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Amag ve Kapsam

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi dergisi, temel miihendislik bilimleri
alaninda, miithendisligin giincel arastirma konulara odakli hem deneysel hem de kuramsal ¢aligsmalarin
yayinina oncelik tanir. Disiplinler arasi ¢caligmalar1 ve teknolojileri igeren akademik yayinlar tesvik eder.
Ilgili bilimlerin ve bireylerin ulusal ve uluslararasi gelisimlerine katkida bulunmayi, bu alanlarla ilgili
kaynaklar1 gelistirmeyi amaglar. Derginin dili Tiirkge ve Ingilizcedir.

Miihendislik biliminin temeline ait kuramsal ¢aligmalara, teknolojik gelismelere ve miihendislik odakli
disiplinler arasi c¢aligmalara kapsami dahilinde yer veren dergimiz; kuramsal, deneysel, aragtirma ve
derleme tiirtinde igeriklerle yilda iki kez (Haziran, Aralik) yayimlanmakta, giincel akademik literatiirii
arastirmacilara ve kamuoyuna aktarmay1 hedeflemektedir.



Mus Alparslan Universitesi Miihendislik-Mimarhk Fakiiltesi Dergisi
Mus Alparslan University Journal of the Faculty of Engineering and Architecture

Yil/Year: 2024 Cilt/Volume: 5  Sayi/Number: 2

Aims and Scope

Mus Alparslan University Faculty of Engineering and Architecture journal gives priority to the
publication of both experimental and theoretical studies in the field of basic engineering sciences,
focusing on current research topics in engineering. It encourages academic publications involving
interdisciplinary studies and technologies. It aims to contribute to the national and international
development of related sciences and individuals, and to develop resources related to these fields. The
languages of the journal are Turkish and English.

Our journal, which includes theoretical studies on the foundation of engineering science, technological
developments and interdisciplinary studies focused on engineering; It is published twice a year (June,
December) with theoretical, experimental, research and compilation content, and aims to convey the
current academic literature to researchers and the public.
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Yaym Etigi ve Sorumluklar

Dergimizin yayin siireci, siirece dahil olan herkes i¢in (yazarlar, hakemler, editorler) akademik etik ilkelerine ve
standartlara uymay1 sart kogmaktadir. Bu kapsamda siirece dahil olan tiim akademisyenlerin asagidaki
sorumluluklar1 kabul ettigi varsayilmaktadir. Bu kapsamda ifade edilen sorumluluklar belirlenirken agik erisim
kurallarim1 diizenleyen Committee on Publication Ethics (COPE) tarafindan belirtilen kurallar ve sorumluluklar
kullanilmastir.

Yazarlarin Etik Sorumluluklar:

Yazar(lar), tiim akademik c¢alismalarinda 6zgiin olmalidir. Yaptiklar1 ¢alismalarda diger akademik g¢aligsmalardan
yararlanmalari durumunda eksiksiz bir sekilde kaynak gosterimi ve/veya alint1 yapmalar1 gerekmektedir. Calismaya
katki sunmayan kisiler yazar olarak ¢alismaya dahil edilmemelidir. Aragtirmacilar, ¢alismalarini ayni anda birden
fazla yaymn organina gonderemezler. Her bir gonderim siireci, dnceki bagvurunun sonuglanmasina miiteakip
yapilmalidir. Baska bir mecrada yayimlanmis bir ¢alisma dergimize gonderilmemelidir. Gonderilen ¢aligmalarin,
cikar catigmasi teskil edecek icerikler, durumlar ve iliskiler barindirmasi durumunda bilgilendirme yapilmalidir.
Yazarlar, talep edilmesi durumunda ¢alismaya ait ham verileri ve deney bilgilerini yayin kurulu ve bilim kuruluna
sunmaya hazir olmalidir. Degerlendirme siireci baslatilmig bir ¢aligma i¢in, yazar ekleme, sirasint degistirme veya
yazar ¢ikarma gibi teklifler miimkiin degildir. Yazar(lar) caligmalarinda kullandiklar1 verilerin (varsa) etik haklarina,
kullanim haklarina, arastirma/analiz/deney gibi islemler igin gerekli izinlere sahip olduguna dair belgelere sahip
olmalidirlar. Yazar(lar) degerlendirme siirecine alinmig, erken gériinlim asamasina ge¢cmis veya yayimlanmis
calismalarinda bir hata fark etmeleri durumunda, dergi editoriinii veya dergi yayincisint bilgilendirmeli, diizeltme
veya geri ¢ekme islemlerinde isbirligi yapmalidir.

Editorlerin Etik Gorev ve Sorumluluklari

Dergipark sayfasinda agikga belirtilmis acik erisim kurallar biitiinligiinii saglayan COPE tarafindan ifade edildigi
iizere; derginin gelisimine devamlilik kazandirma, dergide yayimlanan akademik ¢aligmalarin kalitesini arttirmaya
yonelik asamalar titizlikle yiiriitme, okuyucularin ve yazarlarin ihtiyaclarina yonelik ¢aligmalar yapma, diizeltme
veya agiklama gerektiren hususlarda agik ve seffaf iletisim kurma, fikri miilkiyet haklarindan ve akademik etik
kurallarindan taviz vermemek kosuluyla tiim is siire¢lerini devam ettirme gibi isler, editoriin baslica etik gorev ve
sorumluluklaridir.

Hakemlerin Etik Sorumluluklar:

Bir hakem, kendi uzmanlik alanina ait akademik ¢aligmalar1 degerlendirmeye almalidir. Yaptigt degerlendirmelerde
tarafsiz ve gizli olmalidir. Bu ilkeler kapsaminda yaptig1 c¢aligmalarin degerlendirme sonuglarini siire¢ sonunda
kamu ile paylasmamali ve imha etmelidir. Degerlendirmesi neticesinde bir ¢ikar catigmasi tespit etmesi durumunda
ilgili editor bilgilendirilmeli ve ¢alismay1 inceleme siireci reddedilmelidir. Yapilan hakemlik degerlendirmesinin
sonucunu yapict ve kibar bir islup ile iletmeli, diismanlik, iftira veya hakaret igeren negatif ve kisisel iletisim tislubu
kullanilmamalidir. Hakemligi kabul edilen g¢alismalari taahhiit edilen siire igerisinde ve belirtilen akademik etik
kurallar1 ¢ergevesinde degerlendirmeli ve sonucu iletmelidir.

Yaymncinin Etik Sorumluluklar

Dergimiz siirece dahil ettigi tim caligmalar i¢in editdrleri sorumlu kilmaktadir. Dergide yapilan g¢alismalardan
politik veya ekonomik kazanclar elde edilmemesi i¢in gereken tedbir ¢alismalarini editdr yiiriitmektedir. Dergimiz
editor kararlar1 olusturulmasinda bagimsizlig taahhiit eder. Dergimiz, kabul ettigi tim ¢aligmalarin fikri miilkiyet ve
telif haklarmi korudugunu taahhiit eder. Editorlerin stiregle ilgili akademik suiistimaller ve intihalle ilgili konularda
ilgili 6nlemleri alma sorumlulugu yine dergimizin taahhiidii altindadir.



Yazarlar ile iliskiler

Editorler, yazarlarin gonderdigi makalelerde ¢aligmanin 6zgilinliigii, anlatimin agiklig1 ve derginin amag-kapsamina
uygunlugu noktasinda degerlendirme yaparak olumlu veya olumsuz karar vermektedir. Bu kapsamda ciddi bir
problem teskil etmeyen tiim ¢aligmalar degerlendirme siirecine alinir. Editérler, hakem onerilerini dikkate almalidir.
Editorler, calismalarla ilgili onceki editorler tarafindan verilen kararlari, etik ve kapsam noktasinda biiyiik bir
problem tespit edilmemesi halinde degistirmemelidir.

Hakemler ile iliskiler

Kor Hakemlik ve Degerlendirme Siireci politikalari, editor tarafindan titizlikle yiirtitiilmelidir. Hakemler, ilgili
yaymnin uzmanlik sahasina gore segilmelidir. Yayinla ve siirecle ilgili tiim bilgiler hakemlerle agik bir sekilde
paylasilmalidir. Yazar-hakem arasi ¢ikar catigmasi olup olmadigi yoniindeki tespit editdriin sorumlulugundadir.
Degerlendirme siirecinin baglamasiyla birlikte hakemlerin kimlikleri gizli tutulmalidir. Editorler, hakemleri
tarafsizlik, bilimsellik ve nesnellik hususlarinda tesvik etmelidir. Hakem havuzlarinin genis tutulmasma dikkat
edilmelidir. Hakemlerin degerlendirme siirecine yonelik performanslarimi arttirmak igin uygulamalar ve politikalar
giidiilmelidir. Bilimsellikten ve akademik etik kurallarindan uzak siiregler engellenmelidir.

Okuyucu ile Iliskiler

Editor, derginin hitap ettigi okuyucu kitlesinin ihtiya¢ duydugu beklentileri karsilamaya yonelik kararlar vermelidir.
Yaymlanacak ¢aligmalarin akademinin her tiirlii kademesine (okuyucu, arastirmaci) ve literatiire katki saglayacak
0zgiin ¢aligmalar olmasina dikkat etmelidir. Okuyuculardan ve akademik camiadan gelecek geri bildirimleri dikkate
almali ve agiklayict geri bildirimlerde bulunmalidir.

Yaym Kurulu ile iliskiler

Editor, yayin kurulunda bulunan iiyelerin, ilgili politika ve yonergelere uyumlu sekilde ¢alismasi adina sorumludur.
Bu politikalar kapsaminda ilgili iiyeler bilgilendirilmeli ve gelismelerden haberdar edilmelidir. Yeni tiyelere gerekli
egitim ve bilgilendirme saglanmalidir.

Dergi Sahibi ve Yayma ile iliskiler

Akademik etik kurallar1 gercevesinde, editor ile yaymci bagimsizlik s6zlesmesi imzalamaktadir. Yani editorler
alacaklari kararlarda yayinci ve dergi sahibinden bagimsizdir.

Kisisel Verilerin Korunmasi

Dergi editorii, dergide yayimlanan galismalarda bulunan tiim bilgilerin, deneklerin ve gorsellerin korunmasini
saglamakla sorumludur. Caligmada eger varsa denek olarak kullanilan bireylerin izinleri belgelendirilmedigi siirece
caligmay1 reddetmelidir. Ayrica dergi editorii, yayin siirecinde bulunan herkesin (yazar, hakem ve okuyucu) bireysel
verilerini korumakla sorumludur.

Etik Kurul, insan ve Hayvan Haklar

Editor, calisma kapsaminda genel anlamda insan ve hayvan haklarinin korunmasini saglamalidir. Calisma
deneylerinde kullanilan verilere ve deneklere ve arastirmalara iliskin gerekli izinlerin ve etik kurul raporlarmin
kontroliinii yapmakla mesuldiir.

Olasi Suiistimal ve Gorevi Kotiiye Kullanmaya Kars1 Onlem

Suiistimal ve gorevi kotiiye kullanma hallerine karsi tedbir almak editoriin gérevidir. Bu konuyla ilgili sikayetlerin
tespit edilmesi ve degerlendirilmesi noktasinda titiz bir ¢alisma yiiriiten editor, ilgili bulgular1 paylasmali ve
akademik etik ortaminin devam etmesini saglamalidir.

Fikri Miilkiyet Haklariin Korunmasi



Dergi editorii, tim caligmalarin fikri miilkiyet haklarin1 korumakla ve akademik etik ihlallerinde ve diger
olumsuzluklarda derginin, yazarlarin, hakemlerin haklarini savunmakla yiikiimliidiir. Ayrica dergi editorii dergide
yayimlanan caligmalarin intihal sonucu baska bir akademik calismanin fikri miilkiyetini ihlal edip etmedigi
yoniindeki teyidi yapmalt ve gerekli dnlemi almalidir. Bu tedbirlerin basinda degerlendirme siirecinde yazardan
calismasiyla birlikte makalenin intihal raporu da talep edilmektedir.

NOT:Dergimizde akademik etige uygun olmayan bir durumla karsilasmaniz
durumunda muhmimdergi@alparslan.edu.tr adresi tizerinden ivedi bir sekilde bizimle iletisime geginiz.
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Editorial Ethics and Responsibilities

Publication Ethics and Responsibilities The publication process of our journal requires everyone involved (authors,
referees, editors) to comply with academic ethical principles and standards. In this context, it is assumed that all
academicians involved in the process accept the following responsibilities. While determining the responsibilities
expressed in this context, the rules and responsibilities specified by the Committee on Publication Ethics (COPE),
which regulates open access rules, were used.

Ethical Responsibilities of Authors

The author(s) must be original in all their academic works. If they benefit from other academic studies in their
studies, they are required to give full reference and/or citation. Persons who do not contribute to the study should not
be included as authors. Researchers cannot submit their work to more than one publication at the same time. Each
submission process must be made following the conclusion of the previous application. A study published in another
medium should not be sent to our journal. In case the submitted works contain content, situations and relationships
that will constitute a conflict of interest, information should be provided. Authors should be ready to present the raw
data and experimental information of the study to the editorial board and scientific committee, if requested. It is not
possible to add an author, change the order or remove an author for a work whose evaluation process has been
started. Author(s) should have documents showing that the data they use in their studies (if any) have ethical rights,
usage rights, and necessary permissions for research/analysis/experiment. Author(s) should inform the journal editor
or journal publisher and cooperate in correction or retraction if they notice an error in their review, early view stage
or published work.

Ethical Duties and Responsibilities of Editors

As stated by COPE, which ensures the integrity of open access rules clearly stated on the Dergipark page; To ensure
continuity in the development of the journal, to carry out the steps to increase the quality of academic studies
published in the journal, to work towards the needs of readers and authors, to communicate openly and transparently
in matters that require correction or explanation, to continue all business processes without compromising
intellectual property rights and academic ethical rules. are the main ethical duties and responsibilities of the editor.

Ethical Responsibilities of Referees

A referee should evaluate academic studies in his field of expertise. It should be impartial and confidential in its
evaluations. Within the scope of these principles, the evaluation results of the studies should not be shared with the
public at the end of the process and should be destroyed. If a conflict of interest is detected as a result of its
evaluation, the relevant editor should be informed and the review process of the study should be rejected. The result
of the refereeing evaluation should be conveyed in a constructive and polite manner, and negative and personal
communication style containing hostility, slander or insult should not be used. He/she should evaluate the studies



accepted as referees within the promised time and within the framework of the specified academic ethical rules and
communicate the result.

Ethical Responsibilities of Publisher

Our journal makes the editors responsible for all the works included in the process. The editor carries out the
necessary measures to prevent political or economic gains from the work done in the journal. Our journal is
committed to independence in the creation of editorial decisions. Our journal undertakes to protect the intellectual
property and copyrights of all accepted works. The responsibility of the editors to take the necessary precautions
regarding academic misconduct and plagiarism related to the process is also under the commitment of our journal.

Relations with Authors

In the articles sent by the authors, the editors make a positive or negative decision by evaluating the originality of
the study, the clarity of the narrative, and the suitability of the journal's purpose-scope. In this context, all studies
that do not pose a serious problem are included in the evaluation process. Editors should consider referee
suggestions. Editors should not change the decisions made by previous editors about the studies unless a major
problem in terms of ethics and scope is detected.

Relations with Referees

Blind Review and Review Process policies should be meticulously followed by the editor. Reviewers should be
selected according to the field of expertise of the relevant publication. All information about the publication and the
process should be shared openly with the referees. It is the editor's responsibility to determine whether there is a
conflict of interest between the author and the referee. With the start of the evaluation process, the identities of the
referees should be kept confidential. Editors should encourage referees for impartiality, scientificity and objectivity.
Care should be taken to keep the referee pools wide. Practices and policies should be pursued to increase the
performance of referees in the evaluation process. Processes that are far from being scientific and academic ethical
rules should be prevented.

Relations with the Readers

The editor must make decisions to meet the expectations of the audience the magazine addresses. Care should be
taken that the studies to be published are original studies that will contribute to all levels of the academy (readers,
researchers) and the literature. It should take into account the feedback from the readers and the academic
community and provide explanatory feedback.

Relations with the Editorial Board

The editor is responsible for the members of the editorial board to work in compliance with the relevant policies and
guidelines. Within the scope of these policies, the relevant members should be informed and informed about the
developments. New members should be provided with the necessary training and information. Relations with
Journal Owner and Publisher Within the framework of academic ethical rules, the editor and the publisher sign an



independence agreement. In other words, editors are independent of the publisher and journal owner in their
decisions.

Relations with Owner of Journal and the Publisher

Within the framework of academic ethical rules, the editor and the publisher sign an independence agreement. In
other words, editors are independent of the publisher and journal owner in their decisions.

Protection of Personal Data

The journal editor is responsible for ensuring that all information, subjects and images found in the studies published
in the journal are protected. Individuals used as subjects in the study, if any, should refuse to work unless their
consent is documented. In addition, the journal editor is responsible for protecting the individual data of everyone
involved in the publication process (author, referee and reader).

Ethics Committee, Human and Animal Rights

The editor should ensure the protection of human and animal rights in general within the scope of the work. It is
responsible for controlling the necessary permissions and ethics committee reports regarding the data and subjects
used in the study experiments and research.

Precaution against Potential Abuse and Abuse

It is the editor's duty to take precautions against abuse and misconduct. The editor, who carries out a meticulous
work in detecting and evaluating complaints about this subject, should share the relevant findings and ensure the
continuation of the academic ethical environment.

Protection of Intellectual Property Rights

The editor of the journal is responsible for protecting the intellectual property rights of all studies and defending the
rights of the journal, authors and referees in case of violations of academic ethics and other negativities. In addition,
the journal editor should confirm whether the studies published in the journal violate the intellectual property of
another academic work as a result of plagiarism and take the necessary action. At the beginning of these measures,
the plagiarism report of the article is requested from the author along with his/her work during the evaluation
process.

NOTE: If you encounter a situation that does not comply with academic ethics in our journal, please contact us
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Ozet

Beyin tiimorlerinde dogru tedavi yonteminin belirlenebilmesi igin tiimor tipinin kesin olarak bilinmesi
kritiktir. Bu calisma, beyin biyopsisi operasyon bolgesi hacmi i¢indeki mekéansal risk faktdrlerini gozeten
hacimsel yerel risk analizi modeli sunmaktadir. Bu risk modeli, operasyon bdlgesinin genel riskini
degerlendirmek i¢in kullanilabilir. Risk faktorlerinin genel katkisini tahmin etmek amaciyla, parca bazli Gauss
olasilik fonksiyonu onerilmektedir. Onerilen yaklasimin mevcut benzerlerinden iistiinliigii, beyin yiizeyindeki
tiim aday giris noktalarmin giris risk haritasini olustururken, pin-yoriingesinin merkezinde bulunan silindirik bir
yapt kullanmasidir. Pin-yoriingelerinin  risk degeri, silindir i¢indeki damar voksellerini mesafesi
degerlendirilerek hesaplanir. Bu modeli kullanarak beyin ylizeyindeki noktalardan hedefe olan risk
degerlendirmesinin ardindan beyin yiizeyi risk degerlerine gore renklendirilmektedir. Uygulamada,
ITKTUBETK veri seti kullanilarak beyin ylizeyindeki noktalarin hacimsel yerel riskleri hesaplanarak damar
hasarlarinin en diisiik riskine sahip biyopsi noktalarmi tahmin etmek i¢in bir risk haritasi elde edilmistir.
Dogrulama amaciyla, 2 beyin cerrahi tarafindan isaretlenmis 15 hasta verisi kullanilmistir. Yoriinge riskleri
tablolarda sunulmustur. Elde edilen risk analizi sonuglarina gore 6nerilen yontem, Cerrahl ve Cerrah2'ye kiyasla
sirastyla %46,66 ve %53,33 yiiksek oranda daha diisiik riskli yollar1 belirleyebilir. Sonraki ¢alismada, fMRI
bilgilerinin risk modeline entegrasyonu planlanmaktadir.

Anahtar Kelimeler: Beyin Biyopsisi, Mekansal Risk Analizi, Risk Atama, Risk Haritalama

A New Targeting System for Calculating a Trajectory Risk Map According to the Cerebral VVascular Tree

Abstract

Determining the precise type of tumor is crucial for selecting the correct treatment method for brain tumors.
This study presents a volumetric local risk analysis model that considers spatial risk factors within the volume of
the brain biopsy operation region. This risk model can be used to assess the overall risk of the operation region.
To estimate the general contribution of risk factors, a piecewise Gaussian probability function is proposed. The
superiority of the proposed approach over existing ones lies in its use of a cylindrical structure centered on the
pin trajectory to create an entry risk map for all potential entry points on the brain surface. The risk value of pin
trajectories is calculated by evaluating the distance of vessel voxels within the cylinder. Using this model, after
assessing the risk from surface points to the target, the brain surface is color-coded according to risk values. In
practice, by calculating the volumetric local risks of surface points using the ITKTUBETK dataset, a risk map is
obtained to predict biopsy points with the lowest risk of vascular damage. For validation purposes, data from 15
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patients, marked by two neurosurgeons, were used. Trajectory risks are presented in tables. According to the
obtained risk analysis results, the proposed method can identify significantly lower-risk paths, 46.66% and
53.33% more effectively compared to Surgeonl and Surgeon2, respectively. In future work, integration of fMRI
information into the risk model is planned.

Keywords: Brain Biopsy, Risk Assessment, Spatial Risk Analysis, Risk Mapping
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ile lisanslanmistir.

