Cilt/Volume: 04 Sayi/Number: 02 Yil/Year: 2022 E-ISSN: 2667-7989

NECMETTIN ERBAKAN UNIVERSITESI

FEN ve MUHENDISLIK
BiLIMLERI DERGISI

Necmettin Erbakan University
Journal of Science and
Engineering

dergipark.gov.tr/neufmbd

www.erbakan.edu.tr




NECMETTIN ERBAKAN UNIVERSITESI FEN VE MUHENDISLiK BiLIMLERI DERGISI
NECMETTIN ERBAKAN UNIVERSITY JOURNAL OF SCIENCE AND ENGINEERING

Cilt/Volume: 4, Sayv/Issue: 2, (Aralik/December, 2022)
Ulusal Hakemli Dergi/National Referred Journal

Sahibi/Owner
Necmettin Erbakan Universitesi/Fen Bilimleri Enstitiisii Adina/
On Behalf of Necmettin Erbakan University Graduate School of Natural and Applied Science
Prof. Dr. ibrahim KALAYCI (Prof., Ph.D.)

Bas Editor/Editor-in-Chief
Dog. Dr. Sedat PAK (Assoc. Prof., Ph.D.)

Yardimel Editor/Associate Editor
Dr. Ogr. Uyesi Fatih ERCI (Asst. Prof., Ph.D.)

Say1 Editorleri/lssue Editors
Dog. Dr. Hiiseyin Zahit SELVI (Assoc. Prof., Ph.D.)
Dog. Dr. Mehmet HACIBEYOGLU (Assoc. Prof., Ph.D.)
Dog. Dr. Ummahan EGE ARSLAN (Assoc. Prof., Ph.D.)
Dr. Ogr. Uyesi Fatih ERCI (Asst. Prof., Ph.D.)
Ars. Gor. Behi¢ Selman ERDOGDU (Res. Asst.)
Ars. Gor. Canan SEVINC (Res. Asst.)

Yayn Tiirii/Publication Type
Yerel Siireli Yayn/Local Periodical

Yazisma Adresi/Correspondence Address
Necmettin Erbakan Universitesi/Ahmet Kelesoglu Yerleskesi, Fen Bilimleri Enstitiisii, A3 Blok, 42090, Meram, KONYA

Telefon/Phone: +90 (332) 323 8220
web: www.dergipark.gov.tr/neufmbd

e-posta/e-mail: neufmbd@erbakan.edu.tr

Necmettin Erbakan Universitesi Fen ve Miihendislik Bilimleri Dergisi, yilda iki kez yayinlanan ulusal hakemli bir dergidir.
Necmettin Erbakan University Journal of Science and Engineering is a national bi-annual journal.


http://www.dergipark.gov.tr/neufmbd
mailto:neufmbd@erbakan.edu.tr

Cilt/Volume: 4, Sayv/Issue: 2, Aralik/December, 2022 Necmettin Erbakan Universitesi/Fen ve Miihendislik Bilimleri Dergisi
E-ISSN: 2667-7989 Necmettin Erbakan University Journal of Science and Engineering

E-1SSN: 2667-7989
ICINDEKILER/CONTENTS

Hikayeler I¢in Artinlm klik Yaklasim

trayeter ‘¢ . trimis Gergekli . s Arastirma Makalesi
Augmented Reality Approach for Stories Research Article 1-7
Uzun, Yusuf; Ergiin, Halime; Seker, Esfanur.

3D Beden Olgiilerinin 2D Gériintiilerden Elde Edilmesi i¢in Net Siliietler
Sharp Silhouettes for Obtaining 3D Body Measurements from 2D Images
Sengdz, Nefise Goniil; Zeybek, Fatih.

Arastirma Makalesi

i -2
Research Article 8-25

Kadastro 2034'e Dogru Kuzey Makedonya Kadastrosu Derleme
North Macedonian Cadastre Towards Cadastre 2034 Review 26-44
Jonuzi, Edmond; Durduran, Siileyman Savas; Alkan, Tansu.




Cilt/Volume: 4, Sayi/Issue: 2, Aralik/December, 2022

E-ISSN: 2667-7989

Necmettin Erbakan University Journal of Science and Engineering

YAYIN KURULU/EDITORIAL BOARD

Prof. Dr. Ibrahim KALAYCI
Prof. Dr. Siilleyman Savas DURDURAN
Prof. Dr. Ummiigiilsim DAGLIOGLU
Prof. Dr. Senar AYDIN
Prof. Dr. Sabri ALPAYDIN
Prof. Dr. Mesut UYANER
Prof. Dr. Mehmet AKTAN
Prof. Dr. Mehmet Akif ERISMIS
Prof. Dr. Hidayet OGUZ
Prof. Dr. Haluk BINGOL
Prof. Dr. Asir GENC
Prof. Dr. Ali KAHRAMAN
Prof. Dr. Hasan KOTAN
Prof. Dr. Ceyda OZFIDAN KONAKCI
Dog. Dr. Sedat PAK
Dog. Dr. Hiiseyin Zahit SELVi
Dog. Dr. Nilgiin ERTAS
Dog. Dr. Mustafa YONTEM
Dog. Dr. Mehmet HACIBEYOGLU
Dog. Dr. ilhan ILHAN
Dog. Dr. Esra YILDIZ
Dog. Dr. Ahmet CAN
Dr. Ogr. Uyesi Fatih ERCI
Dr. Ogr. Uyesi Ozgiir DUNDAR
Dr. Ogr. Uyesi Hasan Ali AKYUREK

