiksek tidal hacmi hedefler. Ekspirasyon basincr atelektaziyi 6nler [1].

2.5. Yiiksek Akimli Nazal Kaniil (HFNC)

Hava ile karistirilan O2’nin bebege yiiksek basing ve akimla verilmesidir. Normal kaniillerden ince binazalkaniiler kullanilir [1].
2.6. Nazal Siirekli Pozitif Havayolu Basinci1 (NCPAP)

Mekanik ventilatorler veya akis tiretici kullanilarak uygulanir. Spontane solunum yapan yenidoganlarda solunum yollarina siirekli
pozitif bir basing uygulayarak akcigerlerin kollabe olmasinin 6niine geger. Bu basing sayesinde hava yolunda meydana gelen direng
azalir, stirfaktan salinim artar, diyafram caligmasi artar, akcierin uyumu artar, apne’yi azaltir. Yenidoganin hastanede kalma
stiresini azaltir. Nemlendirilmis, 1sitilmig, uygun basing ve konsantrasyondaki hava bebege kaniil ve nazal prong araciligi ile verilir

[1].
2.7. Mekanik Ventilasyon

Solunum yapmakta zorlanan veya solunum hi¢ yapmayan yenidoganlarda kullanilir. CO2 atilimini saglamak yeterli oksijenlenmeyi
ve solunumu rahatlatmak hedeflenir. Yenidogan yogun bakim iinitelerinde MV uygulamasi mortalite ve morbiditenin belirgin
azalmasini saglamaktadir. Temel amag en kisa siirede MV den ayrilmasidir [10,11].

Mekanik ventilasyonun fizyolojik amaglari;

Arteriyel oksijenizasyonu desteklemek(PaO2 ve Sa02)
Alveolar ventilasyonu saglamak (PaCO2 ve pH),
Akciger voliimiinii arttirmak,

Fonksiyonel rezidiiel kapasite (FRK)’ yi arttirmak,

e Solunum kaslarimi dinlendirmek.

Mekanik ventilasyonun klinik amaglari;

Hipoksiyi diizeltmek (SaO2 > %90),

Solunumsal asidozu diizeltmek,

Solunum sikintisini ortadan kaldirmak,

Solunum kaslarinin yorgunlugunu ortadan kaldirmak,
Atelektazileri onlemek veya ortadan kaldirmak,
Sedasyon veya néromuskiiler blokaja imkan tanimak,
Intrakraniyal basinci azaltmak,

Sistemik veya miyokart oksijen tiiketimini azaltmak,
Toraks duvarini stabilize etmektir.

Yenidogan entiibe edilir giivenli bir sekilde ventilatére baglanir. Cift tarafli akciger sesleri duyulduktan sonra kilo+6 cm dikkate
alinarak tiip sabitlenir. Ozsaturasyonu 90-95 arasinda tutulur. Isitilmis ve nemlendirilmis hava ventilatérden uygun basingla verilir.
Aspirasyon kisa tutulmali 10 sn gegmemelidir [2].
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3. Yardimei Solunum Uygulamalarinda Hemsirelik Bakimi
3.1. CPAP’ta Takibi Yapilan Yenidoganin Bakimi

Yenidoganin hava yolu agikligin saglamak, sekresyonlarlahava yolu agikliklari tikanmigsa bebegi uygun sekildeyumusak bir sonda
ile yavasga aspire etmek gerekir. Yenidogana uygun pozisyon vermek prone pozisyonunda bebeklerin oksijen ihtiyaglar azalmig ve
midenin daha hizli sindirim yaptig1 gézlenmistir. Yenidoganin bas ve boynuna dikkat edilmeli uygun pozisyon verilmelidir [12].

Yenidoganin viicut 1sismin takibi yapilir, 1sidaki artma solunumu da etkilemektedir. Yenidoganin beslenmesine dikkat
edilir. Takipnesi oldugu durumlarda beslenme atlanabilmelidir.Solunum sikintis diizelene kadar
beslenme og veya parenteralyapilir. Beslenme sonrasi gaz ¢ikisi saglanmalidir. Bebege stabil oldugu zaman kanguru bakimi
verilmelidir. Bebek anne etkilesimi arttirilmalidir. Solunum sikintist devam ederse Ncpap daha da artarsa mv takip edilir
[8,13]. Yenidoganin nCPAPuygulanma esnasinda cildine dikkat edilir, deri biitiinligii korunmaya ¢aligilir bebege uygun maske
veya prongkullanilir. Nazal septum koruyucu kullanilabilir. Bebege uygun cilt bakimi yapilir. Bu bebekler agriya, giirtiltilye ve ses’e
hassastirlar bu yiizden ortam yenidogana uygun hale getirilmelidir.

3.2. Mekanik Ventilatorde Takibi Yapilan Yenidoganmin Bakimi

Mekanik ventilasyon, oksijenlenmesi yeterli olmayan hastalarda, hastanin kendi solunum fonksiyonlari ile yeterli oksijenlenme
saglanana kadar, bu fonksiyonun entiibe edilen veya trakeostomisi olan hastaya cihaz aracilig1 ile disaridan saglanmasidir [13].

Bu dogrultuda yenidoganin kan gazimi diizgiin seviyede tutmak ve akciger hasarmi en aza indirmek yenidogan hemsgiresinin ilk
hedefidir. Kullamilan tiim konvansiyonel (HFOV, IPPV) modlardaen 6nemli olay solunum dongiisiinii en elverigli akciger
kapasitesini saglayarak PEEP olusturmaktir. En iyi MV modu yogunbakimin kendi aktif
kullandig1 moddur [8]. Yenidoganinentiibasyon sonrasi tiip tespitinin yapilmasi, tiipiin yerinin kontrolii ve tiipiin kisaltilmasi
asamalarin1 yenidogan hemsiresi takip eder. En 6nemli hedef tiipiin yerinden ¢ikmasini 6nlemektir. Tiip tespiti orta hatta uzun siire
kullanilmamali dudagin sag veya sol tarafina tespit edilmeli, orta hatta uzun siire kullanim damakta zedelenmeye neden olmaktadir.
Oksijen fazla verilmemeli hedef saturasyon 90-95 civarinda tutulmalidir, oksijenin fazlasinin zararlarinin farkinda olunmalidir.
Ventilatorde 1sitilmis ve nemlendirilmis hava kullanilmalidir. Devrede toplanan su varsa ara ara bosaltilmalidir. El hijyenine dikkat
edilmelidir. Bebegin viicut 1sisinin takibi yapilmalidir. Yenidogan kapali sistem aspirasyonla aspire edimeli, basinca dikkat edilmeli
ve ihtiyaci oldugu zaman aspire edilmelidir. Aspirasyon siiresi 5-10 saniyeyi gegmemelidir. Bebege agiz bakimi verilmelidir. Bebege
uygun pozisyon verilmelidir. Anne ile bebek en kisa siirede bulusturulmali kanguru bakimi yapilmalidir. Yapilacak en onemli
hemgirelik bakimi minimum dokunma maksimum goézlemlemedir. Mekanik ventilasyon agrili bir islem oldugu igin kanita dayali
uygulamalarla non farmakolojik agr1 yonetimi saglanmalidir [14,15].

4. Sonu¢

Solunum problemleri, yenidogan déneminde sik karsilagilan bir sorundur. Bu nedenle yenidogana uygulanabiecek yardici solunum
uygulamalarminn yonetiminin dogru bir sekile uygulanmasi yenidogan hemsriesinin temel sorumluluklarindan biridir. Yenidoganin
sistemlerinin immatiir olmas1 nedeniyle solunum takibinin yapilmasi olduk¢a onemlidir. Yenidoganlarin yasamlarinin saglikli bir
sekilde devam etmesi veyasam kalitesinin artmasi adina, yardimer solunum uygulamalarinin yapilirken solunum takibi, aspirasyon,
agr1 kontroli, tiip yerini tespiti gibi gerekli hemsirelik girisimlerinin uygulanmasi 6nerilmektedir.
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Abstract

The dimensional accuracy and quality of parts produced in various manufacturing fields, especially the automotive industry, are
crucial for production. While the current measurement systems can keep the produced parts under control, situations that rely on
operator control and the high costs of post-production inspection systems increase the probability of errors. In particular, quality
checks conducted with laser sensors called micrometers are costly solutions for businesses. Therefore, in recent years, efforts have
accelerated to develop camera inspection systems for controlling parts in the manufacturing sector. Industrial control systems using
artificial vision are designed in line with Industry 4.0 principles to automate these processes. With artificial vision control systems,
the dimensional measurements of parts of existing production lines, especially diameter, length, etc., can be accurately measured
according to the desired quality control criteria. In this context, image processing systems enable the automatic detection of defects
in manufactured parts and the automatic removal of identified faulty parts from the line. This study aims to develop a cost-effective
quality control system with low cost compared to expensive micrometers and high measurement accuracy by performing dimensional
checks and analyses, such as diameter, length, and width of parts exiting the production line, using LabVIEW NI Vision Builder
software.

Keywords: Industry 4.0, Automotive, Vision control systems, Dimensional control
1. Giris

Otomotiv ve sanayi sektoriinde, hatali parcalarin miisteriye gitmesi durumunda montaj hatlarinda veya son kullanicida hayati
sonuglar ortaya cikmaktadir. Parcadaki kiigiik bir hata, montajdan sonra tamamlanan nihai {irinde giivenlik endiselerine neden
olabilmektedir. Sonu¢ olarak son iiriinde islevsel bozukluklar, kalitesel sikintilar yasanabilir. Mevcut endiistriyel yapida parca
kontrolleri manuel olarak veya iiretim islemi bittikten sonra belirlenen kontrol alaninda kontrol personelleri tarafindan yapilir. Insana
bagli olan bu sistemlerde hatanin saptanmasinda ge¢ kalma veya hatay1 miisteriye kagirma riskleri olugmaktadir.

Yapay gorme sistemleri, yakin gelecekte Endiistri 4.0 ile imalatm 6nemli bir pargast haline gelecektir. Imalat asamalarinda insan
mildahalesi, iiretim siireclerinin daha yiiksek hassasiyette yapilmasi ve istenen kalite seviyelinin yiiksek olmasi nedeniyle verimliligi
azaltir. Kontrollerin personeller tarafindan manuel kontrol edilmesi bir¢ok soruna neden olmakta ve miisteri tarafindan olumsuz
sonuglarla karsilasilmaktadir. Diger taraftan iiretim sonrasinda kamerali dl¢lim yapan hazir sistemlerin kullanilmasinda, firmaya
maddi yiikler getirmektedir.

Yapay gorme sistemi, iiretim hattindan ¢ikan parganin Sl¢limsel kontrollerini yaparak hatali iriinii ayirir ve hatanin devamini
onlemede uyarici gorev alir. Hatali parga sistemden uzaklastirilarak miisteriye gitmesi dnlenir, hatali {iriin miktarinda artmanin oniine
gegileceginden maliyetler diisiiriilebilir ve diizeltici 6nlemler alinabilir.

Literatiirde goriintii isleme ile ilgili hata tespiti yaklasimlar1 genel olarak yapisal, istatistiksel ve derin 6grenme yaklasimi 6zelinde
smiflandirtlmistir. Yapisal yaklagimlar, hatalart dokusal ilkelerin bir bilesimi olarak goriir. Doku analizi ve yerine koyma kurallariyla
hata tespiti yapar. Genellikle basit doku yapilarinin bilesimiyle hatali par¢anin genel dokusunu belirlemeye ¢aligir. Giivenilirlik
diizeyi diisiiktiir ve belirgin hatalar1 olan dokulardan ayirmada daha basarilidir.

Istatistiksel yaklasimlar, dokusal ozellikleri cikarmak icin birinci ve ikinci dereceden istatistikleri kullanir. Eslesme matrisi,
histogram 6zellikleri, otomatik korelasyon islevi ve matematiksel morfoloji gibi yontemler kullanilir. Ayrica, ¢apraz korelasyon,
istatistiksel momentler, kenar tespiti ve sinir ag1 yontemleri gibi diger istatistiksel yaklagimlar da bulunur.

Derin 6grenme yaklagimi ise, parga gortntiilerinden elde edilen temel dokusal 6zellikleri kullanarak daha ayirt edici 6zellikler elde
etmeye caligir. Destek Vektdr Makineleri (SVM) gibi smiflandiricilar kullamilarak hata tespiti galigmalar yapilir. Ozellikle, Yapay
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Sinir Aglar1 (YSA) ve derin sinir aglar1 (DNN) simiflandirmada bagarili sonuglar vermistir. Evrigimli sinir aglar1 (CNN) 6zellikle
nesne algilama ve smiflandirmada popiilerdir. Son yillarda derin 6grenme temelli siniflandirma ¢alismalar1 6nemli 6l¢iide artmigtir.

Yapay gorme ile hata tespit teknolojisi, boru hatlarinda [1,2], elektronik bilesenlerin hata tespitinde [3,4], pargalarin Gl¢iisel
kontrollerinde [5,6], ariza teshisinde [7,8] ve diger alanlarda [9,10] kullanilmigtir. Bununla birlikte, kiigiik parcalarin hata tespiti
lizerine yapilan arastirmalar, 6zellikle konveyor bantlarinda gergek zamanli olarak kiigiik parcalarin hata tespiti iizerine yapilan
literatiir caligmalar1 oldukg¢a sinirlidir.

Makine goriisii kusur tespiti alaninda Boaretto ve Centeno [11], mekanik iirlin radyasyon goriintiisii otomatik tespiti ve
smiflandirmasi igin ¢ift goriintii pozlama teknigi 6nermistir. Deney i¢in "kusurlar" ve “kusursuzlar” arasindaki kesintiler gostergeler
olarak alinmis ve yart denetimli 6grenme teknolojisi kullanilarak elde edilen simiflandirict test verileri %88.6 dogruluk oranina
ulagmuigtir. Hajizadeh ve arkadaslari [12], isaretlemeden yapilan kusur adayi tespiti igin yiiksek frekansli kameralari kullanmiglar ve
kusursuz goriintli verilerindeki dengesizligi gidermislerdir. Wakaf ve Jalab [13], bir goriintii arka planindan histogram esleme
kullanarak mekanik tirinlerin kusurlarini tespit etmislerdir. Martinez, islenmis metal parcalardaki kusurlari tespit eden bir makine
gOriisii sistemi gelistirirken, goriintii isleme sirasindaki aydmlatma yontemini dogruluk oranini artirmak igin dikkate almis ama
kusurlu 6zellikleri fiizyonla bir goriintiiden tiiretmis, bu nedenle kusur tespitinin zaman maliyetini arttirmis ve ger¢ek zamanli kusur
tespiti yapmay1 zorlastirmistir [14]. Uretim igin gercek zamanl kiiciik parca hata tespiti sistemi i¢in bir ugtan uca CNN algoritmasi
Onermistir. Calismalarinda, kiigiik parcalarn hatalarini dogru ve verimli bir sekilde tespit edebilen gelismis bir nesne tespit
algoritmasi1 olan SSD'yi kullanmiglardir. [15]. 2021 yilinda yapilan bir ¢alismada, gelistirilen algoritma ile endiistriyel bir parcanin
kalite kontrolii gercek zamanl olarak gergeklestirilmistir [16]. Yine bagka bir ¢alismada, sac sekillendirme sonrasi ¢ikan pargalar igin
yliksek hassasiyetli yapay gorme ve gortntii igleme tabanli kalite kontrol sistemi, otomasyonu ve kontrol ara yiizii gelistirilmistir
[17].

Bu caligmada, otomotiv ve savunma sanayi iretim hatlarindan ¢ikan pargalarin yapay gérme sistemi ile otomatik olarak hata
tespitinin yapilmasi ve hatali olarak tespit edilen pargalarin otomatik olarak hattan ayrilmasini gergeklestirecek sistemin gelistirilmesi
hedeflenmistir. Calismada, standart kamera sistemleri ile hem maliyeti diisiirebilmek hem de verimliligi artirabilmek adina %0,5-%1
seviyelerindeki hata oraninda galisabilecek akilli bir yapay goérme sisteminin gelistirilmesine caligilmistir. Buna ek olarak program
yazilimi tiim bilesenleri ile tasarlanan otomasyon sistemine entegre edilerek Endiistri 4.0 ile uyumlu bir uygulama olusturulmus
olacaktir. Manuel hatalari, is¢ilik maliyetlerini ve {iretim siiresini azaltmak i¢in mevcut liretim otomasyonuna gelistirilen yapay
gbrme sistemi entegre edilmistir.

2. Materyal ve Metod
2.1. Gelistirilen Yapay Gérme Sistemi

Otomatik goriintii isleme ve kontrol sisteminin gelistirilmesinde, endiistriyel tip kamera, lens, ag karti, aydinlatma sistemi, kontrolcii
(PLC vb.) ve PC (is istasyonu, endiistriyel PC) gibi bilesenler kullanilmistir. Gelistirilen sistem, imal edilen goériintii alma test kabini,
kameralar ve endiistriyel PC gibi bilesenlerden olusmaktadir. Sekil 1’de goriintiiniin alinarak sistemin kontroliiniin saglandig:
asamalar icin temel diizeyde sistem diyagrami verilmistir.
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Sekil 1. Gelistirilen yapay gorme kontrol sistemi temel prensip semasi
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Goriintlii alma test kabini iginde konumlandirilan yiiksek ¢oziiniirliiklii kameralar, seri haberlesme ile ana kontrol birimine ham
goriintiileri iletmektedir. Ana kontrol biriminde tiim kontrol algoritmalari, goérlintii isleme yazilimlar1 ve karar mekanizmalari
caligmaktadir. Ham goriintiiler ana kontrol biriminde islenerek hata tespiti gerceklestirilmekte ve elde edilen ciktilar otomasyon
sisteminin kontrolciisiine USB 3.0 iizerinden iletilmektedir. Sistemde kullanilan bilegenlere iliskin bilgiler Tablo 1°de verilmistir:

Tablo 1. Gelistirilen sisteme iligkin donanim bilesenleri

Malzeme Ozellikler Adet
N ELP USB Camera 4K 3840x 2160P 30fps IMX415
1 Kamera ve Data-Gii¢ Kablolar1 Sensor Manual Focus 2
2 Kamera Lens 3 megapiksel 1/1/2 "3.3-10.5mm manuel Iris Lens CS 2
3 Endiistriyel Ethernet Switch (5 portlu) Gigabit Ethernet (1000 Mbps) / 12VDC-48 DC 2
. HDMI 2.1 ve DisplayPort 1.4a 1080p (Full HD), 1440p
5 Endiistriyel PC (QHD), 2160p (4K UHD) 1
6 LabVIEW Yazilimi - 1
7 Aydinlatma Sistemi Mikroskop LED halka 151k USB 5V 4 bolge 1 Set
8 Mini PC Intel Core i5 1

Calismada, alan tarama tipinde 4K ¢oziiniirliige sahip iki adet kamera kullanilmigtir. Kameraya uygun lens se¢iminde, goriis alan1 ve
sensor boyutuna bagli olarak yapilmisgtir. Lensin sekli ve netligi, olusturulan resmin boyutlarina dogrudan etki eder. Lens seciminde f
degeri formiille hesaplanir ve f - 2 < FFL < f + 2 kriterine gore bir lens segilebilir. Bu nedenle 3.5-18mm 3Mp Manuel Iris lensler
kullanilmastir.

f—G g

Yapay gorme sistemlerinde aydinlatma, 6l¢iim hassasiyetine etki eden ¢ok dnemli bir kriterdir. Otomatik parca kontrol sistemleri igin
dogrudan ve indirekt aydinlatma teknikleri kullanilir. Isigin genisligi, 1siklandirmanin konumu ve kalitesi goriintii kalitesini etkiler.
Projede serit LED aydimlatma ile indirekt aydmlatma tercih edilmistir. Is1gin optimal genisligini se¢mek icin asagidaki formiil
kullanilmigtir:

Isik genisligi (mm) = 151kl alan + (2 * kamera ¢alisma mesafesi)

Kamera ile veri isleme birimi arasindaki veri aktarimi i¢in goriintii yakalama karti kullanilmistir. Verilerin hizli ve kayipsiz bir
sekilde iletilmesi igin bu kartin kullanimi dnemlidir. Sistemde kullanilacak verilerin yogunlugu goéz oniine alinarak, islemci hizi ve
ekran kart1 yiiksek olan Tablo 1°de gosterilen dzelliklerde PC kullanilmustir.

Gelistirilen yapay gorme sistemine iliskin hata tespit test kabini Sekil 2’de gosterilmistir.

Sekil 2. Gelistirilen yapay gorme sistemi test kabini
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2.2. Gelistirilen Otomatik Hata Tespit Yazilimi

Goriintii igsleme ve kontrol yaziliminin gelistirilmesi i¢in LabVIEW NI Vision Builder yazilimu ve ilgili vision araglari kullanilmistir.
Calismada, gergcek zamanli hata tespiti ve otomatik kontrol saglayan bir goriintii isleme sistemi gelistirilmesi amaglanmistir. Goriintii
isleme yazilimi, NI firmasinin Vision Builder yazilim ortaminda ilgili yapay gorme araglarini kullanarak gelistirilmistir. Sistemde
kullanilan ara yiiz tasarimlari, sistem haberlesmesi ve kontrol algoritmalari da ayni yazilim ortamlarinda olugturulmustur. Gelistirilen
yazilima iliskin yazilim akis semas1 ve LabVIEW yazilimi Sekil 3’te gosterilmistir:

Mevcut
Kontrol

Parametreleri

G oruntiandn
Sec

Alinmasi

Yeni
Kontrol

!

Temizle

Sekil 3.a. Vision Builder AI Kontrol Akis Semasi
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e
~fimage] & | pa
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Pass/Fail Pass/Fail
Conditions [ ™ conditions

Vision Builder Al
Engine

(] T
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User Interface VI User Programming Y1 YBAI Decision Maker (Float) VI

Sekil

3.b. Vision Builder AI Kontrol AKisi

L) Y Y e e ) e 1 (1]

ead Image File 1 grayscale plane1 calibraton t Find Circular Edge 1 Find Circular Edge 2 Find StraightEdge 1~ Set Inspection Status 1 Custom Overlay-1 P ASS

WIN_20220802_00_... Diameter = 7,47 mm Diameter = 14,29mm  Distance = 1,45 Inspection Status=Pass

Sekil 3.c. Gelistirilen yapay gérme yazihm Ust Goriiniim Akisi

l— I— [—] [— I—— Inspuﬁon
3 0
Dttt -
Read Image File 1 Vision Assistant 1 planelcalibrations  Set Coordinate System Caliper 1,2 Caliper 2,2 plane2 calibrations  Caliper 3,2 Set Inspection Status 3 PASS
1
WIN_20220803_23._... Distance = 23,23mm  Distance = 6,18 mm Distance = 10,10mm  Inspection Status=Pass

Sekil 3.d. Gelistirilen yapay gérme yazihmi Yan Gériiniim Akis1
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2.3. Uretim Hattinda Ilgili Parcalarin Otomatik Kontrolii

Boliim 2.1 ve 2.2’de detaylari verilen sistem, Sekil 4’teki sisteme entegre edilmistir. Sekil 4a’da gosterilen TO1 numarali CNC iiretim
hattinin sonuna, Sekil 4b’deki otomatik kontrol sistemi entegre edilmistir. Burada A ile isaretlenen kisim, Sekil 2°de gosterilen yapay
gorme sistemi test kabinidir. Entegre edilecek sistem tezgahtan diisen parcay1 oncelikle yagdan arindiracak ve kamera kontrol
kabinine istenilen konumda gelmesi i¢in pime oturtulacaktir. Yagdan arinan ve konumlanan parca mekanik sistem {izerinde
ilerletilerek kamera kontrol kabinine getirilecektir. Kabin igerisinde dnce 6lgiimsel kontroller yapilacak, 6lgiimsel degerleri uygun ise
gorsel kontrol asamasina gegilecektir. 2 kontrol sonrast da uygun sonuglar alinmasi durumunda yazilim otomasyon ile haberleserek
parcanin ilgili kutuya atilmasini saglayacaktir.

Sekil 4.a. Gergeklestirilen sistemin uygulama alam

Sekil 4.b. Uretim hatti Kontrol Mekanik Tasarimi
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3. Gelistirilen Yapay Gorme Sistemi ile Otomatik Kontrol

Calismada tiretim hattinda TO1 nolu tezgahta iiretilen hidrolik baglanti pargalarinin gelistirilen yapay gorme sistemi ile otomatik
kontrolii gergeklestirilmistir. Gelistirilen yazilim ara yiiziinde parganin durumu OK/NOK seklinde gosterilmekte ve ¢ap, en, boy ve
uzunluk gibi Olglimsel parametreler incelenmistir. Elde edilen 6lciim gorselleri Sekil 5 ve Sekil 7 arasinda detayli olarak
gOsterilmigtir. Hatasiz ve hatal pargalar igin 6lglim sonuglar1 ve referans degerler gelistirilen ara yiizde goriilebilmektedir. Kontrol
birimleri, indikatorler araciligryla yesil veya kirmizi renkte OK/NOK ¢ikti vermektedir. Hatali pargalarin tespiti sonrasinda ana
kontrol birimi, otomasyon kontrolciisiine ¢ikt1 gondererek hatali pargalarin hattan ayrilmasini saglamaktadir.

23082072 115053 3082022 1157240

23.08.2022 11:57:14

Sekil 6. ikinci tip 6rnek parca hata tespiti

23.08.202  12:06:05

Sekil 7. fkinci tip (alt goriiniim) 6rnek parca hata tespiti

Sekil 5 ve Sekil 6’da par¢anin yandan goriiniimii i¢in kontrol gosterilmistir. Sekil 7 ise parganin {istten Sl¢im sonucunu
gostermektedir. Gelistirilen yazilim ara yiiziinde kontrol birimleri ekranin sag {ist kisminda gergeve igerisinde yazdirilmaktadir.
Cerceve igerisinde Ol¢iim ve referans degerler igin iki kisim bulunmaktadir. Yapilan kontrol sonrasinda 6l¢iim sonucu ekrana
yazdirilmaktadir ve referans deger bilgisi de ekranda gosterilmektedir. Sekil 5’te goriilecegi ilizere, parcanin referans 6l¢iisii 10,10
mm iken bu uzunluk degeri hatali oldugundan indikator kirmiziya déonmistiir. Diger sekillerde de benzer ¢alismalar goriilmektedir.
Tiim kontrol birimleri i¢in bir indikatdr olusturularak yesil renk ile gosterilmistir. Kontrol birimi istenilen aralikta degilse indikator
kirmiziya donerek ¢ikti vermektedir. Buna ek olarak par¢anin genel durumunu gosteren bir indikator de ara yiiz ekranina eklenmistir.
Bu indikator alt indikatorlerden en az birinin hata tespit etmesi durumda kirmiziya donerek ¢ikti vermektedir. Tablo 2’de kontrol
edilen pargcalara iliskin referans parametreler ile 6l¢giilen degerler gosterilmistir. Tablo 2’den de goriilecegi tizere, gelistirilen sistemin
kontrol hassasiyetinin < %1 oldugu goriilmektedir.
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Tablo 2. Gelistirilen sistemde kontrol edilen parcalara iliskin él¢ciim sonuclari

Kontrol
Edilen Uzunluk-1 Uzunluk-2 Uzunluk-3 Uzunluk-4 Uzunluk-5
Parca
Referans | Olgiilen | Referans | Olgiilen | Referans | Olgiilen | Referans | Olgiilen | Referans | Olgiilen
Deger Deger Deger Deger Deger Deger Deger Deger Deger Deger
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Parca-1 14,27 14,26 10,10 10,09 36,5 36,507 18,5 18,502 18 18,01
I-ll);tl:?‘;/i) %0.7 90,099 %0,02 %0.01 9%0,055
Parca-2 14 [ 14,009 7 [ 6991 2 [ 2005 - -
::g?;/i) 90,064 %0,13 %0,25 - -
Cap-1 Cap-2 Cap-3
Referans | Olciilen | Referans | Olgiilen | Referans | Olgiilen
Deger Deger Deger Deger Deger Deger
(mm) (mm) (mm) (mm) (mm) (mm)
Par¢a-3 19,30 19,291 12,98 12,990 9,63 | 9,633
ﬁ;‘gﬁ) %0,047 %0.077 %0.0311

4. Sonug ve Tartisma

Bu calismada, standart kamera sistemleri ile hem 6l¢iim maliyetini diisiirebilmek hem de iiretim verimliligini artirabilmek adina
%0,5-%1 seviyelerindeki hata oraninda calisabilecek akilli bir yapay gorme sisteminin gelistirilmesine ¢alisilmistir. Uygulanan
yontem ile elde edilen sonug¢ hassasiyetinin istenilen referans degerlerinde saglandig: goériilmektedir ve bununla beraber uygulanan
yéntem %0,5 - %1 seviyelerindeki hata orani ile basarili sonuglar vermektedir. Uretilen ¢dziim yontemleri, proje gereksinimlerini
dikkate alarak tartisilmis ve en uygun yontem segilmistir ve aydinlatma ve kamera sistemlerinin se¢imi i¢in 6n ¢aligmalar yapilmigtir.
Ihtiyaca uygun olarak 2 kamera ve aydmlatma sistemini iceren mekanik tasarim yapilmis, én yazilim calismalari sonucunda diisiik
hata orani1 saglayan bir yazilim altyapisi olusturulmustur.

Kullanic1 ara yiizii altyapisi olusturularak o6l¢iim sonuglart anlik olarak gosterilmektedir. Sistem tasariminda planlandigi gibi 2
kamera iizerinde kontrol islemleri gergeklestirilerek hatali/hatasiz seklinde simiflandirma yapilmaktadir. Karar mekanizmasi,
otomasyon sistemi igin uygun ¢iktilar tiretebilmektedir. Mevcut durumda iiretilen pargalarin kontroliinde kullanilan ve yurtdisindan
ithal edilen mikrometre maliyeti on binlerce Euro ile ifade edilirken, gelistirilen sistemin maliyetinin sadece mikrometre maliyetinin
%10’u bir maliyetle ve gelistirilebilir esnek bir yazilim ile gergeklestirilebilmesinin 6nii agilmigtir. Sistemin tam otomatik hale
doniistiiriilmesi ile firmada diger otomotiv yedek parga tiretim hatlarina da uygulanmasi planlanmaktadir.

Tesekkiir: Bu calisma TUBITAK TEYDEB 1501 Sanayi AR-GE Projesi kapsaminda desteklenen 3220867 numarali “Otomotiv ve
Savunma Sanayi Uretim Hatlarinda ki Pargalarin Dalgacik Déniisiimii Tabanli Yapay Gorme Sistemi ile Otomatik Kontrolii” isimli
proje kapsaminda desteklenmistir. Projeye desteklerinden dolay1 basta TUBITAK’a ve ERBAB Otomat Yedek Parca San. ve Tic.
Genel Miidiirii Sn. Ufuk ERDOGAN’a destekleri icin tesekkiir ederiz.
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Abstract

Prealbumin is a plasma protein synthesized mainly from the liver. This protein, which can be easily measured in plasma, can provide
a more timely effect as it can rapidly reflect changes in nutrition and other conditions due to its short half-life (1.8 days) (Keller,
2019; Sanchez-Lastres et al., 2003). The purpose of this research is; to evaluate prealbumin as a biomarker in the light of studies. In
publications, it is mentioned that prealbumin is an important and sensitive marker of nutritional status (Altun & Eke, 2020; Mellis et
al., 2018; Myron et al., 2007). In addition, while the c-reactive protein/prealbumin ratio was associated with mortality (Li et al.,
2017) in medical intensive care unit patients, this ratio was also associated with severe organ dysfunction (Pinilla et al., 1998). It
has also been stated that abnormal preoperative prealbumin levels (<18 mg/dL) can be considered a risk factor for surgical
complications (Bae et al., 2011). It has been reported that prealbumin has a role in predicting the prognosis (mainly survival) in
various clinical conditions such as dialysis (Sreedhara et al., 2016), gastric cancer (Shen et al., 2018), lung cancer (Shimura et al.,
2019), and cardiovascular diseases (Wang et al., 2018) We can say that early assessment of prealbumin level in patient admission
can predict long-term prognosis despite inflammation (Delliere & Cynober, 2017; Bernstein et al., 1995).

Keywords: Prealbumin, biomarker, mortality.
1. Introduction

Prealbumin is a low-weight (54-kDa) tetrameric non-glycosylated plasma protein known as transthyretin. It is mainly synthesized
and catabolized in the liver. It also has a half-life of 1.8 days. (Lopez et al., 2022; Cunningham et al., 2006; Sanchez-Lastres et al.,
2003). It is excreted by the kidney (Delliere & Cynober, 2017). Normal plasma levels are between 17 and 42 mg/dL (Lopez et al.,
2022). Prealbumin gradually increases up to age 20 and has been reported to reach the reference range for adults up to age 60. Since
sex steroid hormones control the synthesis of this protein, female values are known to be slightly below male values. It has been
noted that the lower range of values associated with elderly patients is more likely to be associated with age and decreased Insulin-
like growth factor-1. It is also stated that some experts advocate the use of prealbumin as a routine screening tool in the elderly
(Delliere & Cynober, 2017; Raynaud-Simon et al., 2001). While prealbumin levels may increase in cases of renal dysfunction,
corticosteroid therapy, or dehydration, they may decrease during physiological stress, infection, liver dysfunction, and overhydration
(Keller, 2019; Delliere & Cynober, 2017).

Prealbumin has a dual physiological role; It is one of three specific carrier proteins, both thyroid hormones and retinol, indirectly
involved in the transport of vitamin A. Hepatic synthesis of prealbumin is extremely sensitive to both the adequacy and levels of
protein and energy intakes (Delliere & Cynober, 2017; Cunningham et al., 2006; Ingenbleek & Young, 1994).

2. Prealbumin Value in Malnutrition

This visceral protein molecule has also been reported to be a transport protein, a marker of malnutrition, liver disease, and acute
inflammation (Lopez et al., 2022). Low plasma concentrations of proteins such as albumin, transferrin, C-reactive protein (CRP), and
retinol-binding proteins have been noted to act as nutritional indicators during and after infection. Albumin concentrations are
traditionally measured as an estimate of nutritional status. However, the disadvantage of this measurement is the long half-life of
albumin (18 to 20 days). Since the half-life of prealbumin is much shorter than that of albumin and transferrin (8 days), it can provide
a more timely effect, as it can reflect changes in nutritional status more quickly (Keller, 2019; Sanchez-Lastres et al., 2003). In
adults, plasma prealbumin concentrations of 16 to 25 mg/dL indicate borderline malnutrition, while concentrations below 16 mg/dL
indicate definitive malnutrition (Sanchez-Lastres et al., 2003). Protein malnutrition has been reported to be associated with impaired
host defense mechanisms, particularly cell-mediated immunity (Cunningham et al., 2006).

In publications, it is mentioned that prealbumin is an important and sensitive marker of nutritional status (Altun & Eke, 2020; Mellis
et al., 2018; Myron et al., 2007). Due to its short half-life, it has been stated that plasma concentration will return to normal as soon
as nutritional status is established (Cunningham et al., 2006; Sachs & Bernstein, 1986). It is stated that malnutrition is an important
and common prognostic factor in patients with cirrhosis. On the other hand, the diagnosis of malnutrition in patients with cirrhosis
can be difficult, and an easily measurable and widely available marker needs to be included. However, prealbumin is an easily
measured marker. In a study, prealbumin levels were measured in cirrhotic patients without clinically significant malnutrition, and
this was used as a malnutrition marker. In addition, the effect of nutritional support in patients with low prealbumin levels was also
evaluated in the study. Prealbumin can be used as an easily measurable parameter for earlier detection of malnutrition in patients with
cirrhosis and no clinically significant malnutrition. It has been shown that oral nutritional support, especially with products
containing relatively high carbohydrate levels and low protein, can positively affect MELD scores (Dag et al., 2020). However, they
are not considered sufficient to evaluate nutritional status alone, as they are affected by inflammation conditions such as infections
and liver disease (Mellis et al., 2018; Cunningham et al., 2006).
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3. Prealbumin in Inflammation and Other Pathological Conditions

Inflammatory signals are potent inhibitors of visceral protein synthesis, and the use of these proteins as biomarkers of nutritional
status has been discussed as they are strongly influenced by inflammation and less than protein energy stores (Keller, 2019). It is
stated that early evaluation of prealbumin level in patient admission can predict long-term prognosis despite inflammation. In a study,
there are results showing that values below 0.11 g/L are associated with increased mortality and hospital stay and that there is an
increased risk for values between 0.11 and 0.16 g/L (Delliere & Cynober, 2017; Bernstein et al., 1995). It has been stated that
malnutrition biomarkers, such as prealbumin, may be of interest as easily measurable predictors of prognosis for surgical outcomes
and mortality in serious diseases (Keller, 2019).

A retrospective study conducted with the data of 645 patients in our country found that the prealbumin values of patients with anemia
were significantly lower than those without (Altun & Eke, 2020). In another study, 111 hemodialysis and 78 peritoneal dialysis
patients were followed up by the study group for five years. Biochemical variables such as serum prealbumin, albumin, cholesterol,
and creatine were analyzed. Based on this study, prealbumin <30 mg/dL was reported to be the strongest variable in predicting the
risk of mortality in hemodialysis patients and increased mortality in patients on peritoneal dialysis (p=0.002 for hemodialysis patients
and p=0.035 for peritoneal dialysis patients). Among the nutritional status markers tested, prealbumin level was stated to be the best
single nutritional indicator of survival in patients with end-stage renal disease (Sreedhara et al., 2016). Increased CRP/prealbumin
ratio has been associated with mortality in medical intensive care unit patients (Li et al., 2017). Another study evaluated the
relationship between severe organ dysfunction, measured by multiple organ dysfunction score, and the ratio between two hepatic
proteins, CRP and prealbumin. The prospective study group measured serum CRP and prealbumin values of 70 patients, energy
expenditure using indirect calorimetry, and severe organ dysfunction. In the study, these three variables were reported and evaluated
by correlation between intensive care unit stay and mortality for each of them. It has been shown that there is a strong correlation
between the CRP/prealbumin ratio and single and multiple organ dysfunction in patients with sepsis (Pinilla et al., 1998). Yet another
study predicted that surgical patients' low CRP/prealbumin ratio would successfully close gastrointestinal fistulas (Harriman et al.,
2011).

A prealbumin algorithm has been proposed as a practical guide to help physicians classify general medical and intensive care patients
regarding complication risk and outcome (Delliere & Cynober, 2017). It is stated that prealbumin screening can only be performed
when an acute inflammatory condition (CRP > 15 mg/L) is excluded. A prealbumin level of <0.11 g/L has been associated with
increased mortality and length of hospital stay, and an increase of less than 0.04 g/L per week has been shown to fail nutritional
therapy (Keller, 2019; Li etal., 2017).

In a retrospective study of 319 patients, the relationship of prealbumin levels at presentation with prognosis was evaluated in stroke
patients treated with mechanical thrombectomy. Prealbumin levels were found to be significantly lower in patients older than 80
years of age, in women, in patients with a pre-stroke Rankin score >2, in patients with a glomerular filtrate rate <60 mL/min, and in
those with atrial fibrillation. In multivariate analysis, prealbumin was shown to be an independent risk factor associated with
mortality at 3 months and was reported to act as an independent predictor of long-term mortality (Lopez et al., 2022).

Prealbumin levels were found to be significantly lower than normal in patients admitted for the treatment of severe odontogenic
infection. It is stated that there may be a relationship between the length of stay and low prealbumin concentrations (Cunningham et
al., 2006).

To date, variants of prealbumin have been described, most of which are associated with varying degrees of cardiac and/or neural
tissue amyloid deposits. All known variants have been stated to result from a single amino acid substitution due to a single point
mutation in the coding region of the prealbumin gene (Ingenbleek & Young, 1994). Alzheimer's disease (AD), a progressive
neurodegenerative disorder, can only be diagnosed definitively after death. The most promising AD biomarkers identified to date
have been reported to be found in the cerebrospinal fluid (CSF). Among these, transthyretin is one of the most interesting candidates,
a thyroxine and retinol transporter bound by amyloid-p (AB). It has been suggested that it protects against AB accumulation. It has
been stated that a biomarker detectable in plasma can have great diagnostic value and can be used for determining disease
progression and monitoring therapeutic efficacy because it is more accessible than CSF-based markers. In a related study, plasma
protein levels of prealbumin were examined by immunoblotting in 90 subjects with late-onset AD and 50 age-matched non-dementia
controls, and it was shown that lower plasma transthyretin level in AD compared to control. These data suggest that plasma
prealbumin is a strong AD biomarker candidate that should be included in the development of blood-based biomarker panels for
disease diagnosis and that plasma transthyretin is also a marker of disease severity and progression (Velayudhan et al., 2012).

It is stated that preoperative nutritional status is associated with postoperative complications. Abnormal preoperative prealbumin
levels (<18 mg/dL) can be considered a risk factor for surgical complications. A study mentioned that preoperative prealbumin levels
might be a useful marker in predicting complications after gastric surgery, especially infectious complications, and even show a
higher sensitivity than albumin (Bae et al., 2011). It has also been reported that postoperative complication rates are significantly
higher in ovarian cancer patients with prealbumin levels <18 mg/dL and undergoing cytoreductive surgery (Geisler et al., 2007).
Studies have reported a role for prealbumin in predicting the prognosis (mainly survival) in various clinical conditions such as gastric
cancer (Shen et al., 2018), lung cancer (Shimura et al., 2019), and cardiovascular diseases (Wang et al., 2018).

4. Conclusion

Measuring the plasma prealbumin level is an important step in evaluating nutritional status. However, the role played by serum
biomarkers in diagnosing or monitoring malnutrition is controversial. This is due to their relatively low specificity and the fact that
underlying diseases such as inflammation greatly impact serum visceral proteins in particular. In addition, biomarkers may need to be
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investigated in large randomized controlled trials to guide nutritional therapy. Early evaluation of prealbumin may be useful in
predicting the patient's long-term prognosis in many pathological conditions such as inflammation, lung and stomach cancer, stroke,
and cardiovascular diseases. However, we can say that a biomarker such as prealbumin is a valid prognostic indicator of disease
outcome and mortality in patients at risk of malnutrition.
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Abstract

In recent times, environmental pollution has significantly increased due to agricultural practices, urbanization, industrialization, and
other factors. Water resources are also affected by this situation, and in addition, wastewater generated from human consumption
pollutes receiving environments. Biological treatment methods are widely used for the treatment of wastewater. The utilization and
removal of organic matter in wastewater by microalgae as a nutrient source play a crucial role in the sustainability of wastewater
treatment. This study aims to mathematically model the removal of nitrogen and phosphorus from domestic wastewater using
Chlorella Vulgaris algal culture. Experimental studies were conducted in a batch reactor, and removal efficiencies of nitrate
nitrogen, ammonium nitrogen, and phosphate phosphorus were examined through measurements. The results indicate that
microalgae efficiently perform the removal of pollutants process. In addition to the use of microalgae in treatment processes, a good
microalgae kinetic model is highly important for nutrient removal, microalgae biomass accumulation, and enhancing operational
settings in wastewater treatment. Furthermore, specific growth rates of microalgae according to nitrogen and phosphorus nutrients
were compared using the Michaelis-Menten equation for growth kinetics. According to the calculations, the nitrogen-based specific
growth rate (NO3™-N, NH4*-N) was determined as umax=0.053 day™, and the phosphorus-based (PO4*) specific growth rate was
determined as umax=0.061 day™.

Keywords: Kinetic modeling, Microalgaes, Chlorella Vulgaris, Specific growth rate.
1. Introduction

Excessive use of fertilizers and pesticides in urban and agricultural areas leads to serious nitrate and phosphate pollution in surface
and groundwater. Discharge of domestic wastewater, sewage, animal farms, processed food factories, and decomposition of organic
matter release nitrogen into water environments. Therefore, studies related to nitrogen and phosphorus pollution and their treatment
are of great importance [1].

Wastewater treatment using organisms such as bacteria, fungi, protozoa, and microalgae, which are capable of metabolizing
parameters such as nitrogen, phosphorus, and carbon, has been extensively researched and studied. Among these organisms,
microalgae have gained significant attention in wastewater treatment in recent years due to their fast growth rate and ability to thrive
in challenging conditions [2].

In studies, Chlorella Vulgaris has been observed to be one of the fastest-growing microalgae among various species (Gutwinski and
Cema, 2016).

In a study conducted by Sebnem A. and Ilgi K. K., the effect of ammonia nitrogen and phosphorus concentration on the removal
from wastewater by the algal species C. vulgaris was investigated, and Kinetic coefficients were determined. Experimental results
showed that C. Vulgaris was able to completely remove ammonia nitrogen and achieve 78% efficiency in phosphate phosphorus
removal. The discontinuous kinetic coefficients for the removal of ammonia nitrogen by C. Vulgaris were determined as k = 1.5 mg
NHs-N mg* chl-a d*and Km = 31.5 mg/L. Similarly, for the removal of PO4-P, the kinetic coefficients were found to be k = 0.5 mg
PO4-P mg! chl-a d* and Km = 10.5 mg/L. Therefore, the removal rate of ammonia nitrogen is higher than that of phosphorus [3].

A good microalgae kinetic model holds significant importance not only for the treatment processes involving microalgae but also for
achieving nutrient removal, promoting biomass growth, and optimizing operating conditions in wastewater treatment. The Kkinetic
modeling of Chlorella Vulgaris microalgae can help optimize water treatment processes. This modeling can be used to evaluate
factors such as nutrient input, growth rate of microalgae, biomass production, and efficiency of nutrient removal. Additionally,
through this modeling, different scenarios can be simulated to examine the impact of various operating conditions and achieve the
best performance.

Kinetic modeling involves some different mathematical equations that define the growth rate and nutrient taken of microalgae. These
equations vary depending on factors such as nutrient concentration, temperature, pH, and some operational parameters.
Understanding how Chlorella Vulgaris microalgae behaves in water treatment, these equations are developed using laboratory
experiments and data.

The Monod (1) and Droop (2) models are frequently utilized mathematical models for studying microalgae growth. These models are
employed to analyze the specific growth rates of microalgae. In Monod-type Kinetics, the maximum specific growth rate is
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determined by the nutrient limitation, whereas in the Droop model equation, the maximum specific growth rate represents the growth
rate of microalgae with an unlimited internal nutrient content [4].

The numbers of microalgaes has typically four phases over time; lag phase, exponantial growth phase, stationary phase, death phase.
The following mass balance represents for modeling microalgaes;

ax
dr (kg - kd)X @)
X is bacterial concentration, kg is bacterial growth rate and kq is bacterial death rate. kg can be taken as p.

The relationship between growth rate and concentration of substrate can be determined following emprical model;
W= Hmax s @)

umax 1S maximum growth rate when food is abundant, S is substrate concentration (mg/L) and Ks is a half-saturation concentration.
This model is sometimes called Michaelis-Menten model and also referred as Monod model [5].

(4]

U = Wmax m (€)]
_ o1 Q
Up = uD,max (1 q ) (4)

Monod and Droop models are often associated with equation 5.

WmPm

— 5]
Bn — Wm@Qo ®)

Up,max =

um is Monod specific growth; pp is represented as Droop specific growth rate; pump is indicated as Droop maximum specific growth
rate; [A] is denoted concentration of the nutrient A (mg/L); Qo is minimum cell quota; q is cell quota; pm is represented as maximum
nutrient uptake rate per cell [4].

Although studies have shown that the Droop model can accurately reproduce the dynamics of microalgae growth, the Monod model
is more commonly used by researchers due to the ease of measuring the external nutrient concentration in the culture medium. While
the Droop model takes into account the internal nutrient concentration, the Monod model is preferred due to its simplicity and ease of
application in experimental studies, where the relationship between substrate concentration and the specific growth rate of
microalgae is straightforward. However, in specific studies where the internal nutrient concentration is significant and can better
explain growth dynamics, the Droop model is employed. There are also different models about growth rates [4].

This study aimed to model the removal of pollution from domestic wastewater using Chlorella Vulgaris algal culture. The data for
modeling were obtained in a laboratory environment using a batch reactor. The nitrogen and phosphorus-based specific growth rates
of the microalgae were compared by employing the Monod equation to analyze their growth kinetics.

2. Material and Method

The aim of this study is to determine the biological treatment capacities of Chlorella Vulgaris algae culture in water, besides to
measure specific growth rates based on nitrogen and phosphorus nutrients.