1. GIRIS

Beyin biyopsileri ve cerrahi beyin operasyonlari, modern tiptaki teknik gelismelere uygun olarak
epilepsinin yonetimi ve beyin tiimdriiniin tiirtini belirleme gibi ¢esitli hastaliklarin erken teshisi ve tedavisi i¢in
¢ok onemlidir. Bu ¢alismada beyin cerrahlarinin beyindeki dnemli bir noktaya (timdr merkezi, epileptik bolge,
STN hiicresi) minimum risk ile ulasabilmesine yardime1 olacak yeni bir navigasyon yaklagimi sunulmaktadir. Bu
yaklasim, cerrahin beyin icerisinde hedefledigi noktaya giivenli bir sekilde ulasabilmesine yardimci olacak bir
damar risk haritasinin iiretilmesine ve ameliyat Oncesi cerraha sunularak operasyon giivenligini arttirmaya
dayanir. Kafatasinin iist yiizeyindeki vokseller olast giris noktalaridir. Bu giris noktalari ile hedeflenen nokta
arasindaki dogrusal ¢izgi trajektori olarak adlandirilmaktadir. Yapilan calismada tiim trajektorilerin (giris
noktasi—hedef nokta) damar agacina degme riskleri hesaplanmakta ve sayisal risk degerleri renkli bir harita
seklinde gorsellestirilmektedir. Trajektori risk degeri hesaplanirken trajektoriyi merkezine alan silindirik bir
model kullanilmaktadir. Silindir igerisinde kalan damar yapisinin trajektoriye olan uzakliklart birlikte
degerlendirilerek risk degeri hesaplanir ve renkli bir haritaya doniistiiriiliir. Uretilen bu harita ameliyat 6ncesi
cerrahin degerlendirmesine sunulmaktadir. Boylece beyin cerrahinin renkli risk haritasindaki en diigiik riskli
bolgeleri gozlemlemesi ve operasyonu giivenli bir sekilde gerceklestirmesi hedeflenmektedir. Literatiirdeki
caligmalardan farkli olarak 6zgiin bir matematiksel risk modeli kullanilmakta ve damar risk haritas1 iireterek
cerrahin operasyonu daha giivenli yapmasi hedeflenmektedir. Riskin modellenmesi ile ilgili literatiirde farkli
caligmalarin yapildigi goriilmektedir. Mitchell, riski kayip olasiligi ve bu kaybin 6nemi agisindan ele almistir [1].
Bu tanim, risk degerlendirmesi ve risk modellerinin matematiksel yonii i¢in 6nemli bir temel olusturmustur.
Daha sonra, bir olayin riski, olumsuz bir olayin meydana gelme olasilig ile bu olayin ne kadar zararli olacaginin
garpimiyla tahmin edilir [2]. Smith ve Merrit, riski etkileyen faktorleri tamimlayarak standart bir risk modeli
onermislerdir. Standart risk modeli, riski, meydana gelme olasiligini ve olumsuz etkinin olasiligim
etkileyebilecek faktorlerin birikimi olarak tanimlar [3]. Risk degerlendirmesi i¢in, bu ¢alismalar, risk puanlamasi
icin ortak bir matematiksel bakis agisi saglar, yani risk, risk faktoriiniin meydana gelme olasiliklarinin ve riskli
olaylarin olumsuz etkilerinin derecelerini belirleyen bir risk indeksinin g¢arpimlarmin birikimiyle tahmin
edilebilir. Olasi riskli olaylarin bir koleksiyonu, risk faktorlerinin birikimi olarak kabul edilir. Mevcut ¢alismada,
hacimsel bir alanda mekansal olarak dagitilmis mekansal risk faktorlerinin yerel risk degerlendirme modelini
olusturmak i¢in kullandik. Caplan ve arkadaslari, Chicago'daki hirsizlik i¢in mekansal risk faktorlerini tartigmis
ve mekansal risk degerlendirmelerine dayali bir risk bolgesi haritasi elde etmek i¢in bir risk bolgesi modellemesi
[4]. Ayrica, mekansal risk degerlendirmesi ekolojide de 6nem tasimaktadir: Kiiresel dlgekte, uzun olta avciligi
faaliyetleri sirasinda kopekbaliklarinin yakalanma riskine maruz kalma durumu, mekansal risk faktorleri i¢in veri
toplama temelinde incelenmistir [S]. Baska bir ¢calismada, Cin'de yabanci istilact bitkilerin yayilma riski, yabanci
bitkilerin dagilim desenlerine dayali olarak incelenmis ve mekansal bir risk degerlendirmesi yapilmistir [6].
Ayrica, toprak ve su kaynaklarinin kirlenmesi durumunda yerel saglik riskini degerlendirmek i¢in mekansal risk
faktorlerinin dikkate alinmasi gereken birgok ¢alisma bulunmaktadir [7-8], viriis ve salgin yayilimi (Winters ve
arkadaglari, 2010; Li ve arkadaglari, 2023). Mevcut caligmada, operasyon bolgesi etrafinda mekansal olarak
dagitilmis risk faktorlerinin bulundugu durumlarda operasyon risk analizleri igin hacimsel yerel risk
modellemesi Onerilmektedir. Bu risk modeli, cevresindeki operasyon bdlgesinin geometrik 6zelliklerine
(6rnegin, mesafe, yollar, ylizey topolojisi, peyzaj iizerindeki dagilim vb.) bagl olarak hacimsel olarak dagitilmis
risk faktrlerine dayali bir operasyonun yerel riskini tahmin eder. Ornegin, tehlikeli maddeler bir alana
dokiildiigiinde risk faktorleri, tehlikeli maddelerden uzakliga, maddenin yerlestirildigi bdlgenin cografi ve
meteorolojik kosullarma baglidir. Bir bagka 6rnek, cerrahi operasyonlarda énemli damarlar ve sinir baglantilari
gibi risk faktorleri, operasyon bolgesinin gevresindeki dokular i¢inde dagitilmistir [9-10].

Bu ¢alismada, beyin biyopsi noktalarinin hacimsel yerel risk puanlari, hacimsel yerel risk modeline gore
hesaplanmis ve norocerrahin damar hasari riski en diisiik olan biyopsi noktalarini tahmin etmesine yardimci
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olmak amaciyla hedef noktaya dogrusal yoriingeleri olan giris noktalar1 icin bir risk haritast elde edilmistir.
Yazarlar, beyin bolgelerinin boliimlendirilmesi ile ilgili ¢aligmalara katkida bulunmustur [11].

Beyin timoriiniin tlrlinii belirlemek, tedavi asamalarini (radyoterapi veya kemoterapi) planlamak icin
onemlidir. Bu nedenle, tiimdrden bir 6rnek almak ve patolojik inceleme yapmak, tedaviyi planlamak i¢in énemli
bir asama haline gelir. Klasik cerrahi, beynin kritik boélgelerinde bulunabilecek patolojik bolgelere ulagsmada
yiksek risk tagir. Giinlimiizde, cerrahi komplikasyon riskini azaltabilecek ve genel anestezi ile kraniotomi
gerektirmeyen stereotaktik veya robotik biyopsi yontemleri tercih edilmektedir [12].

Stereotaktik biyopsi, derin bolgelerdeki timdr dokusundan 6rnek alirken giivenlik endiselerini azaltabilen,
bilgisayar destekli yaygin bir tekniktir ve iki asamadan olusur: Ik asamada, MRI ve CT taramalar1 yapilir ve
beyin cerrahi, MRI ve CT verilerini kullanarak operasyon noktasini planlar. Planlama ¢aligmasinda, tGmor
alaninin merkezi konumu (hedef nokta), beyinde MRI veya CT ile goriilebilen bazi yapilar (AC, PC ve MC
noktalar1) ve kafatasinin tiimdre dogru ilerleyecegi giris noktasi (giris noktasi) belirlenir. Bu operasyonlarda,
cerrahinin klinik 6nemi ve kanamali komplikasyonlar ile nérolojik hasarlara neden olma potansiyeli nedeniyle,
ameliyat sirasinda bir kan damarina zarar vermekten kesinlikle kaginilir. Buna gore, biyopsi noktasi se¢ciminde
bazi 6nemli hedefler su sekilde &zetlenebilir: Delme agikliginin (pin) dogrusal ydriingesinde herhangi bir beyin
damar yapist bulunmamalidir, motor korteks gibi yiiksek islevli bolgeler etkilenmemelidir ve bu kosullar altinda,
hedef noktaya (tiimor bolgesi) olasi kisa mesafe tercih edilmelidir. Bu nedenle, giivenli giris noktalarinin
belirlenmesi, biyopsi cerrahisinin basarist i¢in 6nemli bir asamadir ve delme ydriingesi bolgelerinin etrafindaki
mekansal risklerin degerlendirilmesini ve biyopsi operasyon bolgelerinin risk degerlendirmelerine gore en diisiik
risk noktasinin se¢ilmesini gerektirir.

Literatiirde, otomatik stereotaktik planlama araglarinin kapsamli bir incelemesi Zanello ve digerleri
tarafindan sunulmustur (Zanello, 2021) Zanello ve arkadaslarinin anketi, otomatik yoriinge se¢iminin (kan
damarlarindan uzakliklar 2.47 ila 7.0 mm arasinda degismektedir) cerrahi bolgede manuel ydriinge segimleri
(ndrocerrahlarin kan damarlarindan uzakliklar: 1.96 ila 4.78 mm arasinda degismektedir) ile karsilastirildiginda
daha uzak operasyon yoriingesini kan damarlarina bulabilen otomatik yoriinge se¢iminin dnemini ortaya
koymaktadir ve bu rapor, tibbi uygulamalar i¢in bilgisayar destekli cerrahi planlama aracinin gelistirilmesinin
Onemini ortaya koymaktadir [13]. Hu ve arkadaslari, standart gerceve tabanli stereotaktik biyopsi ile robot
destekli stereotaktik biyopsinin dogruluklarini karsilastirdi (Hu ve arkadaslari, 2022). Hu ve arkadaslari, robot
destekli stereotaktik biyopside giris noktasi hatasi ve hedef nokta hatasmin cgerceve tabanli stereotaktik
biyopsiden daha az olabilecegi sonucuna vardi [14]. Jung ve arkadaslari, 2015 ile 2020 yillar1 arasinda
stereotaktik beyin cerrahileri sonrasi biyopsi komplikasyonlarini inceleyerek biyopsinin giivenilirligi {izerine bir
rapor sundular [15]. Trope ve arkadaslari, otomatik ve manuel yoriinge planlamasimin performanslarimi
incelemek i¢in deneysel bir ¢aligma yaptilar (Trope, 2015). Bu ¢alismada, manuel, gorsel ve otomatik olmak
tizere ii¢ farkli giris noktasi planlama yontemi incelendi. Otomatik yaklasimda, beyin yiizeyi 1000 nokta ile
modellendi ve her bir giris pimi yoriingesi i¢in her noktanin risk puanlari hesaplandi. Calismada, Trope ve
arkadaglari, cerrahi yoriingeye ait her bir vokselin maksimum hacimsel riskini hesaplayan bir risk puani
onerdiler. Bir vokselin hacimsel riski, vokselin en yakin yapiya olan minimum mesafesine boliinmiis yapilarin
tim beklenen risk degerlerinin toplamu ile ifade edilir. (Beklenen risk katsayilarinin degerleri, uzman
ndrocerrahin deneyimine dayanarak saglanmistir) Bu model, cerrahi yoriingenin riskli bir yapiya penetre olma
beklentili riskinin, yapidan yoriingeye olan minimum mesafesine ters orantili oldugunu ima eder. Dolayisiyla,
riskli yapiya yakinligin beklenen risk olasiligini artirdigint gosterir [16].

2. MATERYAL ve METOT

Risk analizi, operasyon bolgesinde dagitilmis olan tiim yerel risk faktorlerinin dikkate alinmasini gerektirir
ve risk puani, operasyon bolgesini gevreleyen bir hacim igindeki tiim risk faktorlerinin toplamu ile tahmin
edilebilir. Bu nedenle, hacimsel yerel risk (Denklem (1)) su sekilde ifade edilebilir:

RiSk(V) = ZV(x,y,z)eV T(x, Y, Z) (1)

V, cerrahi bolgeyi i¢eren bir uzay hacmidir ve R(V) 3B hacim VER”3'nin yerel risk puanidir. r(x,y,z)€[0,1]
, risk skorlama i¢in (X,y,zZ)EV lokasyonundaki mekansal risk faktorlerinin konumdaki katkisini temsil eder.
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MRI veya CT grafiklerinin ayrik veri alaninda calisilmasi nedeniyle (x,y,z) noktast hacimdeki her vokselin
merkezidir. Dogrusal yoriingeli beyin biyopsisi operasyonunun risk puanlamasi i¢in, bir pim beyin ylizey
noktasindan hedef noktaya (tiimor dokusu i¢inde) girerken etkilenen tim dokular1 igerdigi varsayilan silindirik
bir hacim dikkate alinmalidir. Sekil 1, bu silindirik hacmi ve 6nemli parametrelerini gostermektedir.

TE vektorii giris noktasindan hedef noktaya uzanan bir konum vektdrii ve bu vektdr aym zamanda
silindirik hacim V. ‘nin merkez ¢izgisini olusturur. Hedef noktanin altindaki mekansal risk faktorlerini dikkate

almak igin, ﬁ vektoriin uzunlugu giris-hedef noktalar: arasindaki uzakliktan biiyiik olmalidir.

Bu yiizden ”T_E)” = 1.1 * uzaklik(E,T) denklemi kullanilmistir. Geometrik model varsayimlari
sOyle 6zetlenebilir:

i.  Silindirik hacim V., bir pim dogrusal bir yoriinge boyunca girerken aktif olan tiim mekansal risk
faktorlerinin bir hacmi olarak varsayilir.

ii.  Bir voksel noktasindaki (X, y,z) € V, risk faktoriiniin olusma olasiligi, bu noktanin vektériine olan
dik mesafesine (d) oldukga baghdir.

iii. Denklem (1) dogrultusunda, bir voksel noktasinin (x,y,z) mekansal risk faktorii, olusma olasilig1 ile bir
risk indeksi tahsisini agirliklandirarak su sekilde nicelendirilebilir:

r(x,y,z) = P(d).H(x,y,2) 2

Burada, P(d) risk indeksi tahsisinin olugma olasiligini ifade eder. Risk indeksi H(x,y, z), (x,y,z) €

V. noktasindaki dogrusal yoriinge biyopsi operasyonunun beyin dokulari veya beyin fonksiyonlari izerindeki
olumsuz etkileri i¢in ciddiyet derecesi atanmasinda kullanilir. Nokta risk faktdrlerini %0 riskten %100 risk'e
Olceklemek icin tercihen [0,1] araliginda gergek bir deger atanmasi tercih edilir. Bu calismada, sadece
beyindeki vaskiiler sistemle iligkilendirilen risk faktorleri dikkate alinmaktadir. Bu nedenle, yiiksek risk faktori

indeksi H = 1 silindirik risk hacmi V. i¢indeki damar noktalara atamr. V, hacmindeki diger noktalarin en
diisiik degere (H = 0) sahip oldugu varsayilir.

1, (x,y,z) € VeinPs

H(x,y,z) = {0, diger bolgeler ©

Damar Noktalar1 (VeinPs) silindirik hacim V, i¢indeki damar noktalar1 kiimesi (damar ile iligkili voxeller)
ve bu nokta kiimesi, ITKTubeTK veri setinden [17] alinan vaskiiler verilerden elde edilir.
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Sekil 1. ﬁ vektorii ile belirtilen bir pin yoriingesi i¢in silindirik risk hacmi

Damar noktalarmin pin ydriingesine olan mesafesi arttikca, gerceklesme olasilig1 azalir. Olgiilebilir dogal
fenomenler genellikle Gauss dagilimina sahip olma egilimindedir. Bu nedenle, risk faktorlerinin gergeklesme
olasiliginin mesafeye bagimliligini bir Gauss fonksiyonu seklinde temsil etmek dogaldir. Ancak, pin deliklerinin
sifir olmayan kalinligi, olasilik modelinin biyopsi operasyonunun fiziksel dogastyla uyumunu zorlastirir. Fiziksel
diinyaya daha uygun olasiliksal modelleme i¢in, noktalarin mesafesi d ve pin kalinlik parametresine gore
uzamsal risk faktorlerinin gerceklesme olasiligimi modellemek igin parcali Gauss benzeri bir fonksiyon
onerilmektedir.

1 , d<k

P(d, k,0) = { _(d-k)? (4)
e o ,d>k

Burada k parametresi, ignenin maksimum yarigap1 d ise modellenen silindirin yarigapidir. (Pin penetrasyon
stirecindeki hassasiyet sorunlart nedeniyle, daha gercekei risk analizi i¢in pratikte pin agikliinin doku hasari

yarigap1 maksimum pin yaricapi k olarak kullanilabilir.) Standart sapma o, pin yiizeyinden d — k olan mesafeye
bagh olarak gerceklesme olasihiginin azalma egilimini belirler ve ¢ parametresi, gevresel risk bolgesinde risk
faktorlerinin gergeklesme olasiliginin yayilimini ayarlamak i¢in kullanilabilir. Pinin dogrusal bir yoriingeyi takip

TEXVE
edebilmesi nedeniyle, pin yoriingesine dik olan mesafe d = Q formiili ile hesaplanabilir [18], bu

ITE]

formiil bir vektdr noktast VE (bir damar noktasi) ile vektor TE arasindaki dik mesafeyi ifade eder. Sekil 1, k
ve d fiziksel parametreleri ile karakterize edilen yerel risk hacmi iginde iki alt bolgeyi gdstermektedir. Birincisi
pin bolgesi (pin-damar kesismesi nedeniyle en yiiksek risk faktorlerinin bulundugu bolge) ve ikincisi ¢evresel
risk bolgesi (pinin etrafindaki uzamsal risk faktorlerinin yayilimi). Geometrik bir bakis agisiyla, d yarigapi, tiim
uzamsal risk faktorlerinin toplandigi, bir pin giris noktasi Emin hacimsel yerel risk puanina katkida

bulunabilecek silindirik bir risk hacmi V.'yi siirlamaktadir. Gauss benzeri olasilik fonksiyonunun (Denklem (4))
risk hacmi modeli ile olan iliskisini gorsel olarak tanitmak igin, ilgili fiziksel parametreleri ve iliskili alt



MAUN Mihendislik-Mimarlik Fakltesi Dergisi,5(2),1-13,2024/MAUN Journal of the Faculty of Engineering and Architecture, 5(2),1-13,2024
Arastirma Makalesi/Research Article

bolgeleriyle birlikte karsilik gelen pargali Gauss benzeri gerceklesme olasiligi fonksiyonunun bir taslag: da Sekil
S'te ¢izilmistir.

R (VC (ﬁ)) = z:‘\7’(9«7,3/,z)evc(ﬁ) P(d) H(xr Y Z) ®)

Hacimsel yerel risk modeli, hacim %(T_ﬁ) icindeki tiim mekansal risk faktorlerinin (Denklem (5))
toplanmasi nedeniyle bir pin giris noktasinin genel riskini tahmin eder. (Aslinda, bu model, tiim mekansal risk

faktorlerini TE  giizergah1 boyunca ekleyerek pinin uzunlugunu da hesaba katar.) Ancak, giris noktasi se¢imi
asamasinda, bu genel risk degerlendirmesi giris noktast belirleme siirecini yamltabilir. Ornegin, bir giris
noktasinin hacimsel yerel riski baska bir noktadan daha diisiik tahmin edilse bile, risk hacminde ¢ok yiiksek bir
mekansal risk faktorii degeri (1 degeri) olabilir, bu da bir pin-damar kesisimini ve ciddi komplikasyonlara neden
olur. Bu nedenle, giris noktas: segilirken, ¢ok yiiksek mekansal risk faktdrlerine sahip 7(x,y,z) = 1 giris
noktalari, genel risk haritasindan ¢ikarilmalidir.

Cok yiiksek mekansal risk faktorlerine sahip TE giizergahlarini tespit etmek ve ilgili giris noktalarini giris

noktas1 segeneklerinden elemek igin, hacimsel maksimum risk indeksi, Vc(ﬁ) hacminde mekansal risk
faktorlerinin maksimum degerini bularak elde edilebilir:

Tax(G(TE) = max _ {r(xy.2} @

Bu maksimum risk faktorleri, yiiksek riskli noktalari risk haritasindan filtrelemek igin kullanilir. Segilebilir
giris noktalari igeren risk haritasi, hacimsel maksimum risk faktérii géz oniinde bulundurularak ve yiiksek
maksimum risk faktorlerine sahip girig noktalar: ¢ikarilarak olusturulabilir.

R(Vo(TE)) Tmax (V(TE)) < B

— U]
NS Tmax(Ve(TE)) = B

Rs(V.(TE)) = {

Burada 8 € [0,1], mekansal risk faktorleri igin yiiksek risk esigidir. NS etiketi, se¢ilemez noktalar: gosterir
ve bu etiket, ilgili giris noktalari1 beyin cerrahlarinin se¢im listesinden g¢ikarir. Giris noktasi segme islemi,

RS(%(ﬁ)) ile gosterilen segilebilir noktalarin risk haritas: dikkate alinarak gergeklestirilebilir.

Sekil 2, yiiksek risk esigi degeri B = 0.9 ‘a gore secilemez (NS) etiketlemesi i¢in damar ile pin arasindaki
mesafeyi gostermektedir. Bir damar noktasi, dg mesafesinden daha diisiik bir mesafeye diistiigiinde, damar-pin
kesisimlerinin gok yiiksek riskinden dolay1 giris noktast NS olarak atanir. Bu nedenle, yiiksek risk esigi bir
giivenlik esigi olarak degerlendirilebilir.
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A -
Pin Risk | : Cevresel
P(d) Alani : ‘Risk Alani

B=0.9

ecgilemeyen
Bolge
(NS)

Y

Sekil 2. NS olarak etiketlenen yiiksek risk esiginin grafiksel temsili

Onerilen yontem ile gerceklestirilen beyin risk haritalandirilmasinda oncelikle hastanin MRA verisi ve
hastaya ait beyin damar modeli girdi olarak alinir MRA verisinde beyin ¢ikarma islemi yapilir, {ist beyin yiizeyi
kesilir ve damar agaci ile her bir beyin yiizeyi noktalari arasinda olusturulan yoériinge merkezli silindirik
modellerde ihtiva edilen damar hacmi dikkate alinarak bu damar noktalarinin yoriingeye olan dik uzakligina gére
onerilen ydntem igin belirtilen denklem 7 kullanilarak risk hesabi ve  derecelendirilmesi yapilir . Onerilen
yontemin akis semasina ait gorsel sekil 3’da sunulmustur.