Necmettin Erbakan Universitesi/Fen ve Miihendislik Bilimleri Dergisi



Cilt/Volume: 4, Sayi/Issue: 2, Aralik/December, 2022

E-ISSN: 2667-7989

Necmettin Erbakan Universitesi/Fen ve Miihendislik Bilimleri Dergisi

Necmettin Erbakan University Journal of Science and Engineering

DANISMA KURULU/ADVISORY BOARD

Prof. Dr. Adem ACIR

Prof. Dr. Ahmet TURK

Prof. Dr. Ali UZUN

Prof. Dr. Ayhan ISTANBULLU

Prof. Dr

Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.

Prof. Dr
Prof. Dr

Prof. Dr.

. Dogan Ugur SANLI
Elgin YUSUFOGLU
Erdal ULUALAN
Hatem AKBULUT
Hayri DAYIOGLU
Hiiseyin KURT

flker AKCA

Mehmet KARALI
Metin BULBUL
Nebiye MUSAOGLU
Oguz GURSOY
Rahmi UNAL
Ramazan KOSE
Recep ARTIR

Sabri KOCER

Salih Zeki YILDIZ
Siileyman KALELI

. Hidayet OGUZ

. Ciineyt Nadir SOLAK
Hiseyin AKSOY

Prof. Dr. Mehmet Akif ERISMIS

Prof. Dr.
Dog. Dr.
Dog. Dr.
Dog. Dr.
Dog. Dr.

Hakan TONGAL

Fatih TORNUK

Halef DIZLEK

Mustafa Kiirsat DEMIR
Yakup SENYUZ

Dog¢. Dr. Ummahan EGE ARSLAN
Dr. Ogr. Uyesi Fatih TOKSOY
Dr. Ogr. Uyesi Hasan Ali AKYUREK

Gazi Universitesi/Gazi University

Celal Bayar Universitesi/Celal Bayar University

Sakarya Universitesi/Sakarya University

Balikesir Universitesi/Balikesir University

Yildiz Teknik Universitesi/Yildiz Technical University

Usak Universitesi/Usak University

Dumlupinar Universitesi/Dumlupinar University

Sakarya Universitesi/Sakarya University

Dumlupmar Universitesi/Dumlupinar University

Necmettin Erbakan Universitesi/Necmettin Erbakan University
Eskisehir Osman Gazi Universitesi/Eskisehir Osman Gazi University
Necmettin Erbakan Universitesi/Necmettin Erbakan University
Dumlupmar Universitesi/Dumlupinar University

Istanbul Teknik Universitesi/Istanbul Technical University
Mehmet Akif Ersoy Universitesi/Mehmet Akif Ersoy University
Gazi Universitesi/Gazi University

Dumlupmar Universitesi/Dumlupinar University

Marmara Universitesi/Marmara University

Necmettin Erbakan Universitesi/Necmettin Erbakan University
Sakarya Universitesi/Sakarya University

Sakarya Universitesi/Sakarya University

Necmettin Erbakan Universitesi/Necmettin Erbakan University
Dumlupmar Universitesi/Dumlupinar University

Sakarya Universitesi/Sakarya University

Necmettin Erbakan Universitesi/Necmettin Erbakan University
Siileyman Demirel Universitesi/Suleyman Demirel University
Yildiz Teknik Universitesi/Yildiz Technical University
Osmaniye Korkut Atay Universitesi/Osmaniye Korkut Atay University
Necmettin Erbakan Universitesi/Necmettin Erbakan University
Dumlupmar Universitesi/Dumlupinar University

Eskisehir Osman Gazi Universitesi/Eskisehir Osman Gazi University
Izmir Yiiksek Teknoloji Enstitiisii Izmir Institute of Technology
Necmettin Erbakan Universitesi/Necmettin Erbakan University



Fen ve Miihendislik Bilimleri Dergisi

Necmettin Erbakan Universitesi

[
N E l | Fen ve Miihendislik Bilimleri Dergisi
Journal of Science and Engineering (NEJSE)
PRESS DOI Numarasi: 10.47112/neufmbd.2022.1

Cilt: 4 Sayi:2 Yil: 2022 Arastirma Makelesi / Research Article E-ISSN: 2667- 7989

Hikayeler I¢in Artirllmis Gergeklik Yaklasim

Yusuf UZUN ! ' Halime ERGUN?2 ‘) Esfanur SEKER 3

!'Necmettin Erbakan Universitesi, Seydisehir Ahmet Cengiz Miihendislik Fakiiltesi, Bilgisayar Miihendisligi
Bélimii, Konya, yuzun@erbakan.edu.tr (Sorumlu Yazar/ Corresponding Author)
23 Necmettin Erbakan Universitesi, Seydisehir Ahmet Cengiz Miihendislik Fakiiltesi, Bilgisayar Miihendisligi