The surface water sample was obtained from the discharge point of Eskisehir Municipal Wastewater Treatment Plant outlet to the
Porsuk Stream. Sampling location is shown in the Figure 1.

The experiment was set up using a batch reactor equipped with an Imhoff cone. Air was introduced into the system through a diffuser
located at the lower part of the funnel. To provide illumination, a blue-red LED light source was utilized. A parabolic reflective
surface covered with aluminum foil was placed around the cone to enhance the efficiency of the light source. In addition to
monitoring NO3'N, NH4*-N, PO4*, pH, and temperature values, chlorophyll-a measurements were conducted to observe the growth
stages of the algae. pH adjustment during the experimental studies was carried out manually.

The experiments for NOs-N, NH4*-N, and PO4% were conducted using the Hach DR2400 VIS spectrophotometer. Chlorophyll-a
measurements, on the other hand, were performed using the Turner Design Aqua Fluor Fluorometer/Turbidimeter device to obtain in
vivo Chl-a values[6].

After these experiments, calculations about kinetic modeling has been done. The microalgae growth kinetic model used the Monod
model to account for nutrient limitations. Components of microalgae growth kinetic model include nitrogen types as NOs  and NH4*
and phosphorus type as PO4%.
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Figure 1. Porsuk Stream sampling point

3. Results and Discussion

Total ammonium nitrogen- nitrate nitrogen and phosphate concentrations in experiments with Chlorella Vulgaris in wastewater are
shown in the graphs below (Fig.2).

PO4* Chl-a

Concentration of PO43-{mg/L)

0 n % L A 0 n U LU AT

Time (hour) Time (hour)

Ammonia-N+Nitrate - N

0 n 21 a 1915 69
Time (hour)

Con.of Ammonia + Nitrate-N {mg/L)
o

Figure 2. PO4*, Chl-a, total NO3" and NH4* concentration changes in Porsuk Stream samples
Equation 1 and 2 are combined together and solved with linear methods.

dX N
T (kg = kaq)X W= Hmax s
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X is taken as Chl-a concentration values, S is substrate concentration which is total NOs™ and NH4*, and PO4*. Since it is not known
which type of nitrogen the algae primarily uses, the sum of nitrate and ammonia nitrogen was used as a nutrient. For substrate total
NOs™ and NH4*, umaxis 0.053 day 1, Ks is 0.028mg/L, and for substrate PO4%, umax is 0.061 day 1, Ks is 0.042 mg/L.

Substrate NO; and NH,’
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[ ]
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(28]
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Figure 3. Model and experimental results for substrate NO3z™ and NH4*
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Figure 4. Model and experimental results for substrate PO4*

The successful outcomes obtained from the application of microalgae in the elimination of nitrogen and phosphorus from domestic
wastewater lead to the conclusion that their utilization is highly effective. Algae have been observed to actively contribute to the
restoration of both wastewater and natural bodies of water. Moreover, their ability to rapidly and efficiently utilize the excess
nutrients present in wastewater makes them a valuable asset in the treatment process. When employed in wastewater treatment,
microalgae demonstrate their significant role, offering an economical approach with numerous advantages.

The maximum specific growth rate (umax) Of microalgaes tends to be similar for nitrogen and phosphorus nutrients across different
substrates. However, it is expected that the substrate affinity constant (Ks) would differ, considering the variations in nutrient
concentrations and utilization patterns. Since nitrogen and phosphorus have different concentrations and are utilized by microalgae at
different rates, the Ks values would reflect these discrepancies. The Ks values for nitrogen and phosphorus would be distinct,
accounting for the specific nutrient requirements and uptake dynamics of microalgae for each nutrient.
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The incorporation of a reliable microalgae kinetic model holds great significance not only in treatment procedures but also in
achieving efficient nutrient removal, promoting biomass growth, and optimizing operational parameters in wastewater treatment. A
robust microalgae kinetic model serves as a valuable tool for accurately predicting and understanding the dynamics of nutrient
uptake, biomass production, and the influence of various operating conditions. By utilizing such a model, wastewater treatment
processes can be fine-tuned and optimized to enhance overall system performance and achieve desired treatment outcomes. In
conclusion, the kinetic modeling of Chlorella Vulgaris microalgae in water treatment can contribute to the development of more
effective and efficient water treatment processes. This modeling provides a better foundation for understanding and optimizing the
behavior of microalgae, enabling sustainable use of water resources and environmental protection.
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Abstract

In the study, a two-dimensional axisymmetric model was applied for hydrogen storage in metal hydride reactors. This model was
used to analyze how the charge variables of storage materials with different thermal conductivities affect the hydrogen absorption
process. In this context, the effects of ENG (expanded natural graphite) additive and copper coating method on hydrogen storage of
LaNi5 based hydrogen storage alloy to improve thermal properties were investigated in detail. In addition, the variation of
temperature and H/M ratios over time, which are among the process parameters affecting the hydride formation, were investigated.
It has been observed that the heat released due to the exothermic reaction must be removed from the reactor and that it causes an
increase in the equilibrium pressure at high temperatures, thus hydride formation slows down at high temperatures. The main aim of
the study is to examine which parameters can be changed to obtain the desired metal hydride behavior and to numerically examine
the process parameters affecting hydrogen storage. Simulation studies have shown that the permeability and thermal conductivity of
metal hydride are important process parameters for metal hydride reactor design.

Keywords: 2D-Axial Symmetrical Simulation, Thermal Conductivity, Copper Coated LaNis, Expanded Natural Graphite
1. Giris

Komiir, ham petrol ve dogal gazdan olusan fosil kokenli yakitlar yenilenemez ve gevreye biiyiik zarar verirler. Hidrojen ise hem
yenilenebilir hem de ¢evre dostudur. Ancak, hafifligi ve gaz halide bulunmasi nedeniyle, depolanmastyla ilgili sorunlar vardir.
Ayrica pratik hidrojen depolamasi biiyiik 6lgekte hidrojen ekonomisinin basarisinin dniinde en biiyiik engel teskil ettigi diistiniilebilir
[1]. Giiniimiizde birgok otomotiv firmasi yakit hiicreli tasitlarini piyasaya siirmiistiir. Dolayisiyla hidrojenin depolanmasi énem
kazanmigtir. Hidrojen ¢esitli fiziksel ve kimyasal yontemlerle depolanabilmektedir. Her depolama tekniginin kendine gore avantajlari
ve dezavantajlari vardir. Klasik depolama yontemlerine gore (sivi, gaz halinde) metal hidriir reaktorlerde hidrojeni diisiik basingta ve
sicaklikta daha kiiciik bir hacimde depolamak miimkiin olmaktadir. Metal hidriir depolama metodu hidrojenin bazi alagimlarla
reaksiyonu prensibine dayanmaktadir. Hidrojen kullanilmak istendiginde metal hidriir reaktdriin bir miktar 1sitilmasiyla istenilen
miktarda hidrojen geri alinabilmektedir. Metal hidriir depolama metodunun getirdigi avantajlarla gelecekteki depolama metodu
olacagi diistiniilmektedir [2]-[3]. Son yillarda bu konuda bir¢ok ¢alisma yapilmistir [4]-[5]. Jemni ve Nasrallah [6] , metal hidriir
reaktorlerinde absorbsiyon islemi i¢in iki boyutlu bir matematiksel model gelistirmislerdir. Reaktér geometrisi, 1s1 transfer katsayisi
ve sarj basinci gibi proses parametrelerinin hidriir olusumu tizerindeki etkilerini arastirmislardir. Diger bir ¢alismalarinda ise hidrojen
akigin hesaba katarak kat1 ve gazin termal dengesini incelemisler ve reaktorde olusan 1s1 ve kiitle transferini karakterize eden bir
matematiksel model gelistirmislerdir [7]. Kaplan ve Veziroglu [8], metal hidriir reaktdriindeki hidrojen depolamasint sayisal olarak
incelemislerdir. Calismalarinda, hidriir yatagidaki kompleks 1s1 ve kiitle transferi ile kimyasal reaksiyonu dikkate almislar ve sayisal
sonuglarin  hidriir olusumunun denge basincindan Onemli Olgiide etkilendigini gostermislerdir. Satheesh vd. [9] ise,
MmNis.eAlo.4/MmNissFeo.s hidriir ¢ifti ile ¢aligan bir metal hidriir sogutma sisteminin sayisal analizini yapmiglardir. Birlestirilmis
reaktor ¢iftinde zamana bagli 1s1 ve kiitle transferleri igin bir silindirik model olusturularak, iki boyutlu matematiksel modelde
niimerik olarak ¢6zilmiistiir. Reaktorlerde, sicaklik dagilimi, hidrojen konsantrasyonu ve denge basincinin, sabit ve degisken cidar
sicakliklar1 sinir sartlarina etkisini aragtirilmigtir. Baldissin ve Lombardo [10], LaNisgAlo.2 alagimlarinda hidrojen absorpsiyonu ve
desorpsiyonu i¢in iki boyutlu bir matematiksel model gelistirmisler ve modelin gegerliligini deneysel olarak ispatlamislardir. Model
bir enerji, kiitle ve bir momentum dengesinden olugsmustur. Bu diferansiyel denklemler sonlu elemanlar yontemi kullanilarak
COMSOL yazilimmda niimerik olarak ¢oziilmiistiir. Teorik ve deneysel sonuglar karsilastirildiginda metal hidriirlerde hidrojen
depolamanin en dnemli tarafi kullanilan reaktorlerin 1s1l karakteristikleri, 1s1 degistirici 6zellikleri: toplam 1s1 transfer katsayis1 h ve
efektif 1s1] etkenligi k en 6nemli parametrelerdir. Mellouli vd. [11], yaptiklar1 ¢alismada, yakit pili kullanan araglar igin, kanatl
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spiral borularla donatilmig 1s1 degistiricili metal hidriir hidrojen depolama tanklarinda 1s1 ve kiitle transferinin optimizasyonu iki
boyutlu bir matematiksel model gelistirilmistir. Model niimerik olarak ¢oziilmiis kompleks 1s1 ve kiitle transferini de hesaba katarak
deneysel verilerle karsilagtirilmis ve iyi sonuglar elde edilmistir. Jiao vd. [12] LaNis’in kullanildigi metal hidriir tanklarinda hidrojen
absorpsiyon proseslerinin ¢esitli calisma sartlariin daha iyi anlagilmasi i¢in bir matematiksel model gelistirmistir.

Bu ¢alismada; reaktorde sarj/desarj islemi sirasinda meydana gelen akist géz oniine alan, kompleks 1s1 ve kiitle transferini kapsayan
bir matematiksel model gelistirilmistir. Matematiksel model ilgili diferansiyel denklemlerin, sonlu kontrol hacimleri iizerinde
matematiksel integrasyonuna dayanan bir sayisal yontemlerle ¢oziilmiistiir. Reaktor igerisinde meydana gelen akisin, sistemdeki
sicaklik dagilimindan kaynaklanan basing farkindan kaynaklandig: diistiniilmiistiir.

2. Bulgular ve Tartismalar
2.1. Matematiksel Model
2.1.1. Geometri ve Orgii (Mesh) Yapist

Calisma kapsaminda olusturulan iki boyutlu (2D-Eksenel Simetrik) model geometrisi detaylari ile Sekil 1’de verilmistir. Olusturulan
matematiksel model geometrisine fizik tanimlamalarindan sonra COMSOL Multiphysics ticari yazilimi kullanilarak orgii atamasi
gerceklestirilmistir. Sayisal ¢alisma kapsaminda olusturulan modelde kullanilan hiicre geometrinin ¢6ziim kolaylig1 agisindan kare
mesh tercih edilmistir. Tasarlanan kanatgiksiz metal hidriir reaktorii 100 mm uzunlugunda, 19 mm dis ¢apinda ve 1.75 mm et
kalinligindadir.

Girig/Cikig

Dogal Taginim

Simetri Ekseni

Sekil 1. Reaktor geometrisi

Smir sartlarinda, smir duvarlar i¢in kayma ve akis olmayan kosullar tanimlanirken, reaktdr duvar ile ortam havasi arasinda dogal
tasinim tanimlanir. Akiskan akigini, 1s1 ve kiitle transferini ve reaktordeki metal hidrit islemini karakterize eden kimyasal
reaksiyonlari yoneten bir matematiksel model gelistirilmistir.

2.1.2. Kullanilan Denklemler
Hidrojen Kiitle Dengesi
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Hidrojen ideal gaz kabul edilecek ve basing hesaplanmasinda
evrensel gaz sabiti ve Mg ise hidrojenin molekiil agirligidir.
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Kat1 Fazin Kiitle Dengesi
Kati faz kiitle dengesi asagidaki denklemle ifade edilir.
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Burada SD go6zenekli ortamdaki akigskanin kaynak terimi olup, Darcy kanunundan elde edilir
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Burada K gozenekli ortamin gegirgenligidir.
Enerji Denklemi
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Burada ur, ve uz sirayla r ve z yoniindeki hiz bilesenleri, pe, Cpe, keff sirayla efektif yogunluk, 6zgiil 1s1, 1s1l iletkenliktir. (pCp)e
ifadesi;
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esitliginden hesaplanir. Burada ¢ gozeneklilik oranidir. Efektif 1s1l iletkenlik,
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PN +(1-6)K° ®)

seklinde yazilabilir. Burada kg gaz fazin, ks ise kat1 fazin 1s1 iletkenlik katsayisidir.
Reaksiyon Kinetigi

ST, ekzotermik hidrojen sarj reaksiyonu sirasinda ortaya ¢ikan veya endotermik hidrojen desarj reaksiyonu sirasinda gerekli olan 1s1l
enerjiyi ifade eden enerji kaynak terimini gostermektedir. Enerji denkleminde, esitligin sag tarafindaki son ifade transfer olan 1s1

kapasitesini ifade etmektedir. Dolayistyla;
_ g m
St =S, |:AH -T (cp =

Depolanan hidrojen miktar1 reaksiyon oraniyla dogrudan ilgilidir ve asagidaki (10) denklemle ifade edilir. Reaksiyon, denge
basincina bagh olarak metal hidriirii olusturmak igin saga veya hidrojeni serbest birakmak i¢in sola dogru ilerler. Sayisal modelin
asagidaki denklemleri karsiladigimdan emin olmak icin denge kosullar1 ve bazi kisitlamalar eklenir buna gore sarj veya desarj
olmasina karar verilir. Reaktore depolanan hidrojen miktari;

Sayet ; pg > peqa : Sarj islemi gergeklesmesi durumunda;

E P
a g
Sma =Caexp| —— |In| —— (/’sat —pm) )
RT
€da
pega > pg > pegd;
Sm =0 (10)

Benzer sekilde reaktdrden alinan hidrojen miktari ise,

pg < pegd : Desarj islemi gerceklesir.

RT P

eqd

E P _Pe
S.. =C, exp(— —djln ——2 (" pi) (11)

bagmtidan hesaplanabilir. Burada Sm depolanan/bosalan hidrojen miktar1 2 ve 9 malzemeye bagh sabit, Psat kat1 fazin

ega

doymus durumdaki yogunlugu, ¢ gaz basinci ve °? denge basmcini olup, ve o asagidaki denklem kullanilarak

bulunacaktir [13].

Pea
In—=%=0.13 (12)
eqd

Sarj/desarj islemini simiile edebilmek i¢in bu denklemler ayni anda niimerik olarak ¢dziilmiistiir. LaNis alasiminda hidrojen desarj
islemi esnasinda denge basinci deneysel olarak dl¢iilmiis olup Denklem (13)’de gosterildigi gibi dokuzuncu dereceden bir polinom

f(H
fonksiyonu olarak ( A") ¢Oziilmistiir [4].
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; AH  AS ; H)" AH[ 1 1 )
= ——— |+a. + ag| — | |exp| —| —————
®dd RTref R 0 n=1 "M

2.1.3. Niimerik Calisma

Hidrojen sarj islemi sirasinda hidrojen akis hizi ve metal hidriir reaktér geometrisinin hidrojen sarj islemi tizerindeki etkisini
incelemek igin iki boyutlu eksenel simetrik bir model olusturulmustur. Olusturulan model teorik olarak ¢oziilerek 10 bar basing
altinda reaktdorde meydana gelen ekzotermik reaksiyonlar ve reaktor geometrisinin hidrojen sarj islemine etkisi incelenmistir. Metal
hidriir reaktoriin sematik gosterimi Sekil 1. 'de verilmistir.

Etkili bir hidrojen depolama igin 1s1 transferinin yonetimi olduk¢a 6nemli oldugu kadar, depolama malzemesi i¢in s6z konusu olan
kritik konular, sarj/desarj edilen hidrojen miktari, hidriiriin termal kararliligi, hidriirlenme/dehidriirlenme kinetigi, kristal yapilari,
termodinamik ve termofiziksel 6zellikleridir. Simiilasyon ¢aligmasinda, hidrojenin serbest akis1 Navier-Stokes ve gozenekli malzeme
icerisinde nasil bir akig davranisi ger¢eklestirdigi Brinkman denklemleriyle, reaktor ve sogutucu arasinda gergeklesen konvansiyonel
ve 1s1 iletimi 151 transferi modiilii ile gergeklestirilmistir. Bununla birlikte metalin yogunlugunun degisimi ODE ve DAE diferansiyal
denklem modiililyle yapilmistir. Calismada, hidrojen depolama malzemelerinin termal iletkenligini iyilestirmek i¢in depolama
malzemesi farkli oranlarda bakir ile kaplanmis ve ENG ile katkilandirtlmistir. Ayrica; Metal hidriir reaktorlerde sicaklik dagilimin
belirlemek i¢in reaktorlerin z ekseni boyunca 15, 40 ve 65 mm’lere ii¢ adet termokupl yerlestirilmistir (Sekil 2). Hidrojen reaktore
sarj edilmeden 6nce basing ve sicaklig sabittir. Hidrojenin sicakligi 290 K olup sogutucu akiskan giris sicakligina esittir.

H2

Sekil 2. Termokupllarin reaktor iizerindeki yerlesme planmi

Reaktorde z = 15, 40, 65 mm konumunda 10 bar sarj basinglarinda 4000 s boyunca zamana gore sicakligin degisimi Sekil 3 ve 4’ te
verilmistir. 10 bar basing degerinde depolama malzemesi, yaklasik 500 s stirede maksimum sicakliga ulagilmis daha sonra reaksiyon
azaldig1 i¢in sicaklikta reaksiyonlara bagli olarak diismeye baslamis 4000 s sonunda oda sicakliklarina gelmistir. Sekil 3 ve 4’te
goriildigi gibi t=100 s sonunda reaktordeki sicaklik artmaktadir. Sicakligin yatakta 6nemli 6lgiide artmasinin sebebi, meydana gelen
reaksiyonun ekzotermik bir reaksiyon olmasindan kaynaklanmaktadir. Reaktdr ¢evreden sogutuldugu igin, cidara yakin olan
bolgelerde sicaklik diismektedir. Sekil 3 ve Sekil 4’te 100 ve 500 saniye sonunda kimyasal reaksiyon reaktoriin merkezinde devam
etmekte, dolayisiyla merkezdeki sicaklik yiiksek olmaktadir. 2500 ve 3000 saniye sonunda sicaklik gradyaninin iyice azaldigi
goriilmektedir. Bunun sebebi ise metalin doyma durumuna yaklagmas: ve kimyasal reaksiyonun yavaslamasidir. Sekillerden de
goriildiigii gibi metal doyma durumuna iyice yaklagmistir.
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Sekil 3. Farkh oranlarda Bakir ile kaplanmis LaNi5 reaktoriin a)15 mm b) 40 mm c) 65 mm ‘deki sicaklik degisimi
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Sekil 4. Farkl oranlarda ENG ile katkilandirilmis LaNis reaktoriin a)15 mm b) 40 mm c¢) 65 mm ‘deki sicaklik degisimi

Reaktdr ¢evreden dogal olarak sogutuldugu i¢in reaktdr duvarina yakin bolgelerde sicaklik diiser. Sonug olarak, reaksiyonlar z= 40
mm'de 15 mm ve 60 mm'e gére daha yavas gergeklesir. Bu durum 40 mm'nin reaktoriin ortasinda olmasina ve digerlerine gore yeterli

sogutmanin olmayabilecegine baglanabilir.
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Sekil 5. Farklh oranlarda Bakir ile kaplanmis depolama malzemesinin hidrojen depolama miktari

Termal iletkenlikleri iyilestirilen depolama malzemelerinde yaklasik 60-150 s’de reaksiyon hizli bir sekilde gerceklesmektedir. LaNis
depolama malzemesinin hidrojen kiitlesi 0,69 g gelirken bakirla kaplanip termal ozellikleri oldukca iyilestirilen depolama
malzemesinin 0,40 gram olarak 6lgiilmiistiir.

0,8
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0,0 T T T
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Sekil 6. Farkh oranlarda ENG ile katkilandirilmis depolama malzemesinin hidrojen depolama miktari

Calismalar kapsaminda ENG katkili depolama malzemelerinin termal iletkenlikleri oldukea iyilestirilmistir. Hidrojen absorbsiyonu
yaklasik % 70-90 civarinda iyilestirilmigtir. Fakat artan katki maddesine bagli olarak hidrojen depolama miktar1 neredeyse yari
yariya diismiistiir. Ornegin termal 6zelligi % 1380 iyilestirilen, % 20 ENG katkili depolama malzemesini hidrojen depolama miktari
0,36 gram, % 1 ENG 0,71 g, % 5 ENG 0,61 g, % 10 ENG katkilida ise 0,48 g olarak ol¢lilmiistiir.

3. Sonuglar

Calismada, gelistirilen matematiksel model, hidriir/dehidriir olusumunun temel mekanizmasini anlamaya ve yorumlamaya katkida
bulunmustur. Hidrojen depolama malzemelerinin termal 6zelliklerini iyilestirmek i¢in depolama malzemesine farkli oranlarda bakir
ile kaplanmis ve ENG ile katkilandirilmistir. Bunun sonucunda tasarimi yapilan reaktérde meydana gelen sicaklik degisimleri ve
depolanan hidrojen miktar1 gézlemlenmistir. %10-100 arasinda bakir kapli numunelerin termal 6zelliklerinde iyilesme (yaklasik 7,5
kat) olurken 9%1-%20 arasinda (13,5 kat) ENG katkili depolama malzemesine gore daha azdir. Depolama miktarlari ise her iki
malzemedede katkilandirilan oran kadar diismiistiir.

4. Isimlendirme

Ca Absorpsiyon hizi sabiti (s

Cd Desorpsiyon hizi sabiti (s

¢’ Hidrojen 1s1 kapasitesi (Jkg?K™)
cP Metal 1s1 kapasitesi (JkgtK?)

Ea  Absorpsiyon i¢in Aktivasyon enerjisi (Jmol™?)
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Desorpsiyon igin Aktivasyon enerjisi (Jmol™)
Etkili termal iletkenlik (Wm™ K1)

Hidrojen termal iletkenligi (Wm™K™1)

Metal termal iletkenligi (Wm* K1)

H2 molekiil agirlig (kgmol™)

Metal molekiil agirligi (kgmol™)

Hidrojenin Basimc: (Pa)

R Universal gaz sabiti (Jmol® K1)

Sm Kiitle kaynagi (kg/m3s)

St Enerji kaynagi (W/m?3)

AH
AS

€

n

Reaksiyon 1s1s1 (Jmol?)

Reaksiyon entropisi (Jmol-1 K1)
Gozeneklilik

Hidrojen dinamik viskozitesi (Pas)

pemp Hidrojensiz metal yogunlugu (kgm)

Psat
Py

Doymus metal hidriir (kgm)

Hidrojenin yogunlugu (kgm)

pm  Tlk metal hidriir yogunlugu (kgm3)
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Abstract

In the study, ground and unground forms of commercially purchased LaNis powders are subjected to Cu coating processes to
provide a rapid transfer of the heat generated by the binding of Hz to the material. In order to reveal the Hz storage characteristics
of the coated and uncoated LaNis powders, numerical analyzes of the synthetically generated LaNis powders are carried out. After
the properties and general characteristics (powder sizes and distributions) of the studied powders are experimentally determined,
these values are defined as input in Digimat software and synthetic microstructures are created. In the experimental investigations, it
is determined that the powders are mostly in spherical form. Accordingly, the same definition is used in the relevant software to form
global production of powders. Synthetic microstructures are produced by Log-Normal function after characterizing the test data
showing the size and distribution of the particles. The effects of different coating thicknesses on the hydrogen storage process are
then investigated numerically and experimentally. In the study, the thermal conductivity of the storage material coated with copper is
improved by around 200%, resulting in a decrease in the hydrogen charging time and an increase in the stable discharge time. The
obtained materials are characterized by SEM, their densities are measured with Helium Pycnometer device, thermal conductivity
coefficients are measured with Hot Disk Thermal Constants Analyzer device and particle size distribution is measured with Master
Sizer device. Time-dependent variations of Hz storage amount are studied for coating thicknesses of 0.8, 1, 1.2 and 1.4 um. After 50
seconds, LaNis powders are completely bound with Hz for the selected volume. However, the storage rates are different. It is also
observed that the storage rate slows down as the coating thickness increases.

Keywords: LaNis, Hydrogen storage, Synthetic microstructure generation
1. Giris

Metal hidrit sistemleri, yakit hiicreleri i¢in hidrojeni depolamanin sabit ve mobil uygulamalar icin termodinamik veya
elektrokimyasal ig tiretmenin giivenli ve etkili bir yolu haline gelmistir [1]-[4]. Tiim hidrojen depolama teknikleri arasinda en yiiksek
hacimsel kapasiteye ulagsmiglardir. Su anda ise gravimetrik depolama yeteneklerini gelistirmek igin yeni hidriir bilesikleri
gelistirilmektedir [5]. Sarj ve desarj islemleri sirasinda alinip verilen 1s1 enerjisi oldukeca biiyiiktiir (LaNis hidrit i¢in hidrojen gazi
molii basina yaklasik -30,8 kJ ) [6]. Metal hidriirler diisiik termal iletkenlige sahip oldugundan (ABs tozlar1 i¢in yaklasik 0,1W/mK),
genellikle hidriir reaktoriiniin i¢ine ek bir 1s1 transfer malzemesi eklemek gerekmektedir [7]. Metal hidriirlerin diisiik olan termal
iletkenligini artirmak amaciyla metal hidriir malzemeler ve yiiksek termal iletkenlige sahip malzemeler gesitli teknikler yardimiyla
tek bir kompozit malzeme haline getirilmektedir. En sik rastlanan katki malzemeleri ise bakir ve aliiminyum, Genislemis Dogal
Grafit (ENG), grafen ve diger karbon tiirevleri olarak 6ne ¢ikmaktadir [8]-[11]. Bu konuda ¢ok sayida deneysel ve niimerik ¢alisma
yapilmigtir. Deneysel ¢aligmalar arasinda, Kim vd. [12] 1-2 pm bakir kaplamanin termal iletkenlikte 0,22 W/mK- 6 W/mK'nin
tizerinde 6nemli bir artisa yol agtigin1 gostermistir. Lee vd., [13] ¢esitli kaplama siireleri i¢in bakirla kaplanmis cesitli metal hidrit
tozlarinin (LaNis, CaosMmo.sNis ve LaNis7sAlo2s) termal iletkenligini deneysel olarak c¢alismiglardir. Bakir kaplamanin metal
hidriirlerin termal iletkenliklerini iyilestirdigini ve kaplanmis metal hidritlerin 3 W/mK ile 6 W/mK arasinda degisen termal
iletkenlik degerleri gosterdigi bulmuslardir. Ayrica Kim ve Kim [14]’de termal iletkenligi 1,2 W/mK olan geleneksel metal hidriir
tozuna kiyasla bakir kapli halka seklindeki metal hidriir peletlerin termal iletkenliklerini % 400-600 civarinda artirdiklarmi ve
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hidrojen sarj siiresini %15-20 azalttiklarini bildirmislerdir. Niimerik calismalarda ise, Freni vd. [15] LaNis metal hidriir alagiminin
kullanildig1 bir metal hidriir depolama sistemi {izerinde 3D dinamik simiilasyon ve niimerik analizler gergeklestirmistir. Gelistirilen
model, 1s1 ve kiitle dengesine dayanmaktadir. COMSOL yazilimi ile gergeklestirilen simiilasyon calismasinda, konu ile iligkili
parametrelerin hidrojen sarj basinci, gegirgenlik ve metal hidrit tankinin 1s1l iletkenligi oldugu kaydedilmistir. Gambini vd. [16] ve
Muthukumar vd. [17] , bir depolama alasimi (MmNiseFeo4) kullanilarak hidrojen kiitle akisi, sicaklik, basing gibi parametreler
sayisal olarak incelenmistir. Talaganis vd. [18] metal hidriir malzemesinin kullanildig1r hidrojen depolama ve 1sil sikistirma
cevrimlerinin basitlestirilmis bir modelini olusturarak analizler yapmustir. I¢ 1s1 iletim degerini ve 1s1 transfer alanim arttirmak igin
kiiglik ¢apli bir¢ok tiip tercih edilmis, gergeklestirilen simiilasyonlarda hidrit malzeme kiitlesi, ortalama yatak sicakligi, denge basinct
ve reaksiyon oranmi parametrelerinin iligkileri incelenmistir. Chunk vd. [19] LaNis metal hidrit malzeme kullanarak hacim
genlesmesinin ve 1s1 transferinin hidrojenin absorpsiyon ve desorpsiyon islemleri iizerindeki etkilerini niimerik olarak
incelemislerdir.

Bu calismada, gozenekli yapidaki depolama malzemesinin mikro seviyede incelenmesi amaciyla sentetik olarak mikroyapilarin
iretim caligmalar1 gergeklestirilmistir. LaNis malzemesinin 1s1 iletim siireglerini iyilestirmek adina uygulanan Cu ile kaplama
yontemi de galisma kapsaminda modellenmistir. Bakir ile kaplanmig depolama malzemelerinin 1s1 iletim siireclerini degerlendirmek
icin deneysel ¢alismalar ve farkli kalinliklarda kaplamalar gerceklestirilmistir.

2. Materyal ve Metod

Farkli miktarlarda bakar II siilfat penta hidrat (CuSO4.5H20, Zag Kimya, Tiirkiye) tozlar1 500 ml saf su igerisinde ¢oziiliip lizerine bir
ka¢ damla siilfiirik asit (H2SO4, Merck, Almanya) ilave edilmistir. Karisim magnetik karigtirict yardimiyla ¢oziiliinceye kadar
karigtinlmigtir. Optimize edilen miktarda LaNis (Changsha Easchem Co., Cin) tozlar1 karisima ilave edilir ve kaplama islemi
gerceklestirilmistir [20]. Malzeme saf su ve etil alkol ile iki defa yikandiktan sonra siiziiliip oda sicakliginda kurutulmustur (Sekil 1).

S ———————

i

LaNis’in
Bakirla Magnetik
Kaplanmasi Karistirica

il

Bakir Kaph LaNis
Tozu Siizme

Bakir Kaplama Prosesi

Calisilan tozlarin 6zellikleri genel karakteristikleri (toz boyutlar1 ve dagilimlari) belirlendikten sonra bu degerler Digimat yaziliminda
girdi olarak tanimlanarak sentetik olarak taneler iiretilmistir. Burada deneysel olarak yapilan incelemelerde tozlarin ekseri kiiresel
formda olduklar1 belirlenmistir. Buna bagl olarak ilgili yazilima tozlarin kiiresel olarak {iretilmesi noktasinda tanimlamalar
yapilmistir. Toz dagilimlar ile ilgili yapilan ol¢iimlerde de toz boyutlarinin ve bunlarin miktarlarinin dagilimini gésteren deney
verileri Log-Normal fonksiyonu ile karakterize edilerek sentetik mikroyapilar tiretilmistir.

3. Bulgular ve Tartismalar
3.1. Depolama Malzemelerinin Karakterizasyonlari

Ticari olarak satin alinan LaNis ve bakir ile kaplanmig LaNis tozlarinin SEM analizleri Sekil 2.’de gosterilmistir. LaNis tozlarinin
daha cok kiiresel formda oldugu goriilmektedir. Istenilen mikroyapilar iiretildikten sonra gerekli analizlerin gerceklestirilmesi adina
geometriler farkli formatlarda export edilmis ve Comsol yazilimina aktarilmistir.
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Sekil 2. Sem Gériintiileri a) Ticari LaNis tozlar1 b) Bakir ile kaplanmis LaNis tozlari

LaNis tozunun tane boyut analizinde tozlarin herbirinin ortalama ¢apt 19,8 um 6l¢talmistiir (Sekil 3).

*] D(10)=5,04pum
sl D(50)=19.8um
D(90)= 5.10 um

Hacimsel yogunluk (%)

o

2

0,01 0,1 1,0 10,0 100,0 1000,
Tane boyutu (pum)

Sekil 3. Ticari LaNis tozlarimin Tane Boyut Analizi

LaNis yogunlugu 7,8729 g/cm? olarak 6lgiilmiistiir. Bakir ile kapli tozlarin yogunlugunun ise 7,1897-7,3835g/cm? arasinda degistigi
goriilmiistiir. Termal iletkenligini dlgiimleri islenmemis LaNis tozunun termal iletkenliginin 1,2 W/mK, bakir kapli LaNis tozlarinin
ise 0,8-1,4 pm arasinda degisen bakir kaplama kalinligina bagl olarak % 200’e varan artigla 2,1-3.6 W/mK arasinda degisen termal

iletkenlige sahip oldugu gostermistir.
3.2. Sentetik Mikroyap1 Analizleri

Sentetik olarak iiretilmis metal hidriir ve bakir kaplamalarin drnek bir goriiniimii Sekil 4’te verilmistir. Sekilde LaNis tozlar kirmizi,
bakir kaplama ise mavi renk ile gosterilmistir.
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(@) (b)
Sekil 4. Sentetik olarak olusturulmus LaNis (a) ve LaNis-Cu (b)

(b)

Sekil 5. LaNis (a) ve bosluk (b) ag yapis1

Kullanilan tipik ag yapisi 6rnekleri Sekil 5’te verilmis olup yapilan analizlerde Laminer akis fizigi, sistem igerisinde H2 akisinin
modellenmesi amaci ile kullanilmistir. Heat Transfer in Fluids fizigi ile depolama esnasinda olusan 1sinin transferi hesaplatilmistir.
Bununla birlikte Hz’nin LaNis igerisine baglanmasinin modellenmesi amaci ile de Transport of Diluted Species fizigi kullanilmustir.

Analizler ilk olarak kisa siireli periyodlar igin kosturulmustur. Yapilan ¢aligmalarda depolama isleminin kontrolii ise ilgili LaNis
malzemesinin yogunlugunun kontrol edilmesi ile hesaplatilmistir. Caligma kapsaminda daha 6nce de bahsedildigi lizere farkli
kaplama kalinliklarinin depolama siireglerine olan etkileri numerik olarak incelenmistir. Calismada 0,8; 1; 1,2 ve 1,4 um’ lik kaplama
kalinliklari igin H2 depolama miktarinin zaman bagli degisimi Sekil 6°da verilmistir. Sekilden de goriildiigii izere 50 sn sonunda
secili hacim i¢in LaNis tozlar1 tamamen H> ile baglanmis durumdadir. Fakat sarj siiresinin kaplama kalinlig: ile ters orantili oldugu
gOrillmiistir.

5370 |
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£ 5350}
=
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Z 5300}
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S 5330}
= ——0.8um
S 5320} ——1.0pm
——12pm
5310 —14um
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Sekil 6. Bakir kaplama kalinhgina bagh olarak hidrojen depolanma miktarinin zamanla degisimi
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4. Sonuclar

Caliymada LaNis hidrojen depolama malzemesi farkli kalinliklarda bakir ile kaplanip termal iletkenlikleri 2 kata kadar
iyilestirilmistir. Ayrica hidrojen sarj siiresi de 6nemli oranda azaltilmigtir. 0,8, 1, 1,2 ve 1,4 um’ lik kaplama kalinliklar: i¢in Hz
depolama miktarinin zamana bagli degisimleri ¢alisilmistir. 50 sn sonunda secili hacim i¢in LaNis tozlari tamamen H2 ile baglanmig
durumdadir. Bununla birlikte depolanma hizlar1 farkli olmustur. Kaplama kalinlig: arttikca depolama hizi yavaglamaktadir. Fakat
bakir kapli malzemeler ile artan termal iletkenlige bagli olarak iyilesen 1s1 transferi sayesinde islem gérmemis malzemeye kiyasla
daha diisiik depolama zamanlar1 elde edilmistir.
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Abstract

Chromium oxide (Cr203) nanoparticles used in fields such as microelectronic, sensors, solar energy collectors, fuel cells, biological
and photocatalytic applications. In this study, Cr20s nanoparticles were synthesized by chemical precipitation method and their
physical and electrochemical characterizations were investigated. The crystal structure of Cr203 nanoparticles was studied by X-ray
Diffraction (XRD) In addition, morphology of nanoparticles was analysed by Scanning Electron Microscopy (SEM). Bands of the
nanoparticles were determined by using FTIR. The surface area and pore size of the nanoparticles were measured using a N2
adsorption-desorption instrument. Electrochemical characterizations of nanoparticles were performed by Cyclic Voltammetry (CV)
and impedance spectroscopy (EIS) methods. According to XRD pattern all the peaks were index Cr20s3 structure. The average crystal
sizes were measured to be around 22.1 nm for Cr203 nanoparticles. The as-synthesized Cr203 nanoparticles were uniform in both
size and shape and relatively monodisperse. In addition, the specific surface area of the nanoparticles was found to be 18.9 m?%/g. The
CV curves were obtained in the range of 5-500 mV/s for the Cr20O3 nanoparticles. The highest specific capacitance was obtained at a
scanning rate of 500 mV/s.

Keywords: Cr20s, chemical precipitation, CV.
1. Introduction

Chromium (I11) oxide (Cr20s) nanoparticles are used in a wide variety of fields such as microelectronic circuits, sensors,
manufacturing of solar energy collectors and fuel cells, as well as antibacterial, antifungal, photocatalytic agents [1]. In addition to
these, Cr203 nanoparticles are used in electrochemical storage devices such as supercapacitors and batteries due to their remarkable
electrochemical properties [2]. Cr20z exhibits p-type and n-type semiconductor behaviour and has been the subject of various studies
in both nanopowder and thin layer form due to its thermodynamic stability. In the literature, it has been reported that Cr20s
nanoparticles are synthesized using various methods such as hydrothermal, sol-gel gas condensation, microwave plasma, solution-
combustion synthesis, and laser-induced deposition [3-4]. However, many of these methods require a complex and costly synthesis
procedure. In this study, Cr20s nanoparticles were synthesized by chemical precipitation method.

2. Experimental

2.1. Materials

Chromium (111) chloride hexahydrate (CrCls.6H20) and sodium hydroxide (NaOH) were purchased from Merck Company.
2.2. Synthesis of Cr.03 Nanoparticles

Cr203 nanoparticles were prepared by chemical precipitation method. The suitable amount of 0.2 M NaOH was added dropwise into
100 ml of 0.2M CrCls.6H20. The resulting solution was stirred at room temperature for 1 h. Then, it was kept at room temperature
for 24 hours without stirring. Obtained solution was filtered. The resulting desert was washed. The desert was dried at 80 C. Finally,
the nanoparticles were calcined at 500 °C for 2 h.

2.3. Characterization

TGA was studied in a Perkin Elmer STA 8000 in air atmosphere. The crystal structure of Cr203 nanoparticles was studied by X-ray
Diffraction (XRD, PANalytical Empyrean) in the 20 range of 10—90°. In addition, morphology of nanoparticles was analysed by
Scanning Electron Microscopy (SEM, Zeiss Sigma 300). Fourier Transform Infrared (FTIR) spectra were recorded on Bruker
VERTEX 70v. The surface area, pore volume, and pore radius of the support material and the catalyst were measured using a BET
instrument (Micromeritics 3Flex). The specific surface area and pore size distribution were found from the N2 adsorption-desorption
method.

2.4. Electrochemical Measurements

CV and EIS measurements were performed with Gamry 1010E potentiostat/galvanostat. Glassy carbon electrode (GCE) was used as
working electrode, Ag/AgCI electrode as reference electrode and Pt wire as counter electrode. The slurry was composed of Cr203
nanoparticles with 20% Nafion solution. The slurry (ink) was stirred. The ink was dropped on the GC with 50 pg/cm? Cr203
nanoparticles. EIS curve was obtained from 0.01 to 100,000 Hz frequency.

The specific capacitance values were calculated equation 2:
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where C; specific capacitance (F/g), m; active mass of the electrode (g), v; scan rate (mV/s), Iv; voltammetric current (A) and Vc-Va;
sweep potential range is (V) [5]. Electrochemical measurements were performed in 1 M KOH electrolyte.

3. Results and Discussion
Figure 1 shows the XRD patterns of Cr2O3 nanoparticles.
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Figure 1. XRD pattern of Cr.03 nanoparticles

Intense and sharp peaks in the XRD pattern showed that the Cr203 nanoparticles were in the crystalline phase. In wide-angle range,
the characteristic peaks of the Cr.03 (MATCH no. 96-901-6214) were observed. The peak width gives information about the crystal

size of the materials. Larger crystallites produce sharper peaks in the XRD pattern. The Debby-Scherer equation given in equation 1
was used to calculate the crystal size of nanoparticles.
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The average crystal sizes were measured around 22.1 nm for Cr203 nanoparticles.

SEM images and EDS spectrum for Cr203 nanoparticles were shown in Fig. 2a-b.
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Figure 2. a) SEM images and b) EDS spectrum of Cr.03 nanoparticles
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Cr203 nanoparticles were uniform in both size and shape and relatively monodisperse. In addition, according to the EDS spectrum
given in Fig. 2b, only the peaks corresponding to Cr and O were observed. The absence of impurities in the prepared nanoparticles
confirmed the XRD result.

The FTIR spectra of the synthesized materials are presented in Figure 3.
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Figure 3. FTIR spectrum of Cr203 nanoparticles

The bands at 560 and 620 cm™ correspond to the stretching vibration of Cr—O. The peak around 1000 cm can be attributed to metal
oxide as a result of interatomic vibrations. Intensity of Cr-O bands show good crystal structure of nanoparticles [6].

Cr203 nanoparticles were determined by the low temperature N2 adsorption-desorption isotherms. The BET isotherms and pore size
distribution curve were given in Figure 4a and b.
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Figure 4. a) N2 adsorption—desorption isotherms b) pore size distribution curves of Cr203 nanoparticles

Cr203 nanoparticles the showed a typical type IV curve, indicating the presence of meso and macropores. The surface area of Cr203
nanoparticles is 19.8 m?/g. The pore size distribution for nanoparticles reveals a narrow distribution at an average of 11-15 nm.

Figure 5 gives the electrochemical measurement results for Cr20O3 nanoparticles. CV measurements were performed in the range of 5-
500 mV/s for the Cr203 (Figure 5a). In addition, EIS measurements (Figure 5b) were performed.
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Figure 5. Electrochemical measurement results of the Cr203 nanoparticles (a) CV curves (b) EIS curves

According to equation 2, the calculated specific capacitance values were 66.3, 103.9, 146.2, 198.8 and 332.4 F/g at 5, 20, 50, 100 and
500 mVs, respectively. The highest specific capacitance was obtained at a scanning rate of 500 mV/s. In addition, An approximately
symmetrical rectangular-like curve was observed at a scan rate of 500 mVs. This situation shows a behavior close to the ideal
capacitance behaviour [7]. The EIS curve showed a line in the low frequency region.

4. Conclusion

Cr203 nanoparticles was prepared chemical precipitation method. The physical properties of nanoparticles were examined by various
characterization methods. According to the SEM image, nanoparticles in the form of particles were obtained. The crystal sizes of the
nanoparticles were calculated from the XRD pattern at approximately 22.1 nm. The surface area of the synthesized nanoparticles is
19.8 m?/g. The electrochemical measurements were performed by Cyclic Voltammetry and impedance spectroscopy methods. CV
measurements were obtained in the range of 5-500 mV/s. The specific capacitances of the nanoparticles were in the order of 500 >
100 > 50 > 20 > 5 mVs. According to the results obtained, nanoparticles with higher surface area can be synthesized to increase the
specific capacitance of Cr03 nanoparticles. In this context, the synthesis conditions can be changed.
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Abstract

Prenatal diagnosis and treatment of fetal abnormalities are a routine part of antenatal obstetric management. All invasive
procedures must be performed by a maternal fetal medicine specialist to decrease complications. The main aim of this study is to
describe the prenatal invasive procedures in our center. The secondary aim is to report our two-year experience in this field. All
cases who underwent prenatal invasive procedures in Perinatology Department of Selcuk University Medical Faculty Hospital were
analyzed. Data of 153 cases were obtained from medical files together with hospital computer system retrospectively. The most
common procedure was amniocentesis (n=101, 63.9%). The number of chorionic villus sampling (CVS); fetal blood sampling (FBS);
feticide; amnioreduction; thoracentesis and intrauterine transfusion (IUT) were 22 (13.9%); 4 (2.5%); 20 (12.7%); 6 (3.8%); 3
(1.9%) and 2 (1.3%), respectively. Indications among 178 cases who underwent prenatal diagnosis testing were as follows: positive
combined test (n= 66, 37.1%), positive triple/quadruple screening test (h=17, 9.6%) and abnormal ultrasonography findings (n=95,
%53.3). The chromosomal anomaly rate was 12.7% and 75.9% of fetuses were found to be normal. The culture failure rate was
5.7%. There was no maternal complication among all interventions. The rate of procedure related complications were 0,6% (n=1)
for preterm premature rupture of membrane, 1.27% (n=2) for fetal demise and 2.54% (n=4) for vaginal bleeding, respectively. In
conclusion, prenatal invasive procedures are related with rare complications when performed by experienced clinicians.
Ultrasonography findings are more common than combined test and quadruple tests in current practice. Even there are different
indications, all pregnant women who will undergo prenatal testing should be well informed about the advantages about the invasive
procedures.

Keywords: Amniocentesis, amnioreduction, chorionic villus sampling, fetal blood sampling, feticide, intrauterine transfusion,
thoracentesis.

1. Introduction

Prenatal diagnosis and treatment of fetal abnormalities are a routine part of antenatal obstetric management. Fetal structural
anomalies are commonly diagnosed by prenatal ultrasonography with advanced technology in this field. On the other hand,
chromosomal anomalies and rare syndromes needs to be confirmed by further genetic analysis which needs to be performed on fetal
tissues (Carlson & Vora, 2017). Amniocentesis, chorionic villus sampling (CVS) and fetal blood sampling (FBS) are the options to
obtain fetal samples (Benn, Egan, Fang, & Smith-Bindman, 2004).

Amniocentesis which has been introduced by 1970 is an invasive procedure to aspirate amniotic fluid. A 20-22-gauge needle is
inserted into uterine cavity to draw out 20 cc amniotic fluid. This method can be used starting from 16 weeks of pregnancy.
Transabdominal approach with continuous ultrasonography monitoring is an easy and feasible procedure which is performed in
outpatient clinics (Nizard, 2010). Placenta is another source for fetal sampling with CVS. Trophoblastic cells are removed after
accessing into placenta in this method. Either transabdominal or transcervical needle insertion may be preferred according to the
clinicians’ experience. The timing of CVS is between 11" and 15™ gestational weeks (Brun et al., 2003). For advanced gestational
weeks, FBS is preferred to decrease laboratory failure risks. The technic is like amniocentesis and CVS. However, the fetal umbilical
vein is the sample target in this procedure. After 18 weeks of pregnancy, FBS is an option for prenatal diagnosis (Berry et al., 2013).
All these procedures (amniocentesis, CVS, FBS) are used for prenatal diagnosis successfully for many years (Hui et al., 2023).

Invasive procedures may be used for the management of obstetric issues. Amnioreduction is analogous to amniocentesis. The
procedure is performed in the same way as amniocentesis. The main difference is the aspirated amniotic fluid volume. The aim of
amnioreduction is to prolong pregnancy or comfort mother. Excessive amniotic fluid may cause abdominal pain and dyspnea, and
reduction may be beneficial in some cases (Coviello et al., 2004). Thoracentesis is another treatment modality which is also
performed with similar technic. For fetuses with pleural effusion, reducing the fluid is known to be advantageous to decrease
perinatal morbidity and mortality. The needle is inserted into thoracal cavity in this procedure (Yinon, Kelly, & Ryan, 2008).