ITKTUBETK DATASET

Beyin (ist kabuk
Hasta MRA verisi Beyin
ast beyin yiizeyi kesilir

i HD-BET beyin gikarma !
l risk modellemesi
Damar

A 4

Beyin risk haritasi l risk hesabi
Risk

normalizasyon ve haritalama

A

Sekil 3. Onerilen yontem risk hesab1 ve akis semasi

3. YAZILIM UYGULAMASI ve SIMULASYON CALISMALARI

Simiilasyon c¢aligmasi, Kitware sirketi tarafindan saglanan ITKTubeTK veri seti kullanilarak
gerceklestirilmistir. Bu veri seti, bes farkli yas grubundan (18-29, 30-39, 40-49, 50-59 ve 60+) 100 saglikli
bireyden toplanan T1, T2, MRA ve DTI goriintiilerini igermektedir. Ayrica, 15 kiginin beyin damar agaglar
uzmanlar tarafindan etiketlenmis ve veri setine bir damar modeli olarak kaydedilmistir. Bu nedenle, ITKTubeTK
veri seti, beyin damarlarini ele alan galismalar i¢in ¢ok dnemli bir kaynak haline gelmistir. Sayisal gdsterim igin,
onerilen hacimsel yerel risk skorlama yontemi, Python programlama dili ve Torch kiitiiphanesi kullanilarak agik
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kaynakli 3D Slicer [19-26] programinda uygulanmustir. Sekil 7, dnerilen hacimsel risk skorlama yaklagimi igin
bir sozdizimi kodunu gostermektedir. Bu kod, beyin lineer-trajectory biyopsisinde 3D damar agaci risk
haritalamasini elde etmek icin kullanilmistir. Hesaplama siiresini azaltmak icin, paralel hesaplama yontemleri
kullanilmis ve ndrosirurjilerin bilgisayar destekli giris noktasi se¢im siireci i¢in yerel risk haritalari, yaklasik
259256 beyin veri noktasi i¢in ortalama 48 saniyede elde edilmistir. Bu simiilasyonlar, Intel Core i9-10
cekirdekli islemci, NVIDIA nin RTX A6000 GPU grafik karti, 256 GB RAM gibi bir bilgisayar kullanilarak
gergeklestirilmistir.

Girisler: BrainSurfacePoints,D k,B,&, VeinPs, TargetP
Cikislar: Risks, NotSelects
o= (D —k)/& #standard deviation
for EnterPs in BrainSurfacePoints:
VE = VeinPs — EnterPs
TE = (TargetP — EnterPs) = 1.15
lIpll = lldotProduct(VE, TE)||/ITE |
d = norm(cross(VE,TE)/|ITE||)
CylinderIn = (d < D) A (||lp||l < |ITE||)
Needleln = (d < k)
A = Needleln * 1 + ( Needleln) * exp(—(d — k) /o)? * Cylinderin
Risks.append (3.(4, dim = 1))
NotSelects. append(Z((A = B), dim = 1))
return Risks, NotSelects

Sekil 7. Onerilen risk hesaplama algoritmasinin sézdizimi kodu

Simiilasyon Sonuclar:

Onerilen yaklasim tarafindan otomatik olarak tespit edilen yoriingelerin (Giris-Hedef), iki farkli beyin
cerrahi tarafindan manuel olarak belirlenen biyopsi cerrahisi i¢in belirlenen yoriingelerle karsilastirilarak
degerlendirilmesi i¢in karsilagtirmali bir ¢aligma yapilmistir. ITKTubeTK veri setindeki 15 bireyin MRA
verileri, yoriinge karsilastirmasi ig¢in kullanilmistir. Her birey i¢in damar agaci bilgileri veri setinde mevcuttur.
Baglangigta, MRA verilerinden beyin bdlgesi otomatik olarak HD BET [27] uygulamasi kullanilarak 3D Slicer
programinin uzantilart iginde bulunur. Beyin bolgesinin ¢ikarilmasinda yiiksek dogrulukla, bu uzanti i¢in
ortalama isleme siiresi kisi bagina yaklagik 15 saniyedir. Beyin bolgesinin ¢ikarilmasindan sonra, beyin merkez
noktasi hesaplandi ve bu nokta Hedef Nokta olarak tanimlandi. Hedef noktalarin beyin merkez noktasi olarak
secilmesinin iki avantaji bulunmaktadur. ilk olarak, i¢ bolgelerde hedef noktaya sahip olmak, cerrahlar icin beyin
icindeki bir noktaya ulasmanin zor olacagi anlamina gelir, ¢iinkii damar agaci gibi yapilar1 vurmadan beyin
derinliklerine ulasmak zordur. Ikincisi, tiimér tespit sorunu bu calismanin kapsamm digindadir. Okuyucunun
ilgisini bagka konulara kaydirmamak i¢in, tiimor tespiti faaliyetleri gergeklestirilmemis ve beyin merkez noktasi
tiimor merkezi olarak secilmistir. ilk olarak, 3D Slicer programinda, 15 bireyin MRA verilerinde iki farkli beyin
cerrahi tarafindan manuel olarak belirlenen Giris Noktalarinin kaydedilmesini saglayan kiigiik bir eklenti
yazilimi gelistirilmistir. Her cerrah, deneyimlerine dayanarak MRA wverilerini titizlikle inceleyerek, timor
biyopsi operasyonu i¢in giris noktasini belirlemis, bu noktaya bir isaretgi yerlestirmis ve gelistirilen eklentiyi
kullanarak isaret¢i noktalarini kaydetmistir. Cerrahlar tarafindan manuel olarak belirlenen giris noktalari
belirlendikten sonra, her MRA verisi onerilen yaklasim igin giris noktalari otomatik olarak tespit edilmistir. Bu
boliimde, otomatik veya manuel olarak belirlenen yoriingelerin risk haritas1 iizerindeki etkileri, k ve Beta
parametrelerinin degerlerine dayali olarak incelenecektir. Beyin bdolgesinin {iist yiizeyi, ¢esitli parametre
ayarlarinda farkli renklerle gosterilmektedir. Burada, k biyopsi ignesinin yarigapini temsil eder ve Beta ignenin
giivenlik marjin1 belirtir. k=1 ve Beta=0.999 durumu, giivenlik seviyesinin en aza indirildigi durumu ifade eder.
Bu durumda, damar vokselini vuran yoériinge maksimum risk degerini iiretirken, carpisma olmadigi alanlarda
silindir igindeki toplam risk degeri kullanilir. Beta parametresini 0,999 seviyesinden 0,99 ve 0,9 seviyelerine
indirme, igne etrafindaki giivenli bolgeyi artirir. k=1 ve Beta=0,9 durumunu inceledigimizde, mavi renkle
gosterilen tehlikeli bolgenin beyin ylizeyinin 6nemli bir kismini kapladigini goriiyoruz. Kalan kiigiik parcalardan
girilmesi, yoriingenin boyunca damar agaci ile carpismanin olmadigindan emin olur. k=1 secilmesi, 2mm
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capinda bir igneyi ima eder. Sekildeki ilk slitundaki goriintiiler, yiiksek giivenlik marjia kalin igne baglantisi
eklenerek elde edilir. Ancak, k=1 secildiginde, Beta parametresinin risk haritasi tizerindeki etkisinin diisiik
oldugu gozlemlenir. Bu, kalin bir igne se¢menin, beyin yiizeyinin biiyiik bir kismi i¢in damar yapisina vurma
riski iiretmesi ve Beta parametresinin risk haritasi lizerindeki etkisinin diigitk olmasinin bir sonucudur.

Risk hesaplamasindaki Gauss dagiliminin standart sapmasi, 6 = (D — k) /€ formiiliiyle belirlenir, burada D
ve k parametreleri Gauss dagiliminin yayilma araliini belirler. Bu nedenle, diisiik D degerleri i¢in dar bir
yayilma, yiiksek degerler i¢in ise genis bir yayilma beklenir.

Tablo 1, dnerilen yontemle otomatik olarak tespit edilen ve cerrahlar tarafindan manuel olarak belirlenen
farkli hastalara ait yollarin (Girig-Hedef) kapsamli bilgisini saglar. Tablo 1'deki her bir satir farkli bir hasta igin
olup, caligmaya toplamda 15 hasta dahil edilmistir. Her bir hastaya, iki cerrah ve bir yontemle hesaplanan {i¢
farkli yol istenmistir. Daha sonra, her bir yol i¢in damar agacina dokunma risk degeri (sol), uzunluk (sag) degeri
hesaplanmistir.

Tablo 1'deki risk degerleri dikkatlice incelendiginde, dnerilen yontemin cerrahlara kiyasla daha diisiik riskli
yol noktalarini tespit edebildigi gdzlemlenir. Bu gozlem, tiim 15 hastada gegerlidir ve sasirtict degildir. Onerilen
yontem, hastanin beyin yiizeyindeki tiim noktalari tarar, her nokta i¢in riski hesaplar ve sonunda hesaplanan risk
degesi en diisiik olan yolu seger. Bu nedenle, beyin yiizeyinde 6nerilen yaklasim tarafindan tespit edilen giris
noktasindan daha diisiik bir risk degerine sahip ikinci bir nokta olmadigindan emin olur. Cerrahl, Cerrah2 ve
Onerilen Yontem tarafindan belirlenen 15 hastanin yollar1 icin ortalama risk degerleri sirasiyla 1348, 1495 ve
660 olarak hesaplanmistir. Elde edilen ortalama yol riski sonuglarina gore, onerilen yontem, Cerrahl ve
Cerrah2'ye kiyasla sirasiyla %46,66 ve %53,33 yiiksek oranda daha diisiik riskli yollart belirleyebilir. Bu
sonuglar, 6nerilen yaklasimin diisiik riskli yollar1 belirlemedeki bagarisini agik¢a gostermektedir.

Buna karsin, onerilen yontem tarafindan bulunan en diisiik riskli yolun 10 hastada en kisa mesafeye sahip
oldugu ve 5 hastada en kisa olmadig1 gézlemlenmistir. Uzunluk agisindan her zaman en kisa yolun bulunmamast
beklenen bir sonugtur. Ciinkii bu ¢alisma, vaskiiler yapiya carpma riskini en aza indirmeye odaklanmaktadir. Bu
nedenle, yol uzunlugu parametresi risk formiilasyonuna dahil edilmemistir.

Onerilen yontem ile elde edilen ITKTUBETK data setindeki 27 no’lu hastanin beyin risk haritas1 sekil 4’te
sunulmustur. Risk degerlerine gore en diisiik risk kirmizi en yiiksek risk mavi olacak sekilde renklendirilmistir.

255
227
198
170
142
113
85
57
28

Sekil 4. 27 no’lu hastaya ait beyin risk haritasi
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Onerilen yontem ile elde edilen ITKTUBETK datasetindeki 27 no’lu hastanin risk derecelendirmesi
yapilmis beyin iist kabugu, damar agaci ve hedef nokta (Target) sekil 5’te farkli bir agidan goriintiisii
sunulmustur. Risk degerlerine gore en diisiik risk kirmizi en yiiksek risk mavi olacak sekilde renklendirilmistir.

Risk

255
227
198
170
142
113

Sekil 5. 27 no’lu hastaya ait beyin risk haritast beyin iist kabugu, damar haritasi, hedef nokta ile birlikte

Tablo 1. Onerilen hacimsel yerel risk haritalarina gére en diisiik riskli nokta secimlerinin iki cerrahin manuel cerrahi
isaretlemelerine karsilik gelen risk degerleri ile karsilastirilmasi, risk ve yoriinge uzunluguna gore en iyi degerler kalin
karakterlerle belirtilmistir. (k=10mm,D=30mm,&=3)

Trajeksiyon Risk En lyi Yériingelerin
Degerleri Uzunlugu

Cerrah 1 [Cerrah2 |Onerilen Cerrah 1 |Cerrah2 |Onerilen

1 688 3580 317 70,39 | 70,85 | 63,39
2 1447 973 243 69,74 | 71,25 | 87,02
3 719 720 73 68,53 72,68 72,96
4 1328 1438 860 77,17 76,9 64,51
5 1768 862 531 72,21 | 68,52 63,6
6 1786 1686 833 75,35 | 76,48 | 69,06
7 728 1507 377 67,26 | 59,06 66,38
8 1271 1418 722 84,57 | 82,57 72,32
9 2064 1364 1107 84,12 79,92 65,52
10 2151 2173 1276 79,9 82,22 62,23
11 1884 2172 1051 67,04 65,4 67,8
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12 1142 1348 712 87,42 87 66,98
13 1085 856 395 68,52 81,9 62,84
14 491 302 134 83,66 | 84,17 | 86,21
15 1665 2023 1274 92,89 | 92,95 | 75,48
ORT. | 1348 1495 660 76,58 | 76,79 | 69,75

4. TARTISMA

Beyin tiimorii ameliyatlarinda biyopsi noktalarinin belirlenmesi i¢in sunulan hacimsel yerel risk analiz
modeli, operasyon hacmi i¢indeki mekansal risk faktorlerini dikkate alarak en gilivenli giris noktalarini
belirlemede umut verici sonuglar gostermistir. Risk faktorlerinin genel katkisini tahmin etmek i¢in parcali Gauss
olasilik fonksiyonunun entegrasyonu, risk degerlendirmelerinin dogrulugunu artiran yenilik¢i bir yaklagimdir.
Literatiirdeki risk haritast ¢ikaran yaklasimlar diisiik nokta sayili modeller iiretirken 6nerilen yaklasim yiiksek
nokta sayili hassas modeller iiretebilmektedir. Ayrica literatiirdeki risk hesaplama yaklagimlarinin tamaminda
trajektori boyunca damara degip degmeme durumu kontrol edilir ve trajektorinin riskli veya risksiz olduguna
karar verilir. Buna karsilik 6nerilen yontemde, her bir trajektorinin risk degeri 0-255 araliginda degismektedir.

Onerilen yontemin ana avantajlarindan biri, pin yoriingesinin merkezinde silindirik bir yap1 kullanarak giris
risk haritasi olusturma yetenegidir. Bu yontem, silindir i¢indeki damar voksellerinin mesafesini dikkate alarak
riskin kapsamli bir degerlendirmesini saglar. Sonug olarak, beyin yiizeyi risk degerlerine gore renklendirilir, bu
da diisiik riskli biyopsi noktalarinin daha kolay belirlenmesini saglar.

Iki beyin cerrahi tarafindan isaretlenen 15 hasta verisiyle yapilan dogrulama calismasi, risk modelinin
etkinligini gostermektedir. Sonuglar, otomatik olarak tespit edilen yoriingeler ile deneyimli cerrahlar tarafindan
manuel olarak belirlenen yoriingeler arasinda 6nemli bir korelasyon gostermektedir. Bu, modelin giivenilir bir
sekilde diisiik riskli biyopsi giris noktalarii tahmin edebilecegini ve beyin ameliyatlar1 sirasinda vaskiiler
yaralanma olasiligini potansiyel olarak azaltabilecegini gostermektedir.

Gelecekteki galigsmalar, risk modeline fonksiyonel MRI (fMRI) verilerinin entegrasyonuna odaklanacaktir.
Bu ekleme, cerrahi sirasinda onemli norolojik islevlerin korunmasi agisindan kritik olan fonksiyonel beyin
aktivitesi bilgisini de igerecek sekilde risk degerlendirmelerinin dogrulugunu daha da artirmay: amaglamaktadir.
Bu iyilestirmenin, cerrahi risk manzarasinin daha biitiinsel bir goriiniimiinii saglayarak hasta sonuglarini
iyilestirmesi beklenmektedir.

Hacimsel yerel risk analiz modeli, ayrintili ve dogru risk haritalar1 saglayarak mevcut yontemlere kiyasla
onemli bir ilerleme sunmaktadir. Klinik verilerle yapilan bagarili dogrulama, bu modelin norosiriirjik planlamada
degerli bir ara¢ olma potansiyelini vurgulamaktadir. Ozellikle fMRI verilerinin entegrasyonu, bu modelin daha
giivenli ve etkili beyin tiimorii ameliyatlarin1 destekleme kapasitesini gelistirmeye devam edecektir. Bununla
birlikte calismada kullanilan veri kiimesi hastaya ait damar agaci igerse de calismanin yaygin olarak
kullanilabilmesi i¢in hasta MRA veya MR goériintiillerinin yani1 sira damar agaci modeline de ihtiyag
duyulmaktadir. Bu yiizden ¢aligmanin gercek hayatta uygulanabilirligi beyin damart agaci modelinin de iiretilir
ve ulagilabilir olmasina da baghdir.

5. SONUC

Bu caligmada beynin kritik bolgelerinde olabilen bir noktaya giivenli bir sekilde ulasabilmek igin bir
yaklasim sunulmaktadir. Bu yaklagim, trajeksiyon boyunca beyin damar agacina degme riskinin hesaplanmasi ve
risk degerine gore kafatasinin renklendirilmesine dayanmaktadir. Buna gore cerrahi operasyon esnasinda beyin
cerrahina renkli bir kafatasi haritas1 gosterilerek en dogru noktadan giris yapabilmesi hedeflenmistir. Boylelikle
beyin operasyonlarinda komplikasyon riskini minimize etme konusunda etkileyici sonuglar sunulmakta ve
cerrahlara diistik riskli bolgelerden operasyon yapma imkani tanimaktadir.
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Bu c¢aligmanin ¢iktisi, agik kaynakli 3d Slicer programi igerisinde calisabilen yeni bir beyin hedefleme
yazilimiin gelistirilmesidir. Bu yazilim girdi olarak hastaya ait bir MRA verisini almakta ve ii¢c asamal1 (beyin
modeli tahmini, beyin iist kabuk kisminin elde edilmesi, aday giris noktalarinin iist kabukta beyin vaskiiler yapisi
ve hedef nokta kullanilarak risk degerlerinin hesaplanmasi) bir g¢alisma sonucunda hedefe olan tiim
trajeksiyonlarin risk degerlerini gosteren bir harita iiretilmektedir. Cerrah hedefe ulasabilecegi en az riskli giris
noktasini belirlerken iiretilen haritay: kullanmaktadir.

Onerilen yontemin dogrulama faaliyetleri igin farkli iki norocerrah tarafindan manuel olarak isaretlenmis
trajeksiyonlar kullanilmistir. 15 farkli hastanin MRA verileri kullanilarak yapilan ¢aligmalar sonucunda, 6nerilen
yaklagimin cerraha risk haritasin1 tamamen sunabildigi ve bu sayede serebral vaskiiler ag ile temas riskini
neredeyse ortadan kaldirdigi goriilmistiir. Bir sonraki ¢aligmada, risk haritasimin hesaplanmasinda sadece
vaskiiler yap1 degil, ayn1 zamanda farkli katsayilara sahip beyin fonksiyonel bdlgeleri de dikkate alinacaktir.
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Ozet

Bu derleme, giinlimiiz ve yakin gelecekte karsilasilan gida sorunlarina ve bu sorunlara getirilmesi gereken
yenilik¢i ¢Oziimlere odaklanmaktadir. Niifus artigi, iklim degisikligi, artan gida talebi ve siirdiiriilebilirlik
zorluklari, gida giivenligi ve beslenme kalitesi konularinda ciddi sorunlar yaratmaktadir. Bu baglamda, gida
teknolojisinin rolii, sadece mevcut sorunlar1 ¢ézmekle kalmayip, ayn1 zamanda gelecekteki gida ihtiyaglarim
karsilamak i¢in de kritik 6neme sahiptir. Derlemede, siirdiiriilebilir tarim teknikleri, biyoteknoloji, genetigi
degistirilmis organizmalar, alternatif protein kaynaklar1 ve gelismis gida koruma ve paketleme teknolojileri gibi
yenilik¢i ¢oziimleri ele alinmaktadir. Bu teknolojilerin, gida iiretimini artirma, gida israfini azaltma, gevresel
etkileri minimize etme ve beslenme giivenligini iyilestirme potansiyelleri incelenmektedir. Ayrica, bu
teknolojilerin sosyoekonomik ve gevresel etkileri, tiiketici kabulii ve etik konular1 da tartisilmaktadir. Gelecege
yonelik bakis agistyla, gida teknolojilerinde beklenen gelismeler ve arastirma ve gelistirme i¢in 6ncelikli alanlar
belirtilmektedir. Politika yapicilar, aragtirmacilar ve endiistri icin stratejik oneriler sunulmaktadir. Bu derleme,
gida teknolojisinin gelecekteki gida sorunlarma ¢éziim olarak oynayacagi rolii vurgulamakta ve bu alanda
yapilan arastirmalarin 6nemini ortaya koymaktadir. Sonug olarak, bu ¢aligma, gida teknolojisinin gida giivenligi
ve siirdiirtilebilirligi konusundaki mevcut ve gelecekteki zorluklara nasil katkida bulunabilecegini kapsamli bir
sekilde ele almakta ve bu alanda yapilan ¢alismalar1 desteklemektedir.

Anahtar Kelimeler: Gida Teknolojisi, Gida Giivenligi, Cevresel Etki, Siirdiiriilebilirlik, iklim Degisikligi

Innovative Solutions and Environmental Analysis of Current and Future Food Problems

Abstract

This review explores the pressing current and forthcoming food challenges and the innovative solutions that
are necessary to address them. The rise in population, climate change, escalating food demand, and sustainability
issues are leading to serious food security and nutritional quality concerns. In this context, the role of food
technology is critical not only in resolving existing issues but also in fulfilling future food requirements. The
review evaluates innovative solutions such as sustainable agricultural techniques, biotechnology, genetically
modified organisms, alternative protein sources, and advanced food preservation and packaging technologies.
The potential of these technologies to increase food production, reduce food waste, minimize environmental
impacts, and enhance nutritional security is assessed. Furthermore, the socio-economic and environmental
implications of these technologies, as well as consumer acceptance and ethical considerations, are discussed.
Looking ahead, potential developments in food technologies and priority areas for research and development are
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identified. Strategic recommendations are provided for policymakers, researchers, and industry stakeholders.
This review emphasizes the role of food technology as a solution to future food challenges and underscores the
importance of research in this area. In conclusion, this work comprehensively examines how food technology
can contribute to food security and sustainability in current and future challenges, supporting ongoing research in
this field.

Keywords: Food Technology, Food Security, Environmental Impact, Sustainability, Climate Change
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ile lisanslanmistir.

1. GIRiS

Gida giivenligi ve siirdirtilebilirligi, 21. ylizyilin en acil kiiresel zorluklarindan biridir. Birlesmis Milletler
Gida ve Tarim Orgiitii (FAO) tarafindan yapilan tahminlere gore, 2050 yilina kadar diinya niifusunun 9.7 milyara
ulagsmas1 beklenmektedir [1]. Bu hizli niifus artig1, gida sistemlerimiz {izerinde biiyiik bir baski yaratmakta ve
gida giivenligi ile siirdiiriilebilir tarim uygulamalarini 6n plana ¢gikarmaktadir. Ayrica, iklim degisikligi, tarimsal
iiretim {izerindeki etkileriyle gida giivenligini daha da tehlikeye atmaktadir. Ornegin, kiiresel 1s1nmanin tarimsal
verimlilik iizerindeki olumsuz etkileri, gida iretimindeki disiislere ve dolayisiyla gida fiyatlarinda artisa yol
acabilir [2].