Boliimii, Konya

Makale Bilgileri

0oz

Makale Ge¢misi
Gelis: 06.09.2022
Kabul: 15.11.2022
Yayn: 31.12.2022

Anahtar Kelimeler:
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Artirllmis gergeklik ¢evremizde algiladigimiz fiziksel unsurlarin iizerinde bilgisayar kaynakl grafik, video
ve ses gibi verilerin ger¢ek zamanli olarak goriintiileyen gergek diinya ile sanal diinyanin i¢ ige girdigi bir
teknolojidir. Askeri, sanayi, tibbi, ticari, reklam ve eglence alanlarinda siklikla kullanilan artirilmis gergeklik
egitim alaninda da kullanilmaya baslanmistir. Egitim alaninda kullanilmasindaki amag¢ cocuklarin merak
duygusunu gelistirmek, derslerde kullanilan materyaller ile katilima tesvik ederek 6grenme siirecini kolaylastirmak,
sinif ortaminda yapilmasi miimkiin olmayan konularin hazirlanmasina olanak saglamasidir. Bu projede hikaye
kitaplarindaki olay akisini ¢ocuklara hissettirmek, dikkatlerini ¢ekmek ve okuma isteklerini artirmak i¢in bu
teknolojiden yararlanilmaktadir. Yapilacak uygulamada artirilmis gergeklik gelistirme ortamlarndan Unity3D ve
Vuforia SDK (yazilim gelistirme kiti) yazilimlar1 kullanilmistir.3 boyutlu gorsellerin birlestirilerek olayin akisina gore
hareket eden karakterler ve olayin sesli bir sekilde de duyulabilecegi bu sayede ¢ocuklarin dinleyerek ve gozlemleyerek
hem gérsel hem de isitsel duyularinin gelisecegi diisiiniilmektedir. Ogrenciler iizerinde gergeklestirilen testlerde
basarili dontisler elde edilmistir.
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Child.

Along with the developing technology in recent years, our lifestyle and habits have also changed. Many new applications
are emerging every day. One of these applications is the augmented reality application. Augmented reality is designed to
improve people's perception of reality. Augmented reality is a technology in which the real world and the virtual world are
intertwined, displaying data such as computer-generated graphics, video and audio in real time on the physical elements
we perceive in our environment. Augmented reality, which is frequently used in military, industrial, medical, commercial,
advertising and entertainment fields, has also started to be used in the field of education. The purpose of its use in the field
of education is to develop children's sense of curiosity, to facilitate the learning process by encouraging participation with
the materials used in the lessons, and to enable the preparation of subjects that cannot be done in the classroom
environment. In this project, this technology is used to make children feel the flow of events in storybooks, to attract their
attention and to increase their desire to read. In the application to be made, Unity3D and Vuforia SDK (software
development kit) software, which are augmented reality development environments, were used. It is thought that by
combining 3D visuals, the characters moving according to the flow of the event and the event can be heard audibly, so that
children's both visual and auditory senses will develop by listening and observing. Successful returns were obtained in the
tests performed on the students.

Atif/Citation: Uzun, Y.; Ergiin, H.; Seker, E. (2022). Hikayeler i¢in artirilmis gergeklik yaklagimi, Necmettin Erbakan
Universitesi Fen ve Miihendislik Bilimleri Dergisi, 4(2), 1-7.
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GIRIS (INTRODUCTION)

Son yillarda gelisen teknoloji ile birlikte yasam bi¢imimiz ve aligkanliklarimiz da degismektedir.
Her gecen giin birgok yeni uygulama ortaya ¢ikmaktadir. Bu uygulamalardan biri de artirilmis gergeklik
uygulamasidir. Artirilmig gergeklik insanlarin gergeklik algisini gelistirmek icin tasarlanmigtir. Artirilmis
Gergeklik (AG) teknolojileri gelistikge kullanim alanlar1 da her gecen giin artmaktadir. Bu degisim ve
gelisim bireylerin giindelik yasamlarini olumlu ydénde etkilemektedir. Ozellikle egitim siireci ve
ortamlarinda bu teknolojinin kullanim1 yaygimlagmistir [1]. Egitim alaninda yapilan ¢aligmalarla birlikte
cocuklara yeni bir bakis a¢is1 kazandirma, teknolojiden en verimli sekilde yararlanma ve ¢ocuklarin
dikkatini ¢ekecek uygulamalar yapilmistir. Geometrik sekillerin {i¢c boyutlu hale getirilmesi, kimyada
elementlerin, molekiillerin gosterilmesi cografya dersinde giines sisteminin anlatiminin ger¢cege yakin
oranda benzetimiyle anlasilir hale getirilmesi 6rnek olarak verilebilir. Bu sayede c¢ocuklar derslerde
sadece dinleyici olarak kalmayip AG teknolojileriyle donatilan modellemeler ve dijital simiilasyonlarla
aktif olarak calisarak etkinliklere katilimlar1 sayesinde daha sosyal bir birey olma yolunda ilk adimlarin1
atmis olacaklardir.

Giiniimiiz bilisim ¢aginda teknolojik aletlere ulasim kolaylagmistir. Buda toplumu dijitallesmeye
dogru stiriiklemistir [2]. Dijital cagin getirdigi birtakim yeniliklerle aligkanliklarimiz ve 6grenme
bicimimiz de degismistir. Birgok alana AG teknolojisinin girmesiyle yeni bir ddnem baglamistir. Bu yeni
donemde eski {iriinlerin yerini yeni ve daha gelismis dijital iirinler almistir [3]. AG teknolojisinin giin
gectikge gelistigi ve telefonlarda da kullanilmaya baslanmasiyla hayatimizin her alanina girmigtir. Bu
caligma alanlarindan biri de egitim alanidir [4].