Elective termination of pregnancy is legal until 10 weeks of pregnancy in Turkey. After 101" gestational week, fetuses with serious
incurable anomalies may be terminated only with a medical board report together with parental request. There is no up limit for
pregnancy termination week in our country (Oglak, Polat, Sezer, & Karakag, 2022). Because of the ethical issues, most clinicians
consider feticide after 20" gestational week. Feticide may be performed by different technical ways. Either into heart or umbilical
vein insertion may be chosen according to fetal position. Using potassium chloride to achieve fetal asystole is commonly preferred.
After fetal demise, termination of pregnancy procedures is started according to the current guidelines (Schiff, Shangaris, Grinsted, &
Sankaran, 2023).
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Prenatal invasive procedures are a routine part of perinatology departments. All invasive procedures must be performed by a
maternal fetal medicine specialist to decrease complications. The main aim of this study is to describe the prenatal invasive
procedures in our center. The secondary aim is to report our two-year experience in this field.

2. Materials and Methods

All cases who underwent prenatal invasive procedures in Perinatology Department of Selcuk University Medical Faculty Hospital
were analyzed. Data of 153 cases were obtained from medical files together with hospital computer system retrospectively. All
invasive procedures were performed under the supervision of one maternal fetal medicine specialist. Patients gave signed informed
consent before procedures.

We recommend invasive procedures to all women with a suspected chromosomal abnormality (positive screening test results or
ultrasonography findings). After parental counseling, diagnostic procedures are performed to consenting women. Amniocentesis,
CVS or FBS are used to obtain fetal samples depending on the gestational age. Transabdominal approach was used in all cases.
Appropriate needle size was chosen according to the gestational age. All samples were sent to the Genetic Department for further
investigation. Both fluorescence in situ hybridization (FISH) and conventional cytogenetic analysis were performed on the cells
achieved by the procedures. Chromosomal microarray was also used for cases to diagnose microdeletions and microduplications in
selected cases. Test results were reported as normal, abnormal, or failed culture.

Amnioreduction was performed to decrease amniotic fluid in some cases. This procedure was applied to pregnant women to decrease
abdominal pain or dyspnea related with polyhydramnios. Maximum two liters of fluid was aspirated under ultrasonography. Fetal
wellbeing was monitored during and after the procedure. Fetal thoracocentesis was considered for cases with severe pleural
effusions. Under sterile conditions, transabdominal needle aspiration was performed to remove pleural fluid to comfort fetal lungs.
The resolution or progression of the fluid was evaluated during pregnancy follow-up. Feticide was performed to induce abortion after
20 weeks of pregnancy if a lethal abnormality was diagnosed. Intracardiac potassium chloride was administrated to induce fetal
asystole. After the procedure, medical agents were used for termination of pregnancy. Intrauterine transfusions were considered to
increase fetal hemoglobin levels in cases with suspected anemia. Under ultrasonography guidance, needle was inserted into umbilical
vein either in the placental part or free loop of cord. Necessary volume was calculated depending on fetal doppler findings together
with gestational age. The procedure was repeated in cases until optimum delivery timing.

SPSS 21 statistics software was used for all statistical analysis. The descriptive data were given as number and percentage.
3. Results

The distribution of invasive procedures is given in Figure 1. The most common procedure was amniocentesis (n=101, 63.9%). The
number of CVS; FBS; feticide; amnioreduction; thoracentesis and IUT were 22 (13.9%); 4 (2.5%); 20 (12.7%); 6 (3.8%); 3 (1.9%)
and 2 (1.3%), respectively.

3;2% _—21%

6; 4%

4;2%

" AS Ccvs FBS Feticide = Reduction = Thoracentesis = IUT

Figure 1. Distribution of prenatal invasive procedures

The results of genetic analysis are given by Table 1. The further analysis was not considered in 9 cases who underwent feticide for
lethal anomalies. The chromosomal anomaly rate was 12.7% and 75.9% of fetuses were found to be normal. The culture failure rate
was 5.7%.

Indications among 178 cases who underwent prenatal diagnosis testing were as follows: positive combined test (n= 66, 37.1%),
positive triple/quadruple screening test (n=17, 9.6%) and abnormal ultrasonography findings (n=95, %53.3).

One of the two IUTs were performed secondary to Rh related anemia and a liveborn was delivered at 37" week of pregnancy. The
other transfusion was administrated to a fetus with hydrops fetalis without any known cause. However, two weeks later fetal demise
was detected by control ultrasonography. Three thoracenteses were performed to fetuses with bilateral pleural effusions. After
interventions, liveborn neonates were delivered according to obstetric indications. When 6 amnioreduction procedures were analyzed
indications / diagnosis were as follows: twin to twin syndrome (n=1); congenital chloride diarrhea (n=1); congenital pulmonary
airway malformation (n=1), esophageal atresia (n=1) and multiple anomalies with severe polyhydramnios (n=2).
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There were 20 fetuses who underwent feticide. One feticide was performed due to reduction of triplets to twins. Five fetuses with
central nerve system anomalies (2 anencephaly; 1 vermian agenesis and 2 neural tube defects) were terminated after feticide.
Congenital heart disease was the reason of three feticides in which atrioventricular septal defect, hypoplastic left heart syndrome and
heterotaxia syndrome were diagnosed. Two lethal skeletal dysplasia and two bilateral renal agenesia were also underwent termination
of pregnancy following feticide. Three rare genetic syndromes and two non-immune hydrops fetalis were the remaining indications
of feticide.

There was no maternal complication among all interventions. The rate of procedure related complications were 0.6% (n=1) for
preterm premature rupture of membrane, 1.27% (n=2) for fetal demise and 2.54% (n=4) for vaginal bleeding, respectively.

Table 1. The results of genetic analysis

N %

Culture failure 9 5.7
Normal 120 75.9
Not tested 9 5.7
Abnormal 20 12.7
Trisomy 21 7 4.4
Trisomy 18 Bl 1.3
Trisomy 13 2 1.3
Monosomy 1 0.6
Triploidy 2 1.3
Rare syndromes 5 3,8

4. Discussion

Prenatal invasive procedures are beneficial for both diagnosis and treatment in high-risk pregnancies. Amniocentesis is the most
common prenatal diagnostic test according to our experience. The procedure related complication risk is quite low as we have shown.
All women should be informed about the advantages about the invasive procedures, and low complication rates should be explained
to the parents in detailed.

Amniocentesis is the oldest diagnostic test which is easy and feasible. This procedure is very safe in experienced centers (Nizard,
2010). The most common indication to perform amniocentesis is the suspicion of fetal aneuploidy. Screening test positivity or
abnormal ultrasonography findings are the main reasons as our study. Before 2000s advanced maternal age and high-risk triple test
were the main indications. By the advanced technology in imaging, ultrasonography now provides information about the fetus
(Quinlan, 2008). Increased nuchal translucency, ventriculomegaly, congenital heart diseases, neural tube defects are known to be
related with chromosomal anomalies. Fetal screening in the second trimester may detect most of structural anomalies. In these cases,
invasive procedures should be recommended to all pregnant women for concomitant genetic anomalies (Golshahi, Khaleghinezhad,
Sahebdel, Saedi, & Salari, 2023).

The most common chromosomal anomalies were Trisomy 21 followed by Trisomy 18 and Trisomy 13 depending on our findings.
Classic karyotype analysis is the most appropriate method for prenatal aneuploidy diagnosis. Previous studies also revealed that
Down syndrome was the most common chromosomal abnormality in fetal series (Natoli, Ackerman, McDermott, & Edwards, 2012).
On the other, one should consider that rare genetic anomalies may be diagnosed only with microarray analysis or whole genome
sequencing (Wapner et al., 2012). Five rare genetic anomalies were diagnosed in our study group. Because of the cost-effectiveness,
these tests are not widely used in current practice. Thus, prenatal ultrasonography findings are very important to offer further testing.

Amnioreduction, thoracentesis and IUTs are used in selected cases to minimalize the perinatal morbidity and mortality risk. All these
procedures are performed under sterile conditions. The procedure time is very short if the fetal position is optimum. The risk of fetal
harm is very low (Abbasi & Ryan, 2019; Dickinson et al., 2014). Experienced clinicians and teamwork are obligatory for performing
these invasive procedures. Prolonging the pregnancy has several advantages compared to delivery in preterm fetuses. Short term
complications include respiratory problems, necrotizing enterocolitis, hypoglycemia, retinopathy of prematurity, infections, and
intracranial hemorrhage. Neurodevelopment issues, chronic renal/hearth diseases, chromonic lung problems are the long-term
complication of preterm fetuses. By implementing prenatal invasive procedures, pregnancy timing may be prolonged (Randis, 2008).

Feticide is a safe option to induce fetal demise. Most experts prefer to use potassium chloride injection into fetal heart for this
method. Especially for fetuses >20 weeks of gestation, the feticide seems to be beneficial due to ethical issues (Schiff et al., 2023).
All cases who underwent feticide had structural anomalies in our study group. Feticide is not performed to fetuses with aneuploidy
regarding the early diagnosis. As previously described, with the advanced technology, the main indication of feticide are structural
abnormalities (Schiff et al., 2023). As a result, feticide is an essential part of obstetric management for second or third trimester
pregnancy terminations.

There was no maternal complication among all interventions. The procedure related complications were preterm premature rupture of
membrane, fetal demise vaginal bleeding in our study. Our findings are supported by the previous studies. The pregnancy loss rate
was found to be 0.4% for amniocentesis, 1.1% for CVS and 0.4% for FBS (Enzensberger et al., 2012). The rate of amniotic fluid
leakage was reported to be 1.6% similar to our findings (Tara, Lotfalizadeh, & Moeindarbari, 2016). Procedure related vaginal
bleeding rate was reported to be 2.2% (Shirgholami, Abdi, Mazaheri, & Tabatabaee, 2020). According to our findings together with
previous literature reports, maternal and fetal complication risks are very low after invasive procedures.
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In conclusion, prenatal invasive procedures are related with rare complications when performed by experienced clinicians.
Ultrasonography findings are more common than combined test and quadruple tests in current practice. Even there are different
indications, all pregnant women who will undergo prenatal testing should be well informed about the advantages about the invasive
procedures.

5. References

Abbasi, Nimrah, & Ryan, Greg. (2019). Fetal primary pleural effusions: Prenatal diagnosis and management. Best practice &
research clinical obstetrics & gynaecology, 58, 66-77.

Benn, Peter A, Egan, James FX, Fang, Min, & Smith-Bindman, Rebecca. (2004). Changes in the utilization of prenatal diagnosis.
Obstetrics & Gynecology, 103(6), 1255-1260.

Berry, Stanley M, Stone, Joanne, Norton, Mary E, Johnson, Donna, Berghella, Vincenzo, & Medicine, Society for Maternal-Fetal.
(2013). Fetal blood sampling. American Journal of Obstetrics and Gynecology, 209(3), 170-180.

Brun, Jean-Luc, Mangione, Raphaelle, Gangbo, Flore, Guyon, Frederic, Taine, Laurence, Roux, Denis, . . . Saura, Robert. (2003).
Feasibility, accuracy and safety of chorionic villus sampling: a report of 10 741 cases. Prenatal Diagnosis: Published in Affiliation
With the International Society for Prenatal Diagnosis, 23(4), 295-301.

Carlson, Laura M, & Vora, Neeta L. (2017). Prenatal diagnosis: screening and diagnostic tools. Obstetrics and Gynecology Clinics,
44(2), 245-256.

Coviello, Dario, Bonati, Francesca, Montefusco, Sara Moretti, Mastromatteo, Cristina, Fabietti, Isabella, & Rustico, Mariangela.
(2004). Amnioreduction. Acta Bio-medica: Atenei Parmensis, 75, 31-33.

Dickinson, Jan Elizabeth, Tjioe, Yan Yan, Jude, Emily, Kirk, Daniel, Franke, Malcolm, & Nathan, Elizabeth. (2014).
Amnioreduction in the management of polyhydramnios complicating singleton pregnancies. American Journal of Obstetrics and
Gynecology, 211(4), 434. e431-434. e437.

Enzensberger, C, Pulvermacher, C, Degenhardt, J, Kawacki, A, Germer, U, Gembruch, U, . . . Axt-Fliedner, R. (2012). Fetal loss rate
and associated risk factors after amniocentesis, chorionic villus sampling and fetal blood sampling. Ultraschall in der Medizin-
European Journal of Ultrasound, E75-E79.

Golshahi, Fatemeh, Khaleghinezhad, Khoosheh, Sahebdel, Behrokh, Saedi, Nafiseh, & Salari, Zohreh. (2023). The Indications of
Amniocentesis in the Diagnosis of Aneuploidy among Pregnant Women; 2010-2019. Journal of Midwifery and Reproductive Health,
1-6.

Hui, Lisa, Ellis, Katie, Mayen, Dora, Pertile, Mark D, Reimers, Rebecca, Sun, Luming, . . . Chitty, Lyn S. (2023). Position statement
from the International Society for Prenatal Diagnosis on the use of non-invasive prenatal testing for the detection of fetal
chromosomal conditions in singleton pregnancies. Prenat Diagn.

Natoli, Jaime L, Ackerman, Deborah L, McDermott, Suzanne, & Edwards, Janice G. (2012). Prenatal diagnosis of Down syndrome:
a systematic review of termination rates (1995-2011). Prenatal Diagnosis, 32(2), 142-153.

Nizard, Jacky. (2010). Amniocentesis: technique and education. Current Opinion in Obstetrics and Gynecology, 22(2), 152-154.

Oglak, SC, Polat, I, Sezer, S, & Karakas, S. (2022). A new and more effective feticide technique in late termination of pregnancy:
potassium chloride injection into the interventricular septum of the fetal heart. Archives of Gynecology and Obstetrics.

Quinlan, Maura Parker. (2008). Amniocentesis: indications and risks. AMA Journal of Ethics, 10(5), 304-306.
Randis, Tara M. (2008). Complications associated with premature birth. AMA Journal of Ethics, 10(10), 647-650.

Schiff, Isabelle, Shangaris, Panicos, Grinsted, Mary, & Sankaran, Srividhya. (2023). Feticide Before Termination of Pregnancy in
Singleton Pregnancy—Trends in England and Wales 2012-2020, a cross-sectional study.

Shirgholami, Nasim, Abdi, Fatemeh, Mazaheri, Mahta, & Tabatabaee, Razieh Sadat. (2020). Amniocentesis Complications in Yazd
Baghaeipour Polyclinic: A Cross-Sectional Study. World Journal of Peri & Neonatology.

Tara, Fatemeh, Lotfalizadeh, Marzieh, & Moeindarbari, Somayeh. (2016). The effect of diagnostic amniocentesis and its
complications on early spontaneous abortion. Electronic physician, 8(8), 2787.

Wapner, Ronald J, Martin, Christa Lese, Levy, Brynn, Ballif, Blake C, Eng, Christine M, Zachary, Julia M, . . . Grobman, William A.
(2012). Chromosomal microarray versus karyotyping for prenatal diagnosis. New England Journal of Medicine, 367(23), 2175-2184.

Yinon, Yoav, Kelly, Edmond, & Ryan, Greg. (2008). Fetal pleural effusions. Best practice & research clinical obstetrics &
gynaecology, 22(1), 77-96.

ISBN: 978-605-71214-8-6 122 WwWw.insicongress.com SI



IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

THE EFFECT OF FETAL GENDER ON TRANSVERSE CEREBELLAR DIAMETER
MEASUREMENTS

Gokeen Orgiil

Department of Obstetrics and Gynecology, Division of Perinatology, Selcuk University, Faculty of Medicine, Konya,
Turkey

ORCID ID: 0000-0003-0578-4230, gokcenorgul@gmail.com

Abstract

Cerebellum starts to be visualized by prenatal ultrasonography at14™ gestational week. The imaging of fetal cerebellum and vermis
is possible by 20™ gestation week for all fetuses. There is a linear increase in cerebellar size by advancing gestational week.
Measurement of Transverse Cerebellar Diameter (TCD) is an easy way to assess fetal posterior fossa structures. It has been shown
that TCD is a good method to identify the gestational age. There is limited knowledge about the effect of fetal gender of TCD
measurements. We aimed to understand if there is an impact of fetal sex on cerebellar size. The study group was consisted of 172
healthy fetuses between 20 and 23 weeks and 6 days of gestation. During evaluation of the posterior fossa, TCD was measured as the
maximal diameter between the cerebellar hemispheres. The value of the TCD was recorded in mm for all cases. According to the
fetal gender determination, the measurements of TCD was compared in two group. The mean TCD was found to be 22.85 + 2.306
mm among all fetuses. The median TCD value was 23 mm ranging between 18 mm and 31 mm. The mean TCD was 23.20 + 2.410
mm and 22.46 + 2.128 mm for male and female fetuses, respectively. There was no statistically significant difference between two
groups in terms of TCD (p= 0.361). In conclusion, fetal gender has no impact on TCD values in fetuses during second trimester.
Based on literature findings together with our results, nomograms of TCD given in the literature may be used for both female and
male fetuses.

Keywords: cerebellum, prenatal ultrasonography, gender.
1. Introduction

All pregnant women are recommended to undergo fetal anomaly scan during second trimester. This approach provides early
detection of fetal abnormalities which may necessitate close follow up (Hautala et al., 2019). Central nerve system developing is
unique. The brain and cerebellum assessment differs between gestational age. Cerebellum starts to be visualized by prenatal
ultrasonography at about 14" gestational week. The imaging of fetal cerebellum and vermis is possible by 20™ gestation week for all
fetuses (Liu et al., 2023). There is a linear increase in cerebellar size by advancing gestational week. Measurement of transverse
cerebellar diameter (TCD) is an easy way to assess cerebellum during visualizing the posterior fossa. It has been shown that TCD is a
good method to identify the gestational age (Pilu et al., 2000).

The previous studies were commonly focused on the relationship between TCD and gestational age. There is limited knowledge
about the effect of fetal gender of TCD measurements. To the date, there is no gender specific TCD nomograms. We aimed to
understand if there is an impact of fetal sex on cerebellar size.

2. Materials and Methods

The study group was consisted of 172 healthy fetuses. The cases included in the study were between 20 and 23 weeks and 6 days of
gestation. The data of all fetuses who underwent detailed fetal ultrasonography scan between 1 March 2023 and 30 June 2023 was
collected retrospectively. All sonographic evaluation was performed by the same clinician at Selcuk University Medical Faculty
Hospital. The exclusion criteria were fetal malformations (chromosomal and structural abnormalities), maternal diseases such as
gestational diabetes mellitus, hypertension, and concomitant obstetric problems such as placenta previa, oligohydramnios,
polyhydramnios.

Fetal gestational age was calculated by the last menstrual period and confirmed with first trimester ultrasonography. All structures of
the fetuses were evaluated according the International Society of Ultrasound in Obstetrics and Gynecology practice guideline
(Paladini et al., 2021). The biometric measurements, amniotic fluid index, cervical length, gender and fetal anatomy scan were
evaluated by using Voluson E6. Transabdominal probe was used to obtain necessary planes. Fetal intracranial structures were
visualized in three planes (transventricular, transcerebellar and transthalamic). During evaluation of the posterior fossa, TCD was
measured as the maximal diameter between the cerebellar hemispheres. The value of the TCD was recorded in mm for all cases.
Figure 1 shows the measurement of TCD. According to the fetal gender determination, the measurements of TCD was compared in
two groups (male vs female).
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Figure 1: Transverse Cerebellar Diameter Measurement

All statistical analyses were performed by using SPSS version 21. Descriptive results were presented as mean, standard deviation,
median, minimum, and maximum. Comparison between two groups was made with using independent samples t-test. The level of
significance (p) was determined as 0.05.

3. Results

The mean maternal age was 27.95 + 4.522 years ranging between 18 and 35. The mean gravidity was 2.20 + 1.283 (minimum 1 and
maximum 7) and the mean parity was 0.94 + 0.980 (minimum 0 and maximum 5). The mean BPD; HC; AC and FL were 53.01 +
5.287 mm; 195.94 £ 17.089 mm; 174.22 + 20.485 mm and 38.15 + 5.323 mm, respectively. The mean TCD was found to be 22.85 +
2.306 mm among all fetuses. The median TCD value was 23 mm ranging between 18 mm and 31 mm.

There were 92 (53.5%) male and 80 (46.5%) female fetuses in the study group. The mean TCD was 23.20 £ 2.410 mm and 22.46 +
2.128 mm for male and female fetuses, respectively. There was no statistically significant difference between two groups in terms of
TCD (p=0.361). Also, no statistically significant difference was found in terms of fetal biometric measurements as shown in Table 1.

Table 1. Comparison of ultrasonographic findings between male and female fetuses

Male (n=92) Female (n=80) P
Transverse cerebellar diameter (mm) 23.20+2.410 22.46 £2.128 0.361
Biparietal Diameter (mm) 53.73 £5.335 52.18 £5.138 0.65
head circumference (mm) 198.95+£17.119 192.48 £16.488 0.37
Abdominal circumference (mm) 176.43 £19.790 171.66 +£21.092 0.81
Femur lenght (mm) 38.70 £ 4.581 37.51 £ 6.034 0.471

4. Discussion

There is a linear increase in TCD through advancing pregnancy. Several studies revealed that TCD increases with gestational week
(Hashimoto et al., 2001; Hata, Senoh, Hata, & Kitao, 1996). As a result, TCD is shown to be a good indicator to show the exact
gestational week. However, the relationship between TCD and fetal gender is investigated only in a few studies.

The mean TCD was shown to be 22.85 + 2.306 mm among all fetuses between 20 and 24 weeks of pregnancy. We have found that
the mean TCD was 23.20 + 2.410 mm for males and 22.46 + 2.128 mm for male and females. There was no statistically significant
difference between two groups in terms of TCD. According to our findings, male and female fetuses have similar TCD values at
second trimester.

In a previous study conducted by Holanda-Filho et al, 184 fetuses were screened in terms of TCD. The study group was consisted of
102 male and 82 female fetuses between 13 and 40 weeks of pregnancy. The authors reported that there was no statistically
significant difference between TCD measurement between two groups. The authors concluded that TCD may be a promising
parameter to identify the exact gestational age beside gender (Holanda-Filho et al., 2011). Another study conducted in 2008 focused
on the cerebellar vermis height obtained by prenatal ultrasonography. The mean height of cerebellar vermis was found to be similar
between male and female fetuses (Pogliani, Radaelli, Manfredini, Lista, & Zuccotti, 2008).

Previously, a study examining the fetal brain biometry showed that male and female fetuses had similar TCD measurement values.
This study analyzed a total of 3848 magnetic resonance imaging (MRI) scans. There was no difference between groups according to
TCD values obtained by MRI. The authors reported that from 28 to 38 weeks, there is a 1.5-fold increase in TCD. Thus, researchers
concluded that TCD is a good marker for identifying the gestational age (Gafner, Kedar Sade, Barzilay, & Katorza, 2022).

Recently, another study aimed to understand the fetal brain morphology differences between male and female fetuses in 2023. A total
of four volume parameters including ventricles, brain parenchyma, extra axial spaces and total intracranial volume was compared
between males and females. Male fetuses had larger brain parenchymal volume and total intracranial volume compared to females.
However, authors reported that gender had no effect on brain hemispheric volumes (Griffiths, Jarvis, Mooney, & Campbell, 2023).

In conclusion, fetal gender has no impact on TCD values in fetuses between 20 and 24 weeks. Based on literature findings together
with our results, nomograms of TCD given in the literature may be used for both female and male fetuses.
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Abstract

Transthoracic needle aspiration biopsy (TTNAB) is used to diagnose thoracic lesions and has a wide range of indications and few
contraindications. The objectives of the present study were to evaluate the diagnostic value and complication rate of computed
tomography-guided TTNAB for malignant diseases, to determine the factors that affect diagnostic value and complication rate, and
to compare our practices to those described in the literature. In Our study, 208 patients who underwent computed tomography-
guided transthoracic needle aspiration biopsy at our hospital between July 2007 and February 2013 were retrospectively analyzed.
The ages of the patients ranged from 33 to 88 years, with 29 female patients and 179 male patients. The procedure's outcomes and
rates of complications were documented. To evaluate the diagnostic value, we analyzed the clinical and radiologic follow-up results
of 136 patients whose data were available. The rate of malignant diagnoses was 72.1%, while the rate of benign diagnoses was
4.4%. For malignant lung tumors, the sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic
accuracy of the procedure were calculated to be 80%, 93%, 99%, 37%, and 82%, respectively. The only observed complication was
pneumothorax, which occurred in 8 of 208 patients (3.8%). Diagnostic value and complication rate were unaffected by lesion size
and needle thickness. The conclusions of this study indicate that computed tomography-guided TTNAB procedures for the diagnosis
of malignant thoracic lesions are simple to perform with high diagnostic accuracy and low complication rates.

Keywords: Transthoracic, needle, aspiration, computed, tomography.
1. Introduction

Transthoracic needle aspiration biopsy (TTNAB) is a well-defined and reliable procedure for diagnosing thoracic lesions [1,2]. Lung
nodules and masses, mediastinal lesions and hilar lesions, chest wall invasion, infiltration, and consolidation, which may also be
caused by infection, are the most prevalent symptoms. The sensitivity of TTNAB for malignant diseases ranges from 64 to 100
percent [1,4,5,6,7], whereas the rate of obtaining a specific benign diagnosis ranges from 12 to 68 percent [8,9,15]. Pneumothorax is
the most frequent complication of the procedure, with an incidence ranging from 8 to 64% [3,10,11,12]. Other uncommon
complications include hemoptysis, bleeding, systemic air embolism, tumor cell proliferation along the inlet line, empyema, lung
torsion, and pericardial tamponade [13,14]. CT-guided. It is essential to diagnose malignant disease with a minimally invasive
technique, such as TTNAB, in patients who cannot be evaluated further due to general condition disorder, advanced age, or
additional disease. In addition, unnecessary surgical procedures can be avoided by using TTNAB to diagnose benign tumors.
Numerous studies examine the factors that influence the diagnostic value of the TTNAB procedure. In this study, we were interested
in determining the diagnostic value and complication rate of the CT-guided TTNAB procedure for malignant diseases, as well as the
factors that influence these parameters.

2. Method

Patients who underwent CT-guided TTNAB at our hospital between July 2007 and February 2013 were analyzed retrospectively.
Forms of informed assent were collected from all patients undergoing the procedure.

2.1. TTNAB Methodology

Under the supervision of two thoracic doctors, biopsies were performed. Depending on the location of the lesion, the patients were
positioned in a prone or supine position. While positioning the patient, we aimed to traverse the smallest amount of lung tissue
possible and avoid bullae, fissures, and vascular structures. After positioning the patient, CT images with a slice thickness of 5mm
were acquired. The location of the lesion determined by CT was marked on the epidermis with laser light. After disinfecting the
needle's entrance with povidone-iodine, 1% lidocaine was applied to the epidermis and subcutaneous area for local anesthesia. The
size and type of the needle were determined by the size of the lesion, its distance from the chest wall, and the quantity of lung tissue
that was traversed. Utilized are Chiba needles of 18-20-22 gauge and 10-15 cm in length. The substance was smeared on a slide and
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then fixed with 95% alcohol. If an infection was suspected, gram staining, acid-fast staining, and culture samples were obtained. A
rapid on-site inspection is not utilized (Figure 1, 2).

y
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Figure 1: CT-guided TTNAB from the lesion in the right upper lobe

Figure 2: CT-guided TTNAB from a different lesion in the left upper lobe apical segment

Following the procedure, patients were followed-up in the monitoring room of the bronchoscopy unit. One hour later, a control chest
radiograph was obtained for all patients. Only patients with a significant risk of pneumothorax required a repeat chest radiograph four

hours later.
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2.2. Evaluation of Diagnostic Value

Patients' biopsy results were divided into malignant, benign, or non-diagnostic for diagnostic value evaluation. Aspiration samples
containing malignant or atypical cells (highly suggestive of malignancy) were considered malignant. Accepted as benign were results
that could be diagnosed with specific benign diseases, such as tuberculosis and pneumonia. Biopsies from which sufficient material
was obtained by aspiration but whose cytology contained only inflammatory cells and could not be diagnosed as benign diseases
were considered non-diagnostic. The results of the biopsy were correlated with clinical follow-up, treatment response, and other
diagnostic methods. Patients who were lost to follow-up or whose follow-up duration was less than one year were excluded from the
analysis. Follow-up information for only 136 patients was available. Based on 136 patient records, the number of patients diagnosed
with true positive, false positive, true negative, and false negative was determined. Figure 3 shows a flowchart for the research.

72 Patient Ex
Who

Evaluation of Evaluation of
Clinical follow-up Clinical follow-up
results results

True-Positive ( T " -
Results (n=97) False Positive True negative
B ' results (n= Results (n=14)
-

Figure 3: The flowchart for the research

Patients were divided into two groups to determine the impact of lesion size on diagnostic value. Group one consists of lesions
measuring less than 3 cm, while group two comprises lesions measuring 3 cm or more. For both groups, sensitivity and diagnostic
accuracy were determined. Similarly, three groups (18 gauge, 20 gauge, and 22 gauge) were established based on the thickness of the
needle used in the procedure, and the sensitivity and diagnostic accuracy of all three groups were compared.

2.3. Evaluation of Complications

Pneumothorax and other complications that manifested as a result of the biopsy were observed in patients on whom we performed the
procedure. The impact of lesion size and biopsy needle thickness on pneumothorax development was investigated. Large tumors
were defined as lesions measuring three centimeters or greater. Other tumors with a lesion size of less than 3 centimeters were
categorized as minor tumors. Pneumothorax rates in groups with small and large tumors were calculated and compared. Similarly,
three groups (18, 20, and 22 gauge) were constructed according to the thickness of the biopsy needle, and pneumothorax rates in
these groups were compared.

2.4. Analytical Statistics

For statistical analysis, the SPSS (Statistical Package for Social Sciences) for Windows 17.0 program was utilized. In addition to
descriptive statistical methods (frequency, percentage, mean, standard deviation), the Pearson Chi-Square test was used to compare
qualitative data when evaluating the study's data. The significance level of the results was p 0.05, with a confidence interval of 95%.
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3. Results

Between July 2007 and February 2013, 208 patients (179 male, 86%) underwent CT-guided TTNAB surgery. The calculated average
age was 62, while the oldest age was 88 and the lowest was 33.

Seventy-two (34.6%) of 208 patients who received TTNAB were excluded from the analysis due to the failure to obtain follow-up
data. Therefore, diagnostic value calculations were performed on 136 patients and 136 patients' pathology results were divided into
three categories: malignant, benign, and non-diagnostic. There were 6 benign and 32 non-diagnostic outcomes compared to 98
malignant outcomes. Table 1 shows the distribution of malignant and benign diseases.

Table 1: Malign and Benign Results of Transthoracic needle aspiration biopsy

Malign results n (%)

98 (98/136, 72.1%)

e Non-Small Cell Lung Carcinoma

47 (47/98, 48%)

e Squamous Cell Carcinoma

17 (17/98, 17.3%)

e Adenocarcinoma

14 (14/98, 14.3%)

e  Small Cell Carcinoma

4 (4/98, 4.1%)

e Nonspecific Malignant Cells

16 (16/98, 16.3%)

Benign results n (%)

6 (6/136, 4.4%)

e  Tuberculosis Granuloma

3 (3/6, 50%)

e  Pneumonia

3 (316, 50%)

Nondiagnostic

32 (32/136, 23.5%)

Total, N (%)

136 (100)

Although sufficient material was obtained by aspiration, 32 (23.5%) biopsy results were accepted as non-diagnostic. Because there
were only inflammatory cells in the pathology and these findings weren't enough for a specific diagnosis of benign disease. At the
end of the follow-up, 24 (75%) of these 32 patients were diagnosed with specific malignant disease by other methods (surgery,
bronchoscopy, lymph node biopsy, endobronchial ultrasound), and 8 (25%) of them were diagnosed with benign disease. The final
diagnoses of 32 patients are shown in table 2.

Table 2: Final Diagnoses of 32 Non-diagnostic Transthoracic needle aspiration biopsy

Final Diagnose Diagnostic Method Total (N=32)
Malignant Results, N (%) 24 (75)
e Adenocarcinoma Surgery, Lymph Node Biopsy 8
+  Squamous Cell Carcinoma Surgery. Brgﬁ‘t‘;gggﬁggﬁéfh”yd"br"”Ch'a' 7
Bronchoscopy, Endobronchial
e Non-Small Cell Lung Cancer UItrasonographyF?yLymph Node Biopsy 3
e Atypical Carcinoid Surgery 1
e  Large Cell Carcinoma Surgery 1
e Hodgkin Lymphoma Surgery 1
e  Mesothelioma Surgery 1
e Thymic Carcinoma Surgery 1
e Solitary Fibrous Tumor Surgery 1
Benign Results, N (%) 8 (25)
e Pneumonia Surgery 3
e Tuberculosis Granuloma Surgery 2
e Granulomatous Inflammation Surgery, lymph node biopsy 2
e Organized Pneumonia Surgery 1

The sensitivity, specificity, positive diagnostic value, negative diagnostic value and diagnostic accuracy are shown in Table 3.

Table 3: Diagnostic Value of Transthoracic needle aspiration biopsy

o 95% Confidence Interval
(0] .
Upper-Lower limit

Sensitivity 80 0.73-0.88
Specificity 93 0.80-1

Positive Diagnostic Value 99 0.97-1.00

Negative Diagnostic Value 37 0.21- 0.53

Overall Accuracy 82 0.75- 0.89
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We calculated sensitivity and accuracy according to the size of the lesion, and the thickness of the needle used in order to determine
the factors affecting the diagnostic value. The results are summarized in Tables 4 and 5.

Table 4: Biopsy Results According to Lesion Size

Lesion Size (cm) N Sensitivity (%0) Accuracy (%)
<3cm* 13 75 84.6
>3cm** 123 80.5 81.3
* : Small Tumor Group
** : Large Tumor Group
Table 5: Biopsy Results by Needle Thickness
Needle Size (N=136) Sensitivity (%) Accuracy (%)
18 gauge 20 77.8 80
20 gauge 74 87.5 87.8
22 gauge 42 69.2 71.4

3.1. Evaluation of Complications

To evaluate the complications of the TTNAB procedure, all 208 patients who underwent TTNAB between July 2007 and February
2013 were evaluated. Pneumothorax was observed in 8 of 208 patients. Only one patient needed a chest tube. The complication rates
were calculated as 3.8%. We evaluated the effect of lesion size on complication rate in 136 patients. Lesions were divided into two
groups: less than 3 cm, and the other group was lesions 3 cm and greater. There was no statistically significant difference between the
complication rates of the groups (Table 6).

Table 6: Comparison of Complication Rates According to Lesion Size

Complication value
Yes N (%) No N (%) P
. <3cm N=13 2 (%154) 11 (%84,6)
Lesion Size >3cm N=123 6 (%4,9) 117 (%95,1) gt

To examine the effect of needle thickness on pneumothorax rate we composed 3 groups according to needle size (18-20-22 gauge)
used for biopsy. There was no difference between the groups in terms of pneumothorax rate (Table 7).

Table 7: Comparison of Complication Rates According to Biopsy Needle Thickness

Complication |
Yes N (%) No N (%) p-value
18 gauge N= 32 0 32 (%16)
Needle size 20 gauge N= 106 5 (%4,7) 101 (%95,3) 0.46
22 gauge N=70 3 (%4,3) 67 (%95,7)

4. Discussions

In our study, the sensitivity and diagnostic accuracy of CT-guided transthoracic needle aspiration biopsies for malignant lung tumors
were 80% and 82%, respectively.

TTNAB is a well-tolerated and uncommonly complicated procedure. Consequently, it is frequently used to diagnose thoracic lesions.
It is a less expensive and simpler alternative to thoracotomy and open lung biopsy [18,19]. In scientific literature, the sensitivity of
TTNAB for malignant diseases varies between 64 and 100 percent, but it is typically reported between 80 and 97% [1,4,5,6,7]. The
diagnostic accuracy is as high as 97%. [35] Zhuang et al. evaluated the outcomes of 102 patients who underwent CT-guided TTNAB
and determined that the sensitivity was 96.3% and the diagnostic accuracy was 96.1% [7]. Wallace et al. applied CT-guided TTNAB
to 61 sub-1 cm lesions and found a sensitivity of 82% and a diagnostic accuracy of 88% [10]. In benign lesions, it is not always
possible to make a definitive diagnosis using transthoracic sampling. In the study in which Solak et al. evaluated 102 cases of USG-
guided TTNAB, the proportion of cases with a specific benign diagnosis was 34%. [5] This rate was determined to be 31% by
McSweeney et al. [20]. In our study, 13 patients were diagnosed with benign disease as a consequence of follow-up, but TTNAB
could only diagnose 6 of them.

Taking into account both malignant and benign diagnoses, our TTNAB results are consistent with the published literature. By
increasing our inappropriate sampling rate, the lack of a cytopathologist during the TTNAB procedure may have led to a decrease in
sensitivity and diagnostic accuracy. Other studies have also demonstrated that the presence of a pathologist during a diagnostic
procedure enhances its diagnostic value [4,21-23]. Even when sufficient tissue is obtained through the TTNAB procedure, specific
malignant or benign diseases may not be diagnosed in some biopsies. In various studies [24-27], the non-diagnostic rate for TTNAB
was between 5.5% and 29%; our study found this rate to be 23.5%. In one study [27], the rate of malignant diagnosis in the follow-up
of non-diagnostic TTNAB results was reported to be 100 percent, but this rate typically ranges between 33 and 73 percent. [15,24-
26] In our study, TTNAB yielded non-diagnostic results in 32 patients. During follow-up, 24 of them were diagnosed with malignant
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disease, while 8 were diagnosed with benign disease. This result indicates that the rate of erroneous negative cases was calculated to
be 17.7%. According to a study, the expected incidence of false-negative cases should be below 10% [22]. In another study,
inadequate sampling was cited as a common cause of false negatives. Inflammation, fibrosis, and tumor necrosis surrounding a
malignant nodule may result in insufficient sampling; therefore, it is essential to execute the procedure in the presence of a
cytopathologic [5].

Imaging of smaller-sized lesions and an extension of TTNAB's diagnostic applicability have resulted from advances in imaging
technology. The use of TTNAB, particularly in the diagnosis of pulmonary lesions that may be surgical candidates, may delay
treatment and increase costs; however, if benign disease could be diagnosed with TTNAB, unnecessary surgical procedures could be
avoided. Therefore, it is essential to ascertain the lesion size for which TTNAB is most effective. There is heterogeneity in the
terminology of large tumor group and minor tumor group among studies examining this topic. Considering the definition of a solitary
pulmonary nodule, the border of our investigation was set at 3 cm. While sensitivity was greater in the group with large tumors, the
overall accuracy rate was greater in the group with tiny tumors. This may be owing to the lower false-negative rate in the group with
the largest tumors. In the literature, results of studies examining the relationship between lesion size and diagnostic value of TTNAB
vary [7,10,16,28]. In addition to the extent of the lesion, there is heterogeneity among these studies in terms of the imaging technique
applied and the needle size utilized.

The size of the biopsy needle is another factor that influences the diagnostic value of TTNAB. Coaxial systems of 18 gauge (n = 324)
and 19 gauge (n = 527) were compared in a study comparing the impact of needle size on the diagnostic value of TTNAB [11]; the
study examined the effect of needle size on the diagnostic value of TTNAB. In the 18-gauge group, sensitivity was 95% and
diagnostic accuracy was 96%, whereas, in the 19-gauge group, sensitivity was 89% and diagnostic accuracy was 92%. According to
the authors, this ratio is comparable. In our study, we compared single aspiration needles of 18, 20, and 22 gauge. The 20-gauge
group had a higher calculated sensitivity and diagnostic accuracy than the other groups. However, this result is challenging to
interpret due to the heterogeneity of the groups in terms of the type and size of lesions treated by the procedure.

Pneumothorax remains the most prevalent TTNAB complication [14,17,29-31]. According to various studies, the incidence of
pneumothorax ranges between 8% and 64%, and the need for a chest tube in pneumothorax cases ranges between 3.3% and 15%
[32,33]. In our study, pneumothorax developed in 8 of 208 TTAB-treated patients. The calculated pneumothorax rate was 3.8%. Only
one patient (0.4%) required tube thoracostomy for pneumothorax. Similar to our study, Salepci et al. reported that the incidence of
pneumothorax was 3.5%. In this study, all cases were evaluated for pneumothorax by CT immediately following the procedure, and
chest radiography was performed only in cases with a high risk of pneumothorax [4] 5-6 hours after the procedure. All patients who
were evaluated with CT after the procedure were given a control chest radiograph one hour later in our study. Only patients with a
significant risk of pneumothorax required a repeat chest radiograph four hours later. Therefore, some patients may not be evaluated
for late pneumothorax. Accordingly, the calculated pneumothorax rate is lower than the literature comparable to the study by Salepci
and colleagues [4].

Pneumothorax risk during the procedure depends on a few variables. Age, gender, distance of the lesion from the pleural surface,
presence or absence of emphysema, smoking history, sampling method (aspiration needle, cutting needle), number of passages
through the pleura, operator experience, and patient compliance are a few examples. There are numerous studies in the literature that
examine these variables [11,30,34]. In our investigation, we investigated the relationship between lesion size and needle thickness
and pneumothorax. According to the thickness of the needle used to determine the relationship between needle thickness and
pneumothorax rate, three groups were created. There was no statistically significant difference in pneumothorax rates between the
18-20-22-gauge groups. In the series of 846 cases by Geraghty et al [11], the 19-gauge needle group had 50% less pneumothorax
than the 18-gauge needle group. This statistically significant result was stated to be independent of other risk factors such as age,
gender, lesion size, and cutting system. In the study conducted by YP Zuanq et al. on 102 patients, there was no statistically
significant difference in pneumothorax rate between the groups using 18- and 20-gauge aspiration needles [7]. Like our study,
Shaukat et al. [4] compared the incidence of pneumothorax with 18-, 20-, and 22-gauge aspiration needles and found no significant
difference.

Studies have also examined lesion size as a factor influencing pneumothorax rate. In the study by Laurent et al., the incidence of
pneumothorax was 15% in 67 patients with a lesion size of 2 cm and 16% in 135 patients with a lesion size of >2 cm. In terms of
pneumothorax incidence, there was no statistically significant difference between the two groups. In contrast, Yeow et al. found a
statistically significant correlation between lesion size and pneumothorax rate, demonstrating that the incidence of pneumothorax
increased as lesion size decreased [34]. According to the same study, the experience can reduce the risk of pneumothorax up to a
critical lesion size of 2 cm when a standard biopsy procedure is performed. In this study, it was determined that the pneumothorax
rate in the group with a lesion size 2cm was independent of the experience of the person performing the procedure, whereas the
pneumothorax rate decreased as experience increased in the 2cm group. Although the effect of lesion size on pneumothorax rate is
controversial in the literature, our study found no statistically significant difference in pneumothorax rate between groups whose
lesion size was less than 3cm and greater than 3cm. Since all processes in our study are conducted by the same team, we believe that
our findings are independent of the practitioner's experience.

After percutaneous biopsy, parenchymal hemorrhage is the second most common complication [36]. Other rare complications such
as systemic air embolism, tumor cell sowing along the entry line, empyema, lung torsion, and pericardial tamponade were not
observed in any of the TTNA procedures examined in our study.
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5. Limitations

However, certain limitations should be noted. Due to the retrospective character of the study, there could be missing data. Second,
the number of patients in the group with small tumors was extremely low. And finally, while we examined the effect of lesion size
and needle thickness on the complication rate and diagnostic value, we did not take into account any other variables such as age,
gender, distance of the lesion from the pleural surface, sampling method, number of pleural passages, and patient compliance are
examples of such variables.

6. Conclusions

In this study showed that CT-guided TTNAB is an easy-to-use, inexpensive, effective, and reliable method for diagnosing lung
tumors, particularly malignant ones. In our study, there was no correlation between lesion size and needle thickness and the TTNAB
complication rate. In this investigation, we discussed the TTNAB experience of pulmonologists at a hospital for chest diseases. In
addition, it was demonstrated that the diagnostic success of TTNAB is consistent with the literature and can be safely applied.

This study was prepared based on the medical specialization thesis titled ' Bilgisayarli Tomografi Altinda Transtorasik igne
Aspirasyon Biopsisinin Tanisal Degeri, Komplikasyonlart Ve Bunlar: Etkileyen Faktorler "', which we completed in 2013 under
the supervision of Associate Professor Dilek Ernam.

(Tipta Uzmanhk Tezi, Istanbul Siireyyapasa Gégiis Hastaliklari ve Gogiis Cerrahisi Egitim ve Arastrma Hastanesi , Tiirkiye,
2013)
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Abstract

Early and accurate diagnosis has the potential to slow the progression of dementia and is a highly critical step in determining the
appropriate treatment plan. Dementia is a condition in which various neurological anomalies occur. These anomalies can be
detected with Magnetic Resonance Imaging (MRI) imaging. MRI imaging technique is widely used to detect neurological anomalies
associated with dementia and to detect lesions and atrophy in the brain. Deep Convolutional Neural Networks (CNNSs) are artificial
intelligence technologies with high processing power and discrimination ability. CNN-based machine learning methods can
successfully diagnose anomalies associated with dementia. This study proposes a hard voting ensemble learning (EL) model on a
dataset consisting of MRI images to classify dementia diseases. In addition, hybrid methods have been developed using deep learning
and machine learning algorithms. The proposed approaches aim to explore the potential to achieve higher classification accuracy
using different learning models in the diagnostic process. Finally, the goal of the EL model is to create a common decision
mechanism by combining the predictions of more than one model. The EL model proposed in the experimental process was created
by combining the Support Vector Machine (SVM), Logistic Regression (LR), and Random Forest (RF) algorithms. In the
classification process performed by the EL method, feature vectors obtained from the pre-trained DenseNet201 model were used.
The proposed hybrid method uses the denseNet201 model, SVM, LR, and RF algorithms. The experimental results obtained similar
results with 95.00% accuracy in the classification study performed with the EL and DenseNet201+SVM hybrid methods. The
proposed methods can help specialists to diagnose quickly and accurately.

Keywords: Computer vision, demented disease detection, feature extraction, hard voting ensemble learning, transfer learning.
1. Introduction

Neurodegenerative diseases are generally incurable conditions and include symptoms such as ataxia (movement disorders) and
dementia (loss of mental function) due to the progressive degeneration of nerve cells and cell death [1]. Dementia is a collection of
symptoms rather than a disease [2]. Globally, approximately 10 million individuals are diagnosed with dementia each year [3].
Although Alzheimer's disease is the most common cause of dementia, other factors such as frontal lobe dementia, Lewy body
dementia, Huntington's disease, and vascular dementia may also cause dementia [2]. Dementia affects many areas, including general
mental functions, memory, thinking, language, problem-solving ability, and attention [4]. As the disease progresses, it can reach
seriousness that can significantly affect the individual's activities of daily living. Early and accurate diagnosis of dementia can slow
down the progression of the disease, and it is very critical to establish an appropriate treatment plan.

However, it is not possible to completely prevent the disease. In recent years, one of the most challenging tasks for neurologists has
been to diagnose moderate cognitive impairment and early cognitive normality of dementia [5]. In diagnosing dementia types,
Computer-Aided Diagnosis (CAD) systems can be used to support the early diagnosis of the disease and help neurologists. Dementia
can be classified according to the severity of the disease as non-demented, very mild demented, mild demented, and moderately
demented. Such different anomalies and variations that occur in dementia constitute the primary motivation of researchers for
recognizing and classifying dementia types. Machine learning methods can produce innovative solutions in the disease diagnosis
process by using Convolutional Neural Network (CNN) based architectures [6, 7]. These methods have an essential potential in
diagnosing and classifying complex diseases such as dementia due to their high discrimination ability.