Mevcut ve yakin gelecekteki gida sorunlari, sadece niifus artist ve iklim degisikligi ile sinirh degildir. Gida
israfi, diinya genelinde ciddi bir sorun olusturmaktadir. FAO'un raporlarina gore, diinya genelinde iiretilen
gidanin yaklagik ticte biri israf edilmekte veya kaybedilmektedir [3]. Bu durum, gida giivenligini tehdit ederken,
aynt zamanda gevresel siirdiiriilebilirlik agisindan da biyiikk bir kayiptir. Gida israfinin azaltilmasi, gida
giivenliginin artirilmasi ve g¢evresel etkilerin minimize edilmesi i¢in kritik 6neme sahiptir. Gida teknolojisinin bu
sorunlara potansiyel ¢oziimleri, yenilik¢i ve siirdiiriilebilir yaklasimlar sunmaktadir. Ornegin, biyoteknoloji ve
genetik miihendisligi, tarimsal verimliligi artirmak ve bitkilerin hastalik ve kurakliga karst direncini
giiclendirmek icin kullanilmaktadir [4]. Ayrica, gida isleme ve koruma teknolojilerindeki yenilikler, gida israfini
azaltmak ve gida giivenligini artirmak icin Onemli firsatlar sunmaktadir. Ornegin, gelismis paketleme
teknolojileri ve gida koruma yontemleri, gida Omriinii uzatarak israfi azaltabilir [5].

Gida teknolojisinin bu sorunlara getirecegi ¢oziimler, sadece teknik ve bilimsel yonleriyle degil, ayni
zamanda sosyoekonomik ve ¢evresel etkileriyle de degerlendirilmelidir. Surdiirtilebilir gida tiretimi ve tiiketimi,
kiiresel gida giivenligi ve gevresel siirdiiriilebilirligin saglanmasinda kilit rol oynamaktadir. Bu nedenle, gida
teknolojisinin gelisimi, multidisipliner bir yaklasim gerektirmekte ve politika yapicilar, aragtirmacilar ve endiistri
tarafindan dikkatle ele alinmalidir. Bu derleme, gida teknolojisinin mevcut ve gelecekteki gida sorunlarina
getirebilecegi yenilik¢i ¢oziimleri, etkili ve giincel referans bilgileriyle destekleyerek, bu alandaki arastirmalarin
ve politikalarin yonlendirilmesine katkida bulunmay1 amaglamaktadir.

2. MEVCUT GIDA SORUNLARI

2.1. Niifus Artis1 ve Gida Talebinin Artmasi

Diinya niifusunun siirekli artisi, gida talebinde 6nemli bir artisa yol agmaktadir. Birlesmis Milletler'in
tahminlerine gore, 2050 yilina kadar diinya niifusu 9.7 milyara ulagsacak ve bu durum, mevcut gida iiretim
sistemlerinin stirdiiriilebilirligini ciddi sekilde sorgulamaktadir [6]. Niifus artisi, 6zellikle gelismekte olan
iilkelerde, gida giivenligini tehdit eden bir faktdr olarak ortaya ¢ikmaktadir. Bu artan talebi karsilamak i¢in, gida
iretim sistemlerinin verimliligini artirmak ve kaynak kullanimimi optimize etmek zorunlulugu dogmaktadir [7].
Oncelikle, diinya genelinde insanlarin saghgi, yasamlari siirdiirebilmeleri igin yeterli ve giivenli gidaya
ulagmalar1 ve dengeli beslenebilmeleri oldukca gereklidir. Bu gereksinimin nedeniyle giivenli ve saglikli gidanin
iretimi ve tiiketimi zorunludur fakat diinya niifusundaki hizli artis ve buna bagli olarak artan gevre kirliligi,
ekonomik giigsiizliik ve egitimsizlik beslenme sorunlarini da beraberinde getirmektedir [8].
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2.2. Iklim Degisikligi ve Tarimsal Uretim Uzerindeki Etkileri

Iklim degisikligi, tarimsal iiretim {izerinde ciddi etkilere sahiptir. Artan sicakliklar, degisen yagis modelleri
ve asirt hava olaylari, tarim alanlarint olumsuz etkileyerek gida iiretimini diistirmektedir [2]. Bu durum, 6zellikle
su kaynaklarmin sinirhi oldugu boélgelerde ve kuraklik riskinin yiiksek oldugu alanlarda ciddi sorunlara yol
acmaktadir. iklim degisikligi, ayn1 zamanda tarimsal hastaliklarin ve zararhilarin yayilimini da etkileyebilir, bu
da gida giivenligini daha da zorlastirmaktadir [9]. Ayrica gida israfi da kiiresel gida sisteminin en biiyiik
sorunlarindan biridir. FAO'nun raporlarina gore, diinya genelinde iretilen gidanin yaklasik iigte biri israf
edilmekte veya kaybedilmektedir [3]. Gida israfi, iiretimden tiiketime kadar olan siirecte meydana gelmekte ve
hem gelismis hem de gelismekte olan iilkelerde ciddi kaynak kayiplarma yol agmaktadir. Gida dagitimi ve

artirmaktadir.

2.3. Beslenme ve Gida Giivenligi

Beslenme giivenligi, yeterli, giivenli ve besleyici gidaya erisimin saglanmasi anlamina gelir. Diinya Saglik
Orgiitii (WHO) ve FAO, beslenme giivenliginin sadece yeterli miktarda gida bulunmasini degil, ayn1 zamanda
gidanin kalitesini ve besin degerini de kapsadigini vurgulamaktadir [10]. Gida kalitesi, gida giivenligi ve halk
saglig1 i¢in kritik 6neme sahiptir. Gida kalitesinin iyilestirilmesi, beslenme eksikliklerinin 6nlenmesi ve kronik
hastaliklarin azaltilmasi igin 6nemlidir.

3. GIDA TEKNOLOJISINDEKI YENILIKLER
3.1. Siirdiiriilebilir Tarim Teknikleri ve Akillt Tarim Uygulamalari

Siirdiiriilebilir tarim teknikleri ve akilli tarim uygulamalari, gida iretimini artirirken cevresel etkiyi
azaltmayr hedeflemektedir. Bu teknikler, su ve enerji kullanimini optimize eder, toprak sagligini korur ve
verimliligi artirir. Ornegin, hassas tarim uygulamalari, veri analizi ve uydu goriintiileme teknolojilerini
kullanarak, tarim alanlarinin daha etkin yonetilmesini saglar [11]. Akilli tarim uygulamalari, sensor teknolojileri
ve yapay zeka kullanarak, bitki saglig1 ve toprak kosullarini izler ve tarimsal girdilerin daha etkin kullanilmasini
saglar [12].

3.2. Biyoteknoloji ve Genetigi Degistirilmis Organizmalar

Biyoteknoloji ve genetigi degistirilmis organizmalar (GDO), gida giivenligi ve siirdiiriilebilirlik sorunlarina
yenilik¢i ¢oziimler sunmaktadir. GDO'lar, hastalik ve zararlilara karsi direngli, kuraklik ve tuzluluk gibi ¢evresel
streslere dayanikli bitki cesitlerinin gelistirilmesini saglar. Bu teknolojiler, aynm1 zamanda besin degeri yiiksek
gidalarin tiretimine olanak tanir [13]. Biyoteknolojinin kullanimi, gida iretiminde verimliligi artirirken, ¢evresel
etkiyi azaltma potansiyeline sahiptir.

3.3. Alternatif Protein Kaynaklar1

Alternatif protein kaynaklari, geleneksel hayvansal protein kaynaklarina siirdiiriilebilir ve etik alternatifler
sunmaktadir. Laboratuvar ortaminda tretilen et, hayvan hiicrelerinden yararlanarak gercek etin laboratuvar
kosullarinda iiretilmesini saglar ve hayvan refahi ile c¢evresel siirdiiriilebilirlik konularinda 6nemli avantajlar
sunar [14]. Bitki bazli proteinler ise, soya, bezelye ve mercimek gibi bitkilerden elde edilir ve hayvansal
proteinlere karsi siirdiiriilebilir bir alternatif olusturur [15].

3.4. Gida Koruma ve Paketleme Teknolojilerindeki Yenilikler

Gida koruma ve paketleme teknolojilerindeki yenilikler, gida dmriinii uzatmak ve gida giivenligini artirmak
icin kritik 6neme sahiptir. Akilli paketleme sistemleri, gida bozulmasini izleyerek tiiketicilere bilgi saglar ve gida
israfin1 azaltmaya yardimci olur [16]. Nanoteknoloji tabanl paketleme malzemeleri, gida kalitesini korurken,
mikrobiyal biiylimeyi engelleyebilir ve gida gilivenligini artirabilir [17].

4. GIDA TEKNOLOJIiSiNiN SOSYOEKONOMIK VE CEVRESEL ETKILERi



MAUN Mihendislik-Mimarlik Fakltesi Dergisi,5(2),14-19,2024/MAUN Journal of the Faculty of Engineering and Architecture, 5(2),14-
19,2024 Derleme Makalesi/Review Article

Gida Teknolojilerinin Ekonomik Etkileri ve Erisilebilirligi: Teknolojinin geligsmesi, sanayilesme, egitim
diizeyinin, ekonomik ve sosyal refahin artmasi insanlarin gidalara ve saglikli beslenmeye olan ilgisini arttirmistir
[18]. Gida teknolojilerinin gelisimi, ekonomik etkileri ve erisilebilirligi agisindan énemli bir konudur. Yenilik¢i
gida teknolojileri, iiretim maliyetlerini diisiirebilir ve gida iiriinlerinin verimliligini artirabilir, bdylece gida
fiyatlarin1 diisiirme potansiyeline sahiptir [7]. Ancak, bu teknolojilerin gelismekte olan iilkelerdeki kiiclik
ciftgilere erisimi, teknolojik ve finansal engeller nedeniyle sinirli olabilir. Bu durum, gida teknolojilerinin
faydalarinin esit bir sekilde dagitilmasini engelleyebilir ve sosyoekonomik esitsizlikleri artirabilir [19].

4.1. Cevresel Siirdiiriilebilirlik ve Karbon Ayak Izinin Azaltilmasi

Siirdiiriilebilir gida {iretiminde, her insanin yeterli miktarda gidaya erisimi saglanirken, dengeli ve saglikli
besinlerin eldesi, mevcut dogal kaynaklarin ve iklimin zarar gérmemesi amaglamaktadir. Bu amaclar dikkate
alinarak {iretilen gidanin erisilebilirligi, giivenligi ve yiiksek besin degeri, liretimi esnasinda tiiketilen temiz su
miktari, kiiresel 1sinma potansiyeli (kg CO2 bazinda), ozon tabakasina etkisi, fosil yakit tiiketimi vb. ilgili
parametrelerin de diisiik olmasi ve olusturdugu atiklarin uygun sekilde bertarafi gerekmektedir [20].

Gida teknolojilerinin ¢evresel agidan siirdiiriilebilirligi dikkate alindiginda; karbon ayak izinin azaltilmasi
konusu olduk¢a 6nem arz etmektedir. Yenilik¢i tarim teknikleri ve gida isleme yontemleri, su ve enerji
kullammini azaltabilir ve sera gazi emisyonlarini diisiirebilir [21]. Ornegin, alternatif protein kaynaklari,
geleneksel hayvansal protein iiretimine kiyasla daha diisiik ¢evresel etkiye sahiptir. Laboratuvar ortaminda
tiretilen et ve bitki bazli proteinler, karbon ayak izini ve su kullanimini 6nemli 6lgiide azaltabilir [22].

4.2. Tuketici Kabulii ve Etik Konular

Gida teknolojilerinin tiiketici kabulii ve etik konulari, bu teknolojilerin basarisinda 6nemli bir rol
oynamaktadir. Tiketicilerin gida teknolojilerine kars1 tutumlari, kiiltiirel, sosyal ve kisisel faktorlere bagl olarak
degisebilir. Ozellikle genetigi degistirilmis organizmalar ve laboratuvar ortaminda iiretilen et gibi yenilik¢i gida
tirtinleri, tiiketici endiselerini ve etik tartismalar1 glindeme getirebilir [23]. Bu nedenle, tiiketici egitimi ve seffaf
bilgilendirme, bu teknolojilerin toplum tarafindan kabul edilmesi igin kritik neme sahiptir.

5. GELECEGE BAKIS

Yakin Gelecekte Gida Teknolojilerinde Beklenen Gelismeler: Yakin gelecekte, gida teknolojilerinde dnemli
gelismeler beklenmektedir. Bu gelismeler, 6zellikle yapay zeka ve makine 6grenimi, gen diizenleme teknolojileri
ve nanoteknoloji gibi alanlarda yogunlasacaktir. Yapay zeka, tarim ve gida iretiminde verimliligi artirmak igin
kullanilabilirken, gen diizenleme teknolojileri, daha dayanikli ve besleyici gida firiinlerinin gelistirilmesine
olanak taniyacaktir [24]. Nanoteknoloji ise, gida paketleme ve koruma alaninda yenilik¢i ¢oziimler sunarak gida
giivenligini ve raf Omriinii artiracaktir [17].

Arastirma ve Gelistirme igin Oncelikli Alanlar: Gida teknolojilerinde arastirma ve gelistirme faaliyetleri,
siirdiiriilebilirlik, verimlilik ve gida giivenligi odakli olmaldir. Oncelikli alanlar arasinda, iklim degisikligine
dayanikli tarim trlinleri gelistirilmesi, gida israfin1 azaltacak yenilik¢i teknolojiler ve alternatif protein
kaynaklarmin gelistirilmesi bulunmaktadir. Ayrica, tiiketici sagligi ve beslenme lizerine odaklanan gida bilimi
arastirmalar1 da 6nem tasimaktadir [7].

Politika Yapicilar, Arastirmacilar ve Endiistri icin Oneriler: Politika yapicilar, arastirmacilar ve endiistri,
gida teknolojilerinin gelisimini desteklemek i¢in birlikte c¢alismalidir. Politika yapicilarin, yenilik¢i gida
teknolojilerinin arastirilmasi ve gelistirilmesi i¢in uygun diizenlemeleri ve tesvikleri saglamasi gerekmektedir.
Arastirmacilar, siirdiiriilebilir ve etik gida teknolojileri {izerine odaklanmali ve endiistri ile isbirligi iginde
olmalidir. Endiistri, yenilik¢i teknolojilerin ticarilestirilmesi ve genis capta uygulanmasi i¢in gerekli yatirimlari
yapmali ve tiiketici egitimi ve seffaflik konularina 6ncelik vermelidir [19].

12. Kallinma Plam (2024-2028): Mevcut kalkinma planminda gida giivenligi ve gida teknolojilerine ait
hedefler mevcuttur. Bu hedeflerin bir kusma;

e (ida giivenligini teminen israfin 6nlenmesi, etkin stok yonetimi ile pazarlamaya yonelik altyap: ve
uygulamalarin gelistirilmesi saglanacaktir.

e  (Gida giivenilirligini teminen altyapinin iyilestirilmesine yonelik yatirimlar stirdiiriilecek, gida denetimi,
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bitki ve hayvan hastalik ve zararlilariyla miicadele hizmetleri etkinlestirilecektir.

e  Cevrenin korunmasi ve iklim degisikligi ile miicadele kapsaminda tarim sektoriinde sera gazi saliminin
azaltilmasi i¢in ¢evre dostu tarimsal uygulamalar desteklenerek yayginlastirilacaktir.

e Uriin giivenilirligini artirmak ve dogal kaynaklarin siirdiiriilebilir kullanimina katk1 saglamak amaciyla
iyi tarim uygulamalar1 ve organik tarim desteklenecektir.

e  Gida giivenligi ve giivenilirliginin saglanmasina yonelik basta tarimda girdi kullanimi, bitki ve hayvan
sagligi, orgilitlenme, pazarlama ve sulama konularinda olmak iizere egitim ve yayim faaliyetleri sosyal medya
dahil bilgi ve iletisim teknolojilerinden etkin bir sekilde faydalanilarak artirilacaktir.

seklindedir. Bu maddeler incelendiginde; gida giivenligi ve teknolojisinin ¢evresel ve ekonomik etkilerinin
oldukca 6nemli oldugu goriilmektedir [25].

6. SONUC

Bu derleme, gida teknolojilerinin mevcut ve gelecekteki gida sorunlarina getirebilecegi ¢oztimleri kapsamli
bir sekilde ele almistir. Ana bulgular, siirdiiriilebilir tarim teknikleri, biyoteknoloji, alternatif protein kaynaklari
ve gida koruma ve paketleme teknolojilerindeki yeniliklerin gida giivenligi ve siirdiiriilebilirligi tizerindeki
potansiyel etkilerini vurgulamaktadir. Bu teknolojiler, niifus artigi, iklim degisikligi, gida israfi ve beslenme
giivenligi gibi kiiresel zorluklara yenilik¢i ¢oziimler sunmaktadir. Gida teknolojisinin, gelecekteki gida
sorunlarina ¢6ziim olarak oynayacagi rol hem ekonomik hem de ¢evresel siirdiiriilebilirlik agisindan kritik dneme
sahiptir. Gida teknolojileri, gida {iretimini artirma, gida israfin1 azaltma ve cevresel etkileri minimize etme
potansiyeline sahiptir. Ayrica, tiiketici saglig1 ve beslenme {izerine olan etkileri, bu teknolojilerin gelisiminde
onemli bir odak noktas1 olmalidir.

Arastirma ve politika gelistirmede atilacak sonraki adimlar, bu teknolojilerin siirdiiriilebilir ve etik bir
sekilde gelistirilmesini ve uygulanmasini desteklemelidir. Politika yapicilar, arastirma ve gelistirme faaliyetlerini
tesvik etmeli ve uygun diizenlemeleri saglamalidir. Arastirmacilar, multidisipliner yaklasimlar benimseyerek,
gida teknolojilerinin sosyoekonomik ve gevresel etkilerini daha iyi anlamak i¢in ¢alismalidir. Endiistri, yenilikgi
teknolojilerin ticarilestirilmesi ve genis ¢apta uygulanmasi icin gerekli yatirimlar1 yapmali ve tiiketici egitimi ve
seffaflik konularina oncelik vermelidir. Bu yaklasimlar, gida teknolojilerinin gelecekteki gida sorunlarina etkili
¢Oziimler sunmasini saglayacak ve kiiresel gida giivenligi ve siirdiiriilebilirligine katkida bulunacaktir.
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Abstract

Synchronous generators (also known as alternators) used in conventional vehicles can also be used to charge batteries in
power systems of hybrid electric vehicles. As the alternator type, a synchronous generator with a claw pole (CPSG) is
generally preferred, which has similar features to quadrature-axis flux synchronous generators. The pole structures of CPSGs
are mostly excitation winding, but they can be designed as permanent magnets in recent years. In this study, comparative
electromagnetic modeling and simulation of a 0.55 kVVA rated power and 4-pole permanent magnet CPSG according to the
core material type was performed with ANSYS-Electronics software. The performance of the proposed new generation core
materials as amorphous and JFE supercore is investigated in comparison with the conventional core material (SiFe alloy).
Thus, it has been determined that the JFE supercore material is a much more suitable core material in the stator design of
CPSGs in terms of improving the performance in terms of core losses and efficiency. Comparative simulation studies have
reported that the highest efficiency of approximately 87% is achieved using new generation core materials such as amorphous
and jfe supercore. In addition, it was emphasized that a more compact generator could be designed thanks to the new
generation core materials with high electromagnetic characteristics and the power density of a much higher kVA/kg.

Keywords: Claw-Pole Synchronous Generator, New Generation Core Materials, Core Losses, Finite Element Analysis
(FEA) Modelling.

Pence-Kutuplu Senkron Generatorlerde Yeni Nesil Cekirdek Malzemelerin Kullanimiyla Performans
Artisi

Ozet

Geleneksel tasitlarda kullanilan senkron generatorler (alternatdr olarak da bilinir) hibrit elektrikli tasitlarin giig
sistemlerindeki bataryalari sarj etmek i¢in de kullanilabilir. Alternator tipi olarak genellikle, kare-eksen akili senkron
generatdrlere benzer ozelliklere sahip pence kutuplu senkron generatdr (CPSG) tercih edilir. CPSG'lerin kutup yapilari
¢ogunlukla uyarma sargilidir, ancak son yillarda kalict miknatishi olarak da tasarlanabilmektedir. Bu ¢aligmada, 0,55 kVA
anma giicline sahip ve 4 kutuplu kalici miknatisli bir CPSG'nin ¢ekirdek malzeme tipine gore karsilastirmali elektromanyetik
modellemesi ve benzetimi ANSYS-Electronics yazilimi ile yapilmustir. Onerilen yeni nesil cekirdek malzemelerinin
performansi amorf ve JFE super ¢ekirdek olarak gelencksel ¢ekirdek malzemesi (SiFe alasimi) ile karsilagtirmali
incelenmigtir. Boylece, JFE siiper¢ekirdek malzemesinin, gekirdek kayiplari ve verimlilik agisindan performansi iyilestirme
agisindan CPSG'lerin stator tasariminda ¢ok daha uygun bir ¢ekirdek malzemesi oldugu belirlenmistir. Gergeklestirilen
karsilastirmali benzetim calismalart ile en yiiksek verimin yaklasik %87 olarak amorf ve jfe supercore gibi yeni nesil niive
materyalleri kullanilarak saglandig1 rapor edilmistir. Ayrica, yiiksek elektromanyetik 6zelliklere sahip yeni nesil ¢ekirdek
malzemeleri ve ¢ok daha yiiksek kVA/kg giic yogunlugu sayesinde daha kompakt bir generator tasarlanabilecegi
vurgulanmustir.

Anahtar Kelimeler: Penge-Kutuplu Senkron Generator, Yeni Nesil Cekirdek Malzemeleri, Cekirdek Kayiplari, Sonlu
Elemanlar Analizi (SEA) Modellemesi
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NOMENCLATURE

Bm Magnetic flux density (Tesla) Greek Symbols

Epn Induced phase voltage of stator windings (Volts) Va Direct axis of stator phase fluxes

f Frequency (Hertz) Vq Quadrature-axis of stator phase fluxes
Ke Coefficients for the eddy-current losses 4 Phase angle

Kn Coefficients for the hysteresis losses (0] Magnetic flux (Weber)

Kwi Coefficient of stator windings dm Maximum flux (Weber)

Nw Number of turns for stator winding ur Relative permeability

Rc Stator winding resistance nr Rotor speed (rpm)

Xq Direct-axis reactance ® Angular synchronous speed (rad./sec.)
Xq Quadrature-axis reactance R Magnetic circuit reluctance

Teog Cogging torque of synchronous generators 0 Rotor position angle

@@@@ Bu makale Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0) License
BY NC SA

ile lisanslanmustir.