AG uygulamalar ile ¢cocuklara sunulan kolayliklar sayesinde ¢ocuklarin dersi anlama ve derse
katilimlarinda olumlu degisimler gozlemlenmistir [5]. Bir dinozorun eglenceli hikdyesinin anlatildig:
Rocks In My Socks isimli etkinlik kitab1 artirilmis gergekligin kullanildigi ¢ocuk kitaplarindan biridir.
Dinazor karakterlerini eslestirme oyunu, miizik yapma ve dinozorlar1 dans ettirme gibi etkilesimli
aktiviteler bulunmaktadir. AG ile gergeklestirilen bir baska hikaye kitab1 ise Kiigiik Prenstir. Bu
uygulamayi indirerek oyun, miizik ve {i¢ boyutlu evrene yolculuk yapilabilmektedir. AG teknolojisinin
kullanildig1 bir diger hikaye kitab1 ise Animal Kingdom’dur. Bu kitapta AG ile hayvanlarin vahsi yasam
Ozellikleri etkilesimli 6gelerle sunulmustur. Kitapta hayvanlarin vahsi yasami animasyonlarla
desteklenerek hayvanlar1 hareket ettirme, ¢alan miizigi acip katabilme ve farkli cografyadaki hayvanlari
tanima imkani saglanmistir [6]. Sinema, turizm, aligveris, saglik, miizeler, oyunlar vb. pek ¢ok alanda
karsimiza ¢ikan artirilmig gergeklik teknolojisi, ger¢ek diinyamizin telefon, tablet, bilgisayar gibi
teknolojik aletler yardimiyla sanal diinyayla zenginlestirerek insanlarin dokunma, hissetme gibi yasattig
duygularla farkli bir bakis agis1 kazanmasini saglamaktadir [7].

Bu calismada, Nasrettin hocanin komik, eglenceli ve diisiindiiriicii fikralar1 ile tavsan ile
kaplumbaga kullanilmigtir. Calismanin ana temasinda ¢ocuklart AG teknolojisi yardimiyla hem giildiiriip
hem de onlarin hikdyenin konusu iizerinde diisiinmeleri amag¢lanmigtir. Kitabin i¢inde gelistirilen olay
orgiileriyle Nasrettin Hocaya sorulan sorularla ve hocanin sorulara verdigi cevaplarla ¢ocuklara soru
sorma becerilerini kazandirma, hikayeyi diri tutma ve c¢ocuklarin olaylara bakis agisini gelistirme
konusunda 6nemli kazanimlar elde edilmistir. Tavsan ile kaplumbaga hikayesinde ise pozitif diisiiniilerek
ve inanilarak her seyin basarila bilenecegi ana konusunu ¢ocuklara aktarmak ve bunu 3 boyutlu gorsellerle
zenginlestirerek olaylar1 anlasilir hale getirmek hedeflenmistir .Bu projede sanal butonlar kullanilarak
karakterlerin 3 boyutlu gorsellerini hem biiyiitiip hem de kii¢tiltme butonlar ile daha yakindan gérme firsati,
durdurma, oynatma ve tekrar baglatma butonlar ile olaylar1 kontrol etme ve son olarak boliimler arasinda
gegislerle uygulamanin hem kolay kullanilabilmesi hem de her yas grubundaki ¢ocuklara hitap etmesiyle 6n
plana ¢ikmaktadir.

MATERYAL VE METOT (MATERIALS AND METHODS)

Bu uygulamada herhangi bir plana bagh kalmadan iiriin ortaya ¢ikana kadar kodlama yapilacag i¢in
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kodla diizelt modeli kullanilmstir. Kiigiik projeler i¢in uygun olmasi, modelin herkes tarafindan kullaniliyor
olabilmesi, herhangi bir planlamaya ihtiya¢ duymamasi, analiz yapma vs. kisimlarla ¢ok fazla ilgilenilmeden
ana problem iizerine odaklanilarak sonuca gitmenin hedeflenilmesi modelin avantajlarindan bazilardir [8].
Takim ¢aligmasi i¢in uygun olmamasi ve ne zaman biteceginin belli olmamasi dezavantajlarindandir.

Bu caligmanin gelistirilmesinde goriintli ve isaretgi tabanli artirilmis gerceklik sistemleri
kullanilmigtir. Gergek goriintii lizerine es zamanli olarak 3 boyutlu gorsellerin, sanal verilerin eklenmesi
esasina dayanir. Kullanima gére isaretli ve isaretsiz tabanli olarak ikiye ayrilir [9]. Isaretli tabanli sistemde
gosterilmesini istedigimiz nesnenin veya gorselin sisteme daha Onceden tanitilmasi veya yiiklenmesi
gerekmektedir. Bu sistemin avantajlar1 arasinda fazladan donanima ihtiyacinin olmamasi (gps, sensdrler),
yazilim desteginin birden fazla olusu ve kullanim alaniin genisligi 6rnek olarak verilebilir [10]. Dezavantaji
ise hedeflenen gorselin veya nesnenin kameranin goriis alaninda olmasi mesafe ile gelen gorseli okuma sorunu
uygulamanin ¢aligmasini etkileyen faktorlerdir [11].