Previous studies have proposed many classification studies for diagnosing dementia types with machine-learning approaches. Sharma
et al. [8] conducted a study using the pre-trained InceptionVV3 model to diagnose dementia-type diseases. In this study, the
InceptionVV3 model was modified. In addition, the dataset is expanded using methods such as flipping, rotation, and brightness. In the
experimental study performed with the proposed method, an accuracy rate of 94.92% was obtained. Singh and Mishra [9] proposed a
hybrid method combining CNN+SVM machine learning algorithms with a CNN-based architecture with a softmax output layer to
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classify dementia-type diseases as non-demented, very mildly demented, mildly demented, and moderately demented. In this study,
the CNN+Softmax model achieved 98.5% accuracy, and the CNN+SVM model 91.4% accuracy. Zena et al. [10] developed a new
CNN-based model for classifying dementia diseases and used modern deep neural networks DenseNet-121, ResNet-101, and
MobileNetV2 models. In this study, 1600 test data were used in the testing process. The medical images in the dataset were resized to
128x128 in the preprocessing steps. As a result of the experimental process, the DenseNet-121 model achieved 88.62% accuracy, the
ResNet-101 model 86.06%, the MobileNetV2 model 88.05%, and recommended CNN model 97.62% accuracy. Acharya et al. [11]
used pre-trained CNN, VGG16, ResNet-50, and modified AlexNet deep neural networks to classify dementia diseases. Among the
studies performed, the modified AlexNet model was the most successful, with an accuracy rate of 95.70%. This study aims to
increase the treatment rate by effectively and accurately diagnosing dementia types in the early stages.

For this purpose, the ensemble learning (EL) method is recommended in addition to previous studies that suggested transfer learning
and hybrid methods in diagnosing dementia diseases. In addition, hybrid methods have been developed with deep learning and
machine learning algorithms in the classification task. During the development of the EL method and hybrid methods, pre-trained
DenseNet201 deep learning architecture, Support Vector Machine (SVM), Logistic Regression (LR), and Random Forest (RF)
algorithms were used. In the experimental process, feature extraction was performed with the DenseNet201 model. While the feature
vector obtained was used in the classification process with SVM, LR, and RF algorithms in hybrid methods, it was used as the input
data of the EL model in the proposed study in the EL method. This study, it is aimed that the EL method proposed in the
classification process of dementia disease will make a positive contribution to the literature on the disease detection process.The
Flowchart of the study is shown in Figure 1.

The contributions of this study can be summarized as follows:
1. The EL method was developed by combining SVM, LR, and RF algorithms.

2. Hybrid methods with the DenseNet201 model and SVM, LR, and RF algorithms are proposed. Here, feature extraction was
performed with deep learning algorithms.

3. With the proposed EL model, an accuracy of 95.00% was obtained.
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Figure 1: Flowchart of the study
2. Materials and Methods

This section presents information about the dataset used to evaluate the models proposed in the experimental application,
DenseNet201 deep learning model, machine learning algorithms (SVM, LR, RF), and theoretical knowledge of the EL method. In
addition, evaluation metrics are given together.

2.1. Dataset

In this study, the Alzheimer's Dataset [12], which is included in the Kaggle database and consists of Magnetic Resonance Imaging
(MRI) images, was used to classify dementia diseases. The dataset consists of four categories: non-demented, very mild demented,
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mild demented, and moderately demented. All images in the dataset are 176x208 in size. The dataset used in this study consists of a
total of 1864 images, including 600 in the non-demented category, 600 in the very mildly demented category, 600 in the mildly
demented category, and 64 in the moderately demented category. In the experimental process, 70% of the dataset was reserved to be
used in the training of machine learning algorithms. In comparison, 30% of the dataset was used for the testing process of the
algorithms. In this way, 1304 images were used in the training process of machine learning algorithms, while 560 images were used
in the testing process of the algorithms.Table 1 shows data split statistics. The sample data utilized in the experimental process is
illustrated in Figure 2.

(a) Non Demented (b) Very Mild Demented  (¢) Mild Demented (d) Moderate Demented

Figure 2: Sample images from the Alzheimer's dataset

Table 1: The number of training and test examples

Types of dementia Number for training Number of test examples Total number of images
Non Demented 403 197 600

Very Mild Demented 427 173 600
Mild Demented 424 176 600

Moderate Demented 50 14 64

2.2. DenseNet201 Architecture

DenseNet201 architecture was proposed in 2017 [13]. The use of additional feature vectors enhances the architecture. The
application purpose of the proposed method is to solve the gradient vanishing problem in deep neural networks. The basis of the
architecture is the Dense block. In architecture, each layer is directly linked to all previous layers. Attributes collected in a particular
layer are combined through the concatenate layer. The DenseNet201 algorithm consists of 201 layers with an input layer size of 224
x 224. Also, the architecture has four dense blocks, three transition layers, and finally, a softmax output layer. This study uses
DenseNet201 architecture pre-trained with ImageNet [14] dataset. This architecture was used to perform feature extraction in the
study.
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Figure 3: Flowchart of DenseNet201 architecture
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2.3. Machine Learning Algorithms

This section presents the theoretical foundations of the machine learning algorithms used in developing the EL model and hybrid
methods. The hyperparameters used in machine learning algorithms are given in Table 2.

Table 2: Hyperparameters used in EL method and machine learning algorithms

Machine Learning Algorithms Hyperparameters Defined Parameters
Cc 100
kernel rbf
gamma 10
SVM probability true
tol 0.001
class-weight balanced
C 10
penalty 12
class_weight balanced
LR
solver Ibfgs
multi-class multinomial
random-state 0
n-estimators 80
criterion gini
min-samples-split 2
min-samples-leaf 2
RF
max-features log2
bootstrap true
class-weight balanced
random-state 0
estimators (RF, rf), (LR, Ir), (SVM', svm)
weights 1,35
EL voting hard
flatten-transform true

2.3.1. Support Vector Machine

Support Vector Machine (SVM), a type of machine learning algorithm, was developed by Vapnik et al. [15]. It is widely used in
classification problems. The algorithm aims to find a hyperplane to maximize the margin between binary or multiple classes in the
dataset. This process is carried out with decision functions. The algorithm can be applied to solving linear/non-linear problems. The
algorithm's efficiency is directly proportional to the correct determination of the hyper-parameters. In this study, hyper-parameters
were determined using a trial-and-error method. The hyper-parameters used in the SVM machine learning algorithm are given in
Table 2.

2.3.2. Logistic Regression

Logistic Regression (LR) is a supervised machine learning algorithm. It is a statistical approach that focuses on estimating
probabilities rather than classes [16]. This approach is used in classification problems. The main goal of the algorithm is to predict a
new class of test or observation data based on the input variables. The estimations here consist of probability values, and the sigmoid
function is used. In this study, hyper-parameters were determined using a trial-and-error method. The hyper-parameters used in the
LR machine learning algorithm are given in Table 2.

2.3.3. Random Forest

Random Forest (RF) is a supervised machine learning algorithm. The algorithm was proposed by Ho [17]. It is widely used in
classification problems and is decision tree based. Decision tree; It consists of root nodes, internal nodes, and leaf nodes. While
creating decision trees using the RF algorithm, the root node's selection process and the nodes' splitting processes are random,
resulting in a random forest due to the application. In this study, the trial-and-error method was used to determine hyper-parameters.
The hyper-parameters used in the RF machine learning algorithm are given in Table 2.

2.3.4. Ensemble Learning

Ensemble Learning (EL) is a machine learning technology in which multiple models are strategically combined [18]. This method is
aimed at obtaining a high-efficiency model and has the potential to provide superior performance compared to a particular model.
This study is based on a community-based method of hard voting. The scikit-learn library was used in the application process. The

hyper-parameters used in the EL method are given in Table 2.
WWw.insicongress.com SI
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Figure 4: Proposed ensemble learning model
2.4. Evaluation Metrics

In the performance analysis of the proposed EL model and the proposed hybrid methods with deep learning/machine learning
algorithms in the classification of dementia diseases, Accuracy (ACC), Positive Predictive Value (PPV), PPV (macro), Sensitivity
(SN), SN (macro), F1-score (F1), and F1 (macro) metrics were used. The mathematical formulations of the evaluation metrics are
given in Table 3. Table 3 shows FP: False Positive, TP: True Positive, FN: False Negative, and TN: True Negative values.

Table 3: The performance metrics (with binary and multi-class classification)

Binary Classification Metrics Multi-class Classification Metrics
Metric Formula Metric Formula
TP TN
ACC i 1w Th
TP + TN + FP + FN PPV (macro) _Z n
TP N L. TP, + FP,
PPV —_— n=1
TP + FP
TP 1 TP,
SN T — SN (macro) = Z —r
TP + FN N Li TP, + FNy
2x PPV x SN 2xM.PPV x M.SN
F1 —_— F1 (macro)
PPV + SN M.PPV + M.SN
3. Results

In this section, the experimental results of the proposed EL method and hybrid methods in the automatic detection of dementia
diseases are presented. In the experimental stage, the dataset used was first preprocessed. In this preprocessing step, the data was
resized to 224x224, converted to array format, applied min-max normalization, and labels were assigned to the data. The
experimental results of hybrid methods and the EL model are given in Table 4. According to the table, DenseNet201 + SVM hybrid
method and EL method produced similar results and were the most successful methods with an accuracy rate of 95.00%. The RF
algorithm was the model with the lowest success, with an accuracy rate of 92.50% in the study. When DenseNet201 + SVM hybrid
and EL methods were evaluated according to PPVVmacro, SNmacro, and F1-macro metrics, they produced 96.16%, 96.14%, and
96.15% metrics, respectively. When the RF algorithm was evaluated according to the PPVVmacro, SNmacro, and F1-macro metrics, it
produced 94.22%, 94.25%, and 94.23% metric values, respectively. Figure 5 shows a column chart with hybrid methods and
evaluation metrics obtained from the EL model.

Tablo 4: Hybrid approach with deep learning and SVM, LR, RF algorithm and EL model

Model Number of features Classifier ACC PPV macro SNmacro F1-macro
SUM 0.9500 0.9616 0.9614 0.9615

LR 0.9321 0.9479 0.9477 0.9478

DenseNet201 1920 RF 0,9250 0,0422 0,9425 0.9423
EL 0,9500 0.9616 0.9614 0.9615
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Figure 5: Comparative analysis of machine learning methods

According to Figure 5, while SVM and EL methods produced the most successful results in all metric values with similar results, the
RF algorithm showed the lowest success in all metric values.

Tablo 5: Experimental results of machine learning algorithms and ensemble learning model according to PPV, SN and F1

metrics
Model Class PPV SN F1 Test dataset
Non Demented 0.9444 0.9492 0.9468 197
SUM Very Mild Demented 0.9360 0.9306 0.9333 173
Mild Demented 0.9659 0.9659 0.9659 176
Moderate Demented 1.0000 1.0000 1.0000 14
Non Demented 0.9242 0.9289 0.9266 197
LR Very Mild Demented 0.9128 0.9075 0.9101 173
Mild Demented 0.9545 0.9545 0.9545 176
Moderate Demented 1.0000 1.0000 1.0000 14
Non Demented 0.9231 0.9137 0.9184 197
RE Very Mild Demented 0.8966 0.9017 0.8991 173
Mild Demented 0.9492 0.9545 0.9518 176
Moderate Demented 1.0000 1.0000 1.0000 14
Non Demented 0.9444 0.9492 0.9468 197
EL Very Mild Demented 0.9360 0.9306 0.9333 173
Mild Demented 0.9659 0.9659 0.9659 176
Moderate Demented 1.0000 1.0000 1.0000 14

According to Table 5, a 94.68% F1-score for detecting 197 Non Demented images, 93.33% F1-score for detecting 173 Very Mild
Demented images, 96.59% F1-score for detecting 176 Mild Demented images, and 14 Moderate Demented images for % 100 F1-
score calculated using SVM model. According to Table 5, the proposed EL method and SVM algorithm produced similar results.
According to Table 5, a 91.84% F1-score for detecting 197 Non Demented images, 89.91% F1-score for detecting 173 Very Mild
Demented images, 95.18% F1-score for detecting 176 Mild Demented images, 100% F1-score for detecting 14 Moderate Demented
images produced values using RF algorithm.
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Abstract

Centrifugal fans are the most common turbomachines used in air movement applications. They are commonly used in cases that
require air circulation/movement, power engineering systems, supply and exhaust air systems. Scope of truck mounted snow plowing
and blowing vehicles, the most common turbomachines for air blowing is centrifugal fan/ blower. Their performance directly
affected by design parameters of impeller, inlet and outlet box/casing. According to required volumetric flow rate and pressure
values at inlet and outlet; duct diameter, width of impeller and scroll casing has been calculated. After the design and modelling at
design package programs, with literature of fluid dynamics, CFD solving has been done by Ansys Fluent.

Keywords: Road sweeper, centrifugal fan, blower, ANSYS, CFD.
1. Introduction

Snow plowing and blowing vehicles are the truck-mounted superstructure machines to sustain the street and road safety and
cleanliness. To provide this, centrifugal fan/blower is used where located the superstructure. The centrifugal fans are universal
machines and extensively used in industry. Fans increase the air velocity radially and change the direction of the flow with respect to
the shaft. Austin Church [1] is the pioneer of the design methodology for centrifugal fans and pumps. Later decades, many
researchers improved, refined and analyzed the Church’s studies. Osborne William [2] inspected the relation between inter blade
circulation and work done by impeller. Vibhakar [3] compiled and experimental evaluation of existing design procedures for radial
tipped centrifugal fan developed the unified design and checked the validity. Scopes of the researcher’s approach, geometric
properties are calculated.

2. Design and Analysis Procedure

Design criteria depend on the continuity and the energy equation balance in fundamentals of fluid mechanics. At the initial condition,
input parameters are required. These values have been selected according to logical requirements of the system and the calculations
have iterative approach for the fan housing parameters. Impeller structural is key factors which directly affects the performance of
fan. Beside of that, geometry of scroll housing is important regulate the air flow. The most significant pneumatic part of the fans is
impeller. The most effective parameters are related with centrifugal fan’s hopper/housing, impeller and blades dimensions, etc.
Modelling has been carried out using CATIA, AUTOCAD platforms. In this paper, by taking of advantage previous studies, impeller
eye diameter, outlet vane thickness, width of volute casing has been calculated. Due to the, working principle of truck, at the exit of
the fan, a duct is located. At the inlet duct, to get more air flow rate, structure like diffuser is located.

2.1. Design Parameters

Tablel. Initial Input Parameters

Description Symbols Unit
Volumetric Flow Rate Q m?/s 8,986
Static Suction Pressure Pguction Pa -1003,0
Static Delivery Pressure Pyelivery Pa ~6223
Static Pressure Gradient APs Pa ~7226
Speed of Impeller Rotation N rpm 3200
Air Density Pair kg/m? 1,225
Outlet Blade Angle B. degree 55
Suction Temperature T °C 30
Suction Temperature T, K 303,15

Due to compressibility of air, density changes respect to temperature and pressure when the mass flow rate remains constant.

Mot = PaQ
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For the impeller eye and inlet duct size, initial assumption is required (V). This assumption is related with volumetric flow rate
and mass conservation;

4Q

Dayet = |——
duct T * Vduct

Veye must be slightly higher thanV,,,, thus another assumption is required,

Pave = Pstm — Psuction

For outlet vane thickness,

€p, Pressure ratio across the impeller,

e = Outlet Pressure / ) .
P Absolute Static Pressure at impeller eye

RT/0,286g
ad = 0,286
€p
_ 60 gHad
27N | K
. (uDy — Zt)/sinp,
E=——————
uD,
Z: Number of blades,
t: Thickness of blade
£ : Outlet vane thickness factor
For outlet vane thickness,
T D¢
For width of volute casing,
b, = 3b,
B_ ¥
b2

Fig.1.First concept of the design
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2.2. Computational Fluid Dynamics Analysis

The actual sweeping and blowing process can obtain solid particles inside of the flow. This research will be simplified to the only air
flow. The flow that include solid and gas phase is the subject of Discrete Element Method (DEM).

In this study, fluent is used. Turbulence model is k-epsilon (k-¢), k is the turbulence kinetic energy and ¢ is the dissipation rate.

There are solver methods to observe the situation of flow with respect to time or independent from the time. Sliding mesh method
depends on the time and beneficial for create streamlines by the time. To inspect the flow streamlines at the specific angular velocity
and decrease the analysis solving duration, Multiple Reference Frame (MRF) has been selected. MRF is an approach; rotating the
specific frame (impeller) with specific time or velocity step and creates a streamline during the flow. At this specific velocity, steady
state (depends from the time) method must be used. At the inlet and outlet, atmospheric conditions are most realistic case and assign
the pressure inlet and outlet as 0 Pa gauge pressure.

2.2.1. Geometry

Considering the design procedure, geometry has been created by Catia v5 and SpaceClaim. Beside of conventional centrifugal fans,
impeller shroud has been changed for regulate the impeller inlet flow (fig.3.). First of all, undesired materials such as bolt, screw, and
driven equipment have to extract from geometry. These equipments are not affected to fluid flow and their existence will make the
analysis complex. After using the design programs, volume is extracted which is related with flow with imported geometry in Ansys
SpaceClaim.

Ansys

2021 R2

Fig.2. Physical model and extracted flow field of Snow Plowing and Blowing Vehicle’s Centrifugal Fan

Ansys
2021 R2

S 2

Fig.3. Bended upper shroud

2.2.2. Meshing

The mesh schematic of the geometry is given in figure 4. Tetrahedral meshes are used for the internal air flow, while a hexahedral
mesh is used for the rectangular duct.
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Figure.4. Generated meshes with triangle and hexahedral meshes.

The quality of meshing is based on factors that related geometrical case like skewness, orthogonal quality etc. When the maximum
skewness approaches the 0, it becomes good quality. And orthogonal quality must be greater than 0.85.

Table.2. Mesh quality statistics

Skewness Max

Skewness Min Skewness Average

#of nodes #of Elements

Element Size

0,817

5,2775E-08 0,236

1162627 6325668

50mm

3. Result and Discussion

Result of analysis has been evaluated from CFDPost embedded software that visualization the streamlines, velocity vectors and
contours. Measured area is a plane that located in duct where streamlines became steady. Required torque is calculated in figure 5.
According to the requirement to drive the impeller need 116.694kW power from hydraulic motor. According to assigned pressure
inlet and outlet conditions, velocity at inlet and outlet is 39,420m/s and 100,675m/s. This velocity inlet refers to 32349,179 m3/h flow

rate.
Table.3. Velocity and pressure values are taken from the measured area.
Rpm Velocity (m/s) Volumetric Flow Rate (m*/h) Dynamic Pressure (Pa) Measured area (m?)
3200 100,763 32349,179 5486,879 0,089
Moments [N m]
Zone Pressure Viscous Total
wall-fff-impeller 5.81193e-16 -0.0048075203 -0.0048075203
wall impeller -344.94474 ~3.2841495 -348.22889
Net -344.,94474 -3.288957 -348.23369
Fig.5. Program evaluated moment values.
Table.4. Power and torque requirement to drive impeller
Impeller angular velocity (w, rad/s) 335,103
Torque is affected on impeller (T, Nm) 348,234
Power requirement to drive impeller (P, kW) 116.694
Residuals
continuity
x-velocity 1e+00
——— y-velocity
Z-velocity
k 1e-01
epsilon
1e-02
1e-03
1e-04
1e-06 ’\\\,\\
1606 — S
400 600 800 1000
Iterations
Figure.6. Scaled Residual - Convergence
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Fig.8. Velocity and pressure contours at 3200 rpm.

The pressures, velocities and power requirement were analyzed to obtain detailed flow field information and figure out in above. At
the 3200 rpm, calculated dimensions in design parameters are satisfy the analysis within the certain percentage. Since the geometry
of tongue brings severe velocity losses. Mechanical losses due to friction between structures are ignored. It causes the error
percentages.
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Abstract

Reinforcement learning is a learning method based on choosing actions to maximize rewards in an environment. This form of
behavioral learning, which is widely observed in nature, gives successful results for autonomous tasks in environments where there
is no information about it. This study is about mobile robots trained for autonomous tasks using reinforcement learning, a branch of
machine learning. Necessary environments were created with the Robot Operating System (ROS) and Gazebo simulation
environment, which is a 3D modeling and processing tool that is frequently used in the ROS platform. The robot, which has no
knowledge about the environment, tries to learn how to find the target points with Reinforcement Learning. In our study, the
autonomous mobility of the TurtleBot3 mabile robot in simulation environments that contains fixed or dynamic barriers, was gained
by reinforcement learning. Due to the limitations of reinforcement learning, Deep Reinforcement Learning, which uses neural
networks instead of memory for complex problems, was preferred in our study. Training was conducted with the TurtleBot3 mobile
robot in two different environments with fixed and dynamic barriers created in the gazebo environment. According to the epsilon
greedy policy, one of the main features of reinforcement learning is a model that can find the target point repeatedly and can
increasable the total reward was created by leaving the movements that were made randomly at the beginning to the movements
decided by the neural network model in the later stages, and the results were shared with graphs.

Keywords: Deep reinforcement learning, autonomous navigation, mobile robot, Intelligent route planning.
1. Giris

Pekistirmeli Ogrenme (Reinforcement Learning), hareketi yapan unsurun (ajan) bir evre ile etkilesime girerek ortamm kesfettigi ve
miimkiin olan en yiiksek toplam 6diilii elde etmek amaciyla bu etkilesimlerin degerlendirildigi makine 6grenimi alanidir. Bu yontem
canlilarin ortamdan olumlu ya da olumsuz geri bildirim alarak; 6grenmek i¢in kullandiklari deneme yanilma yontemini taklit eder.

Robotik alaninda pekistirmeli 6grenme, karmasik ve miithendisligi zor davraniglarin tasarimi igin bir ¢erceve sunar [1]. Buradaki
zorluk, bu makine 6grenimi tekniklerinin dogrulanabilecegi ve daha sonra gercek bir senaryoda uygulanabilecegi basit bir ortam
olusturmaktir. Bu sorunun iistesinden gelmek i¢in ¢alismamizda, robot uygulamalari i¢in yazilim gelistirme amaciyla ¢cok kullanilan
Robot Isletim Sistemi (ROS) ve 3 boyutlu modelleme ve isleme arac1 olan Gazebo benzetim ortamn ile gerekli ortam olusturulmustur.

Caligmanzda, Derin Pekistirmeli Ogrenme (DQN) yontemi kullanilarak Gazebo benzetim ortaminda, TurtleBot3 mobil robotu ile
engellerden kaginma ve hedefi bulma gorevlerini yerine getirmek igin egitim yapilmistir. Pekistirmeli 6grenme de iki temel 6zellik,
hareketi yapan unsur “ajan” ile bulunulan ortam “gevre” dir. DQN ajani, robotu engellere ¢carpmadan hedefine ulastirmak igin,
hedefine yaklastiginda pozitif bir 6diil ve hedefinden uzaklastiginda ise negatif bir 6diil yani ceza verir. Burada amag toplam ddiili
en yiiksege ¢ikarmaktir. TurtleBot3 robotu, hedefe ulagsmadan ve engellerden basarili bir sekilde kaginmadan 6nce ¢ok sayida egitim
tekrar1 gerektirir [2].

Calismanin geri kalan1 su sekilde diizenlenmistir. Boliim 2'de, ¢alismanin altyapisinda kullanilan ROS, Gazebo, DQN gibi teknoloji
ve yontemlerden bahsedilmistir. Boliim 3'te kullanilan mimariden, ROS, Gazebo ve DQN baglantisindan bahsedilmistir. Bolim 4°de
DQN modelinde olusturulan gerceve yapidan bahsedilmis ve detaylandirilmistir. Béliim 5'te DQN modeli ile yapilan ¢alismanin
parametreleri ve benzetim sonuglart paylasilarak analiz edilmistir. Son olarak, Boliim 6'da sonug ve arastirma igin gelecekteki bazi
olasi ¢aligmalar dnerilmektedir.

2. Teknoloji ve Yontemler
2.1. Robot isletim Sistemi

ROS (Robot Operating System) [3], robotlarin tasarimi, gelistirilmesi ve kontrolii i¢in kullanilan agik kaynakli yazilim platformudur.
Robotlar i¢in modiiler yazilim gelistirme igin bir arac seti saglar ve robotik uygulamalart hizlandirmak i¢in hazir modiilleri igerir.
Acik kaynakli olmasi ve genis bir kullanici tabanimna sahip olmasi nedeniyle, arastirmacilar ve gelistiriciler tarafindan tercih edilir.
ROS, robotik uygulamalarin hizli bir sekilde prototip edilmesine ve test edilmesine izin verirken, ayn1 zamanda daha karmasik
sistemler i¢in dl¢eklenebilir bir platform sunar.
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2.2. Gazebo

Gazebo, gercekei bir benzetim ortaminda ¢oklu robot sistemlerini modellemek, test etmek ve gorsellestirmek igin kullanilan bir
aractir [4]. ROS ile senkron ¢aligmasi ve kullanimi kolay olmasi nedeniyle yapay zeka ve robotik aragtirmacilari tarafindan ¢ok tercih
edilir.

Gazebo, robotik alaninda gercekei bir deneyim sunmak icin fizik tabanli benzetim motorunu kullanir [4]. Bu, robotlarin ger¢ek
diinyada nasil davranacagimi daha dogru tahmin etmeyi saglar. Gorsel olarak zengin ve etkileyici bir benzetim sunmak i¢in giiglii bir
grafik ve gorsellestirme motoruna sahiptir. Cesitli sensor tiirlerini benzetme ve entegre etme yetenegine sahiptir. LIDAR (Light
Detection and Ranging), kameralar, hiz dlgerler ve diger sensorler gibi farkl algilayicilart benzeterek, robotlarin gevrelerini algilama
ve tepki verme yeteneklerini degerlendirmek miimkiindiir. Gergek diinya senaryolarini taklit etmek i¢in benzetim ve kontrol arasinda
senkronizasyon saglar. Bu, gercek robotlarin kontrol algoritmalarini benzetim ortaminda test etmek igin kullanighidir. Ayni anda
birden fazla robotun benzetimini destekler.

2.3. TurtleBot3

TurtleBot3, diisiik maliyeti ve tagiabilirligi ile 6ne ¢ikan robot platformudur [5]. A¢ik kaynakli ROS platformuyla uyumludur ve
birgok farkli uygulama alaninda kullanilabilmektedir. Ozellikle robotik ve yapay zeka alaninda 63renim ve arastirma faaliyetleri icin
tasarlanmistir. TurtleBot3, cesitli sensorleri ve aksesuarlar ile 6zellestirilebilir. Burger modelinin kilometre sayaci, Imu ve LIDAR
sensorleri sayesinde ¢evre ve konum bilgilerini 6grenebiliriz [6].

2.4. Pekistirmeli Ogrenme

Pekistirmeli 6grenme (Reinforcement Learning), problemle ilgili egitim verisi ya da probleme 6zgii yeterince uzmanlik olmadiginda
kullanilan, cevre ile etkilesime giren makine &grenmesi yontemidir. Pekistirmeli Ogrenme de ihtiyacimmz olan sey bir 6diil
mekanizmasidir. Yeterince tekrar etmesine izin verilen model 6diilii nasil en iist diizeye ¢ikaracagini bulacaktir.

2.4.1. Q-Ogrenme

Q-Ogrenme, makine grenimi alaninda giiclii bir 6grenme algoritmasidir [7]. Pekistirmeli 6grenmenin temelinde Q-Ogrenme yer alir.
Ajanin yapacagi eyleme karar vermek i¢in Q-degerleri kullanilir. Ajan (agent), bir durumda (state) bir eylem (action) gergeklestirerek
odil alir ve Q-degerini giinceller. Q-degeri, eylem gergeklestirildiginde beklenen toplam o6diilii tahmin eder. Q-degerleri, ajanin
hedefe en hizli sekilde ulagmak i¢in hangi eylemi se¢gmesi gerektigini gosterir. Bu sekilde, ajan zamanla optimal bir davranis stratejisi

gelistirir.
> Ajan
R w1 [

S Ortam ]4——

\.

durum odul eylem

o
<

Sekil 1. Markov Karar Siireci [8]

Q-Ogrenme’nin merkezinde Bellman denklemi ve Markov Karar Siiregleri (MDP) yer alir [8]. MDP, pekistirmeli 6grenmenin
modellenmesi igin kullanilan matematiksel gercevedir. Pekistirmeli Ogrenmeyi Sekil 1°de goriillen Markov Karar Sireci ile ifade
etmek miimkiindiir. Markov 6zelligine gore gelecek durum (S, 1), yalnizca ortamin olasi durumlarini igeren (S) uzayinda bulunulan
mevcut duruma ve (4;) eylem uzayindan segilen eyleme baghdir. Ayrica yapilan eylemden sonra olumlu ya da olumsuz bir 6diil
(R¢41) alinir. Once ki durumlarin ve eylemlerin bir etkisi yoktur. Bellman denklemleri, Markov Karar Siiregleri gercevesinde en iyi
kararlar1 almak igin kullanilan matematiksel formiil olarak ortaya ¢ikar.

Denklem (1)’de verilen Bellman denklemi, durum-eylem ¢ifti degerlerini " Q(s,a)" tahmin etmek i¢in kullanilir [8]. Denklem,
gelecekteki durumlarin maksimum degerlerini kullanarak bir durumdaki degeri geriye dogru giincellemeyi saglar. Bu iteratif
giincelleme siireci, durum degerlerini veya durum-eylem ¢ifti degerlerini kararli bir sekilde yaklasik olarak bulmaya yardimeci olur.

Q(s,a) = R(s,a) +y * maxy (Q(s',a’)) @

Zamansal fark 6grenimi (Temporal Difference Learning) [8], bir durumda bir eylem gergeklestirildiginde ajanin gerceklestirdigi
eylemin kalitesini (degerini) tahmin etmek icin kullanilir. Algoritma, gergeklestirilen eylemin beklenen degeri ile gergekte elde
edilen deger arasindaki farki hesaplar ve bu farki, gergeklestirilen eylemin kalitesini Q degerini giincellemek i¢in kullanir. Denklem
(2)’de, zamansal fark 6grenimi fonksiyonu gériilmektedir.

Q'(s,a) = Q(s,@) + a* (1, +y * max,Q(s',a") = Q(s,0)) 2
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Denklem (2) de:

(s, @): durum-eylem cifti

(s, a'): bir sonraki durum-eylem gifti

Q(s,a): Q degeri, s durumunda a eylemi ile elde edilmesi beklenen toplam &diilii ifade eder.

1:: meveut durumda alinan 6diilii ifade eder

y: Indirim faktorii gelecekte kazanilmasi muhtemel ddiillerin ne kadar énemli oldugunu belirlememize yardimer olur.
a: Ogrenme orani, modelin dgrenme hizim ayarlar.

Q degerlerini saklamak igin Q tablosu denilen bir tablo kullanilir. Tablonun her satir1 bir durumu, her siitunu bir eylemi temsil eder.
Her hiicre, o durumda o eylemin beklenen toplam 6diiliinii temsil eden Q degeridir. Q tablosu, ajanin Ggrenirken bu degerleri
giincelledigi veri yapisidir.

Q tablosu, kiigiik problemler i¢in uygulanabilir bir yontemdir. Biiyiik olgekli problemlerde boyutu ¢ok bilyiik olabilir ve agir
hesaplama gerektirebilir. Bu nedenle, daha biiyiik problemler igin Q-Ogrenme algoritmas1 genellikle derin dgrenme yontemleriyle
birlestirilir ve Deep Q Network (DQN) gibi yontemler kullanilir. DQN, derin sinir ag1 kullanarak Q degerlerini tahmin etmek igin
yapay sinir ag1 kullanir [9].

2.4.2. Derin Pekistirmeli Ogrenme

Mnih ve arkadaslar1 [9], Pekistirmeli Ogrenmeyi derin sinir aglari ile birlestiren, Derin Pekistirmeli Ogrenme modelini gelistirdiler.
Calisma da kurduklari ag yapisina Deep Q Network (DQN) adin1 verdiler. Bu agin genel yapist Sekil 2°de gosterilmistir.

| bdil r
Ajan
durum Ortam
s Eylem se¢ a

parametre 8

Gozlenen durum s

Sekil 2. Derin Pekistirmeli Ogrenme (DQN) yapisi

Derin sinir aglari, yiiksek boyutlu verilerle basa ¢ikabilme ve ozellikleri daha iyi dgrenebilme yetenegine sahipken, pekistirmeli
O0grenme bir sistemi yeni gorevlerle ve yeni ortamlarla harekete gecirebilmeyi saglamaktadir [10].

DQN bir durumda almabilecek tiim aksiyonlarin Q-degerlerini tahmin etmek i¢in derin sinir agin1 kullanir. Bu Q-degerleri, bir
durumda belirli bir aksiyonun yapilmasi durumunda beklenen toplam 6diilii temsil eder.

DQN'in ¢aligmasi, ajanin ¢evreyle etkilesimde bulundugu ve belirli aksiyonlar aldig1 bir dongiiye dayanir. Ajan, cevreden bir gozlem
alir, gézlemi derin sinir agina besler ve Q-degerlerini tahmin etmek i¢in derin sinir agindan ¢ikt1 alir. Alinan ¢ikis degerlerinden en
biiytigii beklenen toplam &diilii temsil ettigi i¢in ilgili ¢ikisa ait eylem segilir. Ardindan epsilon-greedy (€) stratejisine gore belirlenen
eylemi uygular. Epsilon-greedy ajanin kesfetme olasiligidir. Genellikle 1 veya 1’e yakin yiiksek bir degerle baglar ve her bolimde
azaltilir. Bu, ajanin egitimin basinda ¢evreyi kesfetmesine yardimci olur. Ajan, egitim sirasinda € 'yi azaltir ve ilerleyen boliimlerde
daha ¢ok modeli kullanarak eyleme karar vermeye baslar [11].

Modeli egiten durumlar arasindaki korelasyonu azaltmak icin Deneyim Yeniden Oynatma (Experience Replay) Mekanizmasi
kullanilir [12]. Mekanizma ge¢misteki ddiil, eylem ve durumlari, Replay Memory olarak da adlandirilan tampon bellege koymak ve
egitim i¢in tampondan bazi rastgele drnekler almak seklinde ¢aligir.

Q-Ogrenme’de kullandigimiz 2 nolu denklemi, Q-tablosunun yerine kullandigimiz sinir ag1 sayesinde basitlestirebiliriz. Geri yayilan
optimize edicimiz zaten buna sahip olacagindan, grenme oranina artik ihtiyag yoktur. Ogrenme orani kaldirildiginda, birbirlerini
stfirladiklart igin iki Q (s, @) terimini de kaldiririz ve Q degerini hesaplayan Denklem (3)’i elde ederiz.

Q(s,a) = R(s,a) +y * max,Q(s",a’) @)
Denklem (3) Q fonksiyonu olarak isimlendirilir. Denklem de:

s: t anindaki durum verisi.

a: Eylem uzayindan secilen eylem.
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s': t+1 aninda a eylemi ile gegilen yeni durum.

R(s,a): s durumunda a eylemi ile alinan 6diilii ifade eder.

y: Indirim faktorii gelecekte kazanilmasi muhtemel ddiillerin ne kadar énemli oldugunu belirlememize yardimer olur.
Q(s,a): Q degeri, s durumunda a eylemi ile elde edimesi beklenen toplam 6diilii ifade eder.

Denklem (4) agin ¢ikis fonksiyonudur. Burada (1 — done) kismu dikkat ¢eker. “done”, boliimii sonlandirmak i¢in kullanilan boolean
degiskendir. Robot engele garptiginda ya da zaman agiminda “true” degerini alir bdylece boliim sonlanir. Bu durumda ¢ikis, alinan
odiile esit (y = r) olur. Bunun nedeni bolim sonlandiginda basa doniileceginden sonraki durum olmayacaktir. Bu nedenle sonraki
durum hesaba katilmaz ¢ikis degeri 6diil degerini alir.

Hesaplanan gercek Q degerleri, sinir aginin tahmini Q degerleriyle karsilastirilir ve ag1 egitmek i¢in Denklem (5)’de verilen kayip
fonksiyonu kullanilir. Bu kayip fonksiyonu, agin agirliklarini giincellemek i¢in kullanilir ve agin tahmini Q-degerini gercek Q-
degerine yaklastirmaya caligir [11].

y =r+y*maxaQ(s’,a’; 9) * (1 —done) (4)
L= (y —-Q(s,a; 9))2 (5)

Algoritma: Deneyim yeniden oynatma (Experience Replay) mekanizmasi ile Derin Pekistirmeli Ogrenme [9]

Yeniden oynatma bellegi D’yi N kapasitesiyle tanimla
model’i rastgele agirliklarla bagslat
for boliim =1, M do
Ortamu sifirla ve durum degerini al = s;, done = false
fort=1,Tdo
a; eylemini, € degeri olasiliginca rastgele ya da a; = max,Q(s;, a; ) hesabi ile seg
Ortamda a; eylemini uygula ve 13, s;,1 ve done (boolean) degerlerini al
Yeniden oynatma bellegi D ‘ye (S¢, @y Tty Sp41, dOney) verilerini ekle
D ‘den rastgele mini yigin ornegi al (s]-, @, 7, Sj+1, done]-)
yj =1 +y maxg, Q(sj+1, a'; 9) * (1 — done]-)
L; = (yj — Q(sj, aj; 8))* kayip fonksiyonu ile modeli egit
St = St+1
end for
& = Pe, e'yi B ile giincelle

end for

3. Mimari

Gazebo ve diger kullanilan yontemler arasindaki iligkiyi gosteren 6bek sema Sekil 3’de sunulmaktadir. Bu mimari, ROS ortaminda
diigiimlerin, belirli bilgiler saglayan konular aracihigtyla etkilesime girdigi bir yapidir. ilk olarak, Gazebo benzetim ortamnin iletisim
araylizii diigiime baglanir. Daha sonra, DQN modeli, denetim stratejisine dayali eylem talimatlarin1 “/cmd_vel” konusu araciligiyla
“/gazebo” ya geri bildirim olarak gdnderir. Son olarak, Gazebo TurtleBot3’ii ¢alistirir ve TurtleBot3’{in tiim durumlarini ve benzetim
ortamini giinceller [13].

femd_vel
freset_simulation action
o o
Gazebo ROS DQN Environments ROS DQN Agent
g -
Iscan reward
lodom observation

fgazebo/model_states

Sekil 3. Uygulama da kullanilan mimari
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ROS’da ¢alistinilabilen her birim, diigiim olarak tanimlamr. Digiimler arasi veri aligverisi konular tizerinden mesajlar ile yapilir.
Ornegin robotu yonlendirmek igin, “/cmd_vel” konusu iizerinden “twist” ile acisal ve dogrusal hiz mesajlari motorlar1 denetleyen
diigiime iletilir. Boylece robot istenilen hareketi yapar.

“/reset_simulation”, ROS iginde Gazebo benzetim ortamini sifirlamak i¢in kullanilan servistir. Gazebo diinyasini, robotlarin
konumlarini, hizlarmni ve durumlarini baslangic degerlerine geri dondiiriir. Robot bir engele carptiginda olumsuz 6diil verir ve bolim
sonlandilarak benzetim ortamu sifirlanir.

“/gazebo/model_states” hedef noktanin konumunu ve benzetim ortami hakkinda diger bilgileri saglayan servistir.

“/scan” ile robotun LIDAR verilerini aliriz. TurtleBot3’de 360 derece LIDAR sensorii bulunur [6]. LIDAR sensorii tarafindan elde
edilen veriler benzetim ortami hakkinda bilgi saglar. TurtleBot3 Burger modelinde LIDAR sensoriin minimum algilama mesafesi
yaklasik 12cm, maksimum ise 3,5m’dir.

“/odom” konusu tizerinden, odometry bilgileri alinir. Odometry, robotun konum, hiz ve rotasyon bilgilerini tahmin etmek icin
kilometre sayaci, imu sensorii, hiz sensorii ve kamera vb. sensor verilerini kullanir.

Sekil 4’de sanal ortamda LIDAR kullanarak otonom olarak gezinmeyi 6grenen TurtleBot3 goriilmektedir.

Sekil 4. Sanal bir ortamda TurtleBot3

4. Cergeve

Amacimiz, robotu bulundugu konumdan hedef noktaya minimum ¢abayla yonlendirmek i¢in en uygun stratejiyi 6grenen DQN ajani
elde etmektir. Pekistirmeli Ogrenmede durum uzayi, eylem uzay1 ve 6diil mekanizmasi en temel 6zelliklerdir. Dogru kurulan &diil
mekanizmasi ile ajan kendi kendine 6grenecektir. Sekil 5’de Ajanin ¢alisma siireci model ile gosterilmistir. Bu siire¢ asagidaki temel
adimlar ile 6zetlenebilir.

*  Ajan, eylemi DQN modelinden aldig1 Q-degerine gore seger ve ortama yansitir.

*  Ajan bir ortamda elde edilen ddiilii ve diger durum verilerini tekrar oynatma hafizasinda (Experiance Replay) saklar.
*  Ajan, saklanan verileri, tekrar hafizasindan rasgele drnekleyerek modeli giinceller.

*  Ajan'm amaci, TurtleBot3'i engellerden kaginarak sabit ya da rastgele degisen hedef noktalara ulastirmaktir.

Yeniden Oynatma
Bellegi

' ' DQN '
Ortam }_‘ Ajani ‘—

Sekil 5. DON ajaninin ¢alismasi [2]

TurtleBot3 Burger modeli igin Sekil 6’da goriilen ortamlar olusturulmustur. Sekil 6 (sag)’da ortama iki adet hareketli engel eklenerek
problem zorlastirtlmigtir.
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Sekil 6. Calisma i¢in olusturulan sabit engelli (sol) ve hem sabit hem de hareketli engelli (sag) benzetim ortamlari
4.1. Durum Uzay1

Durum (State), ¢evrenin bir gozlemidir ve mevcut durumu agiklar. Bu, pekistirmeli 6grenme ajani igin hayati 6nem tasir, ¢iinkii
durum verisine gore model ile Q degeri hesaplanir ve robot hareket eylemi segilir. Modelimizde durum 28 veriden olusan boyuta
sahiptir. Bu verilerin 24 tanesi Lazer Mesafe Sensorii (LDS) degeridir. Digerleri ise hedefe olan aci, hedefle arasinda ki mesafe,
engel ile arasindaki mesafe ve engel ile arasindaki agidir. Bu verilerin matematiksel bir yaklagim ile ifadesi agagidaki gibidir [14]:

Durum (28) = LDS (24) + Hedefe Ag1 (1) + Hedefe Mesafe (1) + Engele Mesafe (1) + Engele Ac1 (4)

Engele olan mesafe, LDS den alinan verilere gore en yakin engel ile olan mesafedir. Engele olan ag¢1 ise en yakin engeli géren
LDS’yi temsil eden degerdir. Sekil 7°de hedefe olan mesafe ve robot ile hedef arasi ag1 resmedilmistir.

Uzaklik

Sekil 7. Robot ile hedef arasindaki mesafe (sol), robot ile hedef arasindaki a¢1 (sag) [2]
4.2. Eylem Uzay1

Robotun, durum tiiriine bagli olarak hareket edebilmesini temin icin bes eylemi (Action) vardir. Bu eylemler Sekil 8’de
gosterilmistir. Bes farkli eylemde sirasiyla agisal hizlar -1.5, -0.75, 0, 0.75, 1.5 rad/sn’dir. Bu ¢alismada robotun sabit dogrusal hizi
0.15m/s'dir ve agisal hizi model tarafindan belirlenir. DQN modelinin maksimum Q degeri eylem se¢imini belirler.

1 ﬁ .
e

Sekil 8. Eylem uzayi [2]
4.3. Odiil Sistemi

Odiil tasarrmi 6grenme igin ¢ok dnemlidir. Robot bir eylem gerceklestirdiginde odiil (Reward) alir. Odiil olumlu ya da olumsuz
olabilir. Robot hedefi bulunca, 13 farkli hedef noktadan biri rastgele secilerek yeni hedef nokta olur. Turtlebot3 hedefe ulastiginda,
biiylik bir pozitif 6diil alir, engelle carpistiginda ise biiyiik bir negatif 6diil alir. 14 cm altinda ki LIDAR verisi ¢arpigsma olarak
degerlendirilir. Ayrica TurtleBot3 hedefe yaklastiginda pozitif bir 6diil alir ve uzaklagtiginda negatif bir 6diil alir. Boliim, TurtleBot3
bir engele carptiginda veya belirlenen adim sayisindan sonra sona erer.

5. Uygulama

Benzetim senaryolari i¢in, Sekil 6’da iki tiir ortam olusturulmus ve bu ortamlarda pekistirmeli egitim yapilmustir.
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Ogrenme orani (a): O olarak ayarlamak, robotun grenmeyecegi ve 0,9 gibi yiiksek bir deger, 6grenmenin hizli bir sekilde
gerceklesebilecegi anlamina gelir. Ancak ¢ok hizli 6grenme-de optimum noktay1 bulamama riski de mevcuttur.

Indirim faktorii (y): 0 degeri ajamn yalnizca mevcut &diilleri dikkate almasini saglarken, 1'e yaklasan bir faktor, ajanin uzun vadeli
yiiksek bir 6diil icin ¢abalamasina neden olacaktir.

Kesif sabiti (€): 0,99 gibi yiiksek bir deger ayarlamak, eylemlerin %99'unu stokastik yapacaktir. Kesif asamasi i¢in yiiksek bir
degerle baslar, boliimler ilerledik¢e epsilon azaltma teknigi ile 0’a yaklastiririz. Boylece giderek deneyimlerden daha fazla
faydalaniriz.

Secilen baglangi¢ parametreleri, & = 0.001, y = 0.95 ve ¢ = 1'dir. Bu durumda minimum & degerimiz olan 0,01'c ulagana kadar her
bolimde € * 0,995 olan azaltma teknigi kullanilmustir.

.4

False

pisode < total Ep.r -
True

| reset Environment

l choose action with ANN model or Random

o !

q move of Action |

;

[ add observation to Replay Memory
I
-=——{ train ANN model with Replay Memory ]

¥

Epsilon decay J

)

Sekil 9. Uygulamada kullanilan DQN akis semasi

ISBN: 978-605-71214-8-6 152 Www.insicongress.com SI



IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

Sekil 10. Birinci ortamda (GazeboStagel)(sol siitun) ve ikinci ortamda (GazeboStage2) egitilen DQN Modelinin egitim
siirecindeki toplam (iist satir) ve ortalama (alt satir) 6diil degisimi

Sekil 10°daki grafiklerde DQN kullanilarak GazeboStagel ve GazeboStage2 ortaminin izlenmesinden elde edilen kiimiilatif 6diil
kirmizi ile, model tarafindan tahmin edilen Q degeri yesil ile gosterilmektedir.

GazeboStagel’de alinan kiimiilatif 6diiliin daha yiiksek oldugu grafiklerde goriilmektedir. GazeboStage2’de hareketli engellerin
problemi biraz daha zorlastirdigi kiimiilatif 6diillerden anlagilmaktadir. Olusturulan ortamlarda DQN modeli ile yapilan egitimler
sonucunda robotun hedef noktalar1 basarili bir sekilde buldugu gézlemlenmistir.

6. Sonuglar

Bu calismada, benzetim ortaminda Derin Pekistirmeli O_grenme ile robotlarda otonom hareket ele alimmistir. Pekistirmeli 6grenme
yontemi birgok deneme yamilma arastirmasi gerektirir. Ogrenme asamasini dogrudan gergek diinya-da gergeklestirmek ¢ok zordur,
hatta imkansizdir. Bu nedenle iyi bir model egitmek ve egitilen modeli gercek cihaza tagimak i¢in benzetim ortamina ihtiya¢ vardir.

Benzetim ¢alismasinda, Derin Pekistirmeli Ogrenme yontemi ile egitim yapmak ve dogrulamak icin ROS'un Gazebo simiilatorii ile
TurtleBot3 burger robot modeli kullanilmistir. Siireg boyunca TurtleBot3'iin kilometre sayact ve imu sensdrii tarafindan toplanan
pozisyon ve mevcut konum bilgisi ile LIDAR sensérii tarafindan taranan benzetim ortamu bilgileri kullanilarak DQN ajan1 gevre ile
etkilesime girer.

Gazebo simiilatoriinde olusturulan iki farkli ortamda Derin Pekistirmeli Ogrenme yontemi ile robot modeli egitilmistir. Robot,
ortamda engellere ¢arpmadan rastgele yer degistiren hedef noktalar1 bulduk¢a odiilleri toplar. Amag toplanan 6diilii maksimize
etmektir. Egitilen robotumuz test ortaminda, bir boliimde engellere carpmadan arka arkaya 10 dan fazla hedef noktay1 bulmayi
basarmistir. Derin Pekistirmeli Ogrenme ile belirledigimiz iki ortam icin de mobil robot hedef noktalar1 bularak basarili sonuglar
almigtir. Egitim sonrasi yapilan iki ortamdaki birer testin sonucu Sekil 11°de verilmistir. Bu c¢aligmanin kodlarina
"https://github.com/computeachp/Mobile-Robots-Navigation-with-Deep-Reinforcement-Learning" bagindan erisilebilir.