1. INTRODUCTION

To obtain electrical energy, different types of generators with rated power values ranging from a few kW to
MW levels with varying design concepts depending on the usage area have been developed. Historically, the
squirrel-cage induction generator has often been used commercially. A second popular type is the wound rotor
generator, and the third is the separately excited synchronous generator. In this context, replacing the rotor
excitation winding with permanent type magnets in a synchronous machine does not require the use of additional
electrical and mechanical devices such as field windings, brush-ring arrangement, and excitation generators. At
the same time, it is highly advantageous that a simple rotor design with direct drive (without gearbox) allows
higher efficiency to be achieved with lower temperature rise and power loss. Permanent magnet synchronous
machines are designed with three different rotor topologies: surface-mounted permanent magnets, embedded
permanent magnets, and claw-pole configuration [1]. CPSGs are frequently preferred as automobile, wind and
hydroelectric generators in the past literature due to their simple structure, multipolar design and low
manufacturing costs. Thus, the high number of poles makes CPSGs an important alternative in variable speed
systems such as automobiles. Permanent magnets replace the excitation coil in the rotor and increase the overall
efficiency of the synchronous machine [2].

Traditionally, the claw-pole synchronous generator (CPSG) has been used with 100-200 W DC-excited
power to the rotor and has been used only with controlled diode rectified output in road vehicles since 1975 due
to its low cost, easy manufacturing, and high reliability despite the DC-conducting rings and brushes to the
excitation windings. However, the overall efficiency (with diode rectifier, DC excitation, stator core, rotor claw
eddy current and mechanical losses) is moderate (about 70% at 2.5 kW at 14 V DC and 6000 rpm). While using
copper (aluminum) coils to increase the winding fill factor of the stator slots and thus further reduce copper
losses, research continues the use of soft magnetic composites in core structures to reduce losses in the rotor,
especially in the stators. [3, 4]. CPSGs are widely used for automobile generators. In addition, with the increase
in hybrid and electric components in automobiles in recent years, the electrical power requirements have
increased. For this reason, studies on the design and performance improvements of claw pole alternators,
especially in hybrid electric vehicles (HEVS), have become one of the most important issues in automobile
technologies [5]. The popularity of this type of generator is mainly due to the compact structural features of the
multipole rotor design (integrating in a low volume) and the heteropolar structure of its rotor, which provides a
distinctive electricity generation capability. However, despite these advantages, the CPG has two major
drawbacks: its low efficiency, mainly due to the structural claw feature at the poles and the leakage fluxes
between the poles, the use of a brush-ring system to feed the magnetic field in the rotor in types with excitation
windings [6, 7, 8].

According to the degree of hybridization, hybrid vehicles can be divided into three categories: micro hybrid,
mild hybrid, and heavy hybrid [9]. The electric motor of micro-hybrid vehicles is connected to the internal
combustion engine via a belt-pulley system. When the internal combustion engine is idling for a long time, the
control system in the vehicle automatically stops the engine. When the car needs to be restarted, the electric
motor as the starter will quickly pull the engine from the belt to idle speed to realize the restart of the internal
combustion engine. In other normal driving conditions, this electric motor is driven by the internal combustion
engine (ICE) to generate electricity that powers the electrical devices and batteries inside the vehicle. Thus, the
CPSG operates both as a starter motor and as a generator to generate electricity, so it is also called a belt-driven
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starter generator (BSG). It uses low carbon steel (Steel 1008) as a base [10]. Therefore, many automakers are
working on the standardization of this type of technology for all ICEs, gasoline, or diesel, small or large. The
purpose of the electric machine used in a starter-alternator system is to both start the internal combustion engine
and charge the lead-acid battery [11].

The development of more electric vehicles has been an important trend worldwide, driven by increasing
energy consumption, the gradual reduction of fossil fuels and environmental protection concerns [12]. So far, the
all-electric vehicle has suffered from issues such as a limited driving range and more time consumption for
battery charging compared to refueling. Therefore, for now, HEVs can be considered a better transition option
[13].

Claw pole alternators are a type of winding field synchronous machine with salient pole structure that can
generate electricity in the stator coils, where the rotor acts as an electromagnet. It has been widely used in
automobiles for many years to power batteries through the three-phase rectifier circuit as shown in Figure 1 [14].
In addition, a study conducted for six-pulse rectifier (three-phase full bridge rectifier circuit) load cases CPSG
modeled with ANSYS-Maxwell 3D software. Filter circuits have been proposed for terminal voltage and current
harmonic distortion problems for power quality [15]. Thus, the use of low-pass type filters significantly reduces
the terminal voltage and current harmonic distortion levels for a six-pulse rectifier load [16].
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Figure 1. The basic topology of three-phase rectifier circuit connected to CPSGs

A permanent magnet claw pole machine can solve the mechanical problem in the brush-ring system and
increase the power density (KVA/kg) and efficiency by reducing the dimensions of the permanent magnet (PM)
excitation type machine [17]. On the other hand, the hybrid excitation method is very suitable for the power
system of electric vehicles because of the difficulty of voltage adjustment in PM type excitation method and
being easily affected by temperature changes [18, 19, 20]. In [21], the mechanical performance of a CPSG is
calculated using 3D finite element analysis (FEA). Thus, the CPSG core volume was successfully reduced to
78% and the amount of permanent magnet used was also reduced by 4%. The air gap distance between the stator
and rotor parts of claw pole alternators is greater than that of conventional salient pole generators. Thus, CPSGs
have more air circulation and the more easier cooling [22]. On the other hand, new design approaches proposed
in recent years are PMSG with permanent magnet excitation in the rotor and the phase windings only in the
stator. The rotor of CPSGhas four pieces of poles and is based on electromagnetic modeling and simulation
studies using FEA software [13, 23].

In this study, a comparative modeling of a CPSG with 0.55 kVA rated power and 4 piece of PM poles, with
a rated speed of 1500 rpm, was performed using FEA software. Comparative simulation studies were conducted
for the case of using classical non-oriented M19 core (3% SiFe), JFE supercore material (10JNEX900) and
amorphous core material (2605SA1) as stator core material. Thus, various suggestions have been made in terms
of performance enhancement, reducing power losses, and improving efficiency, for the use of new generation
core materials for CPSGs.



MAUN Muhendislik-Mimarlik Fakiltesi Dergisi,5(2),20-38,2024/MAUN Journal of the Faculty of Engineering and Architecture,5(2),20-
38,2024 Arastirma Makalesi/Research Article

2. MATERIALS and METHODS

In recent years, soft magnetic composite materials have gained popularity due to their many unique
properties such as high magnetic isotropy [24], much lower core losses, great mechanical design flexibility in
magnetic circuit elements such as inductors, transformers and electric motors/generators, and great potential for
mass production at very low cost. Research and development studies on technological development and their
application in electromagnetic devices have become very popular [25].

When designing electric motors or generators with new generation core materials, the accuracy of
simulation studies is very important before prototype production in determining the real energy savings that can
be expected from a new technology that is improved electrically and mechanically. In claw-pole generator
design, modeling and simulation studies, it becomes very difficult to examine the control laws such as
electromagnetic theory related to the realistic design of electrical machines, the temperature increases of the
generator and the efficiency of the obtained electrical energy with classical methods [26]. In this section, a brief
technical comparison of the classical core material and the new generation core materials is made. Also, the
electromagnetic modeling approach and the steps of simulation studies are explained with the FEA software.

2.1. Technical Comparison of the Core Materials

Today, the need to increase the efficiency of electrical machines and the magnetic materials used in the core
structures provide less specific power losses thanks to thinner and higher magnetic flux density materials. The
biggest problem in generator design in general is that the manufacturing process can be subjected to mechanical
stress and thermal stress that can degrade the magnetic quality of the core materials. In addition, with the current
knowledge, the rate of deterioration of the core materials during generator manufacturing is not linear and cannot
be predicted exactly. Therefore, the magnetic measurement techniques must be developed and applied to assess
the quality of core materials at various stages of the manufacturing [27, 28].
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Figure 2. B-H curve comparison of the core materials, (2) M19_24G, (b) 2605SA1 core, (c) 10JNEX900
core.

In order to obtain the properties of magnetic materials used in the stator and rotor core parts of electric
motors and generators in general, core material manufacturers present them as datasheets after experimental
studies according to IEC 60404-6. B-H curves are magnetization curves describing the saturation flux and
magnetic field strength values of the materials. In addition, specific power loss values for flux values up to
saturation point according to operating frequency values are given with graphics.

The technical specs of the core materials are given in the material library of the FEA software, and if a
different material is to be used, the B-H values and the B-P values showing the specific power losses can be
added to the material library of the software. B—H curves of three different core materials used in this study are
given in comparison with Figure 2 (a), (b), and (c), respectively [29]. As the supply frequency increases in
asynchronous motors, the losses in the magnetic core increase and gradually begin to dominate. Therefore,
lamination of reduced specific power losses, especially amorphous steel and JFE supercore, is recommended to
increase efficiency in such machines. However, such laminations tend to have lower repellent magnetizing
properties, which may affect the running characteristics of the motor, and are referred to as soft core material
[30].

Table 1. Comparison the technical specs of the core materials [31,32,33,34,35,36]

Parameters Core Material Type

Conventional Amorphous JFE
Material Content FeSi(3%) Fe(80%)Si(9%)B(11%) FeSi(6.5%)
Saturation Flux Density [T] 1.7 1.56 1.9
Relative Permeability, [ur] 4000 20000 23000
Curie Temperature [°C] 550 395 700
Coercivity Force, Hc[A/m] 150 4 30
Mass Density [kg/m3] 7650 7330 7490
Thickness of material [mm] 0.35 0.025 0.10
Stacking Factor 0.98 0.83 0.95
Electrical Resistivity [pQ m] 0.82 1.37 0.72
Hysteresis loss coefficient (Kh) 172.842 22.292 133.474
Eddy-current loss coefficient (Ke) 1.3684 1.173 0.01346
Specific Core Loss (W/kg at 50 Hz) 3.3 0.14 1.17
Thermal Conductivity [(W/m K)] 53 10 19.6

Cogent

Manufacturer and Material Code M19-24G Zl\élgé%lgsl 18555855(!0

(M330-350A)
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The core material, which is frequently used in the design of stator and rotor parts of electric motors in
general, is a 0.35 mm thickness of 3% SiFe alloy, also known as M19_24G type motor sheet. The specific core
loss value of this core material is 3.3 W/kg for an operating frequency of 50 Hz and a flux density of 1.5 T. In
addition, the JFE supercore core material, which has become popular in recent years, is commercially available
with a lamination structure three times thinner than the M19 24G core material. The saturation flux density
value of this material is 1.9 T and the specific core loss value is 1.7 W/kg, which remains quite low. In addition,
the permeability of 10JNEX900 core material as JFE supercore as 6.5% SiFe for 0.10 mm thickness is
approximately five times that of conventional core material for 0.10 mm thickness. Ribbon steel, with a
thickness of 0.025 mm as amorphous core material, is often used in inductor and transformer design with much
lower magnetic field strength values and much lower specific core loss values as soft magnetic material [31].
Comparative specs of core materials with these three different characteristics are given in Table 1. [32, 33, 34,
35, 36].

2.2. FEA modelling methodology

In order to design and simulate electrical machines (such as transformers, electric motors and generators,
etc.) with ANSYS-Maxwell software, the steps followed in electromagnetic modeling are followed
systematically as given in Figure 3. After determining the solution type in the steps given in the flow diagram,
2D/3D geometric drawings of electrical machines, meshing operations and excitation conditions should be
assigned for electromagnetic modeling. In the analysis settings stage, simulation conditions are determined for
the solution setup. According to the technical data obtained from FEA simulation studies, reports such as
numerical values such as current, voltage, inductance and power losses, 2D/3D graphics and flux distributions
are received [37, 38].

The power electronics circuits and FEA modeling equivalent circuits are run by co-simulation, and both
power electronics circuit performance and synchronous generator performance can be considered together. Thus,
the performances of electrical machines and power electronic circuits can be tested in detail before experimental
studies are carried out. Electromagnetic modeling analysis using FEA consists of three stages: preprocessing,
field solution, and postprocessing. In the preprocessing stage, the geometry is developed, the problem is defined
(core material selection, the nonlinear characteristics of ferromagnetic iron are introduced, magnetization of the
magnets in the required direction) and the mesh is produced. Electromagnetic modelling is performed using FEA
software, which is a powerful tool for the design of electrical machines and other electrical systems [23].
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Determining the solution type
(Magnetostatic, Electrostatic,
Transient, Eddy current, etc.)

2D/3D modeling and drawing of
synchrnous generator

FEA setup menu
(Excitation, Meshing, Time Step,
Parametric, etc.)

FEA report
(Flux density,
Induced voltages,
Power losses, etc.)

Cosimulation studies with Power
electronics circuits software

Performance testing of the
power electronics circuit

validation of cosimulatid
results

Analysis Reports
{2D/3D graphics)

Figure 3. FEA modelling methodology flowchart

2.3. Theoretical background for CPSGs

Generally, the synchronous generator induction principle and theory apply. Thus, the phase EMF in the
stator windings of a claw-pole synchronous generator whose stator windings are designed with 120 electrical
degrees of phase difference can be given as Equation 1 [23]:

ef = q)Nkanr (1)

where, @ represents the magnetic flux, Nw is the number of turns for stator winding, kb is the winding
factor, and nr is the rotor speed as rpm.
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The calculation of the magnetic flux induced by one full rotation of the permanent magnet rotor in the stator
depends on the magnetic field intensity. In addition, the rotor structure of the claw pole alternator is different
from ordinary generators and has a cylindrical pole structure surrounded by claw-shaped soft iron parts. The
modeled CPSG has a full mold three-phase winding structure and a cylindrical claw structure rotor with 4-pole
placed on the 24-slot stator. In steady state, the expression for the current of the stator windings with the dq0
conversion is given by Equation 2 [22]:

( 27z] ( 47zj_
COSp  COS - cos| p——

| 3
Id ~2| _sing —sinlo-2%]| —sin[ -7 Ial @

1 1 1
2 2 2

Thus, the three-phase stator currents that are 120 degrees electrically out of phase between them can be
clearly written as la, Ib, and Ic, respectively, with Equations 3-5:

I, =1,cos(wt+p) )
Ib=|pcos(a)t+go—2?”j (4)
IC=|pcos(a)t+go—4?”j ®)

where, Ip is the peak value of the stator phase current. Stator phase voltages for d-q axis are given in
Equations 6-7:

dyyg
dy,
Vq=Iqra+d—tq—a)l//d U]

The stator winding fluxes can be expressed by Equations 8-9 for the d-q axis form:

wg =—lglg + 15 Ly (8)

Ve =-lqlq 9)

Thus, the direct-axis reactance and quadrature-axis reactance of CPSG can be expressed as Equations 10-11
in the form of the d-q axis:
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X4 = (10)
Zb
Yq
Xq ="t (11)

Finally, the expression for the induced EMF per phase of a synchronous generator can be given by Equation
12:

Ep = 444K, @, N, (12)

where, ®m represents the maximum flux circulating between the stator and rotor cores, and f represents the
frequency. Also, Nw is total number of turns per stator phase. Also, a simplified expression for the EMF value
induced in the stator windings can be written as Equation 13 [7]:

E

N,o®, (13)

1
2

ph

The cogging torque (Tcog) of synchronous generators is a periodic torque oscillation without any
excitation current which can be derived with Equation 14 [13]:

T 12@

= =2% 4o e

where 0 is the rotor position angle, @ is the main flux, and Ris the general magnetic circuit reluctance of the
CPSG core.

2.4. Efficiency and Power Losses

In general, eddy current loss (Pedd) accounts for most core losses, depending on the lamination thickness of
the core material. Hysteresis losses (Phys) occur with the change of direction of the magnetic field poles
depending on the frequency. However, in case of poor heat dissipation of the core material, eddy current loss
also causes higher temperature to rise in the core parts. The losses of the stator windings (Pcu) depend on the
square of the current and the resistance values (Rc) of the windings, as given by Equation 15, and are released as
heat. The core losses can be given with Equations 16-17 for CPSG, and Equation 18 is given for efficiency (n)
[10, 21].

P, =R.1? (15)
Pys = K, B (16)
Py =K, f?B2 1)
n P (18)

P+ P + Bys + Peaa
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where, P is the electrical power from the generator, Bm is the magnetic flux density, and Kh and Ke are the
coefficients for the hysteresis and eddy current losses of the core material, respectively.

3. MODELLING of CPSG with FEA SOFTWARE

In general, CPSGs can be classified as synchronous generators. However, the operating conditions of HEVs
are quite different from other generator applications. The armature current is very large due to the low battery
voltage level connected to the alternator. The stator and rotor core parts are highly saturated due to machine size
limitations. Therefore, it is very difficult to fully apply the design methodologies of other synchronous
generators to CPSGs. For example, the technical characteristics of the alternator cannot be accurately predicted
by magnetic equivalent circuits whose parameters are determined under linear superposition assumptions based
on classical mathematical expressions using no-load voltage and armature reaction. Three-dimensional (3D)
electromagnetic field analysis is generally applied in many papers in the past literature that propose modeling
methodology with FEA software to predict the properties of CPSGs [5].

Finite Element analysis (FEA) 3D software can be used directly to accurately predict the electrical and
mechanical behavior of machines. However, electromagnetic modeling the claw poles is difficult, as it requires a
lot of computation time and memory, and using 3D FEA in the initial design is not recommended [39].
Therefore, CPSG was first performed with a short one-dimensional analysis using the ANSYS-Rmxprt module.
In this context, winding structures and core materials can be assigned by sizing the stator and rotor parts of the
generator.

ANSYS-Rmxprt academic version software is used primarily for the electromagnetic modeling of the three-
phase CPSG, and the three-phase 24-slot stator shown in Figure 4(a) and the proposed example as a permanent
magnet excited 4-pole rotor structure are selected. To compare the stator core structure, three different core
materials, namely M19 24G (3% SiFe), 2605SA1 (Amorphous) and 10JNEX900 (6.5% JFE supercore), are
determined and sizing processes are carried out according to the specs given in Table 2. The full slot pitch for the
stator phase windings is 24/4=6 according to the number of stator slots and the number of poles in the rotor, but
in this modeling, the slot pitch is set as 2-7 as seen in Figure 4(b) with a step abbreviation.

Fhasze | Tums | In Slot ‘OutSIDt‘
Coil_T|A 200 2 7
Coil_2|-C 200 4 9
Coil_3|B 200 B 1
Coil_4|-4 200 B 13
Coil_5|C 200 10 15
Coil_B|-B 200 12 17
Coil_7 A 200 14 19
Coil_8|-C 200 16 21
Coil_9|B 200 18 23
Coil_..|-4 200 20 1
Coil_.|C 200 22 3
Coil_.|-B 200 24 5

(b)

Figure 4. CPSG phase windings, (a) stator winding arrangement and (b) edited winding layout.

The stator phase windings consist 200 turns, and placed in the stator slots with 120 electrical degrees
between them. Thus, the CPSG is designed as if it were fabricated in a virtual environment and can be simulated
almost realistically.
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Table 2. CPSG's modelling specs [40]
Parameters Value
Rated apparent power 0.55 kVA
Rated power factor 0.71
Number of phases 3
Rated voltage 115V
Frequency 50 Hz
Stator outer diameter 120 mm
Stator inner diameter 80 mm
Stator length 65 mm
Number of stator slots 24
Stator core material *Comparative analysis
Stacking factor 0.95
Rotor outer diameter 78.8 mm
Rotor inner diameter 12 mm
Rotor length 80 mm
Rotor yoke diameter 50 mm
Rotor core material Steel_1008
Number of rotor poles 4
Pole magnet type XG196/96_3DSF1.000_X
Length of Magnet 10 mm
Air-gap length 0.60 mm
Rated synchrnous speed 1500 rpm
Load type Infinite bus

The cross-sectional view of the claw pole structure on the rotor is as in Figure 5 in the sizing section of
ANSYS-Rmxprt. Therefore, many changes regarding dimensioning such as rotor and pole lengths, pole foot
thickness and yoke diameter dimensions, slot depth, shaft diameter can be made as desired.

Rotor Length ———

= Fole Length———

Tip Embrace  Root Embrace

Slot Depth Root Thickness
——L

Shoe Thickness
‘oke Diarrneter

Shatft Diameter

Figure 5. Sizing parameters of claw pole rotor [40].

The rotor and pole structure of the modeled CPSG is shown in Figure 6. An extremely powerful magnet is
used with a disk-shaped XG196/96_3DSF1.000_X type Coercive Force value of 690 kA/m and Residual Flux
Density 0.96 T, which provides the excitation of the rotor poles.
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(@ (b)
Figure 6. The rotor (2), and pole structure (b) of CPSG.

The claw pole structure of the rotor resembles a crankshaft and can produce voltage in sinusoidal wave
form with its cylindrical pole structure. The full modeling image for the CPSG with the stator windings is given
in Figure 7. The stator windings are essentially like the stator windings of a three-phase asynchronous motor and
are placed with a 120-degree electrical angle between them.

—
=
T ”4‘?‘:

0 100 200 (mm) 0 50 100 (mm)
. @ . . ®)
Figure 7. The full modeling 3D image for the CPSG, (a) 3D image, (b) front view of generator.

The meshing process for CPSG modeled in 3D with Maxwell software is given in Figure 8. Mesh
refinement is very important for the convergence of the solution results, but at this point, the performance of the
computer running the software comes to the fore. In fact, the better the RAM memory capacity in performing the
meshing process, the more the solution start time changes. Since Maxwell software solves according to the finite
element method, if the meshing process fails, it cannot proceed to the solution. The solution process depends on
the processor capacity and memory capacity of the computer. The technical features of the computer used in this
study can be summarized as i7-8 cores, 16 GB RAM and 250 GB SSD. As the meshing precision increases, the
running times of the software also change.
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i

Time = 0.00000s
Speed =

Position = 330.000000deg

0 R
Figure 8. Mesh refinement of

100 (mm)

CPSG.