Gelistirme ortami i¢in Unity 3D programi kullanilmistir. Unity 3D programi iicretsiz olmasi,
herhangi bir platforma (Mac, Android, PC vb.) doniistiiriilebilmesi ve animasyonlar yapilabilmesinden
dolay1 tercih edilmistir. AG uygulamasinda isaret tabanli yontem kullanilmistir. Isaret tabanli AG
platformu igin iicretsiz Vuforia yazilim gelistirme kiti kullanilmistir. Vuforia yazilim gelistirme kiti
Android, i0S, Lumin ve UWP cihazlar1 i¢in AG uygulamasi gelistirmeyi desteklemektedir. Unity 3D ile
uyumlu ve hizli sekilde ¢galigmasindan dolayi tercih edilmistir.

Calismada Nasrettin Hoca ve Tavsan-Kaplumbaga isimlerinde iki tane hikaye kullanildi. Nasrettin
Hoca hikayesinin Unity 3D uygulamasinda gergeklestirilen AG g¢alismasina ait bir kesit Sekil 1’de,
Tavsan-Kaplumbaga hikayesinin Unity 3D uygulamasinda gerceklestirilen AG ¢aligmasina ait bir kesit
ise Sekil 2’de gosterilmistir.

Sekil 1. Nasrettin Hoca hikdyesi AG ¢alismasi Sekil 2. Tavsan kaplumbaga hikdyesi AG ¢alismast

Tavsan-Kaplumbaga hikayesinde kullanilan 3D kaplumbaga ve tavsan nesnelerinin biiyiitiilmesi
ve kiiciiltiilmesi i¢in kullanilan menii tasarimlar1 Sekil 3 ve Sekil 4’te gosterilmistir.

Sekil 3. Kaplumbaga sanal buton (biiyiitme kiigiiltme) Sekil 4. Tavsan sanal buton (déndiirme)

ARASTIRMA SONUCLARI VE TARTISMA (RESULTS AND DISCUSSION)

Deneysel caligmaya katilan 20 6grenciye mobil AG uygulamasinin kullanilabilirligini 6lgmek ve
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degerlendirmek i¢in 20 sorudan olusan bir anket uygulanmistir. Anketin cevap boliimiinde 5'li Likert 6lgegi
(1=tamamen katilmiyorum ila 5= tamamen katiliyorum) kullanilmistir.

Sekil 5'te AG’nin 6nemi ve algisi ile ilgili ankete verilen yanitlarin istatistiksel ve grafiksel sonuclari
gosterilmistir. Sorulara goriis bildirmeyen o6grenciler istatistiksel verilerin degerlendirilmesinde dikkate
almmamistir. Deneysel ¢alismaya katilan Ogrencilerin %95'inin  AG uygulamalarina ilgi gosterdigi
goriilmiistiir. Ogrencilerin %95'inin AG teknolojisini kullanan hikaye kitaplarin tercih ettikleri anlagilmustur.
Ogrencilerin %85'inin AG kullanilan hikaye kitaplarinda konu ve detaylarin daha iyi anlasildig1 belirtilmistir.
Katilimeilarin %95°1 mobil AG uygulamalarinin kullanimmi daha verimli bulmustur. Deneye katilanlarin
%751 AG ile hazirlanan hikaye kitaplarinin algilanmasi ve uygulanmasini zor gérmemistir.

Sekil 6'da AG maliyeti ve zorlugu ile ilgili ankete verilen yanitlarin istatistiksel ve grafiksel sonuglar
gosterilmistir. Deneysel caligmaya katilan 6grencilerin %50'sinin AG ile yapilan materyallerinin maliyetli
olmadig1 kanaatinde olduklar1 goriilmiistiir. Ogrencilerin %90'inm AG ile hazirlanan hikdye kitaplarmin
uzman yardimia ihtiya¢ duymadan oOgrenilmesinin zor oldugu goriisiinde oldugu tespit edilmistir.
Katilimeilarin %90°1 hikayeler i¢cin AG uygulamalarmi bulmanin oldukga zor oldugu kanaatinde olduklarim

belirtmislerdir.

2
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2 L
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AGile
... AGkullanil . hazirl
AG teknolojisini U antan Mobil AG azllranan
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ilgi cekicidir. | kitaplarini tercih kullanimi daha
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daha iyi anlasilir. uygulanmasi
zordur.
W Tamamen Katiiyorum 10 8 9 9 2
m Katihyorum 8 7 5 8 3
Orta diizeyde katiliyorum 1 4 3 2 5
Katilmiyorum 1 1 2 1 2
W Hic katilmiyorum 0 0 1 0 8

Sekil 5. AG 'nin onemi ve égrenilmesi.
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Hikayeler icin AG

AG ile yapilan hikaye kitaplarinin uzman yardimi
R o uygulamalan bulmak
kitaplart maliyetlidir. olmadan kullaniimasi
oldukga zordur.
zordur.
B Tamamen Katiliyorum 3 1 15
m Katiliyorum 4 1 2
Orta diizeyde katiliyorum 3 2 1
Katilmiyorum 4 5 0
B Hig katilmiyorum 6 11 1

Sekil 6. AG 'nin maliyeti ve zorlugu.