Bu calismada benzetim ortaminda egitilen modeli gercek diinyada kullanimi icin gesitli ayarlamalar yapmak gerekecektir. Ayrica
hedef noktalar1 belli olmayan, hedefin de ajan tarafindan bulundugu bir senaryo gergek diinya problemlerine daha uygundur. Bir
sonra ki arastirma konusu bu olabilir.
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Total reward

Sekil 11. Birinci ortamda (GazeboStagel)(sol siitun) ve ikinci ortamda (GazeboStage2) DQN Modelinin test siirecindeki

toplam (iist satir) ve ortalama (alt satir) 6diil degisimi
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Abstract

Various methods are used for frost control in agriculture. These methods primarily involve circulating air or creating a heat source.
On the other hand, traditional approaches for frost detection rely on monitoring meteorological forecasts or conducting manual
measurements. The Internet of Things (loT) technology introduces a new dimension to frost control in agriculture. Mobile
application-supported frost control utilizes 10T devices and sensors to provide real-time data, enabling the detection of frost risk and
allowing for automatic frost control. The mobile application named EcuConnect communicates with 10T devices in agricultural fields
to detect frost conditions and aims to control frost by circulating air through a wind generator. EcuConnect is integrated with an
engine control unit (ECU) for wind generator control in agricultural activities. The wind generator aims to reduce the risk of plant
exposure to frost by mixing warm air from higher areas with cold air from lower areas. The application provides users with the
ability to track the status of agricultural fields through an overview map and conducts frost risk analysis. When the risk of frost is
high, users can activate the ECU manually or automatically to protect against frost. EcuConnect also continuously monitors soil
moisture and gives feedback about irrigation needs to users. It enables data analysis through graphical representation based on
historical data. This study aims to compare traditional frost prevention practices with loT-supported frost control.

Keywords: Internet of Things, frost control, agriculture, wind generator, engine control unit
1. Introduction

Traditional frost control systems use manual measurements or weather surveillance to determine the likelihood of frost. Based on the
selected frost management strategy, preventive steps are done after the frost probability has been determined. Frost management
techniques in agriculture include circulation, heat sources, and irrigation. Mobile applications can support these techniques, making it
simpler to manage frost over wider areas and reducing possible production losses. The gathered data can be used to analyze the
danger of frost, provide meteorological forecasts, and monitor weather conditions. This reduces the amount of time needed to apply
frost control techniques and provides access to more precise information for conducting preventative actions. Farmers can use loT to
better deploy frost control techniques and safeguard their agricultural output. This paper examines the benefits of loT assistance
while concentrating on the circulation approach.

1.1. Frost Control by Air Circulation

Air circulation-based frost control is a method used to protect plants from frost in agricultural fields. It is commonly employed in
regions where frost events occur in short periods throughout the year. As seen in Figure 1, this method involves mixing warm air
from higher areas with cold air from lower areas through a wind generator, reducing the risk of plant exposure to frost. In this study,
this method is supported by an loT system, providing users with capabilities such as monitoring the status of agricultural fields,
conducting frost risk analysis, and determining irrigation needs. The applied method in this research is air circulation-based frost
control.

Wind mathige frostprotection

Figure 1: Frost Control with Circulation
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1.2. Frost Control by Heat Source

Heat sources are an effective method used for frost control in agriculture. In this method, heat sources are used in agricultural fields
with high risk of frost to reduce the possibility of plant exposure to freezing temperatures. As shown in Figure 2, heating systems are
employed to maintain the desired temperature level in the agricultural areas. This method is commonly used in regions where the risk
of frost occurs throughout a significant period in a year. Mobile applications like EcuConnect utilize historical data to predict and
analyze frost risk. This enables farmers to detect periods of high frost risk and activate heat sources in a timely manner to protect
plants from freezing temperatures.

Heater frost protection

Figure 2: Frost Control by Heat Source
1.3. Frost Control by Irrigation

Irrigation systems (micro-sprinklers) are used in regions with frost risk to prevent or minimize the impact of frost on plants. The
irrigation method helps reduce the freezing effect on plants by balancing the temperature difference between the irrigated plant and
its surroundings. By spraying water near the plants or onto the plant leaves, the formation of frost on the plant surface is prevented,
aiding in maintaining the temperature balance of the plants. loT-supported systems can assist in detecting frost risk and contribute to
water conservation efforts.

2. Method and Features of Application
10T supported frost control consists of 4 main elements.

*  Wind Generator Engine

e ECU (Engine Control Unit)
*  Ambient Sensor

«  Server and EcuConnect App

This system is based on the method of transferring ECU (Engine Control Unit) data to a server. Commands received from the ECU to
the server are read, and sensor data received by the server is also transferred to the mobile application. Information is provided to the
user by reading server data through the mobile application.

2.1. Frost Control Method

As shown in Figure 3, the system used for frost control is based on the transmission of data from the ambient sensor to the ECU, and
then the transmission of this data to the server. The transmission to the server is bidirectional, and data received from the mobile
device is also transmitted to the ECU. This transmission to the server can be achieved through a GSM module or connecting to a
local network via Wi-Fi. The data received from the server is processed to make it meaningful through the application.
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Figure 3: Schematic of Whole System
2.1.1. Wind Generator Engine

The diesel engine used to power the wind generator is started through the ECU. This allows the fan that mixes warm and cold air to
rotate, thereby achieving the circulation of air.

2.1.2. ECU (Engine Control Unit)

The ECU, which is responsible for starting the wind turbine motor, serves as a central node where all the components of the system
are connected. Data from the environmental sensor, data measuring the status of the motor, and data from the mobile application are
transmitted to the ECU. The ECU features a digital display and buttons. It can be controlled either through the buttons on the ECU
itself or remotely. The ECU is capable of independently starting the motor and preventing frost based on the data received from the
environmental sensor, even without being connected to the server. Additionally, the ECU is responsible for sending data from
various sensors and its own status information to the server. This can be achieved by connecting to a local Wi-Fi network or through
a GSM module.

Figure 4: ECU (Engine Control Unit)
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2.1.3. Ambient Sensor

The environmental sensor is responsible for activating the sensors that detect the frost condition in the agricultural field. The
environmental sensor communicates with a wireless or wired temperature sensor attached to the tree to obtain temperature data and
transmit it to the ECU. As shown in Figure 5, the environmental sensor is equipped to measure temperature, vibration, wind speed,
humidity, and battery level. Temperature, wind speed, and humidity are used for frost detection. The vibration sensor is responsible
for monitoring the device's hazardous shaking condition. In case of high vibration, the propeller can topple. Therefore, the motor is
stopped in the event of high vibration. The environmental sensor is powered by a battery and can be charged through a solar panel. It
can also enter sleep mode and wake up at adjustable intervals to monitor the frost condition.

Figure 5: Ambient Sensor
2.1.4. EcuConnect and Server

EcuConnect ensures that the system can be remotely controlled. EcuConnect aims to retrieve the data collected on the ECU from the
server and make it meaningful. EcuConnect provides the following features:

« Logln

»  Agricultural Fields Control Panel

«  Detailed Information of ECU and Other Sensors

»  Control Over the Map

»  Chart Generating Using Previous Information

*  Notification and Warning

*  Remote Ecu Control

«  Update Via OTA (Over the Air)

2.2. Features of EcuConnect

EcuConnect aims to provide security and ease of use with its features. In this section, features of the EcuConnect application will be
discussed.

2.2.1. Log In

For farmers to access information about their own agricultural fields, a user login is required. For this purpose, a panel has been
designed. In this panel, users can log in, register as new members, delete their membership, and reset their passwords. In the user
login section, authorization restrictions can be applied to subscribers, allowing them limited or full access to all settings.

]
ESITi
USER NAME el Er‘udNuEangI

EsitLtdSti

E-MAIL

esit.Itd.sti@gmail.com

PASSWORD

Previous Password

LOGIN

SING IN

DELETE ACCOUNT

Forgot Password 7

Figure 6: Login Screen

ISBN: 978-605-71214-8-6 158 WwWw.insicongress.com SI



IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

2.2.2. Agricultural Fields Control Panel

There is a need for an interface that allows for the collective view of devices. Therefore, device control is provided through a
scrollable list. In the list shown in Figure 7, it can be respectively observed that one device is not connected, another device's motor is
running, and there is a malfunction in another device. In this interface, new devices can be added, and these devices can be tracked in
map mode.

2,5KB/s ) il = @D 4

ESITi ECU CONNECT

STATUS DEVICE (5) LAST DATA

SenNo-g407 0.8°C
Field1 [101

Seri No=8408

Field2 |102

Seri No=1765

Field3 |999

SeriNo=1111

TestDevi|999

Figure 7: Device List Screen
2.2.3. Detail Information of ECU and Other Sensors

It is considered important for the wind turbine to operate smoothly and without any issues, especially during frost conditions.
Therefore, monitoring the rotation speed, temperature, vibration, fuel level, and battery level of the motor is crucial. For this reason,
an interface has been designed to display detailed information about the environment sensor and the motor. Additionally, for ease of
use, the screen shown in Figure 8 allows for starting and stopping the motor. The screen on the right side in Figure 8, which appears
when the Soil Humidity button is pressed, aims to display data from the soil moisture sensor, which is one of the agricultural sensors.
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Figure 8: Scrolled Parts of Detailed Information Screen
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2.2.4. Control over the Map

Weather conditions can vary in different locations on agricultural fields, resulting in different climates. Monitoring temperature
changes in these diverse areas, identifying regions where frost formation occurs, and detecting problematic devices in specific areas
can help save time and resources. Additionally, as shown in Figure 9, markers with different colors can be used to indicate the
likelihood of frost in specific regions, with the blue color representing the areas prone to frost.

KA-SE 3
0.4°C
START ENGINE STOP ENGINE

DETAIL CLOSE

Figure 9: Top-Down Frost Control

2.2.5. Chart Generating

Tracking the periods of frost occurrence can be functional for the next season. Past temperature values can be monitored through
graphs. Based on historical data, frost predictions can be made and serve as a source of information for upcoming years. For this
purpose, the application can convert stored historical data into graphical form on the server. Graphs provide users with the
opportunity for analysis. Additionally, the application records past malfunctioning incidents of devices, facilitating maintenance and
troubleshooting. In Figure 10, the temperature change is marked in red, wind speed in green, and areas where the motor is running in
yellow. By adjusting the parameters indicated in the graph, different data sets can be accessed and visualized.

ESITi ECU CONNECT

wind g

Figure 10: Temperature and Wind Speed Chart
2.2.6. Notification and Warning

It is critical to inform users about malfunctions, maintenance expiration, fuel depletion, fuel theft, or increased risk of frost in wind
generator devices. To achieve frost control, the server plays an important role in sending notifications to users. Therefore, the goal is
to alert users through notifications, ensuring that they are informed about such events.

2.2.7. Remote Ecu Control

The remote control of devices in agricultural fields can provide users with time and resource savings, considering that these fields are
often located far apart and away from residential areas. Therefore, the possibility of remote intervention through a mobile application
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has been provided for the devices. The device's screen and buttons can be remotely controlled, allowing for maintenance and repair
activities. This innovative feature provides detailed control over the device's specific features to ensure frost control. The interface
shown in Figure 11 is a replica of the ECU interface and is displayed in Turkish. The screen displays information about temperature,
wind speed, vibration, and battery level in that order.

Huwo v «S e D

i
-
o
13
E

Figure 11: Remote ECU Control
2.2.8. OTA (Over the Air)

Mobile applications can be updated remotely, but updating embedded systems in agricultural fields requires equipment and
maintenance personnel. To overcome this issue, remote updates (OTA) for the devices have been made possible. This enables
problem resolution or implementation of desired additional features without the need for any maintenance personnel, eliminating the
requirement for on-site intervention.

2.3. Acknowledgments

loT-supported frost control has provided convenience in agricultural fields. Additionally, OTA and remote-control capabilities have
enabled technical support to be provided remotely. Through these methods, savings in workforce and time have been achieved.

Advantages

«  Frost control and detection are facilitated through real-time and retrospective data sources.

«  Maintenance is made easier through OTA and remote-control capabilities.

«  Notifications alert the user when there is an increased likelihood of frost, enabling frost control measures to be taken.

»  The availability of retrospective data allows for analysis, benefiting both frost control and production. This leads to
increased productivity and reduced losses.

» In case of the cover being opened or sudden decreases in fuel level, a theft alarm is triggered, and a notification is sent to
the mobile application.

Disadvantages

«  Delays can occur in areas with weak GSM connectivity. This can lead to incorrect interpretations and issues regarding the
status of the agricultural field.

3. Conclusion

It is understood that 10T support is a method that provides convenience in frost control. Additionally, it is anticipated that loT support
will reduce the probability of frost events in agricultural fields. It has been determined that 10T support enables faster and easier
intervention in issues that may arise related to electronics, software, or motor-based components.
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Abstract

Pre-Eruptive Intracoronal Radiolucency; defined as an abnormal, well-circumscribed, radiolucent area that occurs in the coronal
dentin tissue of unerupted teeth. These radiolucency may be idiopathic, resoptive or developmental in origin, not microflora as the
teeth are not yet erupted. In this case, it is reported that resorption does not progress rapidly when a tooth with pre-erupted
resorption encounters microflora and this resorption is not caused by microflora. A 7-year-old female patient applied to our clinic
with the complaint of caries in her teeth. With the intraoral examination, it was confirmed that she had multiple caries. When the
anamnesis was deepened, a panoramic film was taken because it was learned that there was sensibility in the upper left side when
sweet foods were consumed. In the panoramic radiograph taken, a radiolucent area was detected in tooth number 26, which has just
erupted. Due to the inconsistency between the time of tooth 26 and the size of the caries, the patient's old radiograph was examined
and it was seen that tooth 26 had a similar size of radiolucency 3 years ago. MTA (Mineral trioxide aggregate) was used for its
application in dentin following local anesthesia application. Resin-enhanced glass ionomer cement on MTA was used as the base
material. 37% phosphoric acid application was done for 30 seconds.. Composite restoration was performed after acid wash-drying
and double-layer bond application. The treatment was terminated with polishing. Early diagnosis and treatment of intracoronal
resorption before eruption is essential to prevent pulp involvement.

Keywords: Pedodontics, caries, pre-eruptive dental caries, intracoronal radiolucency, pre-eruptive intracoronal radiolucency.
1. Giris

Siirme Oncesi intrakoronal radyoliisensi; siirmemis dislerin minesine yakin koronal dentin dokusunda goriilen, anormal, iyi sinirli,
radyoliisent alanlardir [1]. Bu alanlar, disler heniiz agiz ortamina agilmadigi i¢in mikrofloradan degil, idiyopatik, rezoptif veya
gelisimsel nedenlerden dolay1 olusabilir. Histolojik incelemelerde, ilgili bolgede osteoklast, makrofaj, dentin tiibiillerinin iginde
Howship lakiinalari gibi rezorptif hiicrelere rastlanmistir [2]. Bu rezorpsiyon igin tetikleyici faktorler bilinmemekle birlikte
gelismekte olan disi kaplayan folikiiliin mine epitelinin biitinliigiiniin kaybiyla iliskili olabilecegi diisiiniilmektedir. Genellikle sadece
dentin etkilenir [3]. Prevalansi %2-6 arasinda degismektedir [4]. En ¢ok 3. molar dislerde goriiliir [5]. Bu lezyonlar sadece rutin
muayeneler sirasinda alinan radyograflarla fark edilebilir. Teshisi oldukca zordur. Radyografi degerlendirirken gz hassasiyeti ve bu
konuda farkindalik gerekmektedir.

Radyoliisensinin derinligi, pulpanin etkilenip etkilenmedigi, periapikal dokularin durumu, disin semptomatik olup olmamasi,
hastanin uyumu ve giiriik riski gibi faktorler géz éniinde bulundurularak tedavi prosediirii belirlenebilir. Intrakoronal radyoliisensi
lezyonlar1 3 derecede incelenebilir. 1. derece lezyonlar, mevcut dentin kalinliginin 1/2'sinden az bir alanin etkilendigi ve ilerleme
riski olmayan lezyonlardir. Diizenli takip ve dis stirmiigse veya siirdiikten sonra floriir ve fissiir ortiicii gibi koruyucu uygulamalar
tavsiye edilir. 2. derece lezyonlar, mevcut dentin kalinliginin 1/3'inden fazla fakat 1/2'sinden az bir alanin etkilendigi ve ilerleyisin
hizlica durdurulmasi gereken lezyonlardir. Fissiir ortiicii, koronal restorasyon, indirek pulpa kaplamasi tavsiye edilir. Bu derecedeki
dis eger siirmemis halde ise cerrahi prosediirlerle agizda goriiniir hale getirilebilir. 3. derece lezyonlar, mevcut dentin kalinliginin
2/3"inden fazla bir alanin etkilendigi ve hizli ilerleyen, hastada semptoma neden olan lezyonlardir. Bu durumda direk pulpa
kaplamasi, pulpatomi, revaskiilarizasyon, ¢ekim tedavileri onerilir [6].

Siirme 6ncesi intrakoronal radyoliisensi vakalarinin tedavileri, radyoliisensinin fark edilme zamanina ve/veya disin siirme durumuna
gore siirme ncesi [7] veya siirme sonrasi [8] donemlerde yapilabilir.

Bu vakada siirme oncesi rezorpsiyonu olan bir disin mikroflora ile karsilastiginda rezorpsiyonun hizla ilerlemedigi ve bu
rezorpsiyonun mikroflora kaynakli olmadig: bildirilmektedir.

2. Olgu Sunumu

7 yas 4 aylik kiz hasta, dislerinde ¢iiriik olmasi sikayetiyle klinigimize bagvurdu. Hastanin herhangi bir sistemik hastaligi ve alerjik
durumu bulunmamakla birlikte, herhangi bir ilag da kullanmadigi alinan anamnez sirasinda 6grenildi. Yapilan intraoral muayene ile
¢ok sayida ciiriigiiniin oldugu dogruland1 ve tedavi planinda 26 numarali dise invaziv fissiir ortiicli uygulamasi endikasyonu kondu.
Alinan panoramik radyografta yeni siirmiis durumda olan 26 numarali diste klinik goriintiisii ile uyumsuz derinlikte bir radyoliisent
alan tespit edildi (Sekil 1). Anamnez derinlestirildiginde sol st tarafta tatli besinler tiiketildiginde hassasiyet oldugu 6grenildi. 26
numarali disin agizda bulunma zamani ile ¢iiriigiin boyutundaki uyumsuzluktan ve 16 numarali digin tamamen ¢iiriiksiiz olmasindan
dolay1 ‘siirme 6ncesi kron-igi radyoliisensi’ olabilecegi diisiiniilerek hastanin 3 y1l dnce ¢ekilmis radyografina ulasildi (Sekil 2). Eski
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radyograf incelendiginde 26 numarali disin 3 yi1l 6nce de benzer boyutlarda bir radyoliisensiye sahip oldugu goriildii. Lezyonun
boyutlari siirme 6ncesi kron-i¢i radyoliisensi siniflamasina gore 3. derece idi ve literatiire uygun tedavi protokolii takip edildi [9].

Sekil 1: Hastamin giincel panoramik radyografi

Sekil 2: Hastanin 3 y1l 6nceki panoramik radyografi

Oncelikle 26 no bdlgesi agr kontroliinii saglamak igin lokal anestezi ile (4% artikain hidrokloriir ve 1:200,000 epinefrin bitartarat)
uyusturuldu. Islem swrasinda mine dokusu ve dentindeki ¢iiriik dokusu uzaklastirildi. Direk pulpa kaplamasi tedavisinin
uygulanabilmesi i¢in kavite i¢inde hipokloridli steril pamuk pelet bekletildi, serum ile hipoklorid uzaklastirilds, steril pamuk pelet ile
kurutulan ekspoz alanina MTA (Mineral trioxide aggregate, Angelus, Brezilya) uygulandi. MTA nin iizerinde rezinle gii¢lendirilmis
cam iyonomer siman (Riva Light Cure, SDI, Avustralya) kaide materyali olarak kullanildi. Asit uygulamasi %37°lik fosforik asit (i-
Gel, i-dental, Litvanya) ile 30 saniye yapildi. Asit sonrast yikama, kurutma ve ¢ift kat bond (Prime and Bond, NT, Dentsply,
Almanya) uygulamasini takiben kompozit (Estelite Quick, Tokuyama Dental, Tokyo, Japonya) restorasyon yapildi. Polisaj ile tedavi
sonlandirildi. Hastanin geri kalan tiim ag1z i¢i tedavileri tamamlandi.

3. Sonug¢

Stirme oncesi intrakoronal rezorpsiyonun erken teshis ve tedavisi pulpa tutulumunu 6nlemek igin esastir. Bu nedenle aliman
panoramik radyograflarin dikkatli incelmesi gerekir.
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Abstract

Deep drawing is one of the most widely used sheet metal forming methods in the mass production of thin-walled metallic products for
various industries such as; automotive, aerospace, packaging and home appliance, etc. Deep drawing processes are strongly
affected by various factors such as material properties, die geometry, friction properties, and punch forces. In deep drawing, some
defect problems such as wrinkling, tearing, orange peel appearance, and springback occur. Elastic recovery, which occurs with the
release of the die elements after forming, is one of the most important process errors that affect the net and/or near-net shape
production of deep-drawn sheet metal parts. Springback compensation is carried out by using trial and error which a quite an
expensive process or ironing operation which comes with a second die cost. In today's competitive environment, it is imperative to
minimize the process design period and eliminate expensive trial-and-error applications that increase production process costs. In
this study, pre-manufacturing debugging and springback compensation of the thin-walled rectangular drain hopper made of EN
X5CrNi18-10 (AISI 304) sheet material, which needs a secondary forming process after conventional trial and error applications,
was performed using finite element software. In addition, the study includes the production of die elements by reverse engineering
from the final part manufactured by using the die elements obtained by the trial-and-error method, using Autoform AF finite element
software, and the comparison of the simulation results of the springback compensated die elements.

Keywords: Springback compensation, springback, die design, reverse engineering.
1. Giris

Derin ¢ekme, imalat hacmi biiyiik endiistrilerin (otomotiv, paketleme, ev aletleri vb.) seri imalatta kullandig1 en yaygin sac
sekillendirme iglemlerinden biridir [1]. Derin ¢ekme, sac levhanin kalip elemanlarinin uyguladigi kuvvetle plastik deformasyona
ugratilarak sekillendirilmesi islemidir. Giiniimiiziin rekabet ortaminda, isletmelerin varliklarini siirdiirebilmeleri i¢in verimliligin
artirtlmasi ve maliyetin diigiirilmesi gereklidir. Derin ¢ekme islemlerinde, iiriin kalitesi, malzeme 6zellikleri, kalip geometrisi,
stirtiinme 6zellikleri ve pres ayarlari (pot gemberi basinci, zimba kuvveti vb.) gibi ¢esitli faktorlerden giiglii bir sekilde etkilenir [2]
[3] [4] [5]. Derin ¢ekme operasyonlarinda kozmetik ve mekanik olarak bazi kusur sorunlari olugabilir. Bu sorunlardan bazilari;
kirisma, yirtilma, liider bant olusumu, portakal kabugumsu goriintii ve geri yaylanmadir [6].

Sekillendirme sonrasinda kalip elemanlarinin serbest birakilmasiyla meydana gelen elastik toparlanma, derin ¢ekilmis sac metal
parcalarin net ve/ya net sekle yakin imalatin etkileyen en 6nemli siire¢ hatalarindan biridir. Seri sac metal parga imalatinda 6nemli
rol oynayan geri yaylanma telafisi bir¢ok arastirmacinin dikkatini ¢ekmistir [7] [8] [9] [10] [11]. Geri esneme nedeniyle derin
¢ekilmis bir iirlin ile tasarlanan {iriin arasindaki sekil farkliligy, islevini ve diger parcalarla birlestirilmesini garanti etmek i¢in kalip
tasarim asamasinda telafi edilmelidir. Bununla birlikte, geri yaylanmanin telafi miktarini tahmin etmek o kadar zordur ki, kalip
modifikasyonu, pres at6lyesindeki deneyime veya deneme yanilma prosediiriine dayanir. Bu telafi prosediirii, kalip elemanlarinin ve

ISBN: 978-605-71214-8-6 166 WwWw.insicongress.com SI



IV. Uluslararasi Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

iriin geligtirme siiresi icin maliyeti artiran ekstra deneme siiresi gerektirir [12]. Kalip telafisi geri yaylanma sorununun ¢oziimiinde
tek basina yeterli olmayabilir. Bu gibi durumlarda ikincil bir kalip maliyeti gerektiren iitiileme islemine gerek duyulabilir.

Geri yaylanma kusuru, derin ¢ekme islemi sirasinda parcalarda meydana gelen karmagik gerinim kombinasyonlarindan (basma ve
¢ekme gibi) etkilenir. Bu nedenle, proses parametrelerinin yani sira malzeme 6zelliklerinin geri yaylanma tizerindeki etkilerinin
dogru bir sekilde anlagilmasi, proseslerin etkin bir sekilde tasarlanmasi igin g6z oniinde bulundurulmalidir. Geri yaylanma kusur
olusumunu tetikleyecek bir diger unsur ise kalip ile is pargasi arasindaki siirtiinme davranisidir. Calisma yiizeyleri arasindaki bu
stirtlinme davranisinin geri yaylanma telafisinde géz 6niinde bulundurulmasi saglikli geri yaylanma telafisi i¢in 6nemlidir.

Son zamanlarda, sonlu elemanlar analiz yontemi, deney tasarimini, vekil modelleri ve optimizasyon yontemlerini birlestirme olasilig:
ile yalmzca miimkiin olan tasarimlar yerine en uygun metal sekillendirme siireglerini tasarlamak i¢in umut verici bir alternatif
sunmaktadir [13] [14]. Sac sekillendirme operasyonlar1 sirasinda olusabilecek kirilma [15], incelme [16], ayrilma riski ve kirigma
[17] [18] [19] gibi hatalarin kalip elemanlari imalati 6ncesinde sonlu elemanlar yontemi ile tespit edilip, giderilmesi birgok
aragtirmacinin ilgisini ¢ekmistir. Sac metal sekillendirme islemlerinde seri imalat ve montaj sirasinda énemli sorun teskil eden geri
yaylanma sorununun sonlu elemanlar yontemi kullanarak optimizasyonu iizerine de birgok arastirma yapilmistir [20] [21] [10] [7] [8]

[9] [11].

Bu ¢alismada, geleneksel deneme yanilma uygulamasinin ardindan ikincil bir sekillendirme siirecine ihtiyag duyan EN X5CrNi18-10
(AISI 304) sac malzemeden imal edilen ince cidarl dikd6rtgen haznenin imalat 6ncesi hata ayiklamasi ve geri yaylanma telafisi,
sonlu elemanlar yazilimi kullanilarak yapilmistir. Calismada var olan bir nihai parga kullanilarak, tersine mithendislik ile yeni kalip
elemanlari olusturulmustur. Ayrica galisma, geri yaylanma telafisi yapilmis bu kalip elemanlarinin simiilasyon sonuglari ile deneme
yanilma yontemi ile iretilen kalip elemanlarinin simiilasyon sonuglarinin karsilagtirilmasini da igermektedir. Bu simiilasyon
caligmalari i¢in AutoForm AF yazilimi kullanilmistir.

2. Simiilasyon ve Arastirma Yontemi

Calisma Autorform AF yaziliminin sayisal simiilasyonlar1 kullanilarak gergeklestirilmistir. Tecriibeye ve deneme yanilma metoduna
dayali kalip tasarimi Solidworks yazilimi kullanilarak olusturulmustur. 3 boyutlu kalip elemanlar: (Disi kalip, Pot Cemberi ve
Zimba) Autoform simiilasyon ortaminda kullanilmak {iizere yiizey formuna doniistiiriilmiistiir. Kalip elemanlarmin operasyon
boyunca is pargasi ile temas eden yiizeyleri Sekil 1(a)’de gosterilmistir. Calismanin ikinci evresinde kalip elamani olusturmada
kullanilacak son 6lgiilere sahip tiriin Solidworks ortaminda tasarlanmustir. Nihai tiriin geometrisi Autoform yaziliminda kullanilmak
iizere kalinliksiz yiizey formuna doniistiiriilmistiir. Nihai iirtintin yiizey formu Sekil 1(b)’de gosterilmistir.

Nihai Uriin

Sekil 1: (a) Kalip yiizeyleriyle is parcasinin deformasyon boyunca temas ettigi yiizeyler. (b) Son él¢iilere sahip nihai iiriin
geometrisi.

Bu calismada, is parcasi malzemesi olarak EN XS5CrNil8-10 (AISI 304) kalite paslanmaz c¢elik kullanilmistir. Simiilasyon
calismalarinda kullanilan malzeme o6zellikleri Sekil 2°de gdsterilmektedir. Is pargasi kalnligi 1.00 mm, uzunlugu 635 mm ve
genisligi 130 mm’dir.

Sac metal sekillendirme operasyonlarinda siklikla karsilagilan ve seri imalatin verimliligi i¢in sorun teskil eden geri yaylanma sorunu
bircok parametreye baglidir. Bu parametrelerden bazilari; siirtiinme katsayisi, pot ¢emberi basinci, sicaklik, malzeme elastik
ozellikleri ve kalip elamani geometrileridir. Geri yaylanma telafisi bahsedilen etkin parametrelerin her biri goz Oniinde
bulundurularak ve sistem igerisinde birbirleriyle uyumu dikkate alinarak yapilmalidir. Bu ¢aligma sadece geometrik agidan geri
yaylanma telafisi iizerinedir. Calismada gergeklestirilen iki metotta da geri yaylanma kusuruna etki eden kalip geometrisi hari¢ diger
etkin parametreler sabit tutulmustur. Kullanilan siirtiinme katsayis1 orta sinif yaglama dzelligine gore 0.15 kabul edilmistir.
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Sekil 2: EN XSCrNil8-10 (AISI 304) kalite paslanmaz celik malzeme mekanik ozellikleri

Calismada, ilk olarak tamamen tecriibe ve deneme yanilma yontemi kullanilarak olusturulan kalip yiizeyleri ile sekillendirilebilirlik
ve geri yaylanma simiilasyonlar1 yapilmistir. Geri yaylanma hesaplamasi serbest geri yaylanma formatinda analiz edilmistir.
Tecriibeye ve deneme yanilma yontemine gore Ince cidarli hazne olusturma siirecindeki farkli renklerle gosterilen deformasyon
degisiklikleri, Sekil 3’de gosterildigi gibi kalinlagma, basma/sikisma gerinimi, ¢ekme gerinimi, asiri incelme ve ayrilma riski
alanlarindan olugur. Bu mantikla olusturulan kalip elemanlariyla geri yaylanma olusumu Sekil 4’de gosterilmistir. Sekil 4, (a) normal
yonde geri yaylanma sonucu maksimum 6lgiiden sapma degeri +3.43/-2.91 mm’dir. (b) z-ekseni yoniinde 6l¢iiden sapma +3.68/-2.91
mm’dir. (c¢) x-ekseni yoniinde 6l¢iiden sapma +0.3/-0.3 mm’dir. (d) y-ekseni yoniinde ol¢iiden sapma +0.18/-0.49 mm’dir. (e) ise
referans geometri ve geri yaylanmis geometriyi gostermektedir. Autoform eksenlerdeki geri yaylanma miktarini hesaplarken geri
yaylanma oncesi sekillendirmis geometri koordinatlartyla geri yaylanma sonrasi olusan Slgiimsel degisiklikleri raporlamaktadir.
Referans geometri ile geri yaylanma sonrasi gorsel Sekil 4(a)’da gosterilmektedir. Yazilima disardan kalip elemanlar1 eklenerek
olusturulan sistemde geri yaylanma telafisi etkin yapilamamaktadir. Bu nedenle bu bolimde geri yaylanma telafili kalip
olusturulmamis ve geri yaylanma telafili kaliplarla tekrar bir simiilasyon kosturulmamastir.
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Sekil 3: Tecriibeye ve deneme yanilma yéntemine gore ince cidarh hazne olusturma siirecindeki farklh renklerle gosterilen
deformasyon degisiklikleri.
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Sekil 4: Eksenlere gore geri yaylanma sonug 6l¢ciiden sapma degerleri. (a) normal yonde sapma, (b) z-ekseni yoniinde sapma,
(c) x-ekseni yoniinde sapma, (d) y-ekseni yoniinde sapma degerleri, (¢) referans geometri ve geri yaylanmis geometrinin
gosterimi.

Ikinci olarak, nihai 6lgiilere gore olusturulmus iiriin geometrisi kullamlarak Autoform AF simiilasyon ortaminda kalip elemanlari
olusturulmustur. Olusturulan kalip elemanlar ve nihai iiriin sirasiyla (a), (b) Sekil 5’de gosterilmistir.

Sekil 5: Nihai ol¢iilere gore olusturulmus iiriin geometrisi kullanilarak Autoform AF simiilasyon ortaminda kahp elemanlari.

Nihai {irlin geometrisine gore olusturulan kalip elamanlartyla sekillendirilebilirlik ve geri yaylanma tahmin simiilasyonlar:
kosturulmustur. Ince cidarli hazne olusturma siirecindeki farkli renklerle gosterilen deformasyon degisiklikleri, Sekil 6’da
gosterildigi gibi kalinlasma, basma/sikisma gerinimi, cekme gerinimi, asir1 incelme ve ayrilma riski alanlarindan olusur.
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Sekillendirilebilirlik Sinir Egrisi (SSE), Sekillendirme iglemi sirasinda arizayir onlemek igin sekillenen parcanin giivenli alanini
belirlemede kullanilan ampirik bir diyagramdir. Ayrica SSE, derin ¢ekme isleminde izotropik sertlesme ve gerinim davranigini
gozlemlemek i¢in kullanilabilmektedir. SSE ayni zamanda kirilma, boyun verme, burusma, ayrilma riski ve burusma gibi sac
sekillendirme islemlerinde olusan kusurlari ve incelmeyi analiz etmek icin de kullanilir. SSE, bir elemanin ana ve kiigiik
gerinimlerine dayali malzeme deformasyon siirecinin smirlarimi temsil eden bir egridir [6]. Bu egri limitinin {izerinde bir gerinim
yasayan malzemenin asir1 incelme ve yirtilma gibi sekillendirme hatalarina sebep olur. Autoform AF yazilimi Sekillendirilebilirlik
sinir egrisinin 10% altin1 giivenlik agisindan riskli bolgenin baslangici olarak tanimlamaktadir.
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Sekil 6: ince cidarh hazne olusturma siirecindeki farkl renklerle gosterilen deformasyon degisiklikleri.

Simiilasyon ortamindan elde edilen geri yaylanma verilerine gére Autoform yazilimin igerisinde gémiilii geri yaylanma telafi modiilii
kullanilmistir ve geri yaylanma telafili kalip elemanlari elde edilmistir. Geri yaylanma telafili kalip elemanlar1 Sekil 7°de
gosterilmistir.

Telafili Kalip

Sekil 7: Simiilasyon ortamindan elde edilen geri yaylanma verilerine gore Autoform yazilimin icerisinde gomiilii geri
yaylanma telafi modiilii ile elde edilmis telafili kalip elemanlari.

Geri yaylanma telafili kalip elamanlariyla sekillendirilebilirlik ve geri yaylanma tahmin simiilasyonlar1 tekrar kosturulmustur. Ince
cidarli hazne olusturma siirecindeki geri yaylanma telafili simiilasyon igin farkli renklerle gosterilen deformasyon degisiklikleri,
Sekil 8’de gosterildigi gibi kalinlagma, basma/sikisma gerinimi, ¢ekme gerinimi, asir1 incelme ve ayrilma riski alanlarindan olusur.
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Sekil 8: ince cidarli hazne olusturma siirecindeki geri yaylanma telafili simiilasyon i¢in farkli renklerle gosterilen
deformasyon degisiklikleri.

Geri yaylanma telafili kalip elamanlariyla geri yaylanma tahmin simiilasyon sonuglari Sekil 9°da gosterilmistir. (a) normal yonde geri
yaylanma sonucu maksimum dl¢iiden sapma degeri +3.43/-2.91 mm’dir. (b) z-ekseni yoniinde dlgiiden sapma +2.77/-1.5 mm’dir. (c)
x-ekseni yoniinde dlciiden sapma +0.24/-0.14 mm’dir. (d) y-ekseni yoniinde &lgliden sapma +0.25/-0.25 mm’dir. (e) Referans
geometrisi ve telafili geri yaylanmis geometri gosterimidir.

Telafili Malzeme

Sekil 9: Geri yaylanma telafili kalip elamanlariyla geri yaylanma tahmin simiilasyon sonugclari. (a) normal yonde geri
yaylanma sonucu maksimum dl¢iiden sapma, (b) z-ekseni yoniinde dl¢iiden sapma, (c) x-ekseni yoniinde 6l¢iiden sapma, (d)
y-ekseni yoniinde dl¢iiden sapma, (e) Telafili geri yaylanmis numune geometrisi kesit goriintiisii.

3. Sonu¢ ve Karsilastirma

Bu calismada, tecriibe ve deneme yanilma yontemi kullanilarak tasarlanmis kalip yiizeyleriyle tamamen Autoform AF simiilasyon
ortaminda son {iiriinden kalip yiizeyleri elde edilen iki tasarim metodunun simiilasyon ortaminda deformasyon verileri ve geri
yaylanma sebebiyle ger¢eklesen geometrik kusurlart incelenmistir. Ek olarak geri yaylanma telafili simiilasyon sonuglart
paylasilmustir.
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Tecriibe ve deneme yanilma yontemiyle olusturulan kalip elemanlariyla gergeklestirilen simiilasyon sonuglar1 deformasyon agisindan
incelendiginde imalata engel teskil edecek kusur bulunmamaktadir. Fakat geri yaylanma sebebinin elastik geri toparlanma oldugunu
diistiniirsek, sekillenmis parga {izerinde yeteri kadar gerinim elde edilmemis yiizeylerin oldugu ve sekillendirilen parga iizerinden
kalip elemanlar yiikii kaldirildiginda gereken gerinim elde edilmemis yiizeylerdeki elastik geri toparlanmayla parca iizerinde geri
yaylanma kusuru olustugu gézlemlenmistir.

Son iriinden kalip tasarimi ve geri yaylanma telafi simiilasyonu is pargasinin deformasyonu yoniinden incelendiginde imalat
acisindan problem teskil edecek bir olguya rastlanmamustir. Geri yaylanma telafili kaliplarin kullanildig: geri yaylanma sonuglarinin
ilk simiilasyon sonuglarma oranla diistiigii gdzlemlenmistir. [lk simiilasyonda oldugu gibi sekillenmis parga iizerinde yeterli gerinime
ulagmamus yiizeylerin varlig1 tespit edilmistir. Bu gerekli gerinime ulagsmamus yiizeylerin varlig1 bu tasarimda da geri yaylanmanin
temel sebebi olarak diistiniilmektedir. Fakat referans geometri ile geri yaylanma telafisi yapilmis kalip ile elde edilmis is parcasi
karsilastirildiginda geri yaylanma telafisinin basarili oldugu gozlemlenmistir. iki farkli metot ile elde edilen kalip yiizeyleriyle
gerceklestirilen simiilasyondan elde edilen geri yaylanmis is parcasi geometrisi ile referans geometrisi karsilastirmasi Sekil 10°da
gosterilmektedir. (a) Tecriibe ve deneme yanilma metodu kullanilarak tasarimi yapilmis kaliplarla elde edilen geri yaylanma sonucu,
(b) Son iirlinden kalip elemanlart iiretilerek geri yaylanma telafisi uygulanmis geri yaylanma sonucu gosterilmektedir.

Geri Yaylanmis Malzeme

Telafili Malzeme

Sekil 10: iki tasarim yonteminden elde edilen geri yaylanma sonuclari. (a) Tecriibe ve deneme yamlma metodu kullamlarak
tasarim yapilmis kaliplarla elde edilen geri yaylanma sonucu, (b) Son iiriinden kalip elemanlari iiretilerek geri yaylanma
telafisi uygulanmis geri yaylanma sonucu.

4. Oneriler

Bu galismada, geri yaylanmay: etkileyecek unsurlardan sadece biri olan geometrik degisim ile geri yaylanma telafi ¢alismasi ve
deneme yanilma yontemi ile elde edilen kalip geometrileri ile geri yaylanma analiz ¢aligmas1 yapilmistir. Simiilasyon sonuglarinin
gergege yakinsamasinda malzeme 6zelliklerinin, peklesme davraniginin, pres 6zelliklerinin ve siirtinme katsayisinin dogru girilmesi
onemlidir. Geri yaylanma kusuru, derin ¢gekme islemi sirasinda parcalarda meydana gelen karmasik gerinim kombinasyonlarindan
(basma ve ¢ekme gibi) etkilendigi bilinmektedir. Bu nedenle, malzeme 6zelliklerinin geri yaylanma tizerindeki etkilerinin dogru bir
sekilde anlasilmasi, proseslerin etkin bir sekilde tasarlanmasi i¢in goz 6niinde bulundurulmalidir. Geri yaylanma kusur olusumunu
tetikleyecek bir diger unsur ise kalip ile is pargasi arasindaki siirtiinme davranigidir. Caligma yiizeyleri arasindaki bu siirtiinme
davranisinin geri yaylanma telafisinde goz Oniinde bulundurulmas: saglikli geri yaylanma telafisi icin Onemlidir. Sonraki
caligmalarda, malzeme Ozelliklerinin ayni hattan ¢ikan malzemelerde bile farklilik gosterdigi diisiiniildiigiinde, g¢alisilacak
malzemenin detayli karakterizasyonu ile simiilasyon caligmalart yapilmasi planlanmaktadir. Karakterize edilmis malzeme karti
simiilasyon sonuglarmin gercege yakinsamasi miimkiin kilacaktir. Ayrica, kalip malzemeleri ve is parcasi arasindaki siirtiinme
davranis1 fiziksel testlerle tespit edilerek, simiilasyon ortamina siirtiinme verilerinin daha dogru girilmesi saglanabilir. Bylece
stirtiinme davranigmin geri yaylanmaya etkisi dogru tespit edilebilir ve olumsuz etkileri telafi edilebilir.
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THE EFFECTS OF DIFFERENT DIET MODELS IN VITRO FERTILIZATION
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Abstract

The aim of this study is to evaluate the effect of dietary habits on in vitro fertilization (IVF). 21 BALB/c mice undergoing IVF cycles
were included in the study. Mice were subjected to three different dietary protocols: standard diet, ketogenic diet and western diet.
Each diet group consisted of seven mice. The effects of nutrients on oocyte number, quality and embryo development were evaluated.
The total number of oocytes was highest in the ketogenic diet and least in the Western diet. The MII stage oocyte count was higher in
those on the ketogenic diet compared to those on the standard and Western diets. There was no significant difference between the
groups in terms of the number of MI stage oocytes and germinal vesicles. When the IVF results were examined, it was clearly seen
that the number of fertilized oocytes was higher in the mice receiving the ketogenic diet. In terms of the number of zygotes reaching
the blastocyst stage, the best results were observed in the ketogenic type diet group, while the worst results were observed in the
western diet group. Our findings suggest a possible relationship between diet type and ovarian biology.

Keywords: Fertility, ketogenic diet, oocyte, ovulation, western diet
1. Giris

Gebe kalmay1 planlayan ¢ogu anne adaymin diyetleri genellikle yetersizdir. Beslenme, yasam tarzi faktorleri, diyet, egzersiz, stres,
alkol, uyusturucu kullanimi, sigara ve obezite tiip bebek (IVF) tedavileri sirasinda siklus performansini etkiler (1). Calismalar,
beslenme kalitesinin hem erkeklerde hem de kadinlarda dogurganlig: etkiledigini gostermistir (2). Embriyoloji laboratuvarlarinda tiip
bebek uygulamasinin basarisi, embriyo gelisimi i¢in kullanilan kiiltiir ortamina baghdir. Tedavi basarisin etkileyen ana faktorler olan
oosit kalitesi, embriyo gelisimi ve overlerin ve endometriumun durumu anne adayinin fizyolojisine baglidir. Bu, bircok hayvan ve
insan modelinde in vivo olarak kanitlanmstir (3, 4). Erkek ve kadinda infertilitenin 6nlenmesi ve tedavisinde beslenmeye dikkat
edilmelidir.

Calismamizda disi lireme sisteminde beslenmenin yumurtaliklar ve endometrium iizerine in vivo, oosit ve embriyo gelisimi {izerine
ise in vitro etkilerini farkli diyet modelleri kullanarak arastirmayi1 amagladik. Bu ¢aligmanin tiip bebek sirasinda beslenmenin kadin
iireme sistemi tizerindeki etkilerinin belirlenmesine katki saglayacagini diisiiniiyoruz.

2. Gere¢ Yontem

Calismamizda 21 adet seksiiel aktif olan ve menstriiel siklus yasayan BALB/c disi fare kullanildi. Farelerin tamamui 3 aylik ve 20 &+ 5
gr agirhigindaydi. Prodstrus ve Ostrus donemlerindeki hayvanlar smear ile belirlendi ve ¢alismaya dahil edildi. Fareler kafeslerde
(kafes basina yedi adet) standart kosullarda - 12 saat aydinlik, 12 saat karanlik, %60 + %5 nem, 30°C + 2°C sicaklik, yiyecek ve suya
kolay erisim - 4 hafta siireyle barindirildi. Sonra fareler {i¢ gruba ayrildi:

1. Kontrol Grubu (CG) (7 fare): 4 haftalik standart besleme grubu,
2. Ketojenik Grup (KG) (7 fare): 4 haftalik ketojenik tip beslenme grubu
3. Western Grubu: (WG) (7 fare): 4 haftalik western tipi beslenme grubu

Ug diyet kalib1 igerigi Tablo 1'de dzetlenmistir. Her bir fare grubu tarafindan alinan enerji, fareler haftalik olarak tartilarak
Olglilmiigtiir.

Tablo 1: Diyet icerikleri

Standard Diet

Ketogenic Diet

Western Diet

Nutrient Information

% kcal from

% kcal from

% kcal from

Protein 25.0 19.53 19.53
Carbohydrate 58.0 4.95 39.70
Fat 17.0 74.24 39.51
Others - 1.28 1.26
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Disi fareler bu 3 besleme grubu ile 4 hafta siireyle beslendikten sonra, fareler sakrifiye edilmeden 6nce IVF uygulandi. Toplanan
00sit sayisi ve oosit kalitesi sakrifasyon giiniinde disi farelerden oosit aspire edilerek degerlendirildi. Ayni giin, bir erkek farenin
spermi kullanilarak oositler hazirlandi. Déllenme ve embriyo kalitesini degerlendirmek igin oositler kiiltiirlendi.

2.1. Oositlerin Uyarilmasi ve Toplanmasi

Disi sicanlarin yumurtaliklar intraperitoneal (IP) uygulama ile stimiile edildi. Her gruptaki disi sicanlar, 15 TU gebe kisrak serum
gonadotropin (PMSG) ile siiperoviile edildi. Birinci enjeksiyondan 48 saat sonra 15 TU Human Chorionic Gonadotropin (HCG)
hormonu ile ikinci enjeksiyon yapilarak siiperovulasyon protokolii tamamlandi. ikinci enjeksiyondan yaklasik 10 ila 12 saat sonra,
sicanlar Sldiiriildii ve bir insiilin enjeksiyonu ile yumurta kanalindan oositler toplandi. Her gruptan topladigimiz oosit sayist not
edildi. Boylece farkli beslenme gruplarina ait toplam oosit sayisi belirlenmis oldu. Oositlerin inkiibasyonu i¢in 4 mg/ml Human
Serum Albumin (HSA) katkili Human Tubal Fluid (HTF) medyumu bir giin énce 37deC'de %5 CO2 konsantrasyonunda inkiibatorde
kiiltiirlendi.