The power losses and efficiency of the CPSG, whose electromagnetic modeling was performed with
ANSYS-Electronics Rmxprt and Maxwell software, according to the full load technical data information, are

explained in detail in Table 3.

Table 3. Full load technical data of the modeled CPSG.

Parameters Value
Stator Phase Current (rms) 16 A
Stator Phase Voltage (rms) 115V
Apparent Power 0.55 kVA
Power Factor (Cos ¢) 0.98
Induced Phase Voltage (rms) 152.7V
Frictional and Windage Losses 24 W
Core Losses 4.25 W for M19_24G core material
Stator Copper Losses 7245 W
Total Losses 100.7 W
Output Electrical Power 539.897 W
Input Mechanical Power 640.597 W
Efficiency (%) 84.28%
Maximum Output Power 669.41 W

Even when only core losses are considered, CPSG performance varies significantly with core material type.
According to the graph given in Figure 9, the core loss behavior of the generator designed with Amorphous,
3%SIFe and JFE super core material is given comparatively.
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Figure 9. The core loss behavior of CPSG designed with M19_24G, Amorphous and JFE super core
materials.

Thus, it was determined that the most suitable core material in terms of core losses was 2605SA1 core. M19
core, known as the classical core lamination, used in the application, is the worst material in terms of core losses
and the core material where the temperature increase will be the highest. In addition, winding losses for CPSG
are also examined comparatively. In fact, winding losses are the most important cause of thermal increase in a
generator, and a slight difference was observed in winding losses due to reasons such as inductance that changes
according to the core material type. Thus, according to the comparative winding losses graph given in Figure 10,
the most loss emerges as the classical core material M19. The winding loss behavior for the other two materials
(Amorphous and JFE super core) is almost the same.

Winding Losses [W]

8 £
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' T v
0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00
Time [ms]

Figure 10. The copper loss behavior of CPSG designed with M19 24G, Amorphous and JFE super core
materials.

Thus, it is summarized in Table 4 that higher efficiency can be obtained with the new generation core
materials for CPSG, which is analyzed comparatively according to the core material type.
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Table 4. The power losses and efficiency comparison of CPSG according to core material type

Comparison of Parameters Core Material Type

M19 24G 10JNEX900 2605SA1
Frictional and Windage Losses 24 W (fixed) 24 W (fixed) 24 W (fixed)
Core Losses 4.25W 0.75W 0.35 W
Stator Copper Losses 7245 W 55.82 W 55.35 W
Total Losses 100.70 W 80.57 W 79.70 W
Efficiency (%) 84.28% 87.02% 87.13%

The highest efficiency is achieved with amorphous material, but the design is limited to this material
according to the structural features of the stator grooves. Because amorphous materials are very hard and not
resistant to mechanical stresses with their crystallized film feature. However, JFE supercore material has almost
the same efficiency as amorphous. The core material type is also extremely important in terms of torque
behavior as seen in Figure 11. The core material with the least torque fluctuation can be summarized as a JFE
core with a high flux density of 1.9 T and a non-oriented core material.
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Figure 11. The torque behavior of CPSG designed with M19_24G, Amorphous and JFE super core materials.

The flux distributions in the CPSG core for the different core materials are given in Figure 12 in 2D. Since
the saturation flux value for M19 is 1.7 Tesla, it is seen that it is very close to the saturation point. There is no
saturation for the JFE supercore, which has a saturation flux value of about 1.9 T. For amorphous with a
saturation flux value of 1.56 T, there are regions close to the saturation point. However, since it is a soft
magnetic material due to its amorphous structure, the canceling magnetic field strength is very small, and the

thermal coefficient and specific core loss are at the lowest values.
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Figure 12. The flux distributions of CPSG core, (a) M19_24G core, (b) amorphous core, (c) JFE
supercore.

The findings obtained because of the modeling and simulation studies of the CPSG performed with the FEA
software can be listed as follows, comparatively according to the core material type:
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*M19 classical core material is widely used in practice.
*When the core loss behavior is examined, M 19 core material is the most unsuitable material.

*JFE supercore core loss is higher than amorphous material core loss values, but when design and
manufacturing are considered, amorphous material is not very suitable for the design of stator slots. Amorphous
material is mostly recommended for inductor and transformer design.

«JFE supercore is the most suitable material in terms of electromagnetic and torque performance.

In recent years, JFE supercore material has become popular both in electric motor design [33] and
generator design in terms of power losses and temperature behavior compared to M19 material. It also allows
more compact design such as core size reduction in motor/generator sizing.

*Although the classical core material (M19) is much cheaper than the new generation core materials, the
new generation core materials can be preferred for high efficiency CPSG designs due to their more compact
design and lower power loss values.

*The core material comparison discussed in this study highlights that JFE supercore material is very
suitable for performance enhancement for CPSG, which is frequently used in ICE and hybrid electric vehicles in
recent years.

«It is known that if the magnetic properties of the core materials are taken into account in the design
process of the CPSG dimensioning, it may lead to structures with different sizes. However, in this study, a short
performance comparison was performed using different magnetic materials for 0.55 kVA power. Thus, it was
seen that even for the same size, the power loss values of the new generation core materials were lower, and the
performance was improved.

*Maybe a few W core and winding losses will be reduced, but CPSGs, which are used as battery
charging units for millions of vehicles, can be used in the coming years for much larger power capacities,
especially in the stator core structures of wind generators. In this context, JFE supercore material is
advantageous in terms of high flux density, much finer lamination, and much smaller specific core losses.

4. CONCLUSION

In this study, the electromagnetic modeling and simulation studies of performance improvement are carried
out by using new generation core materials of CPSG, which is frequently used as a battery charging alternator of
ICE vehicle. Since the new generation core materials are produced with higher magnetic flux density and much
thinner structures than conventional core laminations, they have become the focus of attention in recent years
with less specific core loss values. In particular, the need for a more compact design and higher efficiency in the
power system for energy storage in hybrid electric vehicles has also intensified the efforts to increase the
performance of CPSGs.

The CPSG considered in this study is only 0.55 kVA power value, and this will gain more importance as the
power values increase, as the lamination material used in the core structure will increase. On the other hand,
when it is used in internal combustion land vehicles and considering millions of places of use, a reduction in
power loss of a few W may positively affect many factors such as the global economy and environmental
pollution. M19 24G core material is commercially easily available compared to others, but considering its
performance characteristics such as size, power losses and temperature behavior, it will leave its place to new
generation core materials as the technology of the future. Depending on the core material type, the CPSG
efficiency was determined as 84.28% for the classical core material M19, 87.02% for the jfe supercore, and
87.13% for the amorphous core material, respectively. Thus, it is seen that the CPSG designed with the new
generation core materials has higher efficiency. As a future study, a CPSG can be designed using new generation
core materials, for example, with jfe supercore, and its sizing, electrical and electromagnetic behavior can be
determined experimentally.



MAUN Muhendislik-Mimarlik Fakiltesi Dergisi,5(2),20-38,2024/MAUN Journal of the Faculty of Engineering and Architecture,5(2),20-

38,2024 Arastirma Makalesi/Research Article
REFERENCES
1. Nasiri-Zarandi, R., Mohammadi Ajamloo, A., and Abbaszadeh, K. Cogging Torque Minimization in Transverse

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Flux Permanent Magnet Generators using Two-step Axial Permanent Magnet Segmentation for Direct Drive Wind
Turbine Application. International Journal of Engineering, 34(4), 2021, 908-918. doi: 10.5829/ije.2021.34.04a.17.
Jurca, F., Martis, C., and Biro, K. Claw-pole generator analysis using flux 3D, International Symposium on Power
Electronics, Electrical Drives, Automation and Motion, Ischia, Italy, 2008, pp. 1286-1291, doi:
10.1109/SPEEDHAM.2008.4581153.

Boldea, 1., Tutelea, L. N., and Popa, A. A. "Claw Pole Synchronous Motors/Generators (CP-SMs/Gs) Design and
Control: Recent Progress,” in IEEE Journal of Emerging and Selected Topics in Power Electronics, vol. 10, no. 4,
pp. 4556-4564, Aug. 2022, doi: 10.1109/JESTPE.2021.3125044.

Wang, X., Yuan, P, Li, Y., Chen, S., Shi Z., and Xie W., Performance research and optimization of vehicle-
mounted claw-pole generator based on 3D electromagnetic field and circuit coupling modeling, IEEE International
Power Electronics and Application Conference and Exposition (PEAC), Guangzhou,Guangdong, China, 2022, pp.
886-891, doi: 10.1109/PEAC56338.2022.9959606.

Yamazaki, K., Suzuki, R., Nuka, M., and Masegi, M. Analysis and Characteristics Improvement of Claw-Pole
Alternators by Reducing Armature Reaction, in IEEE Transactions on Industrial Electronics, vol. 65, no. 11, pp.
8740-8748, Nov. 2018, doi: 10.1109/TIE.2018.2811405.

Ibala, A. and Masmoudi, A. 3D-FEA based comparison of the features of two hybrid-excited claw pole alternators,
International Conference on Sustainable Mobility Applications, Renewables and Technology (SMART), Kuwait,
Kuwait, 2015, pp. 1-8, doi: 10.1109/SMART.2015.7399239.

Cao, Y., Liu, C., and Yu, J. Mesh-Based 3D MEC Modeling of a Novel Hybrid Claw Pole Generator. Energies
2022, 15, 1692. https:// doi.org/10.3390/en15051692.

Kuroda, Y., Morita, M., Hazeyama, M., Azuma, M., and Inoue, M. Improvement of a claw pole motor using
additional ferrite magnets for hybrid electric vehicles, The XIX International Conference on Electrical Machines -
ICEM 2010, Rome, Italy, 2010, pp. 1-3, doi: 10.1109/ICELMACH.2010.5608267.

Emadi, A., Lee, Y. J., and Rajashekara, K. Power electronics and motor drives in electric, hybrid electric, and plug-
in hybrid electric vehicles, IEEE Trans. Ind. Electron., vol. 55, no. 6, pp. 2237-2245, Jun. 2008.

Du, W., Zhao, S., Zhang, H., Zhang, M., and Gao, J. A Novel Claw Pole Motor With Soft Magnetic Composites, in
IEEE Transactions on Magnetics, vol. 57, no. 2, pp. 1-4, Feb. 2021, Art no. 8200904, doi:
10.1109/TMAG.2020.3019830.

Bruyere, A., Semail, E., Bouscayrol, A., Locment, F., Dubus, J. M., and Mipo, J. C. Modeling and control of a
seven-phase claw-pole integrated starter alternator for micro-hybrid automotive applications, IEEE Vehicle Power
and Propulsion Conference, Harbin, China, 2008, pp. 1-6, doi: 10.1109/VPPC.2008.4677668.

Suh, K. and Moon, J. Electric Vehicle Architecture Design Based on Database. Int.J Automot. Technol. 25, 2024,
427-444, https://doi.org/10.1007/s12239-024-00035-5.

Zhao, X., Niu, S., and Ching, T. W. Design and Analysis of a New Brushless Electrically Excited Claw-Pole
Generator for Hybrid Electric Vehicle, in IEEE Transactions on Magnetics, vol. 54, no. 11, pp. 1-5, Nov. 2018, Art
no. 8108505, doi: 10.1109/TMAG.2018.2823743.

Ming-Fa Tsai et al. Phase-Variable Modeling and Comparative Study between a PMa-CPA and a CPA Alternator
by Simulation Analysis 2022 J. Phys.: Conf. Ser. 2179 012014.

Toprak, Y., Karakaya, O., Canturk, S., and Balci, M.E., Analysis on Performance of Claw Pole Synchronous
Generators for 6-Pulse Rectifier Load, 4th International Turkish World Engineering and Science Congress, 2023,
Tiirkiye.

Toprak, Y., Karakaya, O., Canturk, S., and Balci, M.E., Design of Passive Harmonic Filter for the Claw-Pole
Synchronous Generators under Non-linear Loading, The 3rd International Conference on Applied Mathematics in
Engineering (ICAME’24), 26-28 June 2024, Ayvalik, Balikesir, Tiirkiye.

Saati, M., Hashemipour, O., Afjei, E., and Nezamabadi, M. A New Hybrid Brushless DC Motor/Generator without
Permanent Magnet. International Journal of Engineering, 20(1), 77-86, 2007.

Cao, Y., Zhu, S., Yu, J., and Liu, C. Optimization Design and Performance Evaluation of a Hybrid Excitation Claw
Pole Machine. Processes 2022, 10, 541. https:// doi.org/10.3390/pr1003054.

Li, W. and Huang, S. Analysis and Design of Hybrid Excitation Claw-pole Generator, Electric Power Components
and Systems, 39:7, 680-695, 2011, DOI: 10.1080/15325008.2010.536811.

Zhang, D., Zhao, C., Zhu, L., Ding, Y., Yu, C., and Tian, C. On hybrid excitation claw-pole synchronous generator
with magnetic circuit series connection, International Conference on Electrical Machines and Systems, Wuhan,
China, 2008, pp. 3509-3513.



MAUN Muhendislik-Mimarlik Fakiltesi Dergisi,5(2),20-38,2024/MAUN Journal of the Faculty of Engineering and Architecture,5(2),20-

38,2024

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Arastirma Makalesi/Research Article

Ukaji, H., Hirata, K., and Niguchi, N. Claw pole magnetic-geared generator for hub dynamos, International
Conference on  Electrical Machines (ICEM), Berlin, Germany, 2014, pp. 416-421, doi:
10.1109/ICELMACH.2014.6960214.

Arumugam, D., Logamani, P., and Karuppiah, S. Improved performance of integrated generator systems with claw
pole alternator  for aircraft applications, Energy, Volume 133, 2017, Pages 808-821,
https://doi.org/10.1016/j.energy.2017.05.132.

Liang, J., Parsapour, A., Cosoroaba, E., Wu, M., Boldea, I., and Fahimi, B. A High Torque Density Outer Rotor
Claw Pole Stator Permanent Magnet Synchronous Motor, IEEE Transportation Electrification Conference and
Expo (ITEC), Long Beach, CA, USA, 2018, pp. 389-393, doi: 10.1109/ITEC.2018.8450106.

Shen, J., Wang, B., Cai, L. et al. Magnetic properties and thermal stability of Fe-based amorphous/carbonyl iron
soft magnetic composites. J Mater Sci: Mater Electron 34, 1169, 2023, https://doi.org/10.1007/s10854-023-10512-
9.

Guo, Y., Zhu, J., and Dorrell, D. G. Design and Analysis of a Claw Pole Permanent Magnet Motor with Molded
Soft Magnetic Composite Core, in IEEE Transactions on Magnetics, vol. 45, no. 10, pp. 4582-4585, Oct. 2009, doi:
10.1109/TMAG.2009.2022745.

Rakotovao, M. Modeling approach for system analysis: Case of claw pole machine in mild hybrid system, XXII
International Conference on Electrical Machines (ICEM), Lausanne, Switzerland, 2016, pp. 818-822, doi:
10.1109/ICELMACH.2016.7732620.

Clerc, A. J. and Muetze, A. Measurement of stator core magnetic characteristics, IEEE International Electric
Machines & Drives Conference (IEMDC), Niagara Falls, ON, Canada, 2011, pp. 1433-1438, doi:
10.1109/IEMDC.2011.5994818.

Khan, M. A., Chen, Y., and Pillay, P. Application of soft magnetic composites to PM wind generator design, IEEE
Power Engineering Society General Meeting, Montreal, QC, Canada, 2006, pp. 4 pp.-, doi:
10.1109/PES.2006.1709048.

Tong, W., Sun, R., Zhang, C., Wu, S., and Tang, R. Loss and Thermal Analysis of a High-Speed Surface-Mounted
PMSM With Amorphous Metal Stator Core and Titanium Alloy Rotor Sleeve, in IEEE Transactions on Magnetics,
vol. 55, no. 6, pp. 1-4, June 2019, Art no. 8102104, doi: 10.1109/TMAG.2019.2897141.

Dems M. and Komeza, K. Performance Characteristics of a High-Speed Energy-Saving Induction Motor with an
Amorphous Stator Core, in IEEE Transactions on Industrial Electronics, vol. 61, no. 6, pp. 3046-3055, June 2014,
doi: 10.1109/TIE.2013.2251739.

Hasegawa, R. Applications of amorphous magnetic alloys, Materials Science and Engineering: A, Volumes 375—
377, 2004, Pages 90-97, https://doi.org/10.1016/j.msea.2003.10.258.

Battal, F., Balci, S., and Sefa, |. Power electronic transformers: A review, Measurement, Volume 171, 2021,
108848, https://doi.org/10.1016/j.measurement.2020.108848.

Balci, S. and Akkaya, M. Reduction of the core size and power losses by using soft magnetic material for a single-

phase induction motor, Measurement, Volume 198, 2022, 111421,
https://doi.org/10.1016/j.measurement.2022.111421.
M19 24G Core Material Datasheet, Non-Oriented Fully Process Electrical Steel - ASTM,

https://www.scribd.com/document/98899985/Non-Oriented-Fully-Process-Electrical-Steel-ASTM.

Metglas 2605 SA1 Datasheet, Iron Based Alloy, https://metglas.com/magnetic-materials/metglas-2605-sal-iron-
based-alloy-2/.

10JNEX900 Datasheet, Non-Oriented Electrical Steel Sheet, https://www.jfe-
steel.co.jp/en/products/electrical/product/supercore/index.php.

Balci, S. Senkron Generatdrlerde Farkli Stator Oluk Yapilarinin Ug Gerilimine Etkisinin Sonlu Elemanlar Y&ntemi
ile Analizi, Bitlis Eren Universitesi Fen Bilimleri Dergisi, 8(3), 947-957, 2019, DOI:
https://doi.org/10.17798/bitlisfen.518348.

Cheshmehbeigi, H. M. and Khanmohamadian, A. Design and Simulation of a Moving-magnet-type Linear
Synchronous Motor for Electromagnetic Launch System, International Journal of Engineering (I1JE), Transactions
C: Aspects Vol. 30, No. 3, (March 2017) 351-356.

Soon-0. K., Ji-Young, L., Jung-Pyo, H., Yang-Soo, L., and Yoon, H. Practical analysis method for claw-pole type
generator using 2-dimensional equivalent model, IEEE International Conference on Electric Machines and Drives,
2005., San Antonio, TX, USA, 2005, pp. 1661-1664, doi: 10.1109/IEMDC.2005.195942.

ANSYS Electronics 2024R1, Rmxprt User’s Guide, Generators-CPSGs, 2024.



MAUN Mihendislik-Mimarlik Fakiltesi Dergisi,5(2),39-56,2024/MAUN Journal of the Faculty of Engineering and Architecture,5(2),39-56,2024
Arastirma Makalesi/Research Article

Review of Research on Biophilic Building with Bibliometric Analysis Assessment

Giines MUTLU AVINC

Mus Alparslan University, Faculty of Engineering and Architecture, Department of Architecture, Mus/Tiirkiye.
ORCID: 0000-0003-1049-2689

Corresponding Author: g.avinc@alparslan.edu.tr

Gelis Tarihi: 14.11.2024 Kabul Tarihi: 26.12 .2024

Abstract

Biophilic design, an approach emphasizing the integration of nature into human life, is gaining increasing
importance. This bibliometric review and content analysis aim to comprehensively analyze and synthesize the
scientific literature in the field of biophilic building design. In this context, a comprehensive bibliometric analysis
and content analysis were conducted to identify trends and research gaps in biophilic building research conducted
between 2006 and 2023. Using Scopus data, the analysis was performed with the Bibliometrix tool. The study
results identify the most influential countries, institutions, studies, authors, and keywords focusing on concepts such
as biophilic design, biophilic architecture, and biophilic building. According to the findings, the study highlights the
importance of incorporating natural systems and processes into the design of the built environment to enhance
human health. This research underscores the significance of studies on the impact of biophilic design on mental
health, overall well-being, and social relationships.

Keywords: Bibliometric Analysis, Biophilic, Biophilic Design, Biophilic Building Research, R Studio-Biblioshiny.

Biyofilik Bina Konulu Arastirmalarin Bibliyometrik Analiz Yénetim ile incelenmesi
Ozet

Doganin insan yasamiyla biitinlesmesini vurgulayan bir yaklagim olan biyofilik tasarim giderek O6nem
kazanmaktadir. Bu bibliyometrik inceleme ve igerik analizi, biyofilik bina tasarimi alanindaki bilimsel literatiirii
kapsamli bir sekilde analiz etmeyi ve sentezlemeyi amaglamaktadir. Bu baglamda, 2006-2023 yillar1 arasinda
yapilan biyofilik bina arastirmalarindaki egilimleri ve arastirma bosluklarini belirlemek i¢in kapsamli bir
bibliyometrik analiz ve icerik analizi yapilmistir. Analiz, Scopus verileri kullanilarak Bibliometrix araci ile
gerceklestirilmigtir. Caligma sonuglari, biyofilik tasarim, biyofilik mimari ve biyofilik bina gibi kavramlara
odaklanan en etkili tilkeleri, kurumlari, ¢aligmalari, yazarlar1 ve anahtar kelimeleri tanimlamaktadir. Bulgulara gore
calisma, insan sagligini gelistirmek i¢in dogal sistem ve siireclerin yapili ¢evre tasarimina dahil edilmesinin 6nemini
vurgulamaktadir. Bu arastirma, biyofilik tasarimin ruh sagligi, genel refah ve sosyal iliskiler {izerindeki etkisine
iligskin ¢aligmalarin 6neminin altin1 ¢gizmektedir.

Anahtar Kelimeler: Bibliyometrik Analiz, Biyofili, Biyofilik Tasarim, Biyofilik Bina Arastirmasi, R Studio-
Biblioshiny.
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1. INTRODUCTION

Modern life is increasingly challenging individuals' access to nature. However, the longing for individuals to
establish a connection with nature continues to grow [1]. Nevertheless, the rapid increase in urban population and
the decrease of natural areas due to construction have led to a weakening connection between humans and nature
[2]. Additionally, it is known that individuals spend 90% of their time in enclosed spaces [3]. In this context, efforts
to integrate nature into the built environment have gained momentum recently, considering people's living spaces
and evolving needs.