Sekil 7'de AG yonteminin énemi ve kullanimu ile ilgili sorulara verilen cevaplarn istatistiksel degerleri
ve grafikleri gosterilmistir. Deneysel ¢aligmaya katilan 6grencilerin %80'inin AG yontemi hakkinda yeterli

NEJNI S FEN VE MUHENDISLIK BILIMLERi DERGISI




Fen ve Miithendislik Bilimleri Dergisi

bilgiye sahip oldugu belirlenmistir. Deneysel calismaya katilan 6grencilerin %95'inin AG'nin bir¢ok galigma
alaninda kullanilabilecegini diisiinmiistiir. Deneysel ¢alismaya katilan 6grencilerin %90’ AG ydnteminin
bir¢ok alanda maliyetleri diisiirdiigiinii belirtmislerdir. Deneysel ¢aligmaya katilan 6grencilerin %85'inin AG
kullaniminin zor olmadig1 fikrine sahip oldugu belirlenmistir. Deneysel ¢aligmaya katilan Ogrencilerin
tamaminin ders materyallerinde AG yontemi kullamilarak egitim kalitesinin 6nemli Olclide arttigini
disiindiikleri gorilmiistiir.

8

6

N =

’ I
’ o = Ha

AG'nin ders
materyallerinde
AG'nin bircok . kullanil
nin birco AG birgok AG kullanmanin Y a?.l fna;lnm
AG konusunda |¢alisma alaninda egitimin
S . . alanda cok zor S
yeterli bilgiye | kullanilabilecegi N . . kalitesini
. . maliyetleri oldugunu
sahibim. ni R, - artirmada
P distrir. duistintiyorum. L.
distintiyorum. olumlu etkisi
oldugunu
diistiniiyorum.
m Tamamen Katiliyorum 5 13 8 2 15
m Katilyorum 6 5 6 1 3
Orta diizeyde katiliyorum 5 1 4 4 2
Katilmiyorum 2 1 1 5 0
M Hic katilmiyorum 2 0 1 8 0

Sekil 7. AG yénteminin kullanimi ve onemi.

Sekil 8'de AG uygulamasinin hikdye alanina katkisi ile ilgili sorulara verilen cevaplarin istatistiksel
degerleri ve grafikleri gosterilmistir. Deneysel caligmaya katilan 0Ogrencilerin @ %95'inin  hikéye
uygulamalarinda AG teknolojisini kullanarak daha eglenceli ve &gretici bir ortam oldugunu diisiindiikleri
goriilmiistiir. Deneysel calismaya katilan 6grencilerin %95'inin AG konusunda uzman yardimina ihtiyag
duymadan galismayi kullanabilecekleri goriilmiistiir. Ogrencilerin %95°1 hikaye kitaplarint mobil AG ile daha
ucuza kullanabileceklerini belirtmistir. Deneysel ¢alismaya katilan 6grencilerin tamami bos zamanlarinda AG
ile okuma yapmay1 daha eglenceli hale getirebileceklerini sdylemistir.

16
14

12
0
8
6
4
i N |
0

Hikaye kitaplannda AG konusunda
AG teknolojisinin uzman yardimina Mobil AG ile

=

Bos zamanlarimda
AG ile okumayi daha

kullanilmasi daha ihtiyag duymadan | calismayl daha ucuza . .
. R e eglenceli hale
eglenceli ve 6gretici calismayi kullanabilirim. atirebilirim
bir durum yaratir. kullanabilirim. getirebifirim.
B Tamamen Katiiyorum 15 13 11 14
B Katihyorum 3 5 7 5
Orta diizeyde katiliyorum 1 1 1 1
Katilmiyorum 1 1 1 0
W Hi¢ katilmiyorum 0 0 0

Sekil 8. AG uygulamasinin egitime katkisi.

Sekil 9'da mobil AG uygulamasinin hikdye alanma katkis1 ile ilgili sorulara verilen cevaplarin
istatistiksel degerleri ve grafikleri gosterilmistir. Deneysel calismaya katilan 6grencilerin %90'min hikaye
okumada AG teknolojisinin daha etkili ve verimli oldugunu diisiindiikleri belirlenmistir. Ogrencilerin
%95'inin bilgisayar ve ¢evre birimlerine ihtiyag duymadan mobil AG yontemiyle yapilan okumalarin olumlu
sonuglarmi gorebildigi goriilmiistiir. Katilimcilarin %95°1i mobil AG uygulamasini paylasarak arkadaslarinin
hikaye okuma aligkanliklari gelistirmelerine yardime1 olduklarini belirtmistir.
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o || I
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Bilgisayar ve gevre Mobil AG uygulamasini
Hikaye okumada AG birimlerine ihtiyag paylasarak arkadaglanmin
teknolojisinin daha etkili ve duymadan mobil AG hikaye okuma
verimli oldugunu yontemiyle yapilan aliskanliklanni
distintiyorum. okumalann olumlu gelistirmelerine yardimai
sonuglarini gorebiliyorum. oluyorum.
M Tamamen Katiliyorum 10 12 11
M Katiliyorum 6 5 5
Orta diizeyde katiliyorum 2 2 3
Katilmiyorum 1 1 1
| Hig katilmiyorum 1 0 0

Sekil 9. Mobil AG uygulamasinin egitici katkisi.