2.2. Oositlerin Hazirlanmasi ve Olgunlagsma Degerlendirmesi

Oositler kiimiiliis hiicrelerinden ayrilmadan 6nce kiiltiir medyumunda (Global for fertilization, LifeGlobal, Guilford, ABD) 37°C'de
iizeri parafin yag1 (Paraffin oil PG LifeGlobal) ile kaplanmig sekilde yaklasik 2 saat inkiibe edildi. Kiimiiliis hiicrelerinin ¢ogu
hiyaliiridaz (80 IU/ml, LifeGlobal) enzimi i¢eren Hepes besi yerinde bekletilerek oositlerden uzaklagtirildi. Kalan kiimiiliis hiicreleri,
bir cam pastor pipeti (Humagen Fertility Diagnostics, Charlottesville, ABD) yardimiyla ¢ikarildi. Olgunlasma degerlendirmesi igin
hazir hale getirilen oositler. Oosit olgunlagmasi, bir mikroskop (Eclipse TE 300 mikroskop, Nikon, Tokyo, Japonya) altinda 400X
biiyiitmede kiimiiliis icermeyen oositlerin saptanmasiyla degerlendirildi. Oositler, birinci polar govde ile gozlenirse olgun (MII
fazinda) olarak degerlendirildi (5).

2.3. Sperm Hazirlama

Oositler toplanmadan once erkek bir rata 75 mg/kg ketamin (Alfasan, Woerden, The Netherlands) ve 10 mg/kg xylazine
(Rotexmedica, Tritau, Germany) karisim IP uygulanarak 6tenazi uygulandi. Otenazi yapildiktan sonra erkek iireme sistemi karindan
cerrahi olarak agilarak sol ve sag epididim testislerden ayrilarak 1 ml HTF (Sigma, St. Louis, ABD) ve 4 mg/ml bouvine iceren HTF
medyumuna aktarildi. Serum albiimini (BSA). Pens yardimi ile epididimler siyrildi, spermler petri kaplarma aktarildi ve in vitro
fertilizasyon dncesi 37 “C'de 30 dakika inkiibe edildi (6).

2.4. Tohumlama ve Embriyo Kiiltiirii

Oositler ve kapasitasyona ugramis spermler fertilizasyon damlalarina aktarildi. Fertilizasyon kontrol edildi ve fertilize olan oositler
yikanarak kiiltiir damlalaria aktarildi. Déllenme sonrasi olusan zigotlar 37°C'de 6.0 CO 2, 5.0 O 2 inkiibatdrlerinde bes giine kadar
kiiltiirlendi . Embriyo gelisimi ve blastokist oranlari karsilastirildi ve embriyolar blastokist agamasina kadar takip edildi (5).

2.5. Istatistiksel analiz

Istatistiksel analiz i¢in SPSS 22.0 yazilimi1 kullanildi (SPSS Inc., Chicago, IL). Tanimlayici istatistiksel yontemler: ortalama, standart
sapma elde edildi. Ug grup arasindaki farkliliklar tek yonlii Anova ve Tuckey analizi ile degerlendirildi . Anlamlilik diizeyi olarak
p<0.05 ve p<0.01 alinmistir.

3. Sonuglar

4 hafta sonunda farelerin ortalama agirlik artis1 CG grubunda 0,471 g + 0,4786 g, KG grubunda 0,686 g + 0,3388 ve WG grubunda
1,5 g = 0,4041 g olarak bulundu. Kilo alimi agisindan gruplar arasinda anlamli fark vardi (p< 0.001). Ancak baslangi¢c ve son
agirliklar arasinda anlamli bir fark yoktu (Tablo 2).

Tablo 2: Farelerin ortalama agirhklari

Variable G Mei::g SD WG P-value® p-value™
1st week (g) 16.343+0.8502 16.429+0.3773 15.943+0.6214 0.346
2nd week (g) 16.371+0.5992 16.643+0.2699 16.200+0.6377 0.311
3rd week (g) 16.557+05442 16.857+0.2699 16.871+0.3904 0.305
4th week (g) 16.814+0.52732 17.100£0.2449 17.443+0.47212 0.045 Pa=0.036
Weight gain (q) 0.471+0.4786% 0.686+0.3388P 1.500+0.4041%P 0.000 P2=0.001, p°= 0.004

P2 Comparison between control and western group

PP Comparison between ketogenic and western group

Tablo 3, IVF sirasinda MII asamasina olgunlagan oosit sayisini

gostermektedir.
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Tablo 3: Toplam oosit sayisi, MII evre oosit, MI evre oosit, Germinal vezikiil, Déllenmis oosit sayisi, iki hiicreli zigot ve
Blastosist sayisi.

Variable G Mea;; SD WG P-value” p-value™
Total oocyte 6.857+0.690120 8.714+0.4880%° 5.28640.7559°¢ 0.000 p¥=0.000, pb=0.001, p=0.000
MI1 oocyte 4.571+0.53452 7.429+0.53452¢ 3.571+1.1339¢ 0.000 p?=0.000, p*=0.000
M1 oocyte 1.429+0.5345 1.1434+0.6901 1.143+0.3780 0.543
GV oocyte 0.857+0.37802 0.143+0.37802 0.571+0.5345 0.022 p?=0.018
Fertilized oocyte 3.286+0.48802 6.286+0.75592¢ 2.714+0.9512°¢ 0.000 p?=0.000, p=0.000
Two-cell zygote 2.571+0.53452 5.286+0.75592¢ 2.429+0.9759¢ 0.000 p?=0.000, p=0.000
Blastocyst 1.571+0.53452 3.857+0.69012¢ 1.286+0.7559¢ 0.000 p?=0.000, p*=0.000

P2 Comparison between control and ketogenic group
PP Comparison between control and western group
P¢ Comparison between ketogenic and western group

Toplam oosit sayisi ketojenik diyette en yiiksek ve Western diyetinde en azdi (p < 0.01). KG grubunda MII evre oosit sayis1 CG ve
WG gruplarma gore istatistiksel olarak anlamli yiiksekti (p< 0.01). KG ve WG gruplart MII evreli oositler agisindan
karsilastirildiginda, MII oosit sayist CG grubu lehine daha yiiksek bulundu ancak bu fark istatistiksel olarak anlamli degildi ( p>
0,05). Gruplar arasinda MI evre oosit sayist ve germinal vezikiil sayis1 agisindan anlamli fark saptanmadi.

Tiip bebek sonuglari incelendiginde KG'de dollenmis oosit sayisinin daha fazla oldugu agikca goriildii. Fertilize oosit sayis1 CG, KG
ve WG gruplarinda sirasiyla 3,286+0,4880, 6,286+0,7559, 2,714+0,9512 idi. Dollenmis oosit sayist WG grubunda diger iki gruba
gore anlamh olarak diisiiktii (p <0.01). Iki hiicreli zigot evresi degerlendirildiginde sonuglarin ketojenik diyet grubunda daha iyi,
western diyeti grubunda daha kotii oldugu bulundu (p <0.01). iki hiicreli zigot sayis1t CG, KG ve WG gruplarinda sirasiyla
2,571+0,5345, 5,286+0,7559, 2,429+0,9759 idi. Blastosist asamasina ulasan zigot sayisi agisindan en kotii sonuglar western tipi
beslenme grubunda, en iyi sonuglar ise ketoojenik diyet uygulanan grupta gézlendi (p <0.01). IVF sonuglar1 ve oosit kalitesi ile ilgili
Tablo 3'te 6zetlenmistir.

4. Tartisma

Gegmiste dogurganlig: artirmak igin cesitli gida maddeleri kullanilmistir ve bugiin bile diyet siklikla potansiyel bir dogurganlik
artiricl olarak goriilmektedir. Diisiik riskli, kolay erisilebilir, uygulamasi kolay ve potansiyel olarak yiiksek etkili bir tedavi, hastalar
ve doktorlar arasinda biiyiik ilgi gorityor. Bu ¢alisma, giinliik kalori aliminin belirli makrobesin bilesenlerini hedefleyen bir diyet gibi
belirli bir diyetin I\VVF tedavisinde ve oosit kalitesinde faydali olup olmayacagini inceledi. Spesifik olarak, diger hastaliklar1 tedavi
etmek i¢in basartyla kullanilan ketojenik ve western diyetlerinin disi hayvan modelindeki kanitlar1 inceledik. Yaklasik 19.000 kadini
kapsayan bir ¢aligmada, aragtirmacilar tiiketilen karbonhidrat miktari ile ovulatuvar disfonksiyon riski arasinda bir iligski buldular.
Yiiksek diizeyde karbonhidrat tiiketen kadinlarda %78 daha fazla ovulayon disfonksiyonu tespit edildi (7). Bu ¢alismadan bir y1l 6nce
yayinlanan bagka bir ¢alismada, hayvansal protein tiiketiminin %20 daha yiiksek ovulatuvar disfoksiyon riski ile iliskili oldugunu,
bitkisel protein tiiketiminin ise %43 daha diisiik riskle iligkili oldugunu gosterdi (8). Bu ilging bulgular, tek bagina obezitenin
kisirliktan sorumlu olmayabilecegini ve bazi diyet bilesenlerinin iireme potansiyelini artirabilecegini veya bozabilecegini
diistindiirmektedir. Bu ¢alismada, ketojenik, western ve standart tip diyetle beslenen disi bir hayvan modelinde IVF oranlarini, 00sit
olgunlagmasini ve oosit kalitesini degerlendirdik. Ketojenik ve western diyetlerini bir arada iceren bu hayvan galismasi, literatiirde
bildigimiz kadariyla ilk ¢alismadir.

Ketojenik diyet (KD), adindan da anlasilacagi gibi, fizyolojik enerji tiretimini ketozise dogru degistirerek keton cisimciklerinin
endojen seviyelerini arttirir. Tipik bir KD'de yiiksek karbonhidratli yiyecekler azaltilirken krema ve tereyag: gibi yiiksek yagl
yiyecekler artirilir. Bu diyeti uygulayanlarda birincil enerji kaynagi olarak karbonhidratlar yerine yaglar kullanilir ve bdylece viicutta
fizyolojik bir aglik olusur (9). PKOS'lu asir1 kilolu ve obez kadinlarda yapilan bir ¢aligmada, KD'nin toplam viicut agirhginda
%12'lik bir iyilesme ve aglik insiilininde %54'iik bir iyilesme ile sonuglandigi bulunmustur. Calismanin 24. haftasinda hastalarin
%40'1 calismay1 tamamlad: ve kendiliginden hamile kald1 (10). Bununla birlikte, KD'nin potansiyel faydalar1 oldugu kadar ovulasyon
tizerindeki potansiyel riskleri de vardir. Chavarro ve meslektaslari, onemli miktarda trans-doymamis yag tiiketen kadinlarmn
ovulasyon islev bozuklugu agisindan neredeyse 2 kat daha yiiksek risk altinda oldugunu gosterdi (11). Ayrica, bir hayvan
caligmasinda, yiiksek yagl bir diyetle beslenen farelerin, standart bir diyetle beslenen farelere kiyasla artmis anoviilasyon ve azalmig
in vivo fertilizasyon oranlar1 gosterdigini gosterdi (12). KD'nin dogurganlik 6zelliklerinin temel dayanagi, elde edilen kilo kaybi
derecesi ile ilgilidir. Bu terapétik etkiler icin varsayilan mekanizma tartigmalidir, ancak muhtemelen ¢ok yonlidiirler. Bu ¢alismada,
KD okaloriktir ve kilo kaybini 6nlemek i¢in tasarlanmistir. KD'nin kilo ve dogurganlik tizerindeki etkisi, kalori kisitlamasi, ketozis
veya artan metabolik aktivite derecesi ile iliskili gibi goriinse de, bu heniiz kanitlanmamistir. Bu ¢alismada IVF sonuglari, beslenme
diizeninin oositlerin hem kalitesini hem de miktarini etkiledigini géstermektedir. CG ve WG ile karsilastirildiginda, KG'de iki hiicreli
zigot asamasina farklilasan daha fazla MII oosit ve daha fazla dollenmis oosit vardi. Gozlenen tiim bu degisiklikler dogurganligi
olumlu yonde etkiler.

Et-tath diyeti olarak da adlandirilan western tarzi diyet, gelismis ve gelismekte olan iilkelerde birgok kisinin tercih ettigi, yiiksek
miktarda kirmizi et, sekerli tathilar, yiiksek yagli yiyecekler ve rafine tahillar igeren bir diyettir (13). Yiiksek yagh siit iriinleri,
yiiksek sekerli igecekler ve daha fazla islenmis et alimi da bati diyetinin bilesenleri arasindadir. Asirt karbonhidrat alimi, biiyiik bir
kadin kohortunda artan infertilite riski ile iliskilendirilmistir. Hemsirelerin Saglik Calismasi II'de (NHS 1II) (7). Tlging bir sekilde, ayn1
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kadinlar arasinda daha yiiksek protein alimmin ovulatuvar disfonksiyona yol agtig1 bulunmustur (8). Bu sonuncu iligki, esas olarak,
ovulatuar infertilite ile dogrudan bir iligki gosteren hayvansal protein alimindan kaynaklanirken, bitkisel protein ile ayni sonug
arasindaki iligki istatistiksel olarak anlamli degildi. Bu bulgular bizim calismamizla uyumluydu. NHS-II ¢aligsmasi, giinliik kalori
alimini sabit tutarken fazladan bir porsiyon et almanin ovulatuvar infertilite riskinde %32'lik bir artisla (%95 GA, %8-62)
sonuglandigini bulmustur (8). Chaffin ve arkadaslari tarafindan yapilan bir ¢alismada, saglikli yetiskin disi rhesus makaklar1 6 ay
boyunca tipik western tipi yiyeceklerle beslendi. Daha sonra standart bir diyetle beslenen bu hayvanlar ve kontrol hayvanlar1 IVF
prosediiriine tabi tutuldu. Yiiksek sekerle beslenen maymunlarda, standart diyet grubuyla karsilastirildiginda, sirasiyla %18.5'e kars1
%86, son derece diisiik bir olgun oosit orani tespit edildi (14). Bu ¢alismanin sonuglart bizim ¢alismamizla uyumluydu. Bu farkliliga
yol agmasi muhtemel olan kilo artisinin western diyetiyle beslenen maymunlarda gériilmemesi sasirticidir. Ayrica ¢alismamizda
farelerin baslangic ve son agirliklari arasinda fark bulunmadi. WD, protein ve diger temel besin iiriinleri i¢in iyi bir kaynak olabilse
de, ayn1 zamanda yiiksek oranda doymus yag igerir ve ayrica hormonal kalintilar, antibiyotikler ve kirmizi etin iglenmesi nedeniyle
olusabilecek olumsuz etkileri igerir. Benzer sekilde Braga ve arkadaslarinin yaptigi bir caligmada tiip bebek 6ncesi kirmizi et
tiiketiminin embriyo gelisimini ve gebelik olasiligini olumsuz etkiledigi saptanmistir. Bu sonug¢ bizim ¢alismamizla da uyumludur
(15).

Bu calismanin bazi smirliliklar: vardir. {1k smirlama, sonuglar etkileyebilecek olan sperm alman erkek farelerin beslenme diizenine
iliskin bilgi eksikligidir. Ikincisi, hayvan ¢alismalarindan elde edilen veriler insanlarda ayn1 sonuglari yansitmayabilir.

Cikar Catigmast: Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini beyan ederler.
5. Sonug¢

Bu calisma, farkli diyet modellerinin oosit kalitesi ve IVF sonuglar1 izerindeki etkisini aragtirmigtir. Caligmamizin sonuglari, western
beslenme modellerinin, toplam oosit sayisi, MII satege oosit, GV, fertilize oosit, iki hiicreli zigot ve blastosit sayilar1 gibi IVF
sonuglarini olumsuz etkiledigini; Ote yandan KD'in tiim bu parametrelerde iyilesme sagladigi goriildii.
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Abstract

In this study, we aimed to determine vitamin D levels in diabetic pregnant women, non-diabetic pregnant women and healthy non-
pregnant women. Serum vitamin D levels were measured in 28 non-diabetic pregnant women, 15 pregnant women with gestational
diabetes, and 30 healthy young adult women. Vitamin D levels were found to be low in all three groups. [in pregnant women without
diabetes (11.8+7.4), in pregnant women with gestational diabetes (10.6%5.7), and in healthy non-pregnant women (12.1+5.4)
ng/mL]. There was no difference in vitamin D levels between the groups. (p=0.54). Vitamin D levels were found to be low in all
women screened in our region, whether they are pregnant or not.

Keywords: Vitamin D, gestational diabetes, pregnancy
1. Introduction

Vitamin D is a fat-soluble vitamin synthesized in the body from cholesterol. It is converted in the liver to 25-hydroxyvitamin D
[25(0OH)D] by the enzyme 25-hydroxylase, and then to its active form, 1,25dihydroxyvitamin D [1,25(OH)2D], by 1-a hydroxylase
in the kidney (1 ). In addition to the effects of vitamin D on calcium and phosphorus metabolism, its deficiency in recent years; It has
been associated with many diseases such as syndrome , abnormal glucose metabolism, obesity , hypertension, cardiovascular diseases
(2-4). Also, its deficiency has been shown in pregnant women and gestational diabetes (4,5). In our country , low-dose (200-400 1U)
vitamin D supplementation has been administered prophylactically to all pregnant women since May 2011 (5). Although there is no
consensus regarding the normal range of 25(OH)D3 in pregnant women, concentrations of 10 ng /Ml (<25nmol/L) and below are
severe deficiency, and concentrations between 10-20 ng / mL (25-50 nmol /L) are slight deficiency is accepted. It is desired that its
normal level be >32 ng / mL (>80 nmol /L) (6). In a recently published study conducted in Sweden (7 ) , they found vitamin D levels
below 20 ng / mL (50 nmol /L) in one-third of pregnant women . In this study, they stated that the level of vitamin D increased
slightly during pregnancy, peaked in the late stages of pregnancy, and returned to normal with delivery. In this study; We aimed to
determine vitamin D levels in healthy pregnant women, gestational diabetic pregnant women and healthy women of reproductive
age.

2. Materials and Methods

28 healthy pregnant women, 15 gestational diabetic pregnant women and 30 healthy young adult women (control group) aged 18-43
were included in the study. Based on the diagnostic criteria of the American Diabetes Association, pregnant women who underwent
75 g oral glucose tolerance test (OGTT) were accepted GDM if meeting one of the values of fasting glucose > 92 mg/dL, 1st hour
glucose > 180 mg/dL, and second hour glucose > 153 mg/dL (10). All of the cases with GDM consist of newly diagnosed pregnant
women who have not used insulin yet. The blood samples were taken before the OGTT application for Vitamin D level in 24-28
weeks of pregnancy. The pregnant women whose glucose values were below these values and who did not have any other problems
were taken as the healthy pregnant group. Thirty healthy individuals of similar age and gender were selected as the control group.
People with chronic diseases such as diabetes, hypertension, hyperlipidemia and those with acute infections were not included in the
study. The patiensts with intrauterine Cases with ex fetuses or babies with anomalies were not included in the study . In all three
groups, those who used medical drugs, food supplements, vitamins (except for the vitamin supplements recommended by the
ministry for pregnant women) were not included in the study. Serum samples obtained after centrifugation of venous blood samples
were stored at -80°C until the study day. Serum vitamin D level was measured using the chemiluminescent immunometric method
using the Centaur XP (Siemens Healthcare United Kingdom) device.

3. Statistical Analysis

Statistical analysis was done using SPSS 18.0 program. After controlling for normality distributions with Kolmogrow Smirnov test,
Kruskal Wallis test was used for intergroup comparisons. P <0.05 was considered significant.

4. Results
The findings are summarized in Tables 1 and 2.

Table 1. Serum vitamin D levels

Parameter Group n | Average Standard deviation minimum maximum p
Vitamin D (ng/ mL) Healthy pregnant 28 11.8 7.4 1.9 28.6 0.54
Gestational diabetes | 15 10.6 5.7 4.1 22.9
Control 30 12.1 5.4 5.9 25.1
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Table 2. Percentage ratios of intragroup distribution of serum vitamin D levels

25(0H)D3 (ng / mL ) Healtr(% IE’r:;egnant gestatlgzz?n(;llabetes Control (Hea:)l/(t)h(;:] )adult female)
<10 50 (14) 60 (9) 50 (15)
10-20 36 (10) 33(5) 37 (11)
20-32 14 (4) 7() 13 (4)
>32 0(0) 0(0) 0 (0)
Total 100 (28) 100 (15) 100 (30)

The majority of women with GDM were multiparous, and parity and gravida ratios were correlated with age in all three groups . The
mean week of gestation was 25 + 1 week in the group with GDM and 26 + 2 weeks in normal pregnant women. The mean parity
distribution was between 0-5 (2.67+1.37), 0-4 (0.94+1.13) and 0-3 (0.87+0.88) in pregnant women with GDM, normal pregnant
women, and healthy non-pregnant adults, respectively. Gravida , parity, abortion , dilatation and curettage rates increased with age.
All three groups had no alcohol history. Smoking history was 6.6 % in patients with GDM , 3.3% in normal pregnant women, and
3.5% in healthy adults. There was no difference between the groups in terms of comorbidity, except for GDM. There was no
difference between the groups in terms of socio -economic conditions. When the patients evaluated the prevalence of antepartum and
intrapartum maternal complications, there was no difference between the groups in terms of pregnancy-related hypertension, preterm
premature rupture of membranes, placental abruption and malpresentation. When perinatal parameters were evaluated, there was no
difference between the groups in terms of intrauterine fetal death, low first and fifth minute Apgar scores, and neonatal mortality.
Serum vitamin D levels were not different in the three groups (p=0.54). However, vitamin D levels were found to be deficient in
healthy pregnant women (mean+SD; 11.8+7.4 ng/mL), gestational diabetes mellitus (10.6+5.7 ng/mL), and healthy young women
(1245.4 ng/mL), that is, vitamin D levels were found to be deficient in all groups (Table 1). 25(OH)D3 level; severe deficiency (<10
ng / mL ) was found in 50% of healthy pregnant women , mild deficiency (10-20 ng / mL ) in 36%, and insufficiency (20-32 ng / mL
) in 14%. Pregnant women with gestational diabetes; It was found to be severely deficient in 60%, mildly deficient in 33%, and
insufficiency in 7%. Healthy young women; It was found to be severely deficient in 50%, mildly deficient in 37%, and insufficiency
in 13% (Table 2).

5. Discussion

In this study; We found vitamin D levels to be deficient in healthy pregnant women, gestational diabetic pregnant women and healthy
young women, that is, in all groups. In this study, it was revealed that vitamin D deficiency is common in our region as well as all
over the world and in our country (6). Severe (<10 ng / mL ) vitamin D deficiency is seen in 50% of healthy pregnant women and
healthy young women, and 60% of gestational diabetic pregnant women. All results are below the level considered normal (>32 ng /
mL ). In a study investigating the level of vitamin D in pregnant women at 6 weeks of gestation; While vitamin D deficiency was
27.8 % in Izmir province , it was found as 76.3% in Erzurum (8). In our study, vitamin D deficiency (<20 ng / mL ) was found to be
86% in healthy pregnant women . This result is similar to the results of the previous study conducted in Erzurum, a province close to
our region and showing similar climatic characteristics. Both results reveal that vitamin D deficiency is more common in cold and
less sun-exposed areas. In a study, vitamin D3, 25 (OH) vitamin D3, 1,25 (OH)2 vitamin D3 levels of preeclamptic and healthy
pregnant women were found to be similar (9). In a study conducted with 258 pregnant women with >37 gestational weeks, the mean
level of 25 (OH) vitamin D was found to be 11.5+5.4 ng/mL. All these values are similar to our results. In another study, it was stated
that vitamin D deficiency in the mother was the most important cause of vitamin D deficiency in newborns (10). Vitamin D
supplementation during pregnancy increases the level of vitamin D in the cord blood (11). However, it was observed that vitamin D
supplementation did not change the bone mass of the mother and child, and anthropometric measurements in the child (12). Vitamin
D deficiency in pregnant women; Although it is associated with conditions such as preeclampsia, gestational diabetes, preterm birth,
impaired glucose tolerance, increased cesarean section rate, high blood pressure during pregnancy, issues such as whether external
vitamin D supplementation can correct all these or in which dose and how much has not been clearly revealed yet (13). It has been
shown in previous studies that the vitamin D supplement administered to pregnant women in our country does not provide adequate
vitamin D levels (5), and that a daily dose of 4000 IU is necessary and safe to achieve adequate vitamin D levels in pregnant women
(14). The results of our study also support these recommendations. In a study in which 90 gestational diabetic pregnant women and
158 normoglycemic pregnant women were included and 25(OH) vitamin D was determined by liquid chromatography-mass
spectrometry (LC-MS/MS), vitamin D levels were not found to be different between the two groups (15). In studies conducted in 559
pregnant women in India (16) and 76 pregnant women in the Czech Republic (17), vitamin D levels were not found to be different
between gestational diabetic and healthy pregnant women, and vitamin D levels were found to be deficient in both pregnant groups.
Similar to all these results, we could not find a difference between the gestational diabetic group and the healthy pregnant group in
terms of vitamin D levels, while we found a high rate of vitamin D deficiency in both groups . Unlike all these results, there are also
studies that found vitamin D levels to be associated with gestational diabetes ( 2,18,19 ). However, it has been reported that this
relationship is not clear due to the complexity in the design of related studies (20). As a result, vitamin D deficiency is very common
in young women and all pregnant women and is associated with many diseases. Vitamin D supplement recommended by the Ministry
of Health for all pregnant women is insufficient. Especially in our region, vitamin D supplementation, which is a safe, inexpensive
and effective option, should be given to all pregnant women and young adult women. However, these measurements can be repeated
in larger series and in different seasons, partly because this study was conducted on a small number of subjects.
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Abstract

This numerical investigation examined the influence of crack location and geometry on the natural frequency of a beam. The analysis
focused on the first two modes using ANSYS WORKBENCH finite element software. The beams were modeled using structural steel
as the material, and clamped-free boundary conditions were applied. Two crack geometries, « and V, were chosen for the study. The
findings indicated that both the location and geometry of the crack significantly affect the free vibration behavior of the beams. As
the crack location approaches the clamped end, the natural frequency for the first two modes increases. Furthermore, the beam with
a V-shaped crack geometry exhibited a higher natural frequency compared to the beam with a c~-shaped crack geometry.
Additionally, the free end of the beam displayed more deformation than the clamped end.

Keywords: Crack, Modal Analysis, Beam, FEM
1. Introduction

Cracks can directly affect the strength and physical properties of the material. An increase in crack geometry and depth may decrease
material strength. The increase in cracks causes fractures in the material. Dynamic movements can lead to the growth of cracks.
Reducing cracks in materials can increase the life of the material. This situation may cause damage to the material. These damages
can be common especially in beam structures. Metal beams are used in many areas such as machinery industry, shipbuilding,
automotive industry. Since the crack structure and depth have a high effect on the physical properties of the material, many studies
have been carried out in the literature (Binici, 2005; Chondros et al., 1998; Dimarogonas, 1996; Gounaris et al., 1996; Shifrin and
Ruotolo, 1999; Zheng and Fan, 2001). The modal behavior of beams with crack structure was investigated and finite element method
was used to calculate the frequency values (Zheng and Kessissoglou, 2004). Natural frequency analysis of the beams with different
geometries of cracks was determined using two various methods and the beams was selected as circular cross sections (Kisa and Arif
Gurel, 2007). Modal analysis of the cracked beams made of metals was performed under clamped-free boundary conditions (Léonard
et al., 2001). Modal behavior of beams with crack structure for the first five modes was analyzed using finite element software
ANSYS and ABAQUS (Jagdale and Chakrabarti, 2013). Natural frequency behavior of beams including double cracks was evaluated
using experimental and analytic methods (Yoon et al., 2007). Natural frequency analysis of beam under axial loading were performed
(Viola et al., 2007). Modal and buckling behaviors of beams made of functional graded materials according to edge cracks were
analyzed (Yang and Chen, 2008).

As can be seen from the literature review, there are studies that include free vibration analysis of many cracked beams. In this study,
free vibration analysis of beams was carried out depending on different crack geometry and location.

2. Materials and Methods

Beams have a width of 20 mm and a length of 200 mm. Beam thickness is taken as 6 mm. Half of these beams have < crack
geometry, while the other half have V crack geometry. Crack depths were determined as 1.5 mm. The upper width of the cracks was
taken as 3 mm. Crack geometries were shown in Figure 1.

3.00 3.00

D

Figure 1. Crack geometries
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The two-dimensional design of the beams was drawn in the SOLIDWORKS program. Two-dimensional drawings were converted to
three-dimensional and transferred to ANSYS software. Numerical analyses for frequency behavior of the beams were performed
using finite element software ANSYS WORKBENCH. The beams were analyzed under clamped-free boundary conditions. Structure
steel was used as material. The modulus of elasticity of the material was determined as 200 GPa. Mesh operation was carried out to
be program control. Element size was selected as 1 mm. Eighteen different analyzes were performed. The first six mode values were
examined for each analysis. Half of the eighteen beams have a V crack structure. The other half is  crack structure. Each beam has
different crack locations. The crack positions of the beams are given in Table 1.

Table 1. Crack positions

Beam Type (V)
Beam 1l | Beam2 | Beam 3 | Beam4 | Beam5 | Beam6 | Beam7 | Beam 8 | Beam 9
20mm | 40mm | 60mm | 80 mm | 100 mm | 120 mm | 140 mm | 160 mm | 180 mm
Beam Type (V)
Beam 10 | Beam 11 | Beam 12 | Beam 13 | Beam 14 | Beam 15 | Beam 16 | Beam 17 | Beam 18
20mm | 40mm | 60mm | 80 mm | 100 mm | 120 mm | 140 mm | 160 mm | 180 mm

3. Results and Discussions

The aim of this study is to examine the effect of crack structures with different geometric shapes and their locations on the modal
analysis of a cantilever beam. Modal analyses were carried out numerically. Natural frequency for the first two modes were tabulated
in Table 2.

Table 2. Numerical results for frequencies

Beam | Crack | Crack | Natural Frequencies (Hz)

Type Type | Position 1. Mod 2. Mod
Beam 1 V] 20 mm 118.41 399.55
Beam 2 V] 40 mm 119.65 401.24
Beam 3 v 60 mm 120.70 402.67
Beam 4 u 80 mm 121.54 403.83
Beam 5 v 100 mm 122.18 404.76
Beam 6 v 120 mm 122.64 405.50
Beam 7 v 140 mm 122.96 406.10
Beam 8 v 160 mm 123.18 406.65
Beam 9 v 180 mm 123.36 407.20
Beam 10 \Y/ 20 mm 119.88 401.41
Beam 11 \/ 40 mm 120.79 402.66
Beam 12 \/ 60 mm 121.45 403.58
Beam 13 \Y/ 80 mm 121.97 404.29
Beam 14 \Y/ 100 mm 122.39 404.90
Beam 15 \Y/ 120 mm 122.66 405.30
Beam 16 Vv 140 mm 122.83 405.59
Beam 17 V 160 mm 122.93 405.80
Beam 18 \Y/ 180 mm 122.99 405.99

According to Table 2, the increase in the number of modes causes an increase in the frequency value of the beams. Beams with
cracks close to the free end have higher frequency values. For the first two modes, the frequency values of the beams increase for
each position. As an example, the first two mode shapes for the beam with  crack geometry located 20 mm from the clamped end
are shown in Figure 2.

Based on the observations depicted in Figure 2, the areas near the free end of the beams exhibit the highest degree of deformation,
whereas the regions near the clamped end demonstrate the least amount of deformation.
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A: Modal A: Modal
Total Defarmation Total Deformation
Type: Total Defarmation Type: Total Deformation
Frequency: 11841 Hz Frequency: 3995 Hz

. Unit: mm
Unit: mm

11.08.2022 20:30 11.08.2022 20:31

14497 Max 145.11 Max

0.00

a) The first mode b) The second mode

Figure 2. The mode shapes for beam with  crack geometry
4. Conclusions

This numerical investigation focuses on studying the impact of crack geometry and positions on the modal behavior of beams made
of structural steel. Two crack geometries, « and V structures, were selected for the analysis. Modal calculations were conducted
using the ANSYS WORKBENCH finite element software, determining the first six modes of the beams. The beams were designed in
three dimensions, with a total of eighteen beams used in the study. Nine of the beams featured a \VV-shaped crack structure, while the
remaining beams were designed with a «-shaped crack structure. Each beam had a different position for the crack.

The findings of this study revealed that cracks located near the free end of the beams had the effect of increasing the natural
frequency for the first and second modes. The geometries of the cracks were found to play a significant role in determining the
natural frequency. The free ends of the beams were identified as the areas most impacted by the cracks, as compared to the clamped
end. Additionally, the natural frequency of the beam with a V-shaped crack geometry was higher than that of the beam with a -
shaped crack geometry.

ACKNOWLEDGEMENT: The authors would like to thank Dr. Savas Evran (Marmara University, Turkey) for his generous
support and encouragement during the preparation of this manuscript.

5. References

Binici B 2005. Vibration of Beams with Multiple Open Cracks Subjected to Axial Force. Journal of Sound and Vibration, 287(1-
2):277-295.

Chondros T, Dimarogonas A, Yao J 1998. A Continuous Cracked Beam Vibration Theory. Journal of sound and vibration,
215(1):17-34.

Dimarogonas AD 1996. Vibration of Cracked Structures: A State of the Art Review. Engineering fracture mechanics, 55(5):831-857.

Gounaris G, Papadopoulos C, Dimarogonas A 1996. Crack Identification in Beams by Coupled Response Measurements. Computers
& structures, 58(2):299-305.

Jagdale PM, Chakrabarti M 2013. Free Vibration Analysis of Cracked Beam. Int J Eng Res Appl, 3(6):1172-1176.

Kisa M, Arif Gurel M 2007. Free Vibration Analysis of Uniform and Stepped Cracked Beams with Circular Cross Sections.
International Journal of Engineering Science, 45(2):364-380.

Léonard F, Lanteigne J, Lalonde S, Turcotte Y 2001. Free-Vibration Behaviour of a Cracked Cantilever Beam and Crack Detection.
Mechanical Systems and Signal Processing, 15(3):529-548.

Shifrin E, Ruotolo R 1999. Natural Frequencies of a Beam with an Arbitrary Number of Cracks. Journal of Sound and vibration,
222(3):409-423.

Viola E, Ricci P, Aliabadi M 2007. Free Vibration Analysis of Axially Loaded Cracked Timoshenko Beam Structures Using the
Dynamic Stiffness Method. Journal of Sound and Vibration, 304(1-2):124-153.

Yang J, Chen Y 2008. Free Vibration and Buckling Analyses of Functionally Graded Beams with Edge Cracks. Composite
Structures, 83(1):48-60.

ISBN: 978-605-71214-8-6 183 WwWw.insicongress.com SI




IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

Yoon H-I, Son I-S, Ahn S-J 2007. Free Vibration Analysis of Euler-Bernoulli Beam with Double Cracks. Journal of Mechanical
Science and Technology, 21(3):476-485.

Zheng DY, Fan SC 2001. Natural Frequency Changes of a Cracked Timoshenko Beam by Modified Fourier Series. Journal of Sound
and Vibration, 246(2):297-317.

Zheng DY, Kessissoglou NJ 2004. Free Vibration Analysis of a Cracked Beam by Finite Element Method. Journal of Sound and
Vibration, 273(3):457-475.

ISBN: 978-605-71214-8-6 184 Www.insicongress.com S‘



IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

THE INVESTIGATION OF PROPERTIES AND APPLICATIONS OF ANIMAL
LEATHER USED IN THE READY-MADE CLOTHING AND APPAREL INDUSTRY

HAZIR GIYIM VE KONFEKSIYON ENDUSTRISINDE KULLANILAN GERCEK
HAYVAN DERILERININ OZELLIKLERININ VE KULLANIM ALANLARININ
INCELENMESI

Mustafa Sabri Ozen !, Nalan Kutlu Saticioglu 2*, Mine Dursun 3, Nergis Demirel Giiltekin *
L4 University of Marmara, Faculty of Technology, Department of Textile Engineering, Istanbul, TURKEY
1 ORCID ID:0000-0002-2921-3638, mustafaozen@marmara.edu.tr
4 ORCID ID:0000-0002-1526-9382, ndemirel@marmara.edu.tr
23 GIZIA Moda Tekstil Sanayi ve Dis Ticaret Ltd.Sti.
2ORCID ID:0000-0003-1594-3485,nalankutlusaticioglu@gizia.com,

3 ORCID ID: 0009-0006-4956-8010, minedursun@gizia.com
* Corresponding Author

Abstract

The real animal leathers such as sheepskin, lambskin, calfskin, goatskin, kid skin, snakeskin and crocodile skin are used in producing
of clothing products such as trench coat, jackets, coats, dresses in addition to saddlery products such as belts, gloves, wallets, bags,
suitcases in the ready-made clothing and apparel industry where textile fabrics are mainly used. Moreover, the knitted, woven or
nonwoven fabrics coated with polyurethane (PU) and polyvinylchloride (PVC) polymers are preferred instead of real animal
leathers. In this study, firstly, the thickness of the leathers was measured. The contact angle measurements of the real animal leathers
and fabrics coated polyurethane and polyvinylchloride were carried out. By making company visits, the production of real animal
leathers was seen in the field and their usage areas were investigated. Various examples of leather-based garments designed and
produced by GIZIA in the ready-to-wear clothing and apparel industry were given.

Keywords: animal leather, tannery, ready-made clothing industry
1. Giris

Hayvan derileri insanligin var olusundan ve tarih 6ncesi donemlerden itibaren baglica olarak ortiinme, barinma ve ¢esitli esyalarin
iretiminde giysi, giysi aksesuari, ayakkabi, ¢izme, at kosum ve giinliikk esyalarn {iretiminde kullanilmistir. (Kula,2006) Hayvan
postunun dermis tabakasindan elde edilen deri esasl iiriinler giiniimiizde de hazir giyim ve konfeksiyon endiistrisinde ¢ok dnemli bir
yere sahiptir, 6rnek olarak trengkot, etek, ceket, ayakkabi {iretiminde agirlikli olarak yer almaktadir. Tekstil kumagina kiyasla daha
pahali bir malzeme olan gergek deri iirlinler, tekstil kumaglari ile ayrica lamine edilerek de kullanilmaktadir. Gergek hayvan derileri
disinda, 6rme, dokuma veya dokunmamis kumaslarin iizerine poliiiretan veya polivinilkloriir isimli polimer esasli malzemelerin ve
diger bitkisel esasli malzemelerin kaplanmasiyla olusturulan materyaller gergek derilere benzetilmeye calisilarak imitasyon olarak da
kullanilmaktadir.

Deri Tirk Dil Kurumuna gore, insan ve hayvan viicudunu kaplayan tily, kil veya pulla kapl tabaka olarak tanimlanmaktadir.
Islenerek kullanilabilir haline getirilen hayvan postuna da deri denilmektedir. Deri diger bir tanimda, gesitli hayvan postlarinin
dermis tabakasindan elde edilen ve tamamen kolajen liflerinden olusan organik bir malzemedir. Deri, biinyesinde su, yag, mineral,
tuz ve asil Onemlisi derinin yirtilmamasini saglayan, deriye esneklik veren, derinin temel tasi olan proteinden olusmasidir.
(Cmar,2021) Deri, 6z Tiirkge bir kelimedir, eski Tiirk boylarinda hakana ddenen veri anlamindaki “Tirik” kelimesinden gelmektedir.
Dericilik meslegini siirdiirenlere debbag, sepici ve derici gibi farkli terimler kullanilmigtir. Derilerin islendigi yerlere debbaghane ad1
verilmistir. (Tozun ve Cimar,2020)

Deri, hayvanciligin yaygin oldugu Orta Asya Tiirkleri i¢in vazgecilmez bir malzeme olmustur. Gdcebe yasam tarzi ve hayvanciligin
yaygin olmast bu meslegin Tiirkler arasinda gelismesinde 6nemli etkenlerdir. Orta Asya Tiirkleri, batiya go¢ ederek dericilik
zanaatini batiya tasimistir. Tirklerin tabakladigi deriler renk ve Kkalitesiyle tiim diinyada taninmustir. Selguklu doneminde Ahi
Evran’in onciiliigiinde Ahi gelenekleriyle siirdiiriilen dericilik Osmanlilar doneminde zirveye ulasmustir. Deri, Rénesans doneminde
Avrupa’ya girerek Avrupali debbaglar tarafindan islenmeye baglanmistir. 1880 yilinda Almanlar krom ile derileri iglemigler ve anilin
boyalar kullanmiglardir. Giiniimiizde ise iilkemizde de deri sektorii i¢in Rusya ¢ok onemli bir Pazar durumundadir. Deri sektorii
ayrica 24 Subat 2022 yilinda baslayan Rusya-Ukrayna arasindaki savas sebebiyle ciddi sikintilar yasamaktadir. (Tozun ve

Cinar,2020)
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Deri, organik yapisi sebebiyle hayvan iizerinden yiiziildiigiinden itibaren bozulmaya yatkin bir materyaldir ve bozulma egilimindedir.
Bu sebeple deriye tabaklama isleminin yapilmasi zorunlu bir iglemdir. Tabaklama, hayvan derisinin bozulmamasi ve uzun siire
bozulmadan saklanabilmesi i¢in yapilan derinin protein yapisinin kullanilan kimyasal maddelerle degistirildigi bir islemdir. Deriyi
belirli bir usulde isleyerek kokusunu gideren, boyayan, kurutan, mesin, sahtiyan, kdsele veya kiirk haline getiren sanatkar ve iscilere
“Tabak”, ve onlarin deri isledikleri ¢aligtiklart imalathanelere “Tabakhane” denilmistir. Gliniimiizde tabaklama islemi %90 oraninda
krom tabaklama seklinde ve krom tabaklama tuzlari potasyum kromat (K2CrOs) ve sodyum kromat (Na2CrOs) maddeleri ile
yapilmaktadir. Son yillarda ¢evre, insan sagligini1 koruma ve siirdiiriilebilirlik gergevesinde bitkisel tabaklama islemi tercih edilmeye
baslanmistir. Bitkisel tabaklama islemi krom, arsenik gibi toksik madde igermemektedir. Tiirkler kendilerine 6zgii bir yontem ile
gelistirdikleri bitkisel tabaklamada sahtiyan adiyla bilinen deride, kegi derisini bitkisel maddeler kullanarak tabaklamislardir,
iiretimini 19. Yiizyila kadar sir olarak saklamislardir. ingiliz literatiiriinde sahtiyan derinin ad1 “Tiirk Derisi” olarak gecer. Mesin, ise
koyun derisinin bitkisel tanenlerle tabaklanmasiyla elde edilir. Kalite olarak kuzu derileri daha makbuldiir, sir¢alari diizgiin, yag
orani az, deri lifleri ince ve sik dokuludur. (Tozun ve Cmar,2020)

Sektor temsilcilerinden alinan bilgilerde, bitkisel tabaklamada ‘“Kebrako”, “Tara” ve “Mimoza” materyalleri kullanilmaktadir.
Bitkisel tabaklama yapilan deri daha gabuk bozulmaktadir. Omiir ve Mutlu tarafindan 2016 yilinda yapilan arastirmada bitkisel
tanenlerin deriye dogal bir goriinlim, dolgunluk, sikilik ve tanenin kendine has renk tonu gibi ozellikler kazandirdigini, ayrica
kondanse tanen grubunda yer alan mimoza ve kebrako tanenlerinin UV 1s13ina maruz kaldiklarinda renk degistirme ve kararma gibi
olumsuz ozellikleri bulundugunu ifade etmiglerdir. (6miir) Bitkisel tabaklanmig iiriinlerin tutumu daha sert olmaktadir. Bitkisel
tabaklama yapilmis deri krom tabaklamaya kiyasla 2 kat daha fazla boyaya ihtiya¢ duymaktadir. Bitkisel tabaklanmis deride en fazla
50°C’ye cikilirken, krom tabaklanmis deride 70-80°C’ye rahatlikla ¢ikilabilmektedir. Ancak giyim, ¢evre ve insan sagligi igin
bitkisel tabaklama Onerilmektedir. Deriye alternatif vegan {iriinler, mantar, ananas yapragi, kaktiis, mango, zeytin, sarap, kombucha
cay1 ve elma derisi vb. dogal bilesenlerle de yapilmaktadir. Deriye alternatif bu iirlinler kimyasal madde igermemesi, ¢ok az su
tiikketimi ve biyolojik olarak dogada bozunabilme 6zellikleri ile dikkat ¢ekmektedir. Ornegin ananas derisi orijinal deriye ok
benzemektedir. Elma derisi, gida endiistrisinin yan iiriinii olan %50 elma kabugu ve g¢ekirdek atiklar ile yapilmaktadir. italya’da
bulunan Frumat markasi, elma endiistrisindeki atiklari toz haline getirip dokunmamis kumas iizerine kaplanmistir. (Berber ve
Keskin,2021)

Tablo1-Derilerden Elde Edildigi Hayvan Tiirlerinin Simiflandirilarak Uretilen Deri Cesitleri (Cinar,2021)

Manda, boga, s1g1r, deve, dkiiz, dana, inek, at vb. Taban astari, kayislik, kromlu kosele,

Bilytikbas Hayvan Tiirleri vaketa, kosele, rugan, antilop, giideri iiretiminde kullanilir.

Koyun, kegi, tiftik, ceylan, kuzu, oglak vb. Sahtiyan, mesin, astarlik, maroken, vidala,

K e napa, giideri, siiet, vb. iiretiminde kullanilir.

Tilki, sansar, samur, tavsan, sincap, porsuk, karagiil, mink, vizon, ¢ingila vb. hayvan

K e postlart kiirk yapiminda kullanilir.
Siiriingen Hayvan Tiirleri Yilan, kertenkele, timsah vb. Saraciye veya giysi garnilerinde kullanilir.
Diger Hayvan Tiirleri Ay, kurt, su aygiri, fok baligi, kedi, kopek vb.

2. Deri Uriinleri ve Tiirleri

Genel anlamda bakildiginda derinin iki yiizii bulunmaktadr. {Iki titylerin oldugu cilt yiizeyidir, digeri alt taraftaki et yiizeyidir. Giyim
ve ayakkabi sektoriinde kullanilan “Zig Deride” derinin tiiylerin oldugu taraf, piiriizsiiz hale getirilir ve cilt yiizeyi kullanilir. Stet
deride ise derinin et tarafi piiriizlestirilir.

Sekil 1-Jumbo Koyun Derisi-Kahnlik 1.23mm

Yukaridaki sekilde krom tabaklama islemi gormiis, islenmemis, yoresel, dogal, damarli yapiya sahip, laminesiz ve ortalama 1,23mm
kalinliga sahip Jumbo Koyun derisi goriilmektedir. Krom tabaklama islemi gdrmiis ve boyanmis deriler “Natural Deri” sinifinda
degerlendirilmektedir. Boya orani yazilabilir.
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Jumbo Koyun Deri, Burnish Zig Burnish Koyun/Kuzu Kiirk Yakah Burnish Koyun/Kuzu Zig Deri

Kuzu Deri Astarh Ceket Zig Deriden Trenckot Astarh Ceket

Sekil 2-Zig Deriden Yapilmis GIZIA Ceket ve Trenckot Tasarimlari-Kalinhk 0.82mm

Zig deri, boya orani daha yiiksek olan bir deri tiiridiir. Gergek kuzu derisidir. Lamine islemi yapilmamustir. Zig deri genel giyimlik
derileri, giysilik derileri kapsamaktadir. Zig deri piiriizsiiz diiz dokuya sahip ve iizerinde yiinlerin bulunmadig1 koyun/kuzu derisi
tiridiir. Yumusak yapiya sahiptir. Zig deride derinin dis yiizeyi islem gormektedir. Zig derinin ayakkabi olanma “Vidala”
denilmektedir.

Sekil 3-GIZIA Piton Yilan Garnili Deri Ceket Tasarimi

Yilan derisi, sirt kismindan kesilerek ¢ikarilmaktadir. Agik renkli biiyiik pullu kismi yilanin zemine siirtiinen kismidir. Koyu renkli
ince pullu kismi sirt kismudir. Yilan derisi icin mutlaka krom tabaklama yapilmalidir. Yilan derisine bitkisel tabaklama yapildigi
takdirde ¢ok ¢abuk bozulabilmektedir. Sagdaki resimde boyasiz tamamen dogal yilan derisi ve solda yilan garnili deri ceket
goriilmektedir.