Biophilic design, known as one of these efforts, is a design approach that aims to bring humans closer to nature
by integrating natural objects, patterns, and components into the built environment [1]. The term "biophilia," used as
one of the initial concepts of biophilic design, is defined by [4] as "...the deep-seated need of humans to connect
with nature." According to [5], the integration of nature into the built environment is not considered a luxury but, on
the contrary, is interpreted as a crucial need based on neurological and physiological evidence for health and
productivity. The integration of nature into the built environment through biophilic design has been shown to have
positive effects on general health and well-being, such as reducing attentional fatigue and stress [6]. In addition to
these benefits, biophilic design possesses features such as enhancing the quality of life, increasing creativity, and
strengthening cognitive clarity [7].

New design strategies focusing on the psychological benefits of nature when applied in the built environment
are increasingly being implemented in building design [8]. The positive effects of nature, especially plants, on
human psychology, health, and well-being have been extensively studied by many researchers [9; 10; 11].
Particularly in response to growing environmental challenges, there is an increasing interest in "nature" and
"biophilic design" in architecture. However, unclear questions and ongoing debates about the conceptualization and
handling of "nature" persist at both the practical and research levels [12].

When the studies on this subject in the literature are examined, [13] conducted a systematic literature review
and visual analysis using CiteSpace and VOSviewer tools to examine the issue of energy efficiency in biophilic
architecture. [14], conducted a bibliometric analysis of the relationship between neuroscience and spatial design
using publications in the Web of Science database. [15] also conducted a bibliometric analysis aiming to understand
the relationship between stress and the built environment by analyzing the literature between 1993 and 2023. [16]
examined the issue of biophilic hotel design through a systematic literature review and aimed to analyze the current
approaches and trends in this field. Unlike other studies, the aim of this research is to conduct a bibliometric analysis
of studies focusing on the biophilic design approach in buildings. For this purpose, a search was conducted in the
Scopus database using the keywords “biophilic design” OR “biophilic architecture” AND “building*” and a total of
237 publications were analyzed. These analyses were conducted using the Bibliometrix/Biblioshiny graphical
program, a significant package of the R programming language, and the obtained data were visualized with maps. In
this framework, the answers to the following questions were investigated.

In the research conducted in the Scopus database, the distribution of the academic studies reached by years,
document types and subject areas of the academic studies reached were investigated. However, with the bibliometric
analysis performed with bibliometrix / biblioshiny “authors with the highest scientific production, author’s
production over time, the productivity of authors as analyzed through Lotka's law, author H-indexes, tree field of
author-institution-country collaboration, corresponding author’s country, most cited countries, most relevant
affiliations, most relevant sources, sources’Local impact by H Index, the leading sources in the field of biophilic
building design, sources’production over time, most global cited documents, most frequent words, trending topics
from 2006 to 2024” are revealed.

1.1. Biophilia Hypothesis Theory

The rapidly advancing urbanization process has provided a foundation for the emergence of biophilic design,
turning it into an appealing research topic related to human living spaces. Biophilic design, as an approach inspired
by nature, promotes ecological diversity and positively contributes to the development of both physical and mental
health.

"Biophilia" concept, which forms the basis of the biophilic approach, was first introduced by the social
psychologist Erich Fromm in 1964. Subsequently, the term "biophilic" was define the innate need of humans for
close contact with nature. Similarly, [13] in his book "Biophilia" described the biophilia hypothesis as an innate
tendency of humans to focus on life and lifelike processes. Biophilic design is a design method developed to
enhance environmental quality, health, and productivity. This trend, incorporating elements such as nature-inspired
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systems, engineering principles, and design cues, has the potential to positively impact the well-being of individuals
in living spaces [14]. In this context, biophilic design, which involves integrating natural elements into the built
environment, has been gaining increasing interest in the field of architecture [15].

Efforts to maintain human interaction with nature have been observed throughout history [16]. As evidence of
this, examples such as medieval Chinese villages, Persian settlements, and the homes of ancient Egyptian nobles are
cited [17]. Today, academics such as Edward Wilson, Stephen Kellett, Browning, and Ryan propose design concepts,
principles, and strategies that are grounded in nature and aim to establish a balance between humans and the natural
world [18; 19]. These proposed principles encourage the use of natural elements and processes in the built
environment as a source of inspiration for design [19].

In this context, overcoming the adverse effects of the built environment and redefining the relationship between
humans and nature to enhance human well-being has become crucial [20]. Therefore, biophilic design is an
innovative approach aimed at addressing the natural conflict between people and the urban environment in the
context of rapid urbanization, specifically focusing on designing living, working, healing, and learning spaces.
Biophilic design establishes a solid foundation for the development of healthy structures by utilizing artificial
environmental design methods that harness the beneficial effects of nature, thus proposing a healthier and more
natural living environment [21]. Within this framework, examining studies on biophilic design in buildings through
bibliometric analysis has gained importance for understanding the state of the literature, identifying trends and
developments, determining connections between relevant topics and disciplines, analyzing interactions through
citation analysis, and identifying gaps in the literature.

2. MATERIALS AND METHODS

Literature reviews, processes aimed at developing research fields by effectively utilizing existing knowledge
sources, applying and sustaining professional expertise and judgment, increasingly involve the synthesis of findings
from past research [22]. In this context, bibliometric analysis is defined as a quantitative technique useful for
determining the intellectual structure of a scientific field [23; 24]. Information obtained within the scope of
bibliometric analysis is presented as visual knowledge maps. In this framework, visual representation through
network mapping is a commonly used technique for researchers to understand, analyze, and visualize complex
relationships. This method leverages visual data to represent information in a more understandable and interactive
way compared to raw data. In the study, this method reveals trends in the development of a research field, research
paths, key points, evaluation processes, and trends in the development of the research area. The visualization method
takes the literature (published articles) as an example to visualize the time trend in a specific research field.
Consequently, researchers utilize network mapping through visualization to understand and analyze complex
relationships [25].

In this study, bibliometrix software, a package of the R program, was used. It is an effective tool in bibliometric
analysis, which allows analyzing the literature, understanding publication trends and research dynamics. It helps to
discover information such as the most influential authors, collaborative networks and keyword trends in academic
work. Biblioshiny, the web interface of Bibliometrix, enables data upload, analysis and visualization without the
need to write code [26].

Based on this, within the scope of this study, the subject of biophilic design in buildings has been determined
for bibliometric analysis. Biophilic design, as a design approach emphasizing the integration of nature into human
life, is gaining increasing importance. This bibliometric review and content analysis aim to comprehensively analyze
and synthesize the scientific literature in the field of biophilic building design. In this context, out of 237 studies
conducted between 2006 and 2024, 235 were selected for evaluation. A comprehensive bibliometric and content
analysis was conducted to identify trends and research gaps in biophilic building research included in these studies.
In the research, analysis was performed using Bibliometrix tool with Scopus data, and visual maps were created
(Figure 1).

- Keywords:
Article research Biophilic ((«biophilic design»
in Scopus design OR «biophilic

Inclusion
Criteria:

Database literature architecture») AND Laéngﬂaﬁe
search (building)) denie et

Literature

search

Figure 1. Research methodology
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A search was conducted in the SCOPUS database using the keywords "biophilic design," "biophilic
architecture," and "building*" within the title, abstract, and keywords. As a result of this search, 237 publications
were identified. After downloading these studies in BibTeX format, they were analyzed using the Bibliometrix
program. A restriction was applied to include only publications published in English for the evaluated studies. Thus,
focusing on 235 studies related to concepts such as biophilic design, biophilic architecture, and biophilic building,
the most influential countries, institutions, studies, authors, and keywords were identified.

3. Results

3.1. Analysis Findings in Scopus Database

On December 23, 2024, a search was conducted in the Scopus database using the query (Title-Abs-Key
("biophilic design" OR "biophilic architecture") AND Title-Abs-Key (building*)). Without a starting year limitation,
this search identified a total of 237 studies produced between 2006 and 2024 (Figure 2).

Search within Search documents *
Article title, Abstract, Keywords h "biophilic design" OR "biophilic architecture" X
AND A
Search within Search documents
e v . X
Article title, Abstract, Keywords building*

Figure 2. Search conducted with the identified keywords in Scopus.

The evolution of articles published from 2006 to 2024 is presented in Figure 3. The analysis of this graph
reveals the change in scientific production over the years. In this context, according to the graph, it is seen that only
1 publication was produced in the field of “biophilic building design” in 2006 and no publication was produced
between 2007-2010 (N=0). There is no significant increase in the number of publications from 2006 to 2012. As of
2013 (N=2), a slow upward trend in the number of documents has started. However, a rapid increase in documents
has been observed since 2018 (N=11). Especially after 2020 (N=24), a serious acceleration is observed. In this
framework, a relationship can be established between the increasing number of publications and the understanding
of the importance of the human connection with nature in the context of the COVID-19 pandemic.
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Figure 3. Documents by year

As a result of the analysis, document types were determined as follows: Article (N=132), Conference Paper
(N=55), Book Chapter (N=21), Review (N=13), Conference Review (N=8), Book (N=3) (Figure 4).
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Figure 4. Document types

When the documents are categorized by subject area in the Scopus database, Engineering (N=133),
Environmental Science (N=86), Social Sciences (N=71), Energy (N=37) and Earth and Planetary Sciences (N=28)
represent the top five fields with the highest number of publications (Figure 5).
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Figure 5. Classification of documents based on subject area.

3.2. Analysis of Articles with Bibliometrix

In this section of the study, initially, based on the Scopus database, it was determined which publications on
"biophilic building design" would be evaluated using the Bibliometrix software and which ones would be excluded
(Table 1). The assessment of the studies included in the bibliometric analysis is elaborated in detail with graphs and
maps.
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Table 1. Criteria for inclusion and exclusion in bibliometric analysis.

Inclusion Criteria

Exclusion Criteria

Research conducted between 2006 and 2024

Publications of the year 2025

Studies related to the development of "Biophilic
building design"

Studies unrelated to "Biophilic building design"

Documents related to "Biophilic building design”

Duplicate documents in the database

Article, Conference Paper, Book Chapter, Review,

Studies where "Biophilic building design" is not the

Conference Review, Book main focus of the research

Studies in the English language Studies produced in the Korean language

In this context, with the limitations imposed using R Studio-Biblioshiny software, a total of 235 articles were
included from 122 sources. According to the information in Figure 6, in the studies conducted between 2006 and
2024, the number of single-authored documents is 31, while the number of collaborative works is 204. The
bibliometric analysis method of the study was conducted using a total of 683 keywords between 2006 and 2024, and
it is noted that each document received an average of 11.21 citations.

Annual Growth Rate

25.66 %

Documents

235

Timespan

2006:2024

Authors of single-authored d

31 14.04 %

International Co-Authorship Co-Authors per Doc

3.12

Author's Keywords (DE)

683

References

10376

Document Average Age

2.71

Average citations per doc

11.21

Figure 6. Basic information about the studies included in the bibliometric analysis using Biblioshiny software.

Determining the number of authors in bibliometric analysis studies is crucial for understanding whether
research is conducted collaboratively or individually. Examining the number of authors in academic studies serves
as a guide to understanding whether the research in the field requires individual or collaborative efforts [27].
Additionally, identifying the most productive authors and collaborations is important for funding institutions and
organizations [28]. Therefore, revealing authorship trends helps provide valuable information for stakeholders in
research and academic fields.

On the other hand, Figure 7 presents an analysis of the most relevant authors in the field of "biophilic building
design." Conducting a bibliometric analysis of the most relevant authors is crucial for understanding the dynamics of
research in a specific field.

In Figure 7, the ranking of the top 20 authors who have published the most in "biophilic building design"
research is shown. Wijesooriya N ranks first with a total of 10 scientific articles. Brambilla A (N=9), Demers CMH
(N=9), Potvin A (N=9) follow. It is important to note that this graph encompasses all types of authorship, including
corresponding authors, co-authors, and similar categories.
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Figure 7. Authors with the highest scientific production

The top authors over time are depicted in Figure 8. This analysis is crucial for illustrating the development of
each author over the years. In the graph presented in Figure 8, the darkening of the blue circles indicates more total
citations per year, while the growing circles represent more published articles. Wijesooriya N emerges as the most
productive author from 2006 to 2024, with a total of 10 articles.
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Figure 8. Author’s production over time

The assessment of research quality, analysis of emerging trends, examination of impacts within the academic
community, and identification of potential collaborations contribute significantly not only to individual researchers
but also to institutions and funding organizations.

In the study, Lotka's Law was employed to examine the productivity and impact levels of researchers in a
specific knowledge domain. The data presented in Figure 9 illustrates how Lotka's Law is applied based on
numerical values representing each author's contribution to articles. While 88.4 % of authors contributed with at
least one work, 7.4 % contributed with at least two articles, and less than 1 % contributed with at least six articles.
Lotka's Law is commonly used as a tool in bibliometric studies to understand the distribution of productivity among
researchers in a particular discipline, identify pioneers, and assess the impact of research.
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Figure 9. The productivity of authors as analyzed through Lotka's law.

Evaluating the impact of authors is commonly done through indices such as the H-index, which measures the
productivity of publications and the impact of citations, considering both the quantity (number) of highly cited
articles and the citation count received in other research. Therefore, this index is crucial for bibliometric analyses. In
Figure 10, different groups of authors are observed. The H-index for authors in the first group is 5, while authors in
the second group have an H-index of 4.
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Figure 10. Author H-indexes

In Figure 11, authors collaborating with different institutions and countries are observed. The height of the bars
shown in different colors indicates the level of effectiveness.
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Figure 11. Tree field of Author-institution-country collaboration

The distribution based on the number of publications produced individually or in collaboration with other
countries by the top 20 countries is shown in Figure 12. Australia ranks first with 2 multiple and 23 single
publications. The USA is in second place with 2 individual publications and 18 multiple publications. Egypt, on the
other hand, has no collaboration outside its country and is in third place with 11 individual publications. These
countries are followed by Canada and the United Kingdom.
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Figure 12. Corresponding author’s country

Figure 13 displays the total citation counts for each country in the field of “biophilic building design”. The
USA is ranked first with 764 citations, followed by Australia with 271 citations, Netherlands with 139, United
Kingdom with 125, Canada with 115 citations and, Italy and Italy with 115 citations.
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Figure 13. Most cited Countries

The top 20 institutions with the highest number of publications are shown in Figure 14. At the front of the list is
The University of Sydney with a total of 31 studies. Additionally, Harvard T.H. Chan School of Public Health
(N=16, Laval University (N=15), University Technology Mara (N=14), and Malaysia Kelantan University (N=13)
are among the top five universities.
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Figure 15 displays the most relevant sources. The top five positions are occupied by IOP Conference Series
(N=17), Buildings (N=16), Sustainability (N=9), Building and Environment (N=8), and Journal of Building
Engineering (N=8) sources, respectively.
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In addition to all of these, Figure 16 illustrates the local impact of sources based on the H index. Building and
Environment take the top position with a 7 H index, followed by Buildings and Sustainability and Sustainability
with a 6 H index.

Sources' Local Impact by H index
BUILDING AND ENVIRONMENT °

BUILDINGS
SUSTAINABILITY (SWITZERLAND)

JOURNAL OF BUILDING ENGINEERING o

ARCHNET-IJAR: INTERNATIONAL JOURNAL OF ARCHITECTURAL RESEARCH

INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARCH AND PUBLIC HEALTH

10P CONFERENCE SERIES: EARTH AND ENVIRONMENTAL SCIENCE

VISIONS FOR SUSTAINABILITY

” AIN SHAMS ENGINEERING JOURNAL —o
é ARCHITECTURAL SCIENCE REVIEW —o
L?} CIVIL ENGINEERING AND ARGHITECTURE —o
FRONTIERS OF ARCHITECTURAL RESEARCH —e
INTELLIGENT BUILDINGS INTERNATIONAL —o
JOURNAL OF ENVIRONMENTAL PSYCHOLOGY —o
URBAN FORESTRY AND URBAN GREENING —o
WIT TRANSACTIONS ON ECOLOGY AND THE ENVIRONMENT —o
10TH INTERNATIONAL CONFERENCE ON HEALTHY BUILDINGS 2012 —9
9TH INTERNATIONAL CONFERENCE ON DESIGN AND EMOTION 2014: THE COLORS OF H
ACTA HORTICULTURAE 40
ADVANCED FUNCTIONAL MATERIALS — 1 ]
] 2 ]

4
Impact Measure: H

Figure 16. Sources’Local Impact by H Index

Bradford's Law classifies sources based on their productivity to manage the use and access of information. In
this context, Figure 17 lists the leading sources in the field of 'biophilic building design'. While the first central zone
contains a limited number of sources, each subsequent zone contains an increasing number of sources. The most
productive sources can be observed in the graph below.
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Figure 17. The leading sources in the field of biophilic building design.

Figure 18 illustrates the cumulative source dynamics. This graph reveals the cumulative numbers of documents
in sources over the years. It is observed that until the year 2012, only one source produced documents. However,
from 2017 to 2024, source diversity becomes apparent.
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Figure 18. Sources’production over time

Citation signifies the recognition of a writer's contributions to the scientific field. Therefore, determining which
publications receive the most citations is crucial not only for an author's reputation but also for evaluating the impact
of a journal [29].

Figure 19 shows the top 20 authors with the most cited publications. “Physiological and cognitive performance
of exposure to biophilic indoor environment” by [15] ranks first with 234 citations. [4] research article titled
“Biophilic Design Patterns, Emerging Nature-Based Parameters for Health and Well-Being in the Built
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Environment” was the second most cited study. [6] study titled “The impact of a view from a window on thermal
comfort, emotion, and cognitive performance” ranked third with 183 citations.
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Figure 19. Most Global Cited Documents

The analysis results reveal in Figure 20 that the most frequently used keyword is “biophilic design”. Following
this term, keywords such as biophilia, sustainability, well-being, nature, biophilic architecture, sustainable
architecture, and virtual reality are identified. The presence of workplace biophilic design in these keywords
indicates a frequent focus on the impact of biophilic design on workspaces. These keywords reveal that the biophilic
design approach is a multidisciplinary field with a broad scope ranging from sustainability to health, from
technology to the natural environment.
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Figure 20. Most frequent words
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In addition, an analysis of the trending topic based on the keywords in the dataset of the authors was conducted.
Figure 21 illustrates the trending topics within the studies. For this analysis, the time range was set from 2006 to
2023, with a minimum word frequency of 4 and an number of Words per year of 10. Biophilic design (N=123),
biophilia,(N=45), well-being (N=17), sustainability (N=17), nature (N=12) as trending topics. This analysis provides
insights into the trending keywords in the literature on 'biophilic building design' from 2006 to 2024.
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Figure 21. Trending topics from 2006 to 2024

In the thematic mapping analysis, the size of the clusters determines the formation of word clusters. The X-axis
shows the importance of the study theme, the centrality of network clusters, or the degree of interaction with other
graphic clusters. The Y-axis represents the importance within a cluster network and the density of theme size [30;
31; 32]. In the graphical representation of emerging themes in the study, different patterns have become apparent. (a)
Located in the first quadrant (top right), reflecting motor themes characterized by high density and centrality,
indicating strong developments and critical roles in structuring the research topic. (b) In the second quadrant (top
left), low centrality and high density, indicating niche themes with limited relevance. (c) In the third quadrant
(bottom left), low density and centrality, representing developing or declining themes with marginal importance and
minimal development. Finally, (d) in the fourth quadrant (bottom right), high centrality and low density,
emphasizing the importance of interdisciplinary research topics, representing core themes. The visual representation
also includes the temporal dimension; here, the trajectory defines the segmentation of time into sections. In
particular, an upward trend over time is indicated towards the top right, while a downward path towards the bottom
left signifies a decreasing trend [33].

In this context, as seen in Figure 22, the thematic map has been created based on Keywords Plus and mapped
into four themes: niche (top left), motor (top right), emerging or declining (bottom left), and core themes (bottom
right). In motor themes, well-developed research themes are shown in the top right, and among them, in Cluster 1:
architectural design, sustainable development, biophilic design; Cluster 2: Office buildings, building, workplace;
Cluster 3: ecology, urban design, climate change are observed.
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Figure 22. Visualization of thematic mapping.

4. Content Analysis

In this section, content analysis has been conducted for the top 20 most cited articles. Information related to
content analysis is presented in Table 2.

Table 2. Content Analysis of the Most Cited Articles

No Article Content Reference
1 Measuring the Physiological and Cognitive Benefits of Indoor Biophilic Features [15]
2 Developing a Conceptual Framework for Biophilic Design [4]
3 The Effects of Observed Landscape through Windows on Thermal Comfort, [6]

Emotional State, and Cognitive Performance
4 Measuring the Effects of Cognitive Function and Stress Response of Biophilic [34]
Approach in a Virtually Designed Office Environment
Evaluation of the Impact of Biophilic Design-Equipped Construction Site Offices
5 [35]
on Users
6 Measuring the Impact of Biophilic Design Approach on Workplace Performance [36]
7 Critical Examination of the Effects of Biophilic Design Approach in Architecture [37]
on Health, Well-being, and Sustainability
8 Evaluation of the Use of Natural Building Materials in Patient Rooms by Hospital [8]
Staff
9 Benefits of Biophilic Approach and Its Application in Architecture [38]
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10 A Critical Review on the Relationship between Biophilic Design and Sustainable [39]
Design
11 Application of biophilic approach to hospital design [40]
Investigating user preferences and perceptions of indoor and outdoor workspaces
12 . : [41]
integrated with nature
13 A systematic literature review in the context of investigating the characteristics of [42]
the design of biophilic healthcare spaces
Investigation of spatial comfort and user satisfaction in open office buildings
14 : R ; [43]
designed with biophilic design approach
15 | Investigating the use of biophilic approach in the design of sustainable urban area [44]
16 Determining the elements used in hotel lobby design and how they affect guests' [45]
booking intentions
17 Investigation of biophilic design approach as a solution for the harsh climatic [20]
conditions of northern regions in terms of daylight availability
18 Investigation of biophilic criteria in historical buildings [46]
19 A review on the benefits of biophilic design on the built environment and human [14]
health
Measuring the performance, health and well-being of employees in the office
20 . o ) [47]
organised with biophilic design

This research, which examines different aspects of biophilic design and is based on a review of the 20 most
cited papers, emphasises the need for an interdisciplinary approach and the use of a variety of methodologies. Topics
such as conceptual framework development, measurement of indoor biophilic properties, evaluation of the cognitive
effects of designs in virtual environments show that biophilic design has a wide application potential. Critically
examining the effects of biophilic design, especially in areas such as workplace performance, health, well-being and
sustainability, is an important step towards evaluating the potential of this design approach on general architectural
applications. A systematic literature review on the evaluation of the use of natural building materials in patient
rooms by hospital staff and the characteristics of biophilic design in the design of healthcare spaces contributes to
our understanding of the effects of design decisions on user experience. At the same time, studies such as examining
the relationship of biophilic design with sustainable design and investigating user preferences and perceptions of
indoor and outdoor workspaces provide a comprehensive view to understand how design affects not only aesthetics
but also important factors such as usability and satisfaction. As a result, by addressing the potential impacts of
biophilic design in a variety of contexts, this information can contribute to more informed decisions in future design
projects and a wider acceptance of this design approach.