Hikaye alaninda yapilmig bu calismanin kullanimina yonelik c¢ocuklardan gelen doniitler
incelendiginde ¢ocuklarin uygulamanin meniilerini kolay kullanabilmesi ve isaretleyicileri uygulamaya
rahat bir sekilde adapte ettirebilmeleri uygulamanin kullanilabilirligini artirmistir. Ayrica isaretleyicilerin
hareket halinde de uygulama tarafinda algilanmasi, hikdye iizerinde nesnelerin gosterimi ve kodlarin
¢oziimlenmesinin dogru olarak c¢alistigi gézlemlenmistir. Bu ¢alisma farkli teknolojik cihazlarla da
kullanabilmesi i¢in kullaniminin daha kolay ve erisimin daha hizli olmasi saglanmistir.

Mobil cihazlar i¢in gelistirilen bu AG uygulamasinda tasarlanan menil yardimi ile 3D nesneleri ve
detayl bilgiler hikaye kitaplar iizerinde gosterilmistir. Ayrica uygulamada 3D nesnesinin 360 derece
dondiiriilmesi, biiyiiltme ve kiiciiltme islemleri de yapilmistir.

Gelistirilen uygulama kullanilirken ¢ocuklarin hikayeye olan ilgilerinin ve konsantrasyonlarinin
onemli oranda arttig1 gézlemlenmistir.

SONUC (CONCLUSION)

Artirilmig gergekligin egitim alaninda kullanilmasi 6grenme bicimini de degistirmistir. Bu siiregte
cocuklara egitimin tam verilebilmesi i¢in 6greten kisilerinde bu siirecte dikkat etmesi gereken birtakim
unsurlar bulunmaktadir. Ogreticilerin de AG teknolojileri hakkinda bilgi sahibi olmasi gerekmektedir.
Yapilan uygulamalarin ¢ocuklar iizerinde biraktig1 olumlu veya olumsuz gelismeler dikkate alinmalidir.
Elde edilen bu veriler ilerleyen zamanlarda yapilacak uygulamalar i¢in 6nemli bir kaynak olacaktir.
Hikaye kitaplar1 alaninda yapilan ¢aligmalarda bu elde edilen veriler ihtiyag¢larin giderilmesi i¢in 6nemli
gelismeler saglayacaktir. Cocuklarin yaraticiligini artirmaya, konsantrasyonlarini giliclendirmeye ve
konular iizerinde diisiindiirmeye ydnelten bu hikaye kitaplarinda AG teknolojisi kullanilarak okumaya
yeni bir boyut kazandirmistir.

Teknolojinin sundugu imkanlarla donatilan ses, animasyon ve gdoriintii teknikleri ile desteklenen
bu hikaye kitabinda geleneksel yaklasim ile teknoloji bir araya getirilmistir. AG teknolojisinin hikaye
kitabini destekleyen zengin igerigi ile cocuklara unutulmaz bir deneyim yasatilmistir. Bu sayede ¢ocuklar
icin kitaplarin aslinda eglenceli oldugu, okuma sevgilerinin ve okuma aligkanliklarinin kazanilacagi
disiiniilmistiir.

AG teknolojisini egitimde kullanirken dikkatli olmak gerekiyor. Teknolojinin getirdigi yenilik ve
kolayliklarin ¢ocuklar1 tembel ve bagimli hale getirmeden diisiinmeye ve problemleri ¢6zmeye yonelik
adimlar atilmalidir. Bunun i¢in dncelikle 6greten kisilerin AG konusunda bilinglendirilmesi ve gerekli
donanima sahip olmas1 gerekmektedir. Ogrenme ¢agindaki cocuklari teknolojiye bagimli hale getirmeden
teknolojiyi en verimli sekilde kullanmalarin1 saglamak gerekir. AG uygulamalarinin ¢ocuklar iizerinde
olumlu sonuglar dogurdugu bilinmektedir.
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Makale Bilgileri 0z

Makale Ge¢misi 3D beden o6lgiilerinin 2D goriintiilerden elde etmek igin net siliietler gerekmektedir. Yazarlarin 3D beden odlgiilerini
Gelis: 10.11.2022 elde etmek i¢in 2D goriintiilerden piksel koordinatlari ile yeni bir yontem gelistirdikleri devam eden aragtirmalarinda
Kabul: 26.12.2022 el ile ve beden tarayicilari ile yaygin olan beden 6l¢iisii almak i¢in bedene ihtiya¢ duyulmayacag i¢in ve giysilerin e-
Yaymn: 31.12.2022 aligverisler ile artmasi ile ortaya ¢ikan bedene oturmama probleminin ¢dziilmesi amaglandigi igin, ilk adim, énden ve

yandan ¢ekilmis fotograflardan net beden siliietlerinin elde edilmesidir. Bu makalenin amaci, net beden siliietlerinin
Anahtar Kelimeler: elde edilmesi i¢in, yeni gelistirilen ve InPrNGF-1.0 ve ImPrNGF-2.0 adlar1 verilen goriintii isleme programlari ve
2D, 3D, algoritmalar, yine yeni gelistirilen ve Python programlama dilindeki PyNGF-1 ad: verilen programin gelistirilmesinde yapilan
Beden 6l¢iileri, net aragtirmalarin sunulmasidir. Gelistirilen bu {i¢ yeni programlarda izlenen islem basamaklari, 6nden ve yandan
siliiet. goriintiilerde renkli goriintiiyii gri tona doniistiirerek bir beden siliieti elde etmek, esik degerleri ve ikili déniisiim, farkl
esik degeri algoritmalarinin uygulanmasi ile karsilasilan problemlerin tanimlanmasi, Paint 3D programu ile arka planin
kaldirmas: (arka planin temizlenmesi) (giiriiltiiniin azaltilmasi), kenar algilama algoritmasini galistirilmasi (Sobel
filtresi) ve elde edilen goriintiiniin negatifinin alinmasidir. Béylece net beden siliietlerinin elde edilmesi basarilmistir
ve 3D beden 6lgiilerinin 2D goriintiilerden elde edilmesi amaci i¢in kullanilmasi miimkiin olmaktadir.