ISBN: 978-605-71214-8-6 187 Www.insicongress.com Si



IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

Sekil 4-Timsah Cene Kismi 1.45mm (ortada) ve Timsah Ayak Kismi 2,45mm (sol ve sagda)

Cok sert tutuma sahip ve konfor ozelligi kisitli oldugundan daha c¢ok saraciye alaninda canta, kemer, ciizdan retiminde
kullanilmaktadir.

Genel koleksiyonlarda en ¢ok Burnish tiirii kuzu derisi kullanilmaktadir. Bu tiir kuzu derisi istenilen incelik ve kalinliklarda
tiretilebilmektedir. Bu tiir derilerde krom tabaklama yapilmaktadir. Lamine islemi yoktur. Burnish kuzu derisi ceket, pantolon, etek,
elbise, mont ve eldiven iiretiminde kullanilmaktadir.

Lacivert Boyal Yilan Derisi Zig Deri ve Yilan Deri Kemer GIZIA Yilan Deri Canta

Sekil 5-GIZIA Yilan Deri Esash Uriinler

Siiet deri, derinin dis yiizeyinin yerine et ylizeyinin zimparalanarak kadifemsi yiizey 6zelligi kazandirilmis deri tiiriine denir. Siiet,
ince ve yumusak bir apreye sahip deriden yapilmis {iriinlerdir. Siiet hayvan derisinin et ylizeyinin islenmesiyle {iretilen,
dokunuldugunda tekstil kumasindaki gibi bir his uyandiran deri g¢esididir. Ayakkabi, gdmlek, ciizdan, ¢anta, mont ve ceket gibi
iirtinlerde yaygin olarak kullanilir. Siiet yaygin olarak havli deri veya tiiylii deri olarak bilinen bir materyaldir.

Dana derilerinin yiizeyi diizdiir, killar kisa, ince ve yumusak olup biitiin deri yiizeyine homojen olarak dagilmislardir. Dana derileri
s1g1r derilerine kiyasla daha kiigiik yiizeyli ve daha incedir, daha sik lif dokuludur.

3. Deri Materyallerin Temas Ag¢is1 Sonuglar:

Temas agist Olglimlerinde deri materyal {izerine su damlasi birakilmakta ve yiizey iizerinde damlanin durusu agisal olarak
6l¢tilmektedir. Cihaz damla goriintiilerini kaydederek damlanin sekli analiz etmektedir.
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Sekil 6-Temas Acis1 Test Cihazi1 (Contact Angle)
Tablo2-Temas Agist Ol¢iim Sonuclar

S’\llroa Kumas Tirt Kalinlik Damla Goriintiisii Temas Acisi

1- PVC Kaplanmig Kumas 0,75mm 85,11°

9. Politiretan Kapli 0,71mm 82,95°
Kumas

3 Metis Stiet Nijerya 0,89mm 130,34°
Kuzusu
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4- Ince Dana Derisi Krom 0,57mm 106,20°
Tabaklama

5. Jumbo Koyun I_Der|5|- 1,23mm 127,71°
Islenmemis

6- Timsah Cene 1,45mm 89,50°

7- Yilan 1,40mm 75,97°
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8- Burnish Kuzu Derisi 0,61mm 101,03°

Poliiiretan ve polivinkloriir kapli kumaslarin temas agis1 dlgtimleri ¢ok diisiikk ¢ikmistir. Bu sonug polimer madde kapli kumaslarin
1slanabilme 6zelliginin oldugunu agikca gostermektedir. En yiiksek temas agis1 tabaklanmis ancak dokusu iglenmemis hayvanin
kendi dokusunun oldugu koyun derisi ve tiraglanan siiet deri de goriilmistiir. Siiet izerinde bulunan tiiyler ayni lotus yapraginda
goriilen damla durusunu saglamustir. Yilan derisi ve timsah derisinden elde edilen temas 6l¢iimsonuglari bu derilerinde kolayca
1slanabildigini gostermistir. Ozelliklerde genel koleksiyonlarda ceket, pantolon, etek, elbise, mont ve eldiven iiretiminde en gok
kullanilan deri tiirii olan Burnish tiirii gergek kuzu derisi ve ince dana derisi de 100°’yi gegtigi i¢in tatmin edici bir sonug almustir.

4. Sonug

Gergek hayvan derileri, ilk caglardan itibaren barinma, giyinme ve gesitli esyalarin iiretiminde kullanilmig bir materyaldir.
Giliniimiizde de halen hazir giyim ve konfeksiyon sektoriinde kiyafet ve ayakkabi iiretiminde ve saraciye alaninda ganta, ciizdan,
kemer vb. iiretiminde kullanilmaya devam etmektedir. Calismamizda derinin tarihsel gelisimi, derinin islenmesi, tabaklanmasi ve
GIZIA firmamiz tarafindan tasarlanan ve tretilen deri iiriinler 6rmeklerle anlatilmaya g¢alisilmistir. Derilerin kalinliklar1 ve temas
acilar dlgiilerek deri materyal ylizeylerin 1slanma, suyu sevme (hidrofil)/sevmeme (hidrofob) 6zellikleri incelenmistir.

Hazir giyim ve konfeksiyon sanayinde koyun derisi, kuzu derisi, dana derisi, yilan derisi, kegi derisi, oglak derisi, timsah derisi ve
yilan derisi ¢ogunlukla kullanilmaktadir. Daha yumusak ve ince olmasi sebebiyle sektorde koyun ve kuzu derisi agirlikli olarak tercih
edilmektedir. Gergek derilere ilaveten dokuma, 6rme ve dokunmamis kumaslar iizerine poliiiretan ve polivinilkloriir kaph sentetik
kaplanmis materyaller ve bitkisel madde kapli vegan materyaller de son yillarda kullanilmaya baglanmistir. Bu kaplanmig
materyallere deri demek aslinda dogru degildir. Deri; Tiirk Dil Kurumuna gore insan ve hayvan viicudunu kaplayan kil, tity ve pulla
kapl tabaka seklinde tanimlanmaktadir. Diger bir tanimlamada ise islenerek kullanir duruma getirilmis hayvan postuna deri
denmektedir. Sonug olarak sentetik ve bitkisel maddelerin kaplandigi kumaslara suni deri veya vegan deri demek yerine kaplanmis
kumas denilmesinin daha dogru olacaktir.

Krom tabaklanmis dokusu islenmemis gercek koyun derisi ve siiet deri iyi derecede 1slanmama diger bir ifade ile hidrofob 6zellik
gostermistir. Politiretan ve polivinilkloriir kapli kumaslarimn hidrofil suyu sevdigi ve kolayca 1slandig1 goriilmiistiir.

Tesekkiir: Saglamis olduklar1 ¢ok degerli katkilar1 sebebiyle Moda Siiet firmasi sahibine ve ¢alisanlarina ¢ok tesekkiir ederiz.
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Abstract

Breast cancer is a common and life-threatening disease that affects every aspect of women's lives worldwide. Early detection of
breast abnormalities plays a critical role in improving patient outcomes. Deep learning techniques can be considered as promising
approaches for automatic breast cancer detection using mammographic images based on the success rates of previous studies. This
study aims to evaluate the performance of different deep learning architectures on the MIAS dataset for breast cancer detection..The
architectures considered include VGGNet, DenseNet, ResNet, and MobileNet. Performance metrics such as accuracy, sensitivity,
specificity, and precision are utilized to assess the effectiveness of each architecture. The results demonstrate the superior
performance of VGGNet and DenseNet, achieving accuracy rates of 92.5% and 91.8%, respectively. ResNet and MobileNet also
exhibit substantial potential with accuracies of 89.3% and 88.6%, respectively. These findings contribute to the growing body of
knowledge in medical image analysis and highlight the effectiveness of deep learning architectures in breast cancer detection.
Further investigations can focus on optimizing these architectures and exploring ensemble methods to enhance their performance.

Keywords: Breast Cancer, Deep Learning, MIAS dataset, VGGNet, DenseNet, ResNet, MobileNet
1. Introduction

Breast cancer is a prevalent and life-threatening disease affecting women worldwide, making it a significant public health concern.
Early detection of breast abnormalities plays a crucial role in improving patient outcomes, as it enables timely intervention and
treatment. Mammography, an imaging technique commonly used for breast cancer screening, has been instrumental in identifying
potential cancerous lesions (Acharya, Ng, Tan, & Sree, 2012). However, accurately interpreting mammographic images requires
extensive expertise and is subject to human error.

In recent years, deep learning techniques have shown great promise in revolutionizing medical image analysis, including breast
cancer diagnosis (Wani & Raza, 2018). Deep learning algorithms can automatically extract meaningful features from large datasets,
enabling automated and accurate detection of breast cancer from mammograms. These algorithms can learn intricate patterns and
relationships within the data, providing a powerful tool for identifying subtle abnormalities that may be indicative of malignancy
(Sha, Hu, & Rouyendegh, 2020).

This study focuses on evaluating the performance of different deep learning architectures on the Mammographic Image Analysis
Society (MIAS) dataset for breast cancer detection. The MIAS dataset is a widely used benchmark dataset in the field of
mammography, consisting of digitized mammograms with corresponding ground truth annotations. By leveraging this dataset, we
can assess the effectiveness of various deep learning architectures in accurately classifying mammographic images as either
cancerous or non-cancerous.

The deep learning architectures considered in this study include VGGNet, DenseNet, ResNet, and MobileNet. These architectures
have demonstrated exceptional performance in various computer vision tasks and have been successfully applied in medical image
analysis. By comparing their performance in breast cancer detection, we can gain insights into their suitability and effectiveness for
this specific application.

The results of each architecture are compared using metrics such as Accuracy, Sensitivity, Specificity and Precision. Accuracy
measures the overall accuracy of the classification model, while precision assesses the ability to accurately classify positive cases
(with cancer). Specificity assesses the ability to accurately classify negative cases (non-cancerous). Precision measures the proportion
of correctly classified positive cases out of all predicted positive cases.These metrics help to comprehensively evaluate the
effectiveness of each architecture for breast cancer detection. Each metric objectively assesses success in breast cancer detection by
analyzing different aspects of the model's performance. Using these metrics provides a more comprehensive view when comparing
the effectiveness of deep learning architectures for breast cancer detection.
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2. Related Works

The findings are in line with previous research in the field of breast cancer detection and are consistent with the existing body of
knowledge. VGGNet and DenseNet have consistently exhibited superior performance across various studies, underscoring their
efficacy in accurately identifying breast abnormalities (Karthik, Menaka, & Siddharth, 2022).

The high accuracies achieved by these architectures further substantiate their potential for clinical decision-making in breast cancer
diagnosis. Despite slightly lower accuracies, the results obtained for ResNet and MobileNet still demonstrate their meaningful
contributions to breast cancer detection. These findings are consistent with related studies that have reported similar accuracies, thus
confirming the effectiveness of the investigated deep learning architectures (Carranza-Garcia, Torres-Mateo, Lara-Benitez, & Garcia-
Gutiérrez, 2020). Notably, these studies have employed different datasets and populations, reinforcing the robustness and
generalizability of the proposed architectures.

The utilization of the MIAS dataset in these studies has provided a reliable benchmark for evaluating the performance of deep
learning architectures in breast cancer detection. The consistent results obtained across multiple studies underscore the robustness
and generalizability of the investigated architectures (Houssein, Emam, & Ali, 2022).

However, it is essential to acknowledge certain limitations of the present study. Firstly, the evaluation was confined to a specific
dataset, and the generalizability of the findings to other datasets or real-world clinical settings may vary.

Future research endeavors should aim to expand the evaluation to encompass larger and more diverse datasets, encompassing
multiple institutions and populations. Moreover, investigating ensemble methods or incorporating domain-specific knowledge into
the architectures may yield further improvements in performance (Abdelrahman, Al Ghamdi, Collado-Mesa, & Abdel-Mottaleb,
2021). Overall, the continuous exploration and refinement of deep learning architectures in breast cancer detection hold promise for
enhancing early diagnosis and treatment outcomes for patients.

3. Methods And Materials
3.1. Dataset

The dataset used in this study was obtained from the Mammographic Image Analysis Society (MIAS) database, which is widely
utilized in breast cancer research. It consists of mammographic images representing both benign and malignant cases, providing a
diverse set of samples for analysis.

3.2. Image Preprocessing

The mammographic images underwent several preprocessing operations prior to model training. Initially, the images were loaded
using OpenCV and converted to grayscale using the cv2.IMREAD_GRAYSCALE flag. Subsequently, The images were then resized
to a standard 224x224 pixel size to be compatible with the selected deep learning architectures. To accommodate the single-channel
grayscale images, an additional dimension was added using np.expand_dims to match the input shape requirements of the models.

3.3. Deep Learning Architectures

We evaluated four popular deep learning architectures for breast cancer detection: VGGNet, ResNet, DenseNet and MobileNet.
These architectures have been widely used in various medical image analysis tasks and have shown remarkable performance in
numerous studies.

VGGNet is known as simple and effective in image classification (Agrawal & Mittal, 2020). It consists of multiple layers with small-
sized filters followed by max-pooling layers. VGGNet is known for its simplicity and uniformity, with 16 or 19 weight layers,
making it easier to understand and implement (Hazarika et al., 2023). The architecture’'s main strength lies in its ability to capture
detailed spatial information through its deep layers, leading to excellent performance in image classification tasks.

ResNet stands for Residual Neural Network and is a deep convolutional neural network architecture (He, Zhang, Ren, & Sun, 2016).
ResNet tackles the problem of vanishing gradients in deep networks by using skip connections, allowing information to bypass
certain layers and be directly propagated to deeper layers. This innovation enables ResNet to effectively train much deeper networks,
leading to improved accuracy and performance in various computer vision tasks (Saini & Rawat, 2022).

DenseNet aims to address the vanishing gradient problem, which can occur in very deep neural networks, by promoting direct
connections between layers. Unlike traditional architectures where layers are connected sequentially, DenseNet employs dense
connections that link each layer to every other layer in a feed-forward fashion. (Huang, Liu, Van Der Maaten, & Weinberger, 2017).
This architectural design leads to highly compact models while maintaining strong performance, making DenseNet suitable for
medical image analysis tasks with limited data availability.

MobileNet is a convolutional neural network architecture specifically designed for efficient mobile and embedded vision applications
(Howard et al., 2017). MobileNet addresses the challenge of deploying deep neural networks on resource-constrained devices by
introducing depth-separable convolutions.

These convolutions decompose the normal convolution into two different processes: the first is a depth convolution that filters the
input channels independently, and the second is a point convolution that combines the output of the depth convolution using 1x1
dimensional filters. This significantly reduces computational complexity and model size while maintaining reasonably good
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accuracy. These architectures have been extensively studied and applied in the field of medical image analysis, including breast
cancer detection.

3.4. Data Augmentation

To augment the available training data and improve the model's generalization capability, we employed the ImageDataGenerator
module from TensorFlow's Keras API. Various augmentation techniques, such as rotation, width and height shifting, shear, zooming,
and horizontal flipping, were applied to the training images.

3.5. Model Training and Evaluation

The deep learning models were trained using transfer learning technique using pre-trained model weights on comprehensive image
datasets. Adam optimizer was used for model training with a learning rate of 0.0001. Model performance was evaluated using
standard metrics including accuracy, precision, specificity, accuracy, and receiver operating characteristic (ROC) curves.

4. Results

The performance of the deep learning architectures for breast cancer detection using mammographic images is summarized in Table
1. The results indicate that VGGNet achieved the highest accuracy of 92.5%, followed closely by DenseNet with an accuracy of
91.8%. ResNet and MobileNet exhibited accuracies of 89.3% and 88.6%, respectively. The detailed results, including sensitivity,
specificity, precision, and ROC curves, can be observed in the respective literature for each architecture.

Table 1: Performance Comparison of Deep Learning Architectures for Breast Cancer Detection

Architecture Accuracy Sensitivity Specificity Precision
VGGNet 92.5% 0.89 0.94 0.91
DenseNet 91.8% 0.88 0.92 0.90

ResNet 89.3% 0.85 0.91 0.87
MobileNet 88.6% 0.84 0.89 0.86

Table 1 shows the performance comparison of the deep learning architectures for breast cancer detection using mammographic
images. The results indicate the accuracy, sensitivity, specificity, and precision achieved by each architecture.

Among the architectures evaluated, VGGNet achieved the highest accuracy of 92.5%. It showed a sensitivity of 0.89, indicating its
ability to accurately detect true positive cases, and a specificity of 0.94, highlighting its ability to accurately detect true negative
cases. VGGNet's sensitivity was measured at 0.91, indicating a high proportion of correctly classified positive predictions.

DenseNet closely followed VGGNet with an accuracy of 91.8%. It exhibited a sensitivity of 0.88 and a specificity of 0.92, indicating
its effectiveness in correctly identifying both positive and negative cases. The precision of DenseNet was measured at 0.90,
indicating a high precision rate in positive predictions.

ResNet achieved an accuracy of 89.3%, demonstrating its ability to accurately classify breast cancer cases. It showed a sensitivity of
0.85 and a specificity of 0.91, indicating its capability to correctly identify positive and negative cases. The precision of ResNet was
measured at 0.87, indicating a good precision rate in positive predictions.

MobileNet achieved an accuracy of 88.6%, demonstrating its capability to classify breast cancer cases with a high level of accuracy.
It showed a sensitivity of 0.84 and a specificity of 0.89, indicating its ability to correctly identify positive and negative cases. The
precision of MobileNet was measured at 0.86, indicating a reasonable precision rate in positive predictions.

These results highlight the effectiveness of the evaluated deep learning architectures in breast cancer detection using mammographic
images. VGGNet and DenseNet exhibited the highest accuracies, indicating their potential for accurate diagnosis and detection of
breast abnormalities. ResNet and MobileNet also demonstrated strong performances, providing viable alternatives for breast cancer
detection.

It is important to note that the evaluation of these architectures was conducted using the MIAS dataset, and further validation on
larger datasets and real-world clinical settings is necessary to assess their generalizability and potential for integration into clinical
practice.

Overall, the findings of this study emphasize the promising role of deep learning architectures in breast cancer detection, offering
potential advancements in early diagnosis and treatment of this prevalent disease.

Also, the confusion matrices, training graphs and ROC curve for different architectures are given in Figure 1, Figure 2 and Figure 3.
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Figure 1: Confusion Matrices For Different Architectures
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Figure 2:Training Graphs For Different Architectures
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Figure 3: ROC Curve For Each Architecture
5. Discussion

Consistent with previous research, this study reveals important findings in the field of breast cancer detection. VGGNet and
DenseNet have consistently demonstrated superior performance in various studies, highlighting their effectiveness in accurately
identifying breast abnormalities (Karthik, Menaka, & Siddharth, 2022).

The high accuracies achieved by these architectures further support their potential for clinical decision making in breast cancer
diagnosis. The results obtained for ResNet and MobileNet, although slightly lower in terms of accuracy, still demonstrate their ability
to contribute meaningfully to breast cancer detection. The findings of this study align with related studies, which reported similar
accuracies and confirmed the effectiveness of the deep learning architectures studied in our research (Carranza-Garcia, Torres-Mateo,
Lara-Benitez, & Garcia-Gutiérrez, 2020). These studies, conducted using different datasets and populations, reinforce the robustness
and generalizability of the proposed architectures.

In this study, the use of the MIAS (Mammographic Image Analysis Society) dataset proved to be a reliable benchmark for evaluating
the success rates of deep learning architectures in breast cancer detection. The consistency in the results obtained in various studies
emphasizes the robustness and generalizability of the proposed architectures (Houssein, Emam, & Ali, 2022).

Moving forward, it is important to acknowledge some limitations of the current study. First, the evaluation was limited to a specific
dataset, and the generalizability of the findings to other datasets or real-world clinical settings may vary. Additionally, the
performance of the architectures was solely assessed based on accuracy, and other evaluation metrics such as sensitivity, specificity,
and area under the receiver operating characteristic curve could provide further insights into their performance.

Future research should focus on expanding the evaluation to larger and more diverse datasets, encompassing multiple institutions and
populations. Furthermore, investigating ensemble methods or incorporating domain-specific knowledge into the architectures may
enhance their performance even further (Abdelrahman, Al Ghamdi, Collado-Mesa, & Abdel-Mottaleb, 2021). Overall, the continued
exploration and refinement of deep learning architectures in breast cancer detection hold promise for improving early diagnosis and
treatment outcomes for patients.

Table 2: Results And Success Rates Of Different Studies Using The MIAS Dataset

Study Architecture Accuracy
Salama & Aly, 2021 CNN 98.87%
Rejani & Selvi, 2009 SVM 88.75%
Alfifi, Alrahhal, Bataineh, & Mezher, 2020 TCNN 92%
Jayandhi, Jasmine, & Joans, 2022 VGG-16 82.5%
Sannasi Chakravarthy, Bharanidharan, & Rajaguru, 2022 ResNet-50 97.93%
Ahmed & Malebary, 2019 SVM 87,5%
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6. Conclusion

In this study, we conducted a comprehensive evaluation of deep learning architectures for breast cancer detection using
mammographic images. Four popular architectures, namely VGGNet, DenseNet, ResNet, and MobileNet, were implemented and
their performance was assessed using accuracy, sensitivity, specificity, and precision metrics.

VGGNet achieved the highest accuracy rate of 92.5%, with a sensitivity of 0.89, specificity of 0.94, and precision of 0.91. DenseNet
followed closely with an accuracy of 91.8%, a sensitivity of 0.88, specificity of 0.92, and precision of 0.92. ResNet exhibited an
accuracy of 89.3%, a sensitivity of 0.85, specificity of 0.91, and precision of 0.91. MobileNet attained an accuracy of 88.6%, a
sensitivity of 0.84, specificity of 0.89, and precision of 0.89.These results demonstrate the effectiveness of VGGNet and DenseNet in
achieving high accuracy rates and highlight their potential as reliable tools for breast cancer detection. The superior performance of
VGGNet and DenseNet can be attributed to their deeper architectures and their ability to capture intricate features and patterns within
mammographic images. The hierarchical feature extraction capability of these architectures enables them to effectively differentiate
between normal and abnormal breast tissues, resulting in improved accuracy.

Although ResNet and MobileNet achieved slightly lower accuracies, they still demonstrated significant potential for breast cancer
detection. ResNet, with its residual connections, and MobileNet, with its lightweight architecture, offer computational efficiency and
interpretability advantages. These models provide viable alternatives, particularly in resource-constrained environments where
computational resources and memory limitations may pose challenges. The obtained accuracies indicate the overall effectiveness of
deep learning architectures in breast cancer detection using mammographic images. It is also important to note that accuracy alone
may not provide a comprehensive assessment of model performance. Other metrics such as sensitivity, specificity and precision
should also be considered to better understand the capabilities of the models. The results of this study contribute to the growing body
of knowledge in the field of medical image analysis, especially in the context of breast cancer detection. Future work can focus on
steps such as fine-tuning existing architectures, optimizing hyperparameters, and exploring ensemble methods to improve the
performance and applicability of deep learning models for breast cancer detection.
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BILATERAL FACIAL NERVE PARALYSIS: CASE REPORT AND CLINICAL
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BILATERAL FASIAL SiNIiR PARALIZIiSIi: OLGU SUNUMU VE KLINIK YAKLASIM
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Abstract

Bilateral facial paralysis (BFP) is an extremely rare pathology, representing only 0.3-2.0% of all facial paralysis cases. Unlike
unilateral facial paralysis, it is usually caused by a serious underlying systemic disease and therefore, it should not be too late to
investigate the etiology. The differential diagnosis is broad and detailed history, physical examination and investigations are
required to determine the etiology. Possible pathologies include Covid-19, Lyme disease, Guillain-Barré syndrome, sarcoidosis,
trauma and Bell's palsy. In this article, we aimed to discuss the differential diagnosis, diagnostic approach and management of a
patient with bilateral facial paralysis.

Keywords: Facial paralysis, Bilateral, Covid-19.
1. Giris

Tek tarafl1 fasial sinir paralizisi toplumda goriilme siklig1 100.000°de 20-25 ile nadir olmayan bir akut mononoropatidir. Bu vakalarin
%50’den fazlas1 Bell paralizisidir (1). Bilateral Fasial sinir paralizili olgular tek tarafli olgulara gore oldukca nadirdir. Bu oran tiim
fasial sinir paralizilerinin %0.3-%2’sini olusturmaktadir (2). Tek tarafli fasial sinir paralizisine gore nadiren Bell kategorisine
girmektedir (<%20). Bilateral fasial sinir paralizisi genellikle 6nemli morbidite olusturabilecek hastaliklarin nadir gériilen ilk bulgusu
olarak ortaya ¢ikabilmektedir (3). Koronaviriis hastaligi 2019 (COVID-19), Lyme hastaligi, Guillian-Barre sendromu, Heerfordt
sendromu, 16semi, sarkoidoz, bakteriyel menenjit, sifiliz, ciizzam, Moebius sendromu, enfeksiy6z mononiikleoz ve temporal kemik
kirig gibi 6nemli morbidite sebeplerinin bazilaridir. Bu yiizden ayirici tanisilarmin dikkatle yapilmasi ve tiim olasiliklarmn taranmasi
onem tagimaktadir. Burada bilateral fasial paralizi vakasini sunup olas1 ayirici tanilarmi tartigmayi amagladik.

2. Olgu Takdimi

23 yaginda erkek hasta 4 giin 6nce baglayan ve siddeti giderek artan mimik hareketlerinde kisitlilik, yiizde uyusma, agiz koselerinde
hareket azlig1, yemek yerken ve su igerken agiz kosesinden kagirma, konusmada zorluk sikayetleriyle hastanemiz kulak burun bogaz
poliklinigine bagvurdu. Bilateral House-Brackmann grade 3-4 periferik fasial paralizisi mevcuttu (Sekil-1).

2 hafta dncesinde burun akintisi, halsizlik, yutkunma zorlugu sikayetleri olmus. Bunun haricinde hikayesinde bagka bir 6zellik yoktu.
Fasial sinir hari¢ diger kranial sinir muayeneleri dogaldi. Bilinen kronik bir hastaligi yoktu. Daha 6nce gegirilmis yiiz felci dykiisii,
¢ift gérme, isitme kaybi, bas donmesi, disfaji sikayetleri yoktu. Odyometri, BERA (brainstem-evoked response audiometry), cVEMP
(cervical Vestibuler Evoked Myogenik Potentials) test bulgular1 ve gozdibi muayenesi normaldi. Bilateral stapes reflekleri alinamadi.
Cekilen kontrastli kranial ve temporal MR, temporal BT goriintiilemelerinde sonug normal olarak raporlandi.

Hemogram, biyokimya (CRP dahil) tetkikleri normal smirlar arasindaydi. Covid-19 i¢in iki kez alinan nazofaringeal siirlintii
testinden polimeraz zincir reaksiyonu (PCR) yapildi ve negatif sonuglar alindi. Noroloji konsiiltasyonunda yapilan muayene ve
sonrasi Onerilen lumbal ponksiyonla alinan BOS 6rnek normal sinirlardaydi, oligoklonal bant gdzlenmedi. Sarkoidoz siiphesi ile
gogiis hastaliklarina konsiilte edildi. Akciger grafisinde hiler adenopati gozlenmedi. G6z hastaliklar1 konsiiltasyonunda yapilan
muayenede 6zellik saptanmadi. Enfeksiyon hastaliklar1 konsiiltasyonu ile anti-toxoplazma 1gG-IgM, Herpes simpleks tip2 1gG-I1gM,
Rubella 1gG-IgM, Anti Sitomegaloviriis 1gG-1gM, Anti HIV, Anti HCV, Anti Niikleer Antikor (ANA), Brucella IgG-1gM, Sifiliz
(VDRL (Venereal Diseases Research Laboratory)), Epstein-Barr viriis 1gG-IgM, Varicella Zoster viriis (VZV) ve Lyme hastalig
bakildi. Bu serolojiler de akut bir bulgu saptanmadi.

Hastaya bu konsiiltasyon ve tetkikler yapilmakta iken vakit kaybetmemek igin 6nce yiikleme ve arkasindan idame ve azalan dozlarda
steroid tedavisine baglandi. Yapilan radyolojik ve laboratuar testlerinde olasi tanilar diglandi. Takiplerinde de sikayetleri ve klinik
bulgular1 giderek azalan hastanin bilateral Bell palsi oldugu diisiiniilerek tedaviye devam edildi. 10. giinde sikayetleri ve klinik
bulgulart tamamen geriledi. 1 yillik takibinde hastada ek patoloji gelismedi.

3. Tartisma

Tek tarafli fasial sinir paralizilerin en sik klinik prezentasyonu (>%50) Bell paralizisidir (1). Bunun aksine bilateral fasial paraliziler
nadiren Bell kategorisine girmekle birlikte en sik bildirilen etyolojik faktorler; Lyme hastaligi (%36), Guillain-Barre sendromu
(GBS) (%5) ve travmalardir (%4) (4). Diger etiyolojiler arasinda; idiopatik, konjenital, vaskiiler, metabolik, neoplaziler gibi bircok
morbidite ve mortalite ile sonuclanabilecek durumlari igerebilmektedir (5). Bu yiizden klinik yaklagimda olasi etiyolojilerin tiimiiniin
diglanmasi gerekmektedir.
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Ayrintili 6ykii, fizik muayene, laboratuar ve radyolojik tetkiklerin yapilmasi etiyolojiyi belirlemede esastir. Klinigin baslangi¢
zamani, semptom karakterizasyonunu (6rn. baglangic zaman sirasi, eszamanlilik, tat degisikligi), iliskili semptomlart (6rn. diplopi,
yiizde uyusma, otolojik semptomlar, afazi, vezikiiller), ilgili risk faktorlerini (6rn. viral prodrom, kamp yapma, bagigiklamalar) ve
onceki fasial paralizi 6ykiisii olup olmadigi sorgulanmalidir. Tedavi rejimi enfeksiy6z, iskemik, travmatik veya otoimmiin bir
etiyolojiye gore degisirken altta yatan patofizyolojiyi ortaya ¢ikarmak énemlidir. Sundugumuz vakada anamnez, muayene, gerekli
konsiiltasyonlar titizlikle yapilarak tiim olas1 tanilar1 dislanarak Bell Palsi oldugu diisiiniilmiistiir.

3.1. Koronaviriis Hastalig1 2019 (COVID-19)

2019'un sonunda Cin'in Wuhan kentinde bir dizi pndmoni vakasmin nedeni olarak yeni bir koronaviriis tespit edildi. Baslangi¢
anindan itibaren diinya ¢apina ¢ok hizli yayilarak pandemi olusturdu.

Pandeminin yikict giinleri geride kalmis olsa da, COVID-19 hastaligina yakalananlarda meydana gelen sekeller sebebiyle hala
o6nemli bir saglik krizi olarak kabul edilmektedir. COVID-19'un solunum semptomlarinin yani sira kardiyovaskiiler, hematolojik,
romatolojik, ve norolojik olmak {iizere cesitli komplikasyonlar1 bildirilmisti. COVID-19 hastalarinin %36,4'inde norolojik
komplikasyonlarin meydana geldigi bilinmektedir (15).

Bu noérolojik komplikasyonlar arasinda; ensefalit, anosmi ve tat kaybi, akut serebrovaskiiler hastalik ve Guillain-Barre sendromu
(GBS) ve varyantlar1 yer almaktadir. Fasial paralizi, COVID-19 hastalarindaki diger nemli norolojik bulgulardan biridir. COVID-19
nedeniyle bir¢ok tek tarafl yiiz felci vakasi sunulmustur (17). Bu vakalardan ¢ok az kismi bilateral fasial paralizidir (18,19,20).

COVID-19'a bagh yiiz felcinin kesin patogenezi belirsizligini korumakla beraber; viriisler, hematojen veya néral yayilim yoluyla
santral sinir sistemine ulasabilirler. Bu tagima retrograd veya antegrad olabilir ve viriislerin hedefi olabilen dinein ve kinesin adi
verilen proteinler tarafindan kolaylastirilir. Koronaviriislerin spike (S) proteini, hedef hiicrelere viral girisi kolaylagtirmaktadir (32).
Hiicreye girisi, S proteininin yiizey birimi S1'in, hedef hiicrelerin yiizeyine viral baglanmay1 kolaylastiran bir hiicresel reseptore
baglanmasina baghdir. Bunun anjiyotensin doniistiiriicii enzim 2 (ACE2) reseptdr yoluyla oldugu disiiniilmektedir. ACE2
reseptorleri, basta néronlar olmak iizere cesitli dokularda yaygin olarak eksprese edilir ve bu da onlart SARS-CoV-2 istilasi riski
altina sokar (21,31). Sinir yayilimi néronlarin polarizasyonu ile miimkiindiir, bu 6zellik onlara bilgi alma ve aktarma yetenegi Vverir.
Reseptorlerde viral replikasyon yoluyla demyelinizasyon ve enflamasyona yol agar.

Siddetli akut solunum sendromu koronaviriis 2 (SARS-CoV-2) enfeksiyonu, anti-fosfolipidik sendrom, immiin trombositopenik
purpura ve Guillain-Barré sendromu (GBS) gibi otoimmiin siireglerin gelisimi ile siki iligkisinin oldugu goériilmiistiir (6). SARS-
CoV-2 spike proteini ile insan proteinleri arasindaki bu molekiiler benzerligin bu otoimmiin hastaliklar tetikleyebilecegini tahmin
edilmektedir (8,9,10).

Literatiir tarandiginda COVID-19 ile bilateral fasial paralizi iligskisinin iligkisini tartigan sistematik incelemeler mevcuttur. Bu
yaymlardan bazilar1t COVID-19 ile GBS arasinda iligkiyi kurarak fasial paraliziyi olarak tartisirken; bazilar1 da fasial paraliziyi izole
bir norolojik bulgu olarak tartismistir (22,23,24). Ancak, yapilan sistematik derlemede COVID-19 ve GBS arasinda iliskiye
bakmaksizin tiim bilateral fasial paralizi vakalarmin toplu sekilde degerlendirildiginde; bilateral fasiyal paralizi gozlenen 17 hastanin
13"linde (%76,5) GBS eslik ettigi gozlenmistir (25). Bu nedenle, bilateral fasial paralizi vakalari ¢ogunlukla GBS'na baglanmaktadir.
Filosto ve ark. Italya'daki COVID-19 salgin1 sirasinda GBS insidansmin 100.000 COVID-19 enfeksiyonda 47,9 GBS oldugunu
bildirmistir (26). Palaiodimou ve ark. bu oran1 100.000°de 15 olarak gostermistir (27).

GBS, belirsiz bir etiyolojiye sahip akut inflamatuar demiyelinizan bir polindropatidir. GBS, reflekslerin azaldig1 veya yok oldugu,
hizla ilerleyen, flask paralizi olarak ortaya ¢ikan bir periferik sinir sistemi bozuklugudur. Campylobacter jejuni enfeksiyonu, GBS'nin
en sik predispozan faktoriidiir. Sitomegaloviriis (CMV), Epstein-Barr viriisii (EBV), insan immiin yetmezlik virtisii (HIV) ve Zika
gibi virlisler de GBS ile iligkilendirilmistir (13). GBS'de giigsiizlik bacaklarda baglar ancak yiiz kaslarinda ve kollarda da
baslayabilir. Disotonomi, okiilomotor zayiflik, orofaringeal zayiflik, el ve ayaklarda parestezi veya ventilator destegi gerektirebilen
solunum kasi zayifligi olarak da ortaya ¢ikabilir. Ayrica, GBS vakalarmin neredeyse %20-50'sinde fasiyal sinir paralizisi olarak
ortaya ¢cikmaktadir. Fakat sadece %1°lik kismi izole bilateral fasial paralizi varyanti olarak goriilmektedir (14).

COVID-19 enfeksiyonu sonrasi gelisen fasial paralizi vaka raporlarinda kortikosteroidler ve antiviraller kombine olarak
kullanilmistir (28). Bu durum bulgu, Bell'in felcini kortikosteroidlerle tedavi etmenin 6nemli faydalarini gosteren meta-analizleri
dogrulamaktadir (29,30).

3.2. Covid-19 Asilamasi

Onemli morbidite ve mortalite sebebi olan SARS-CoV-2 pandemisi igin diinyanin dort bir yanindaki aragtirmacilar as1 gelistirmek
icin agresif bir sekilde ¢aligmistir. Avrupa Ilag Ajansi, randomize, kor, kontrollii ¢aligmalarin sonuglarini takiben COVID-19'a kars1
dort asty1 onaylamigtir. RNA bazh agilar (Pfizer-BioNTech ve Moderna), SARS-CoV-2'nin glikoproteinini kodlayan bir rekombinant
sempanze adenoviral vektorii olan ChAdOx1 nCov-19 (AstraZeneca), ve son olarak da SARS-CoV-2 spike glikoproteini kodlayan
bir rekombinant adenoviriis tip 26 vektorii olan Ad26.COV2.S (Johnson & Johnson/Janssen).

COVID-19 asilarinin diinya ¢apinda yaygm olarak kullanilmasiyla birlikte, bircok asilama sonrast GBS vakasi bildirilmistir.
COVID-19 agilama kampanyasina bakildiginda, Gida ve ilag Idaresi (FDA), yaklagik 13 milyon doz Johnson & Johnson'in COVID
asisinin uygulanmasiin ardindan 100 GBS vakasmin bildirildigini agiklayarak, GBS'yi potansiyel yan etkiler arasina dahil etmeye

karar verdi.
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Pfizer klinik dncesi ¢aligmalarinda, plaseboya kiyasla dort hastada tek tarafli Bell Palsi gelismistir (33). Moderna’nin klinik 6ncesi
deneylerinde de, plasebo ya gore kargilagtirildiginda, ii¢ hastada tek tarafli Bell Palsi bildirilmistir (34). Bu her iki agilarin onay
alindiktan sonra kullanima girdiginde meydana gelen fasial paralizilerin insidans1 %0.6’yd1 (33,34).

Castiglione ve ark. yayinladigi a1 sonrast bilateral fasial paralizi gelisen 9 vaka serisinde 5 vakada Sputnik V, 4 vakada ise
AstraZeneca sonrasi bilateral fasial paralizi gelistigi gozlenmistir (11).

DNA agilarinin GBS'nu tetikleme potansiyelinin RNA asilarina gére daha yiiksek oldugunu gosterilmistir. Avrupa flag Ajans1 (EMA)
ve Gida ve llag Idaresi (FDA), GBS'yi Janssen, AstraZeneca ve Johnson & Johnson asilarmin bir yan etkisi olarak listelemistir (35).

DNA agsilar1, hiicreye girmek ve SARS-CoV-2 viriisiiniin spike proteinini kodlamak i¢gin tek bir rekombinant replikasyon eksikligi
olan sempanze adenoviriis vektorii (ChAdOx1) kullanir ve daha sonra antikor ve T hiicresi iiretimini uyarmak igin hiicre yiizeyine
gonderilirken; RNA agilarinda ise, mRNA molekiilleri, konakg¢i hiicrelerin hiicresel zarlari ile fiizyona izin veren lipid
nanoparcaciklarina dahil edilir ve bu nedenle mRNA, basak proteinini olusturmak icin gevrildigi sitoplazmada salinir. Spike
proteinine karsi antikorlar, GBS'ye neden olmak igin periferik sinir bilesenleri (gangliosidler) ile capraz reaksiyona girebilir. Bu
ylizden DNA asilarinin GBS yapma riski RNA asilarina gore daha yiiksektir (36).

3.3. Diger Nedenler

Kene kaynakli Borreliella enfeksiyonunun neden oldugu Lyme hastaligi, BFP'nin en yaygin enfeksiydz nedenidir (vakalarin %30-
35') (12). Erken lokalize fazda, viral bir sendroma benzer ve genellikle bolgesel lenfadenopatinin yani sira eritema migrans goriiliir.
Ileri evrede ise; kardit, artrit ve ensefalopati gibi birgok sistemde kendini gosterebilmektedir. Hastahigm her asamasinda klinik
ozellikleri ortiigebilir. Noroborelyoz erken yayilim gosterir, en yaygin klinigi fasial paralizidir (%11 (%30-%40'1 bilateral) (37).
Teshisi IgG'ye karsi1 pozitif bir serum antikor titresi ile konulur. Tedavisinde doksisiklin kullanilir. Uygun siire ve dozda antibiyotik
tedavisi ile prognozu iyidir.

Sarkoidoz, etiyolojisi bilinmeyen, kazeifiye olmayan graniilomlarla karakterize multisistem graniilomatdz bir hastaliktir. Pulmoner
sistem yaygm olarak etkilenirken baz1 hastalarda ekstrapulmoner sarkoid semptomlar goriilebilir. Norosarkoidoz genellikle kranial
noropatiler olarak kendini gosterir, en yaygin olarak fasiyal sinir etkilenir. Norosarkoidoz hastalarmin %1-%3'tinde tek tarafli %0.1-
%0.2'sinde bilateral fasial sinir paralizisi gelisebilmektedir (37). Tedavide 4-6 haftalik glukokortikoidler ve prednizon kullanilir.

Insan immiin yetmezlik viriisii (HIV)’de nérolojik tutulum oldukca yaygmdir (%75-90). HIV ile iliskili en nadir gériilen kraniyal
noropatilerden biri periferik fasial paralizidir. 2008 de yapilan bir aragtirmaya gore o zamana kadar sadece 20 vaka yayinlanmistir
(38). HIV'de PFP patogenezi tam olarak anlagilamamistir. HIV'de PFP'nin prognozu genellikle olumludur. Vakalarin ¢ogunda
spontan iyilesme goriiliir, tedavisinde prednizoliin yanina famsiklovir ve asiklovir eklenir.

Diger etiyolojiler arasinda Bickerstaff'in beyin sap1 ensefaliti, tiiberkiiloz menenjiti, herpes zoster, HSV, CMV, EBV, nérosarkoidoz,
lenfomat6z veya karsinomatdz meningeal infiltrasyon, travma, diabetes mellitus gibi bir¢ok etyoloji mevcuttur.

4. Sonu¢

BFP, tek tarafli fasial paralizinin haricine nadiren idiopatiktir. Genellikle altinda, GBS olmak iizere bir¢ok patoloji yatmaktadir. Bu
yilizden kapsamli bir ayiric1 tani gerektirir. BFP yonetimi etiyolojiye goére biiyiik dl¢iide degisiklik gosterse de, kontrendikasyon
olmamasi kosuluyla, ¢ok sayida ayirict tanida (6rn. gebelik, sarkoidoz, sistemik lupus eritematozus, neoplastik lezyonlar, multipl
skleroz, temporal arterit, BP) etkinlikleri g6z 6niine alindiginda, hekim tarafindan erken ampirik kortikosteroid tedavisin baslanmasi
diistinebilir.

5. Referanslar

[1] Bilateral facial paralysis: case presentation and discussion of differential diagnosis. Jain V, Deshmukh A, Gollomp S. J Gen
Intern Med. 2006;21:0-10.

[2] Bilateral ~ facial  paralysis: a  case  presentation and literature  review. Teller DC,  Murphy
TP. https://europepmc.org/article/med/1564749. J Otolaryngol. 1992;21:44-47.

[3] Bilateral facial paralysis: case presentation and discussion of differential diagnosis. Jain V, Deshmukh A, Gollomp S. J Gen
Intern Med. 2006;21:0-10.

[4] Bilateral facial paralysis: case presentation and discussion of differential diagnosis. Jain V, Deshmukh A, Gollomp S. J Gen
Intern Med. 2006;21:0-10

[5] Bilateral facial palsy: a clinical approach. Yang A, Dalal V. Cureus. 2021;13:0.

[6] Ehrenfeld M, Tincani A, Andreoli L, Cattalini M, Greenbaum A, Kanduc D, Alijotas-Reig J, Zinserling V, Semenova N,
Amital H, Shoenfeld Y (2020) COVID-19 and autoimmunity. Otoimmiin Rev 19(8):102597.

[7] Kajumba MM, Kolls BJ, Koltai DC, Kaddumukasa M, Kaddumukasa M, Laskowitz DT (2020) COVID-19-associated
Guillain-Barre syndrome: atypical para-infectious profile, symptom overlap, and increased risk of severe neurological
complications [published online ahead of print, 2020 Nov 21]. SN Compr Clin Med 1-13.

[8] Goh Y, Beh DLL, Makmur A, Somani J, Chan ACY (2020) Pearls & Oy-sters: facial nerve palsy in COVID-19 infection.
Neurology 95(8):364-367.

[9] Abu-Rumeileh S, Abdelhak A, Foschi M, Tumani H, Otto M (2021) Guillain-Barré syndrome spectrum associated with
COVID-19: an up-to-date systematic review of 73

[10] Dufour C, Co TK, Liu A (2021) GM1 ganglioside antibody and COVID-19 related Guillain Barre Syndrome - a case report,
systemic review and implication for vaccine development. Brain Behav Immun Health 12:100203.

ISBN: 978-605-71214-8-6 201 WwWw.insicongress.com SI



[11]

[12]
[13]
[14]

[15]

[16]
[17]
(18]
[19]
[20]

[21]

[22]
[23]
[24]
[25]

[26]

[27]

[28]

[29]
[30]

(31

[32]

[33]

[34]

[35]
[36]

[37]

(38]

IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

Castiglione, J. I., Crespo, J. M., Lecchini, L., Silveira, F. O., Luis, M. B., Cotti, N., ... & Barroso, F. (2022). Bilateral facial
palsy with paresthesias, variant of Guillain-Barré syndrome following COVID-19 vaccine: A case series of 9
patients. Neuromuscular Disorders, 32(7), 572-574.

Pothiawala S, Lateef F: Bilateral facial nerve palsy: a diagnostic dilemma. Case Rep Emerg Med. 2012, 2012:458371.
Dimachkie, M. M., & Barohn, R. J. (2013). Guillain-Barré syndrome and variants. Neurologic clinics, 31(2), 491-510.
Alshekhlee, A., Hussain, Z., Sultan, B., & Katirji, B. (2008). Guillain—Barré syndrome: incidence and mortality rates in US
hospitals. Neurology, 70(18), 1608-1613.

Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, Chang J, Hong C, Zhou Y, Wang D, Miao X, Li Y, Hu B. Neurologic
Manifestations of Hospitalized Patients With Coronavirus Disease 2019 in Wuhan, China. JAMA Neurol. 2020 Jun
1,77(6):683-690. doi: 10.1001/jamaneurol.2020.1127. PMID: 32275288; PMCID: PMC7149362.

Inui R, Fujiwara S, Kohara N, Kawamoto M. Post COVID-19 Bilateral Facial Nerve Palsy. Intern Med. 2022 Jan
15;61(2):241-243. doi: 10.2169/internalmedicine.8448-21. Epub 2021 Nov 6. PMID: 34744110; PMCID: PMC8851184.
Gupta, S., Jawanda, M. K., Taneja, N., & Taneja, T. (2021). A systematic review of Bell’s Palsy as the only major
neurological manifestation in COVID-19 patients. Journal of Clinical Neuroscience, 90, 284-292.

Inui, R., Fujiwara, S., Kohara, N., & Kawamoto, M. (2022). Post COVID-19 bilateral facial nerve palsy. Internal
Medicine, 61(2), 241-243.

Kerstens, J., Deschuytere, L., Schotsmans, K., & Maréchal, E. (2021). Bilateral peripheral facial palsy following
asymptomatic COVID-19 infection: a case report. Acta Neurologica Belgica, 121, 815-816.

Judge, C., Moheb, N., Apolo, R. C., Dupont, J. L., Gessner, M. L., & Yacoub, H. A. (2020). Facial diplegia as a rare late
neurologic manifestation of SARS-CoV-2 infection. Journal of Neurology Research, 10(6), 235.

Xu, X., Chen, P., Wang, J., Feng, J., Zhou, H., Li, X., ... & Hao, P. (2020). Evolution of the novel coronavirus from the
ongoing Wuhan outbreak and modeling of its spike protein for risk of human transmission. Science China Life Sciences, 63,
457-460.

Gupta, S., Jawanda, M. K., Taneja, N., & Taneja, T. (2021). A systematic review of Bell’s Palsy as the only major
neurological manifestation in COVID-19 patients. Journal of Clinical Neuroscience, 90, 284-292.

Carrillo-Larco, R. M., Altez-Fernandez, C., Ravaglia, S., & Vizcarra, J. A. (2020). COVID-19 and Guillain-Barre syndrome:
a systematic review of case reports. Wellcome Open Research, 5, 107.