5. CONCLUSIONS

Within the scope of this research, a bibliometric analysis was conducted using the keywords ("biophilic design"
OR "biophilic architecture" AND "buildings") between 2006-2024 and 237 studies were identified as a result of this
analysis. Among these 235 studies, the most influential studies, keywords, authors, countries and institutions were
identified. Then, the 20 most cited publications were analysed by content analysis and the topics, methodologies and
objectives addressed in the biophilic approach were identified. The findings in this context emphasise the
importance of incorporating natural systems and processes into the design of the built environment to impro”ve
human health.

The data obtained within the scope of the study can guide researchers, authors and publishers in determining
the direction of future research. As a result, this study can create knowledge maps by contributing to academic
development and sustainable development. The analysis carried out within the scope of the study provides an
important contribution to the biophilic building design literature, providing an opportunity to better understand the
theoretical and conceptual framework of existing studies. The data and maps obtained contribute to the enrichment
of academic discussions by forming the basis for future research. As a result, the data obtained within the scope of
the study can support more informed decisions in future design projects and a more widespread acceptance of this
design approach by considering the multifaceted effects of biophilic design.
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In this context, it has been determined that the impact of biophilic design on energy efficiency is not
sufficiently detailed and empirical studies are needed. In addition, it has been observed that most of the studies focus
on public buildings and office designs, while biophilic applications in commercial and residential buildings are
addressed at a limited level. There are gaps in relating biophilic design practices to cultural and climatic contexts in
different geographical regions. These gaps offer important opportunities for future research and reveal the need to
address biophilic design in a broader context.
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YAZIM KURALLLARI

Dergimizde yaymlanmak iizere gonderilen makaleler, dergi makale yazim formatina gére hazirlanmalidir. Yazin
kurallarina ait genel bilgiler asagida 6zetlenmistir.

Genel

Hakem degerlendirmesi sonrasi yayina kabul edilen ¢alismalar, yazarlar tarafindan baski formatina uygun sekilde
tekrar diizenlendikten sonra sisteme yiliklenmelidir. Editdrlerimizin formatla ilgili uygulama islemleri disinda
herhangi bir dizgi islemi yapilmayacaktir. Calismalar Office 2013 veya daha {ist versiyon bir kelime islem
uygulamasi ile yazilmalidir.

Sayfa Yapi ve Diizeni

A4 boyutunda hazirlanacak calismalarda, tiim kenarlardan 2.5 cm bosluk birakilmalidir. Ustbilgi, tek ve gift
sayfalarda farkli olarak isaretlenmelidir. Ustbilgi, 8 punto biiyiikliiginde ve Times New Roman fontu ile
yazilmalidir. Sayfa, tek siitun olarak diizenlenmelidir.

Makale Ana Bashg

Tiirkge: Makale bagligi Times New Roman fontuyla 12 punto, sadece bas harfleri biiytlik olacak sekilde, her iki yana
ortalt ve koyu font ile yazilmali, ayrica Tiirkge basliktan dnce ve sonra 1 satir bosluk birakilmalidir.

Ingilizce: Sadece bas harfleri biiyiik, ortali ve koyu olarak Times New Roman fontu ile 10 punto olarak yazilmalidir.
Ingilizce basliktan sonra 1 satir bosluk birakilmalidir.

Yazar Adlan

Yazar adlar1 Times New Roman fontu ile ortali, koyu ve 10 punto olarak yazilmalidir. Yazar adlan ile adres
arasinda bosluk olmamalidir. Yazar adlarina ait adres referanslari islii ifade 5 font bilyiikliigiinde belirtilmelidir.

Adresler

Adresler Times New Roman fontu ile ortali ve 9 punto olarak yazilmali. Sadece sorumlu yazarin e-posta adresi,
adres satirlariin alt kismina yine ayni font ve punto ile yazilmalidir. Adresin hemen alt satirinda bosluk birakmadan
9 punto ile e-posta adresi yazilmalidir.

Ozet

Tiirkge: Ozet, koyu Times New Roman fontunda 9 punto ile yazilmali, bas harfi biiyiik ve ilk satirin basina
yazilmalidir. Ozet tek paragraf ve en az 50 olmak iizere 150 kelimeyi gegmeyecek sekilde yazilmalidir.

Ingilizce: Abstract, Tiirkge dzette oldugu gibi koyu Times New Roman fontu ile 9 punto biiyiikliigiinde, bas harfi
biiytik, tek paragraf en az 50 olmak tizere 150 kelimeyi gegmeyecek sekilde yazilmalidir.

Anahtar Kelimeler

Tiirkce: Ozet metinin altina 1 satir bosluk birakildiktan sonra, harfleri biiyiik ve koyu Times New Roman formatinda
9 punto ile yazilacak anahtar kelimeler, en az 3 en fazla 6 adet olmalidir. Anahtar kelimelerden sonra 2 satir bogluk
olmalidir.

Ingilizce: Abstract metinin altina 1 satir bosluk birakildiktan sonra, harfleri biiyiik ve koyu Times New Roman
formatinda 9 punto ile yazilacak anahtar kelimeler, en az 3 en fazla 6 adet olmalidir. Anahtar kelimelerden sonra 2
satir bosluk olmalidir.



Makale Bashklar:

Bagliklar numaralandirilmali, biitiin bagliklar Times New Roman fontunda 10 punto biiyiikliiglinde olmakla birlikte;

e Birinci derece bagliklarda tiim kelimelerin tiim harfleri biiyiik koyu,
e Ikinci derece alt basliklarda tiim kelimelerin ilk harfi biiyiik,
e Ugiincii derece bagliklarda sadece ilk kelimenin bas harfi biiyiik olacak sekilde yazilmalidir.

Basliklardan 6nce ve sonra bir satir bosluk birakilmali. Bagliklar sola dayali olmalidir.
Makalelerin basliklar1 sirayla su icerikleri ifade edebilecek sekilde olmalidir;

Giris

Materyal ve Metod
Deneysel Kisim
Gereg ve Yontemler
Tartisma

Sonug

Metin Hakkinda

Metin, Keywords’den sonra 1 satir bosluk (10 punto) birakilarak tek satir aralikli 10 punto ile yazilmalidir. Paragraf
girintisi 0,7 cm olmali ve paragraflardan 6nce ve sonra 6nk bosluk birakilmalidir. Metin iki yana yash sekilde
yazilmalidir.

Tablo, Sekil ve Denklemler

Tablo ve sekiller, kullanildiklar1 siraya gore numaralandirilmahidir. Tablolarin bagliklar: iist-orta hizada, sekillerin
bagliklari ise alt-orta hizada olmalidir. Her tablo ve sekil mutlaka sirasi bozulmadan Tablo 1., Sekil 1. gibi yazilmali,
koyu Times New Roman 10 punto olmalidir. Tablo ve sekillere ait agiklamalarda sadece ilk harf biiyiik, Times New
Roman 10 punto olmali ve koyu font ile yazilmamalidir. Formiiller ve denklemler Math Type ya da Word Denklem
Diizenleyici kullanilarak yazilmalidir.

Kaynak Belirtme

Makalemizde kaynak gosterimi koseli parantez igerisinde numara vererek yapilmali “[1]”, kaynaklar orijinal dilinde
verilmelidir. Kaynaklarin yazildig1 kisim Times New Roman 9 punto olmalidir. Ornek kaynakea igerigi asagidaki
gibidir:

1. ChenY.R., Chao K., Kim M. S. Machine vision technology for agricultural applications, Computers and
Electronics in Agriculture, 36 173-191, 2002.

2. Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial
Electronics, 55 348-363, 2008.

3. Yetis H., Baygin M., Karakdse M. A New Micro Genetic Algorithm Based Image Stitching Approach for
Camera Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and
Process (ICMEP 2016), 25-27 May, 2016.
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Instruction for Authors

The articles submitted for publication in our journal should be prepared in accordance with the journal article
writing format. General information about the rules of the literature is summarized below.

General

Studies accepted for publication after peer-review should be uploaded to the system after they are rearranged by the
authors in accordance with the print format. No typesetting will be done except for the format-related application
procedures of our editors. Studies must be written with an Office 2013 or higher word processing application.

Page Structure and Layout

For works to be prepared in A4 size, 2.5 cm margins should be left on all sides. The header should be marked
differently on odd and even pages. The header should be written in 8-point Times New Roman font. The page
should be arranged as a single column.

Article Main Title

Turkish: The title of the article should be written in Times New Roman font, 12 points, only the initials should be
capitalized, centered on both sides and in dark font, and 1 line space should be left before and after the Turkish title.

English: Only the initials should be capitalized, centered and bold, with Times New Roman font and 10 points. One
line space should be left after the English title.

Author Names

Author names should be written in Times New Roman font, centered, bold and 10 point. There should be no spaces
between the names of the authors and the address. Address references of author names should be specified in
exponential 5 font size.

Addresses

Addresses should be written in Times New Roman font, centered and 9 points. Only the e-mail address of the
responsible author should be written at the bottom of the address lines in the same font and size. The e-mail address
should be written in 9 points, without leaving any spaces, just below the address.

Summary

Turkish: The abstract should be written in bold Times New Roman font, 9 points, the initials should be capitalized
and written at the beginning of the first line. The abstract should be written in a single paragraph and not exceeding
150 words, at least 50.

English: The abstract should be written in bold Times New Roman font, as in the Turkish abstract, in 9 font size,
with capital letters, and not exceeding 150 words, with a single paragraph of at least 50.

Keywords

Turkish: Key words to be written in 9 font size, capitalized and bold Times New Roman format, after leaving 1 line
of space under the abstract text, must be at least 3 and at most 6 words. There should be 2 lines of space after the
keywords.



English: Key words to be written in 9 font size, capitalized and bold Times New Roman, after leaving 1 line space
under the abstract text, must be at least 3 and at most 6 words. There should be 2 lines of space after the keywords.

Avrticle Titles
Headings should be numbered, all headings should be in Times New Roman font and 10 points;

o In first-degree titles, all letters of all words are capitalized,
¢ In secondary sub-headings, the first letter of all words is capitalized,
o Inthird degree titles, only the first letter of the first word should be capitalized.

One line space should be left before and after the headings. Headings should be left aligned.
The titles of the articles should be able to express the following contents in order;

e Introduction

e Material and Method

e  Experimental Part

e Materials and Methods Discussion
e Conclusion

About the Text

The text should be written in 10 font size with single line spacing, leaving 1 line space (10 points) after the
Keywords. Paragraph indent should be 0.7 cm and 6 pt spacing should be left before and after paragraphs. The text
should be written in justified form.

Table, Figure and Equations

Tables and figures should be numbered in the order in which they are used. The titles of the tables should be in the
upper-middle position, and the titles of the figures must be in the lower-middle position. Each table and figure must
be written as Table 1, Figure 1 without breaking the order, and must be in 10 pt Times New Roman bold. In the
explanations of tables and figures, only the first letter should be capitalized, Times New Roman 10 points and
should not be written in bold font. Formulas and equations should be written using Math Type or Word Equation
Editor.

References

References in our article should be cited in square brackets by numbering “[1]”, references should be given in their
original language. References should be written in Times New Roman 9 points. Sample bibliography content is as
follows:

1. ChenY. R, Chao K., Kim M. S. Machine vision technology for agricultural applications, Computers and
Electronics in Agriculture, 36 173-191, 2002.

2. Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial
Electronics, 55 348-363, 2008.

3. Yetis H., Baygin M., Karakése M. A New Micro Genetic Algorithm Based Image Stitching Approach for
Camera Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and
Process (ICMEP 2016), 25-27 May, 2016.
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Degerlendirme Siireci

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne gonderilen yazilar, 6ncelikle Yayimn
Kurulunca dergi ilkelerine uygunluk acisindan 6n degerlendirmeye tabi tutulur. Dergi kapsamina girmeyen veya
bilimsel bir yazi1 formatina icerik ve sekil acisindan uymayan yazilar, hakemlik siireci baglatilmadan geri g¢evrilir
veya bazi degisiklikler istenebilir. Yayin i¢in teslim edilen makalelerin degerlendirilmesinde akademik tarafsizlik ve
bilimsel kalite en 6nemli sartlardir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne yaym kurallarina uygun olarak génderilen
makaleler, daha sonraki asamada intihal denetiminden gegirilir. Mus Alparslan Universitesi Miihendislik-Mimarlik
Fakiiltesi Dergisi’nde intihal denetimi, Ithenticate paket programu aracilifiyla gerceklestirilmekte ve intihal
denetiminde, benzerlik oraninin %20’nin iistiine ¢ikmamasi gerekmektedir. ilgili calismada herhangi bir intihale
rastlanmadig: takdirde degerlendirilmek tlizere o alandaki ¢aligmalariyla taninmis iki hakeme génderilir. MSUFBD
Dergisi, siirecin her asamasinda, hakem ve yazarlarin isimlerinin sakl tutuldugu cift-kér hakemlik sistemini
kullanmaktadir. Hakem raporlar bes yil siireyle saklanmir. Makaleyi degerlendiren iki hakemden birisinin olumlu
digerinin olumsuz rapor vermesi durumunda makale ii¢iincii hakeme gonderilmekte veya Yayin Kurulu, hakem
raporlarini inceleyerek nihai karar1 vermektedir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne gonderilen calismalarda yazarlar, hakem ve
Yaym Kurulunun elestiri ve onerilerini dikkate alirlar. Katilmadiklar1 hususlar varsa gerekgeleriyle birlikte itiraz
etme hakkina sahiptirler. Dergideki hakemlik siirecinde, akademik unvana sahip kisilerin yayinlari i¢in ancak esit ya
da st derecede akademik unvana sahip kisiler hakem olabilir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne hakem degerlendirme siireci, istenilmeyen
nedenlerden dolay1 bazen uzun siirebilmektedir. Normal kosullarda editor tarafindan 6n degerlendirme asamasi 20
giin; hakem degerlendirme siireci de 60 giin olarak planlanmaktadir. Ancak hakemlerden zamaninda doniis
olmamasi nedeniyle yeniden hakem atama vb. nedenlerden dolay1 hakem degerlendirme siireci uzayabilmektedir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne makale gonderen yazar/yazarlar, Derginin
$6z konusu hakem degerlendirme kosullarini ve siirecini kabul etmis sayilirlar.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi’ne yayimlanmasina karar verilen (kabul edilen)
calismalarm telif hakki, Mus Alparslan Universitesi’ne
devredilmis sayilir.



Mus Alparslan Universitesi Miihendislik-Mimarhk Fakiiltesi Dergisi
Mus Alparslan University Journal of the Faculty of Engineering and Architecture

Peer Review Process

Articles submitted to the Mus Alparslan University Journal of the Faculty of Engineering and Architecture are first
evaluated by the Editorial Board in terms of compliance with the journal's principles. Artciles that are not covered
by the journal or that do not comply with a scientific writing format in terms of content and form are rejected or
some changes may be requested without starting the refereeing process. Academic impartiality and scientific quality
are the most important conditions in the evaluation of the articles submitted for publication.

Articles submitted to the Mus Alparslan University Journal of the Faculty of Engineering and Architecture in
accordance with the publication rules are then checked for plagiarism. In Mus Alparslan University Journal of the
Faculty of Engineering and Architecture, plagiarism control is carried out through the Ithenticate package program
and the similarity rate should not exceed 20% in plagiarism control. If no plagiarism is found in the relevant work, it
is sent to two referees who are known for their work in that field for evaluation. Mus Alparslan University Journal
of the Faculty of Engineering and Architecture uses the double-blind peer-review system where the names of the
referees and authors are kept at every stage of the process. Referee reports are kept for five years. If one of the two
referees evaluating the article gives a positive report and the other a negative report, the article is sent to the third
referee or the Editorial Board makes the final decision by examining the referee reports.

In the articles submitted to the Mus Alparslan University Journal of the Faculty of Engineering and Architecture, the
authors take into account the criticisms and suggestions of the referee and the Editorial Board. If there are issues that
they do not agree with, they have the right to object together with their reasons. During the refereeing process in the
journal, only people with equal or higher academic titles can be referees for the publications of people with
academic titles.

The referee evaluation process for Mus Alparslan University Journal of the Faculty of Engineering and Architecture
can sometimes take a long time due to undesirable reasons. Under normal circumstances, the preliminary evaluation
phase by the editor is 20 days; The referee evaluation process is also planned as 60 days. However, due to the lack
of timely return from the referees, re-appointment etc. For reasons, the referee evaluation process may take longer.

The author(s) who submit an article to Mus Alparslan University Journal of the Faculty of Engineering and
Architecture are deemed to have accepted the referee evaluation conditions and process of the Journal.

The copyright of the articles decided (accepted) to be published in the Journal of the Faculty of Engineering and
Architecture of Mus Alparslan University is deemed to have been transferred to Mus Alparslan University.
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Yayn ilkeleri

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi, ulusal ve uluslararasi diizeyde yapilan,
miihendislik ve mimarlik bilimleri alaninda 6zgiin ve nitelikli ¢aligmalari, bilimsel bir yaklagimla ele alir. Alandaki
calismalarin niteliginin ylikselmesine, yontem ve uygulamalarin gelismesine, kuram ve uygulama alanlarindaki
caligmalar arasinda iletisimin giliglenmesine ve alanindaki literatiiriin zenginlesmesine katki saglamak amaciyla
yayimlanmaktadir.

Mus Alparslan Universitesi Miithendislik-Mimarlik Fakiiltesi Dergisine gonderilecek caligma, alaninda bir boslugu
dolduracak 6zgiin bir yaz1 olmali ya da daha once yayimlanmis ¢aligmalart degerlendiren, konuya dair yeni ve
dikkate deger goriisler ortaya koyan inceleme olmalidir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine génderilecek yazilar makale, geviri ve kitap
tanitimu tiirlinde olmalidir. Dergimize gonderilen ceviri yazilar i¢in, makale sahibinin yaymn izni ve orijinal metin
gereklidir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisinin yaym dili Tiirkce ve Ingilizcedir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi gonderilen calismalar daha énce hicbir yerde
yayimlanmamig ve halihazirda yayimlanmak {izere sunulmamis olmalidir. Bilimsel bir toplantida sunulmus
bildiriler, durum agikg¢a belirtilmek sartiyla dergiye gonderilebilir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisi, Kis/Aralik ve Yaz/Haziran sayis1 olmak iizere
yilda iki defa diizenli olarak yayimlanmaktadir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine gonderilen yazilara telif hakki 6denmez.
Yayimlanan makalelerin telif hakki Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine aittir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisinde yayimlanan yazilarm bilimsel ve hukuki
sorumlulugu yazarlarina aittir.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisinde yer alan yazilardaki goriis ve diisiinceler
yazarlarinin kigisel goriigleri olup derginin ve bagli oldugu kurumlarin goriislerini yansitmaz.

Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergisine gonderilen ¢alismalar, TUBITAK
ULAKBIM’in DergiPark Sistemi (UDS) iizerinden elektronik ortamda gonderilmektedir. Bu sisteme
http://dergipark.gov.tr/maummfd de yer alan “Kesfet” kismi altindaki “Makale Gonder” linkinden ulasilabilir. S6z
konusu sisteme kayit yapilip makale gonderildikten sonra hakem siireciyle ilgili gelismeler ve hakem degerlendirme
raporlar1 yazarlar tarafindan kolaylikla takip edilebilir.
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Editorial Principles

Mus Alparslan University Journal of the Faculty of Engineering and Architecture deals with original and qualified
studies in the field of engineering and architectural sciences, made at national and international level, with a
scientific approach. It is published in order to contribute to the improvement of the quality of studies in the field, the
development of methods and applications, the strengthening of communication between studies in the field of theory
and practice, and the enrichment of the literature in the field.

The study to be submitted to Mus Alparslan University Journal of the Faculty of Engineering and Architecture
should be an original article that will fill a gap in its field, or it should be a review that evaluates previously
published studies and presents new and remarkable views on the subject.

Articles to be sent to Mus Alparslan University Journal of the Faculty of Engineering and Architecture should be in
the form of articles, translations and book presentations. For the translated articles sent to our journal, the
publication permission of the article owner and the original text are required.

The publication languages of Mus Alparslan University Journal of the Faculty of Engineering and Architecture are
Turkish and English.

Studies submitted to Mus Alparslan University Journal of the Faculty of Engineering and Architecture must not
have been published anywhere before and should not have been submitted for publication. Papers presented at a
scientific meeting can be sent to the journal, provided that the situation is clearly stated.

Mus Alparslan University Journal of the Faculty of Engineering and Architecture is published regularly twice a
year, in Winter/December and Summer/June.

Copyright is not paid for the articles sent to Mus Alparslan University Journal of the Faculty of Engineering and
Architecture. The copyright of the published articles belongs to Mus Alparslan University Journal of the Faculty of
Engineering and Architecture.

Scientific and legal responsibility of the articles published in Mus Alparslan University Journal of the Faculty of
Engineering and Architecture belongs to the authors.

The views and opinions in the articles in Mus Alparslan University Journal of the Faculty of Engineering and
Architecture are the personal views of the authors and do not reflect the views of the journal and its affiliated
institutions.

Studies submitted to Mus Alparslan University Journal of the Faculty of Engineering and Architecture are sent
electronically via TUBITAK ULAKBIM's DergiPark System (UDS). This system can be accessed from the "Send
Article” link under the "Discover” section at http://dergipark.gov.tr/maummfd. After registering to the system in
question and submitting the article, the developments related to the referee process and the referee evaluation reports
can be easily followed by the authors.
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Yazisma Adresi/ Correspondence Address

Mus Alparslan Universitesi
Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi Dergi Editorliigii
Mus Alparslan Universitesi Miihendislik-Mimarlik Fakiiltesi
49250 —- MUS/TURKIYE
Tel: 0436 249 49 49 / 1968 - Fax: 0 436 249 13 18
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