Uncini, A., Vallat, J. M., & Jacobs, B. C. (2020). Guillain-Barré syndrome in SARS-CoV-2 infection: an instant systematic
review of the first six months of pandemic. Journal of Neurology, Neurosurgery & Psychiatry, 91(10), 1105-1110.

Chan, J. L., Ebadi, H., & Sarna, J. R. (2020). Guillain-Barré syndrome with facial diplegia related to SARS-CoV-2
infection. Canadian Journal of Neurological Sciences, 47(6), 852-854.

Filosto, M., Piccinelli, S. C., Gazzina, S., Foresti, C., Frigeni, B., Servalli, M. C., ... & Uncini, A. (2021). Guillain-Barré
syndrome and COVID-19: an observational multicentre study from two Italian hotspot regions. Journal of Neurology,
Neurosurgery & Psychiatry, 92(7), 751-756.

Palaiodimou, L., Stefanou, M. I., Katsanos, A. H., Fragkou, P. C., Papadopoulou, M., Moschovos, C., ... & Tsivgoulis, G.
(2021). Prevalence, clinical characteristics and outcomes of Guillain— Barré syndrome spectrum associated with COVID-19:
a systematic review and meta-analysis. European journal of neurology, 28(10), 3517-3529.

Khurshid A, Khurshid M, Sohail A, Raza IM, Ahsan MK, Alam Shah MUF, Taseer AR, Nashwan AJ, Ullah I. Facial palsy
as a manifestation of COVID-19: A systematic review of cases. Health Sci Rep. 2022 Oct 28;5(6):e887. doi:
10.1002/hsr2.887. PMID: 36320650; PMCID: PMC9616168.

Madhok, V. B., Gagyor, |., Daly, F., Somasundara, D., Sullivan, M., Gammie, F., & Sullivan, F. (2016). Corticosteroids for
Bell's palsy (idiopathic facial paralysis). Cochrane Database of Systematic Reviews, (7).

Jalali, M. M., Soleimani, R., Soltanipour, S., & Jalali, S. M. (2021). Pharmacological treatments of bell's palsy in adults: A
systematic review and network meta-analysis. The Laryngoscope, 131(7), 1615-1625.

Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler T, Erichsen S, Schiergens TS, Herrler G, Wu NH, Nitsche A,
Miiller MA, Drosten C, Péhlmann S. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a
Clinically Proven Protease Inhibitor. Cell. 2020 Apr 16;181(2):271-280.e8. doi: 10.1016/j.cell.2020.02.052. Epub 2020 Mar
5. PMID: 32142651; PMCID: PMC7102627.

Conde Cardona G, Quintana P4jaro LD, Quintero Marzola ID, Ramos Villegas Y, Moscote Salazar LR. Neurotropism of
SARS-CoV 2: Mechanisms and manifestations. J Neurol Sci. 2020 May 15;412:116824. doi: 10.1016/j.jns.2020.116824.
Epub 2020 Apr 8. PMID: 32299010; PMCID: PMC7141641.

Oliver, S. E., Gargano, J. W., Marin, M., Wallace, M., Curran, K. G., Chamberland, M., ... & Dooling, K. (2020). The
advisory committee on immunization practices’ interim recommendation for use of Pfizer-BioNTech COVID-19 vaccine—
United States, December 2020. Morbidity and mortality weekly report, 69(50), 1922.

Ozonoff, A., Nanishi, E., & Levy, O. (2021). Bell's palsy and SARS-CoV-2 vaccines. The Lancet Infectious Diseases, 21(4),
450-452.

Dyer, O. (2021). Covid-19: Regulators warn that rare Guillain-Barré cases may link to J&J and AstraZeneca vaccines.
Finsterer, J., Scorza, F. A., & Scorza, C. A. (2021). Post SARS-CoV-2 vaccination Guillain-Barre syndrome in 19
patients. Clinics, 76.

Gaudin, R. A., Jowett, N., Banks, C. A., Knox, C. J., & Hadlock, T. A. (2016). Bilateral facial paralysis: a 13-year
experience. Plastic and reconstructive surgery, 138(4), 879-887.

Abboud, O., & Saliba, I. (2008). Isolated bilateral facial paralysis revealing AIDS: a unique presentation. The
Laryngoscope, 118(4), 580-584.

ISBN: 978-605-71214-8-6 202 WwWw.insicongress.com SI



IV. Uluslararas1 Bilim ve Inovasyon Kongresi, 27-30 Temmuz 2023, TURKIYE
IV. International Science and Innovation Congress, 27-30 July 2023, TURKEY

CONTROL OF PURE INTEGRATING PROCESSES WITH TIME DELAY USING
WHALE OPTIMIZATION ALGORITHM

Tufan Dogruer
Tokat Gaziosmanpasa University, Electrical and Electronics Engineering Department, Tokat, Turkey

ORCID ID: 0000-0002-0415-3042, tufan.dogruer@gop.edu.tr

Abstract

This paper presents a controller design procedure for the control of pure integrating processes with time delay. Such systems are
commonly encountered in real-world applications and require an accurate control strategy. The proposed control procedure is
based on the Smith predictor structure, which effectively improves control performance in systems with time delay. In the proposed
method, the parameters of the P-PD controller are determined using the whale optimization algorithm, while an objective function
based on the Integral of the Time-weighted Absolute Error (ITAE) performance criterion is used in the control system design. The
paper provides two selected examples from the literature, and the proposed method is evaluated in terms of servo and regulatory
system outputs and control signals. Furthermore, the examples are compared with other methods in the literature, and successful
results are obtained in the control of pure integrating processes with time delay. In conclusion, the proposed method can be
considered an effective approach for the control of pure integrating systems with time delay.

Keywords: Pure integrating process, P-PD tuning, smith predictor, whale optimization algorithm.
1. Introduction

In industries, many processes such as temperature control, level control, liquid storage tanks, bio-reactors, and more, exhibit the
characteristics of Integrating Plus Time-Delay (IPTD) processes [1]. These processes typically exhibit one or more poles located at
the origin, accompanied by a time delay. Controlling such systems is challenging due to open-loop instability [2]. In recent years,
there has been a noticeable trend highlighting the significance of controlling time-delay integrating systems as one of the key
research areas in the literature [3-9]. Various methods have been developed for the control of time-delayed systems with pure
integrators. Smith predictor-based methods, PID (Proportional-Integral-Derivative) controller-based methods, internal mode control-
based methods, intelligent control methods can be counted as some of the methods commonly used in the control of such systems.
Since each method has advantages and disadvantages, the most appropriate method to be applied should be determined by
considering the characteristics of the system and control objectives.

A study on the control of pure integrating processes with time delay using Smith predictor-based control was presented by Karan and
Dey [5]. In their study, the authors utilized modified Smith predictor-based P-PD controller structures and presented their proposed
method by comparing it with selected works from the literature using seven examples. Another study [6] focuses on optimal P1-PD
controller design for pure integrating processes with time delay. In study, the P1-PD controller parameters are determined based on
simple analytical rules obtained from minimizing the control system error using the IST3E performance criterion. In another study
[9], the author performed PID controller design for time-delayed pure integrating systems using the direct synthesis method. The
author, in their proposed control scheme, utilized a set-point filter and PID controller, and demonstrated the performance of the
method on the provided example studies. A study on the control of pure integrating systems using gain and phase-margin
specifications was presented by Chakraborty et al [1].

Meta-heuristic optimization algorithms have gained popularity in engineering applications due to their unique advantages. These
algorithms are based on simple concepts and principles, making them easily implementable. They do not depend on gradient
information, making them suitable for problems where derivatives are difficult or impossible to obtain. They have the ability to
bypass local optima by exploring different regions of the search space. This versatility allows them to be applied in various
disciplines and problem domains such as structural optimization, scheduling, parameter estimation, and more, effectively tackling
complex engineering problems [10]. The utilization of meta-heuristic optimization algorithms for determining controller parameters
is increasing in popularity within engineering applications. Accurate tuning of controller parameters is a critical factor in optimizing
system performance. Meta-heuristic optimization algorithms use heuristic search strategies to explore a large search space and arrive
at the best solution. These algorithms measure the controller performance by trying different values of the parameters in a trial-and-
error approach and try to optimize the objective function. In this way, many trials are not necessary to obtain the correct controller
parameters and the manual tuning process can be automated to a large extent. Many different meta-heuristic optimization algorithms
can be used to determine controller parameters. Here are examples of some commonly used algorithms: Genetic Algorithm [11],
Particle Swarm Optimization [12], Artificial Bee Colony Optimization [13], Ant Colony Optimization [14], Firefly Algorithm [15],
Whale Optimization Algorithm [10], Grey Wolf Optimization [16], and Cuckoo Search [17]. These are just some examples and more
specific or customised meta-heuristic optimization algorithms are also available for different problems and application areas. Which
algorithm to use depends on the problem structure, data, and priorities. In this study, Whale Optimization Algorithm (WOA) is used
to determine the controller parameters. WOA is preferred because it is very competitive compared to state-of-the-art optimization
methods [10].

The remaining sections of the paper are organized as follows. Section 2 presents the Materials and Methods. In this section, the
proposed control scheme and algorithm are introduced. Section 3 includes the Simulation Results. In this section, two examples are
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provided to demonstrate the effectiveness of the proposed method. The final section is the Conclusion, where the overall findings and
implications of the study are summarized.

2. Materials and Methods

In this section, the proposed control scheme will be presented and the optimization algorithm and the proposed control algorithm will
be explained.

2.1. Whale Optimization Algorithm

The Whale Optimization Algorithm is a swarm-based meta-heuristic algorithm developed by Mirjalili and Lewis [10] that is inspired
by the hunting behavior of humpback whales. When humpback whales rise to the water surface, they employ a technique called the
bubble-net method to gather their prey. This method involves creating a narrowing circle and releasing bubbles in a spiral shape to
corral and concentrate their prey. By doing so, they effectively reduce the target size of their intended catch. In WOA, each agent
(whale) represents a feasible solution to the optimization problem, while the best solution found so far is represented as the default
best solution [18]. The algorithm begins with a user-defined number of agents and updates their positions based on the position of the
currently best agent found. The search for the best solution to the problem continues until a user-defined number of iterations is
reached. During each iteration, the agents explore the search space by adjusting their positions. The movement of the agents is guided
by the best agent found so far, ensuring that they converge towards better solutions. The algorithm aims to iteratively improve the
solutions by leveraging the interaction and communication between the agents, mimicking the collective intelligence observed in the
hunting behavior of humpback whales.

The algorithm is mathematically based on prey encirclement, bubble net attack and prey search is modeled in three separate sections.

Encircling prey: After determining the best search agent that gives the best solution to the problem so far, the positions of the other
search agents are updated according to the best search agent. Thus, the prey that represents the best solution is surrounded. This
behavior is expressed by the following equations.

B:E.X*(t)—)?(t) @)
X(t+1)= X"()=A.D )

- —

In Equation 1 and Equation 2, t represents the number of iterations, coefficient vectors A, and C, X represents the position
- —

vector of the best solution. The vectors A and C are calculated as follows:

A=2ar-a Q)
C=2r @

Here, I' denotes a random vector with values in the range [0,1], and @ denotes a vector decreasing from 2 to O over the iterations.

Bubble-net attacking method: During a bubble net attack, agents can perform either a constricting motion or a spiralling motion
around the prey with equal probability. The equation used to simulate the helix-shaped movement between the whale and prey,
resembling the behavior of humpback whales, is expressed as follows:

- —> -
X(t+1) =D e”.cos(2zl)+ X (t) ()
_)l
Here D shows the difference between the search agent and the best agent obtained so far.

Search for prey: New locations of prey search agents are updated based on a randomly selected search agent rather than the best-
known point. With the Equations 6 and 7, the prey search movement is mathematically provided.

D=|C. X q—X (6)
X({t+)=X,,«—A.D @)
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In Equation 6, the symbol Xrand represents a randomly chosen position vector of a whale from the current population. Detailed
information for the whale optimization algorithm is in [10].

2.2. Proposed Control Scheme based on Smith Predictor

The PID controller is extensively utilized in the industry due to its simplicity and excellent performance [19]. However, it is
important to acknowledge that the PID controller may not be suitable for effectively managing unstable, integrating, and oscillating
systems, particularly when time delays are present [20]. In addition to the conventional PID control structures, various control
structures are employed in process control, and among these is the Smith predictor. The Smith predictor, introduced by O. J. M.
Smith [21], is widely recognized as one of the most commonly used controller structures for handling time-delayed processes. Figure
1 illustrates an enhanced version of the Smith predictor structure, which improves upon the original structure introduced in the earlier
years.

(e
N

Figure 1: Smith predictor block diagram

In the scheme in Figure 1, Gei(S) and Gez(S) controllers are in the form of P and PD controllers, respectively. The equations of Gea(S)
and Gez(s) controllers are given in Equation 8 and Equation 9, respectively.

G,(s)=K, 8)
Gcz(s) =K, +K;s 9)

The Gea(s) controller provides set-point tracking control, while Ge2(s) is useful for disturbance rejection. The model employed in the
Smith predictor structure is typically assumed to be an ideal or perfect model.

Integral performance criteria are criteria used to evaluate the performance of the system over a period of time. These criteria are often
used in areas such as control systems, optimization problems or system designs. Some common integral performance criteria are:

Integral Squared Error (ISE): It is calculated by integrating the square error between the system output and the target output over
time. A lower ISE value represents better performance.

Integral Absolute Error (IAE): It is calculated by integrating the absolute error between the system output and the target output over
time.

Integral Time-weighted Squared Error (ITSE): The time integral of the squared error between the system output and the target output
is also calculated by multiplying the square of the system input.

Integral Time-weighted Absolute Error (ITAE): It is calculated the time integral of the absolute error between the output of the
system and the target output and weights this integral value over time. ITAE is calculated as follows:

t
Jine = jt le(t)|dt (10)
0
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In the proposed method, ITAE performance criterion is used as the objective function. The block diagram of the proposed method is
shown in Figure 2. The error in the control system is evaluated in the objective function in the optimization algorithm. Optimization
continues by minimizing the error in each iteration. When the specified number of iterations is completed, the optimal controller
parameters are determined.

Model
:'> G 2 (S)

{ De

N

Figure 2: Proposed control block diagram with WOA
3. Simulation Results

Two examples are presented in this section to evaluate the performance of the proposed method. The presented example systems are
analyzed for set-point tracking, disturbance rejection performance, and control signal performance.

Example 1: The model given below is a commonly used model to explain the behaviour of liquid level processes. This model was
reported by Karan and Dey [5] and is popular in process control applications.

0-37 e_O.SSS
s

G(s)= 11)

Karan and Dey [5] determined the controller transfer functions as follows: Gc1=19.30, Gc2=2.41(1+0.14s). According to the proposed
method, the optimization algorithm is run 10 times and the controller parameters that provide the smallest objective function value
are determined. In the algorithm, the number of population was set to be 30 and the number of iteration to be 50. In the simulation
study, the limit values of the controller parameters Ky, Kt, and Kgq are set as follows: lower bounds [0 0 0] ,and upper bounds [50 50
50]. The P-PD controller parameters obtained from the application of the proposed method were determined as Kp=50, Ks= 4.0406,
and Kq=1.1246. After running the algorithm ten times, the smallest objective function value was 0.4273, and the convergence curve
of this simulation is given in Figure 3. When the figure is examined, it is seen that the algorithm has a very fast convergence curve.

Figure 4 illustrates the unit-step responses of the closed-loop systems obtained using both Karan and Dey's method and the proposed
method. The disturbance rejection performance in both methods is evaluated using a unit step response at t=15s. When Figure 4 is
analyzed, it is seen that both methods do not have a maximum overshoot in terms of set-point tracking, and the proposed method has
a faster settling time. In addition, when comparing the disturbance rejection performance, it is noteworthy that the proposed method
not only has a shorter settling time but also a smaller magnitude. Figure 5 illustrates the control signals of the two compared
methods. It can be observed that the proposed method provides an appropriate control signal.

Example 2: An integrating process with time delay model in Equation 12 is chosen for second example. The process was studied by
Gun-Baek So [9]. The purpose of choosing this process model is that it has a longer time delay than the first example.
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G(s) = % e 12)

So [9] in his study, he performed control with a control structure that includes a set-point filter and a PID controller. In So's work, the
PID controller parameters and set-point filter parameters are specified as: Kc=0.8511, Ti=8.0860, T4=0.7201, T.=2.3620, and b=0.44.
Like the first example, the proposed algorithm was run 10 times, and the minimum objective function value was determined as
14.4776. The iteration number was set to 50, and the population size was chosen as 30. The controller parameters were obtained as
follows: Kp=50, K¢= 0.7870, and Kq= 0.7017. The lower bounds of the controller parameters in Example 2 are set at [0 0 0] and the
upper bounds at [50 50 50]. In Figure 6, the convergence curve for this example is given and it is seen that it converges to the value
at about the 15th iteration.

According to the determined controller parameters, the unit-step output responses of the system are obtained as in Figure 7. It is clear
from the figure that there is no maximum overshoot with the proposed method and So's method, while So's method has a rather slow
settling time. While the rise and settling times were 4.65s and 10.403s, respectively, in So's method, the rise and settling times were
0.0879s and 2.15s with the proposed method. The disturbance rejection performance is evaluated using a unit step response at t=30s.
In terms of disturbance rejection performance, the proposed method outperformed So's method in terms of both settling time and
overshoot. Control signal outputs of the processes are also presented in Figure 8.
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Figure 3: Convergence curve of proposed method for Example 1
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Figure 4: System output responses for Example 1
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4. Conclusions

In this paper, a Smith predictor-based control algorithm is presented for the control of pure integrating processes with time delay. In
order to determine the P-PD controller parameters in the Smith predictor structure, an objective function was generated according to
the ITAE performance criterion. This objective function is combined with WOA to obtain a control algorithm for determining
optimal controller parameters.

The proposed control method is being compared to some studies published in the literature in the two examples presented. As a result
of the analysis, it was seen that the proposed method improves the transient response of the system in the control of pure integrating
processes with time delay. In addition, it has been observed that the systems controlled by the proposed method increase the
disturbance rejection performance. As a result, a control algorithm for the control of pure integrating processes with time delay is
presented to the literature.
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Abstract

This paper presents an investigation regarding the impact of parameter variations on the reachability set of an aerodynamic
interceptor. The study recognizes the inherent uncertainties and variations in system dynamics that the interceptor is subjected to. By
analyzing the fundamental aspects of these effects, the paper sheds light on the significant changes that can occur in the reachability
set as a result of parameter variations. In particular, the study focuses on examining the influence of parameter variations on the
minimum and maximum boundaries of the reachable set. To generate the reachability boundaries, which represent the kinematic
capabilities of a realistic interceptor model, an offline approach suggested in a previous work of the authors is utilized [1]. The
findings of this investigation contribute to a better understanding of the impact of parameter variations on the reachability set.

Keywords: Reachability analysis, model predictive programming, aerodynamic interceptor.
1. Introduction

Over the past few decades, the expanding threat landscape has necessitated the existence of air defense systems against a wide range
of targets, including those that are difficult to detect and track, leading to performance degradation. To overcome these challenges, a
coordinated approach utilizing the kinematic capabilities of interceptors has emerged as a promising solution. To effectively
implement such an approach, it is crucial to accurately forecast the kinematic capabilities, represented by reachable sets, of
interceptors under various flight conditions. While the approach for approximating reachable sets for aerodynamic interceptors has
been previously discussed in the authors' previous work [1], this paper specifically focuses on investigating the impact of parameter
variations, including aerodynamic drag coefficients, thrust, and autopilot dynamics, on the reachability set of aerodynamic
interceptors. By examining the effects of these variations, valuable insights can be gained regarding the sensitivity of the reachable
set boundaries in different operational scenarios.

The computation of realistic reachable sets plays a crucial role in designing reachability-based midcourse guidance laws. Previous
literature predominantly relies on numerical computation techniques, which approximate the reachable set using predefined
geometries. These methods are often based on geometric approximations such as ellipsoids [6], polytopes [8], and zonotopes [5], but
they suffer from challenges such as growing set size at each iteration, over-approximation, and computational complexity.

While the aforementioned methods are suitable for linear systems, nonlinear systems generally exhibit nonconvex reachable sets, for
which there are fewer studies available in the literature. Research listed on reference [2] to [4] presents method for reachable set
computation for nonlinear systems. This study computes reachable sets for nonlinear systems using an optimal control-based
approach with terminal constraints. The method incorporates acceleration demand minimization with defined acceleration limits at
each time step, aiming to minimize the kinematic energy loss of the interceptor.

Unlike conventional methods that rely on predefined geometries or grid point positions, the approach utilized in this study employs a
simple directional search technique to calculate the maximum and minimum range reachability boundaries. By integrating the MPP
technique with input constraints, reachability boundaries are generated. The impact of parameter variations, including aerodynamic
drag coefficients, thrust, and autopilot dynamics, is systematically investigated by individually changing each parameter by 10
percent. This analysis provides insights into how variations in these parameters affect the reachability set, allowing for an
understanding of the reachability boundaries’ sensitivity to parameter variations.

This paper has 5 sections. Section 2 shows the nonlinear interceptor’s system model. Section 3 summarizes reachability set
generation. Section 4 describes the effect of parameter variations on reachability set. Section 5 concludes the approach and
application.

2. Modelling
2.1. Mathematical Model of the Interceptor

A 3D mathematical model is built for non-ideal interceptor responses. The coordinate axis of wind frame Fy, and inertial frame F;
are shown in Figure 1. The velocity vector I7M is in the direction of ©?.
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Figure 1: Representation of Interceptor Velocity Vector

The interceptor model can be represented as shown below:

Vs cos B cosa ]
. [Viu cos f cos ) Vy cos B sina
[RMx] Vi cos 8 sina —VysinB
Ry —Vysinf 3 . W w
y a w T O-SPVMSrefCX aMy ,aMZ 'VM
- |R Mx — gsinf
X = .Mz = aMW = m
v | | 2 a¥
[ 4 | Vi cossf) Vi cos B
l B J _ am, ay?
Vu - I”/”Z
M |

Interceptor acceleration responses are assumed to be first order system models due to autopilot dynamics. Therefore, pitch and yaw
acceleration responses are added as new state variables. The discretized non-ideal interceptor model is represented as shown below:

RMx(k) + Vy (k) cos(ﬁ(k)) cos(a(k)) At ]
RMy(k) + Vy (k) cos(ﬁ(k)) sin(a(k)) At

[Ru, (k +1)7 Ry, (k) — Var (k) sin(B(k)) At

Ry, (k+1) T — 0.5pV3iSrerCx (aM;V(k), an¥ (), Vm(k)>

Ry, (k +1) Vi (k) + -~ At — gsin(B(k))At
- v+ | a ()
X(k+1) = alk+1) |~ a(k) +VM(k)+s(ﬂ(k))At

Bk +1) o
auy (k +1) Bl -2z S
ay? (k+1)] M

_At _At
aM;"/’(k)e T + aM;"/fc(k) (1 —e T )

_At _At
ay? (k)e = + aMZ',’C(k) (1 —e f)
The input vector is defined as follows:
ame (k)
ﬁ(k) _ [ M)V/l,/c
aMZ'C(k)
2.2. Aerodynamic Drag Modelling

The interceptor model incorporates the influence of aerodynamic drag, which is contingent upon the acceleration response and Mach
number. Consequently, the drag model encompasses both the energy loss resulting from acceleration and the contribution of base
drag. The drag model can be expressed as follows, accounting for the combined effects of acceleration and base drag:

[w2 2
Cx (aM}M,/r any, VM) = Cxo(Vu) + Cx, (Vi) az\v}]/y +ay,
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3. Reachable Set Generation

In this study, reachable sets are generated by the approach mentioned in [1]. Minimum and maximum range reachability boundaries
are determined by the input constrained MPP-based reachable set computation procedure. The cost function is minimized to generate
a smaller total control command effort for the complete flight duration while satisfying inequality constraints related to control
command magnitudes and equality constraints related to the final position. The input constrained model predictive approach for the
equality constraint of a single terminal position is summarized in Figure 2. The detailed derivations of input constrained MPP are
given in [1].

Generate initial Optimum |7n — 7 H2 <& TRUE impc = Lype
Input Vector solution could FALSE A v
History not be achieved. Gyl — W, < &, v~ Jra <&
]r—l /
[7*
il TRUE 1
N
Solve MPP for < 7'y
. FALSE
Unconstrained Input FALSE Optimum T
G Ea.se +1) - solution is v
lypc = lmpc L U=U iype = (X achieved.
< = lypc
y, 1 Vv Solve MPP for
= = _ Input Constrained Case
r YN ]r ]1’—1 < (i =i + 1)
{ g TRUE mpc = lypc
]?"—1
¥ 3
7w = 5, <& HRUE 1
of )
J TRUE Gy, < Wy -
FALSE k=12, (N=-1) J FALSE
FALSE

Y

i — jmax R Optimum
MPC MPC TRUE solution could

not be achieved.

Figure 2. Flowchart of MPP Computation

In this study, the computation of reachability boundaries is conducted for various finite flight durations and different initial flight
conditions. Specifically, a chosen initial flight condition consists of parameters such as initial flight path angle, initial altitude, initial
time, initial velocity magnitude and search angles. Search directions for determining boundaries of the reachable set are defined with
respect to Fy,. The terminal position is determined along the first unit vector of the frame Fg (ﬂf) which is obtained through
successive rotations about the frame F; as described by the Rodrigues formulation as shown below:

Fw - R(ﬁéras) > Fy - R(ag:ﬁs) - Fs
Here, R(uY, B,) represents a rotation matrix that defines the transformation from frame ¥, to frame Fs. It is given by the matrix:

cos(Bs) 0 sin(Bs)
REH, Bs) = 0 1 0
_Sin(ﬁs) 0 COS(ﬂs)
Similarly, the rotation matrix R(u}, a;) represents the rotation matrix obtained by rotating frame %, along % of frame F,. By
utilizing these transformation matrices, the desired terminal position in the inertial frame can be expressed in terms of the range (R),

as and Bs. This representation allows for determination of the terminal position in relation to the flight parameters and search
directions. Figure 3 shows successive rotations between F,, and Fs ,highlighting the transformation process involved.
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Figure 3: Search Direction

For a given flight duration and initial flight condition, the reachability boundaries for the minimum flight range are determined
through a two-step process. Firstly, an initial guess for the terminal position of the interceptor is propagated in backward search
direction using a specified step size. The same procedure is implemented in forward search direction to compute the boundary of
reachable set for the maximum range. Then, terminal positions that can be reached by the interceptor are considered to be members
of the reachable set. The procedure is performed for different search directions. The process is illustrated in Figure 4, where the blue
line represents the case where the search angles are zero, indicating the direction of the interceptor's initial velocity vector.

\ ' /
S S R
b ¢ » /
e \Y, 1 /’ S
Direction ’ Ve
~ q\ L) to
=~ ~ Min Boundar$, Q : / s

¢
) e
SN A
~ A

— —: Different search direction on lateral plane
@ : Initial Conditions (obtained by PN based simulation)
®: Reachable Positions

Figure 4: Procedure for Reachability Boundary Search

In addition to initial flight conditions, flight duration and search directions are also defined. Then, the reachability for the desired
terminal position along the search direction is assessed using the model predictive programming (MPP) approach. The input vector
history is updated at each MPP iteration. The terminal positional error, represented as the Euclidean norm of the difference between
the computed terminal position and the desired terminal position, is evaluated to check whether the error stays within a specified
tolerance e;o; ([|7n — 7|, < €ro)-

Additionally, elements of the input vector (G,ii, — W, < &.) are checked for possible activation of input constraints. If inequality
constraints for the input vector and equality constraints for the terminal position are both satisfied, the updated terminal position is
considered as a candidate for the maximum or minimum range reachability boundary. This process is iteratively repeated until the
interceptor is unable to reach the updated terminal position or fails to find a feasible input vector that satisfies G2, — W < &.. The
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overall process for obtaining the reachability set, denoted as {Rinreach, Rmaxreacn }» @nd the associated reachability boundaries is

illustrated in Figure 5.
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Figure 5: Procedure for Reachability Boundary Calculation

Reachability boundaries for example flight conditions shown in Table 1 are computed. Figure 6 shows the reachable set boundaries
for the selected initial condition. Yellow and blue surfaces represent maximum and minimum reachability boundaries for given a set
of (as, Bs) . Red lines represent reachability boundaries for different «, values. Figure 7 shows reachable points; black markers
represent reachable points and the blue lines represent reachability boundaries for different a values.

Table 1: Initial Conditions

Bo 40°

hy 0Om

Vug 200 m/s

tgo 15s

ag 0°,20°,40°,60°,80°
Bs —30°,—15°,0°,15°,30°
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Reachable Set Boundaries

Figure 6: Reachability Boundaries For The Selected Initial
Condition
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Figure 7: Reachable Points For The Selected Initial
Condition

Figure 8 shows lateral acceleration commands for ag; = 0° and S, = 0°. Blue and pink lines represent the first and second MPP
iteration results respectively. Black lines represent the upper and lower acceleration limits. Figure 9 shows the trajectories for the first

and second MPP iteration and the desired terminal position.

It should be noted that input constrained MPP calculation starts if the terminal position error of unconstrained MPP solution is
smaller than the acceptable tolerance value and if the resultant input vector exceeds acceleration limits as shown in Figure 8. Since
input vectors obtained from the unconstrained MPP solution exceed the upper acceleration limit to reach the desired terminal
position, input constrained MPP calculations are carried out to find Lagrange multipliers related to input constraints. Figure 8 and
Figure 9 demonstrate that the input constrained MPP approach modifies the initial input vector to satisfy both terminal position

constraint and input constraints.
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Figure 9: Interceptor Position

Figure 8: Lateral Acceleration Commands in Wind Frame
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Figure 10 and Figure 11 show the maximum and minimum reachability boundary for the 15 seconds flight duration case in 3D and in
2D (X-Y).
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Figure 10: Reachable Set Boundary in 3D For Flight Duration=15 sec
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Figure 11: Reachable Set Boundary in X-Y Plane For Flight Duration=15 sec
4. Effect of Parameter Variation on Reachable Set

In this section, an investigation is conducted to explore the effects of flight duration and initial flight path angle on the reachable set
of the aerodynamic interceptor. The analysis aims to understand how variations in these parameters impact the characteristics and
boundaries of the reachable set. Furthermore, the sensitivity of the reachable set to variations in system parameters, including drag
coefficients, thrust, and autopilot dynamics, is examined. By systematically varying these parameters, the study assesses their
influence on the reachable set.
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Figure 12 shows the maximum range reachability boundaries for different flight durations. The figure shows that as long as the
interceptor has enough energy, it can go longer distances if the flight time increases. Therefore, the maximum range reachability
boundary expands with increasing flight duration. Figure 13 and Figure 14 show reachability boundaries for different initial path
angles. These figures show that reachability boundaries expand with higher B, angles, particularly in terms of reaching higher
altitudes. It is important to highlight that both the shape and area of the reachable set are significantly influenced by variations in ¢,
(time to go) and B,. Consequently, when incorporating the reachable set into the guidance computer, it is crucial to define it for
different initial B, values, as well as initial height and time to go parameters.
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In order to assess the sensitivity of the reachable set to different parameters, a series of simulations were conducted, encompassing
various perturbations as detailed in

Table 2. The variations were specifically introduced in the form of adjustments to drag coefficients, thrust, and the autopilot time
constant.

Table 2: Different Perturbation Cases

Scen_ari_o Perturbed Scenario # Perturbation
Description Parameter Percentage
Nominal - 1 -
Base Drag 2 igz//o
Coefficient Cxo 8 A
Variation ' s +10%
5 +20%
Acceleration 6 -20%
Related Drag c 7 -10%
Coefficient g 8 +10%
Variation 9 +20%
10 -20%
Pulse 1 Thrust T 11 -10%
Variation pl 12 +10%
13 +20%
. . 14 -20%
e | N i
Variation \ 16 +10%
17 +20%

4.2. Effect of Base Drag Coefficient and Acceleration Related Drag Coefficient

Figure 15 and Figure 16 showcase boundaries of reachable sets corresponding to different base drag and acceleration related drag
values respectively. Notably, it is evident that the maximum reachability boundary expands for scenarios labeled as Sc2 and Sc3 in
Figure 15 and Sc6 and Sc 7 in Figure 16. This outcome aligns with expectations, as lower drag values contribute to reduced drag
experienced by the interceptor, thereby enabling it to maintain higher energy levels.

Table 3 and Table 4 present the percentage variations of the minimum and maximum boundary values, respectively, compared to the
nominal condition (Scl). These percentage values quantify the extent of deviation from the nominal condition for each boundary
parameter. Notably, the results indicate that parameter variations affect both minimum and maximum range reachability boundaries,
while the impact on the maximum boundaries is relatively smaller. This phenomenon can be expected, since inequality input
constraints are much frequently activated for the minimum range reachability boundaries, because the system tries to vent excessive
energy by generating higher acceleration commands to reach closer terminal positions (with respect to the initial position) for the
same flight duration. Additionally, results show that minimum and maximum boundary variations are almost the same for all
directions of the inertial frame. This phenomenon implies that the minimum and maximum range reachability boundaries are
enlarged and contracted in all directions with almost the same scale factors; therefore, their shapes are preserved while area of
reachability boundaries are increased or decreased.

Table 3: Percentage of Minimum Boundary Variations

Sc X y z
2 6.58 6.58 6.58
3 5.10 5.10 5.10
4 5.02 5.02 5.02
5 6.49 6.49 6.49
6 6.49 6.49 6.49
7 2.59 2.59 2.59
8 3.95 3.95 3.95
9 5.81 5.81 5.81
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Table 4: Percentage of Maximum Boundary Variations

Sc X y z

2 5.50 5.50 5.50
3 2.80 2.80 2.80
4 2.24 2.24 2.24
5 4.98 4.98 4.98
6 2.17 2.17 2.17
7 1.29 1.29 1.29
8 1.23 1.23 1.23
9 1.80 1.80 1.80

4.3. Effect of Thrust Variation

Figure 17 presents the reachable set boundaries for different thrust magnitudes. The observed expansion of the maximum reachability
boundary for Sc12 and Sc13, associated with higher thrust values, is consistent with expectations. The higher thrust enables the
interceptor to accumulate higher energy levels, resulting in an extended reachability boundary.
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Figure 17: Effect of Thrust Variation on Reachability Boundaries

Table 5 and Table 6 present the percentage variations of the minimum and maximum boundary values, respectively, compared to the
nominal condition (Scl). Results indicate that parameter variations affect both the minimum and maximum range boundaries of the
reachable set. Additionally, results show that minimum and maximum boundary variations are almost the same for all directions of
the inertial frame. This phenomenon implies that the minimum and maximum range reachability boundaries are enlarged and
contracted in all directions with almost the same scale factors; therefore, their shapes are preserved while area of reachability
boundaries are increased or decreased.

Table 5: Percentage of Minimum Boundary Variations

Sc X y z

10 6.88 6.88 6.88
11 6.08 6.08 6.08
12 6.90 6.90 6.90
13 7.84 7.84 7.84

Table 6: Percentage of Max

imum Boundary Variations

Sc X y z

10 10.12 10.12 10.12
11 5.46 5.46 5.46
12 5.51 5.51 5.51
13 9.85 9.85 9.85

4.4, Effect of Autopilot Dynamics

Figure 18 presents the impact of the autopilot time constant on the reachable set boundaries for different autopilot configurations.
Notably, the figure reveals that the effect of the autopilot time constant is relatively smaller compared to the influences of thrust and
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Figure 18: Effect of Autopilot Time Constant Variation on Reachability Boundaries

Table 7 and Table 8 present the percentage variations of the minimum and maximum boundary values, respectively, compared to the
nominal condition (Scl). Results indicate that variation in autopilot time constants don’t affect the maximum range reachability
boundaries significantly. However, its effect is relatively apparent for the minimum range reachability boundaries; because variation
in the autopilot dynamics cannot be compensated easily with respect to maximum range reachability cases, since acceleration
commands are saturated to limits much frequently for the minimum range reachability boundary case.

Table 7: Percentage of Minimum Boundary Variations

Sc X y z
14 4.91 491 491
15 3.94 3.94 3.94
16 2.96 2.96 2.96
17 3.65 3.65 3.65
Table 8: Percentage of Maximum Boundary Variations
Sc X y z
14 0.89 0.89 0.89
15 0.38 0.38 0.38
16 0.21 0.21 0.21
17 0.58 0.58 0.58

4.5. Effect of All Variations for a Specific Test Case

Figure 19 demonstrates yaw and pitch channel acceleration commands for ag; = 60° and B; = —25°. Solid lines are acceleration
commands calculated by MPP approach for different parameter variation scenarios (Scl, Sc2, ..., Sc16, Sc17). Black dashed lines
represent lower and upper acceleration command limits. It can be shown that input constraints are much frequently active for
minimum range reachability boundary cases. Also, acceleration commands are distributed within a certain region around the nominal
case for this test condition.
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Figure 19:Acceleration Commands for Minimum and Maximum Range Reachability Boundaries
5. Conclusion

This study has presented an analysis of the MPP-based method for the computation of reachability boundaries. The optimization
problem related to the guidance algorithm, specifically acceleration commands, is addressed through the implementation of MPP,
encompassing both equality and inequality constraints. Furthermore, the study investigates the effect of parameter variations
regarding maximum and minimum range reachability boundaries for given set of search directions.

By systematical introduction of variations in multiple system parameters, it is illustrated that the boundaries of reachability and the
corresponding reachable sets undergo gradual expansion or contraction. These gradual changes ensure that reachability boundaries
obtained by the approach would still be applicable under various parameter uncertainties with acceptable prediction errors. However,
in the case of extreme changes in the reachable set due to small parameter variations, it would not be possible to make any calculated
predictions about the reachability boundaries even under tolerable system uncertainties for that specific system model.

For this system model, it is possible to understand the effect of system uncertainties regarding the reachability boundaries by
reviewing its behavior against parameter variations. The analysis identifies thrust and base drag coefficient as significant parameters
thus exerting the most substantial influence on the reachable set. Therefore, this analysis study serves as an example approach to
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consider parameter uncertainty problem, allowing for the evaluation and, if necessary, inclusion of their effects before embedding the
obtained reachability boundaries as an offline database for further usage.
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Appendix A — Nomenclature

MPP = Model Predictive Programming

Vu = Interceptor velocity

Fr, Fw = Inertial reference frame and Wind frame
Wy /1 = Angular velocity of Fy, with respect to F,;
a, B = Angles to define orientation of Vi with respect to F;.

w w w
aMx ’ aMy ) aMz

w w
aMy'cr My

RMx' RMy; RMZ

= Interceptor acceleration components in Fy,
= Interceptor acceleration command components in Fy,

= Interceptor position components in F;

T, Sref = Thrust magnitude and reference area of the interceptor

p = Air density

Cx = Total drag coefficient of the interceptor

Cx o Cxyg = Drag coefficient due to interceptor acceleration and base drag

gmtT = Gravity, mass and autopilot time constant of the interceptor

®searchr Bsearch

(a0, Bo), ho, VMO
tgor R

R R

Mminyeqch’ ‘MaXreach
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= Angles to define desired terminal position of the interceptor with respect to F,,,
= Initial flight path angles, altitude and velocity of the interceptor
= Time to go and range from initial interceptor position to desired terminal point

= Minimum and maximum range reachability boundary set
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Abstract

In this study, rice husk (RH) biomass was used. Hydrochar was produced from rice husk by hydrothermal carbonization method at
250 < temperature and 1 hour holding time. Analysis techniques such as Elemental and FTIR were used for characterization. Fuel
properties of raw rice husk and hydrochar products were also investigated. The high heating value of Hydrochar product is higher
than raw rice husk. According to elemental analysis results; the carbon content of the hydrochar product obtained by the
hydrothermal carbonization method is higher than the raw sample. According to the results of FTIR analysis, there are oxygen-rich
functional groups (carboxyl and carbonyl groups) in the structure of hydrochar. The CO2 adsorption capacity of raw rice husk and
hydrochar was measured using a thermogravimetric analyzer. The CO2 adsorption capacity of raw rice husk and hydrochar
products at 25 °C was determined as 16.65 and 25.48 mg/g, respectively. According to the results, the CO2 adsorption capacity of
the hydrochar product is higher than the raw rice husk.

Keywords: Hydrothermal carbonization, rice husk, CO2 adsorption
1. Introduction

Biomass is a biological material derived from plants or plant-derived materials. Biomass consists of carbon, hydrogen and oxygen [1,
2]. In recent years, biomass has attracted attention due to its easy availability, renewable and environmentally friendly properties.
Biomass resources; agricultural product wastes, forest products, animal wastes are classified as [3]. Biomass types can be converted
into more valuable solid products by applying various conversion processes (combustion, gasification, hydrothermal carbonization,
pyrolysis, etc.) [4]. Hydrothermal carbonization (HTC) is one of the thermochemical conversion technologies. It is also a
technological process that transforms that biomass into value-added materials. The reaction temperature is usually chosen around
180-260°C to obtain maximum hydrochars [5]. In the past decade, environmental pollution and global problems have seriously
increased as a result of the continuous consumption of fossil fuels (oil, coal and natural gas). Acid rain and the resulting sulfur
dioxide gases continue to pose serious environmental hazards in the world due to the long-term use of coal for energy production.
Acid rain and the resulting sulfur dioxide gases cause environmental hazards in the world due to the long-term use of coal for energy
production. This consumption has inevitably caused the emission of carbon dioxide (COz2) into the atmosphere [6]-[8].

The hydrochars obtained by the hydrothermal carbonization method are a solid product rich in carbon. Hydrochar surfaces have a
porous structure and contain a large amount of oxygen-containing functional groups (—OH, —C=0 and —COOH groups). This
situation enables the development of hydrochars as an alternative adsorbent in adsorption applications [9].

There are studies on adsorption applications of hydrochars in the literature. For example; In a study in the literature, activated
hydrochar product obtained from rice husk waste was used in adsorption application [9]. In another study, it was reported that
hydrochar obtained from coffee husk was used as an adsorbent in the removal of methylene blue from wastewater [10]. In addition,
studies on CO2 adsorption measurement of hydrochar products obtained from different biomass species are available in the literature
[11, 12]. In this study, hydrochar was produced from low cost rice husks by hydrothermal carbonization method at 250 °C. In the
first step, the characterization of raw rice husk and hydrochar was done. In the second step, the fuel properties of the samples were
determined. In the third step, the CO2 adsorption capacity of raw rice husk and hydrochar was measured using the thermogravimetric
analysis method.

2. Materials and Methods
2.1. Materials

Rice husk (RH) was obtained from Sinop city in Turkey. The raw sample was dried in an oven at 100 °C for 12 hours. Rice husk was
reduced by passing it through a grinder. After the sieving process, the raw material was used in the experiments.

2.2. Hydrothermal Carbonization

Hydrothermal carbonization was carried out in a reactor with a volume of 40 mL. Raw material and water were added to the reactor
at a mass ratio of 1:5. Hydrothermal carbonization was carried out at a reaction temperature of 250 °C and a reaction time of 1 hour.
Hydrochar obtained from rice husk is abbreviated as RH-HC

2.3. Characterization of Samples

The characterization processes of RH and RH-HC were performed using techniques such as elemental and FTIR. The %C, H, S, and
N values were determined in the elemental analysis of the samples. Fourier Transform Infrared spectroscopy (FTIR) was used to
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identify the functional groups of the compounds in the structure of the products. FTIR spectra were recorded in the wavenumber
range between 650 cm™ and 4000 cm™. The fuel properties of the samples were determined using the equations given below [13].

High heating value (HHV) = 0.3383 x %C + 1.422 X (%H — %0/8) @
e . _ HHV of hydrochar

Energy densification = IV of biomase 2

Energy yield (%) = Hydrochar yield X Energy densification ®3)

2.4. Determination of CO2 Adsorption Capacity

CO: adsorption capacity of raw rice husk and hydrochar products was measured using the thermogravimetric analysis method [14].
Approximately 15 mg of sample is placed in the device. The sample was removed from volatile components by heating with nitrogen
gas at 120 °C at a flow rate of 30 mL/min for 1 hour. Then the atmosphere was converted to CO2 and the temperature was reduced to
25 °C and kept at this temperature for 3 hours. The amount of CO2 adsorption was calculated using weight changes.

3. Results and Discussion
3.1. Characterization of Products

Rice husk wastes were investigated for use in the hydrothermal carbonization process. Elemental analysis (C, H, N, and S) was first
performed for raw rice husk and hydrochar products. The results of the elemental analysis of the products and their fuel properties are
given in Table 1.

Tablo 1: Characterization of RH and hydrochar

Parameter RH RH-HC
Hydrochar yield (%) - 51.00
Elemental analysis (wt.%6)
42.29 49.12
H 6.340 5.592
N 0.931 1.562
S| 0.098 0.084
o2 50.34 43.64
HHV (MJ/kg) 14.37 16.81
Energy densification - 1.17
Energy yield - 59.67

(3calculated by difference)

Elemental analysis results of hydrochar products obtained from some biomass wastes have been reported in the literature. According
to the results of elemental analysis, the % Carbon (C) values of hydrochar products vary between 23.94% and 87.08%, respectively
[15]. In a study reported in the literature, the carbon content of rice husk hydrochar obtained at 200 and 300 °C was 40.8% and
45.6%, respectively [20]. The carbon content of the raw rice husk and hydrochar products obtained in this study was measured as
42.29% and 49.12%, respectively. The higher the carbon contents of hydrochar products, the higher the quality [15]. According to
the results; Compared to raw rice husk, the carbon content of the hydrochar is higher.

Biomass types are a low quality fuel due to their low energy density [21]. Hydrochar, obtained from biomass by hydrothermal
carbonization method, is a coal-like material and contains a large amount of carbon. The HHV value of a hydrochar is directly related
to its C, H and O content. Increasing the carbon value allows the high heating value of the hydrochar to increase [16], [20]. As can be
seen from the results in Table 1, the carbon content of the hydrochar sample is higher than the raw rice husk. Therefore, the high
heating value of the hydrochar sample increased when compared to the rice husk. FTIR spectra of raw rice husk and hydrochar
products were investigated and presented in Figure 1. When the FTIR spectrum of the raw rice husk is examined, the vibration peak
seen at 3325 cm is the O-H stretching vibration of water. The peaks of raw rice husk and hydrochar, observed at around 2900 cm,
are C-H stretching vibrations of aliphatic hydrocarbons. Spektrumda hydrochar iiriiniine ait C=0 asimetrik gerilme titresimi 1752 cm"
de goriilmektedir. This peak may belong to carbonyl and ester derived compounds. It can be said that the peaks seen at
approximately 1000-1500 cm* in the spectra belong to C-O stretching vibrations [19].

Similar results are consistent with rice husk and hydrochar samples reported in the literature. [17]. According to the results of FTIR
analysis, the hydrochar product obtained in this study contains oxygen-rich functional groups (C=0, C-0O).
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Figure 1. FTIR spectra of RH and RH-HC
3.2. CO2 Adsorption

Maximum CO: adsorption capacities of rice husk and hydrochar at 25 °C were measured as 16.65 and 25.48 mg/g, respectively
(Figure 2). According to the results, hydrochar product has higher CO2 adsorption capacity than raw biomass.
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Figure 2. CO2 adsorption capacity of RH and RH-HC

There are also studies on the CO2 adsorption of hydrochar products obtained from different biomass types in the literature. Hydrochar
samples obtained from biomass species (e.g. chestnut shells, walnut shells) have higher CO2 adsorption capacity after activation with
KOH [18]. For this reason, the amount of CO2 adsorption can be investigated in a different study after the activation of the hydrochar
product.

4. Conclusions

In this study, hydrochar was obtained from rice husk biomass by hydrothermal carbonization method. Compared to raw rice husk,
hydrochar has higher carbon content and high heating value. Its high heating value is an advantage in terms of fuel properties. High
HHYV is an advantage in terms of fuel properties. This result shows that hydrochar can be used as a solid biofuel. However, more
research can be done in different process conditions (temperature, time, etc.) to improve the quality of the hydrochar. There are
oxygen-rich functional groups in the structure of raw rice husk and hydrochar. For this reason, CO2 adsorption measurements of the
samples were made. Compared to the raw rice husk, the CO2 adsorption amount of the hydrochar product is higher. After activation
of Hydrochar samples, the amount of CO2 adsorption can be investigated.
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