Sharp Silhouettes for Obtaining 3D Body Measurements from 2D Images
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INTRODUCTION

Internet is widespread all over the world and is used intensely leading to e-shopping being preferred
more and more every day via online stores. Considering Tiirkiye, the rate of internet usage is increasing
significantly in due time, being 45.0% of the households in 2011 and up to 92.0% in 2021. On the other hand,
the rate of internet usage among individuals aged 16-74 was 42.9% in 2011 and increased to 82.6% in 2021
(Figure 1). The proportion of same individuals who purchased goods or services over the internet was 8.4%
in 2011 and it increased significantly to 44.3% in 2021 (Figure 2). Among people using internet for shopping,
70.7% of individuals purchased apparel, shoes and accessories in the first three months of 2021. Internet
shopping is expected to increase further in the coming years [1].
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Fi 1. /i ] holds and
igure 1. Internet use in households an Figure 2. Individuals aged 16-74 who purchased goods

e e 2011-
individuals with internet access between 20 or services over internet 2011-2021 [1]

2021 [1]

There are many problems consumers face while e-shopping garments such as there are different
measurements of the same size, lack of large size products, faulty products in fabric or sewing, short arm
lengths for tall people or vice versa, unsuitable colors for the chosen ones, and the most important of all is
that the clothes bought do not fit the person's own body, the unfit problem. It is aimed in our research to solve
the unfit problem by obtaining 3D body measurements from 2D body measurements where the body
measurements of the consumer will be determined by using the two-dimensional front and side images of the
consumer, and it will be ensured that the clothes they buy will fit their body perfectly, besides, the need for
the body to take body measurements will be eliminated. While working, the need to obtain sharp silhouettes
from 2D images aroused. In this manuscript the intensive research of the reference studies conducted to
obtain sharp body silhouettes is presented.

Body measurements are one of the most important data in apparel making. When done in tailor sense,
the tailor takes body measurements from our body by hand and the product fits us when sewn. The case
leading to the unfit problem is the improvement of ready-wear industry because when production is done
massively it is unknown to whom the product will be sold, so body measurements needed to be generalized.
Expressions like S, M, L or 36, 38, 40, etc. are developed and these didn’t fit everyone’s body, arousing the
unfit problem. In the traditional way of obtaining body measurements manually, the human body and a non-
stretchable tape measure are used. In Figure 3, some examples of the definitions of body measurements and
the way they are taken are given [2, 3], they are standardized by [SO-8559. With the rapid improvement of
technology, body scanning technologies are developed to obtain body measurements quickly, easily and more
precisely, also aiming to get over the unfit problem but as mentioned above the generalized sizes are still
limiting them. Some examples of body scanning systems are TC? 3D Body Scanner, Cyberware, Polyworks,
Anthroscan, Vitus, etc. (Figure 4). These systems take cross-sectional images from different areas by
scanning the body from top to bottom, allowing examining the body in terms of cross-sectional shape, slice
area and volume [4]. 3D body scanning systems offer solutions to problems especially in the apparel industry.
With the improvement of 3D body scanner technologies, time saving and flexibility in the processes of
clothing production such as resequencing and sizing of the garment have been achieved. Another benefit can
be named as to be able to dress clothes on 3D models and show virtually how the clothes look on the model
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[5]. Besides, a calibrated Kinect sensor was also used to obtain widths at different positions like shoulder
width, bust width, arm open width, total height and hand up height. These measurements were obtained with
accuracies of 98.46% to 99.6%, when compared with the results of sensor and the actual body measurements.
It was suggested that this kind of a depth image sensor can be used as an alternative way to measure body
measurements [6]. Additionally, virtual fitness tests were performed for online shopping after body
measurements were taken with a 3D body scanner [7]. These body scanners still need the human body to
obtain the body measurements, whereas in our research, the need for the human body will be eliminated
because the front and side images will be used and the unfit problem will be solved.

,/
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Inner Leg Height Amn Length 2 Shoulder Width

Figure 3. Method of taking body measurements by hand [2, 3]

(a) (b)
Figure 4. Examples of body scanning systems a) TC* 3D Body Scanner b) Cyberware c) Vitus [4]

In literature, there are studies on investigating the suitability of standard body sizes, where standard size
trousers provide a good fit especially in small size groups, while problems with large sizes, hence tailor-made
production for people with large bodies and non-standard body shapes [8]; establishing a neck circumference
size estimation model (Figure 5), top view of the created neck circumference measurements (Figure 6) [9];
acquiring the chest circumference by comparing the measurements obtained from the 2D images and the
elliptical measurements obtained from the virtual mannequin [10]; examining the simulation systems in
garment design and body sizing, and explaining that they can be used for cross-sectional areas of body
measurements with B-spline curve approaches, and developing software to extract body measurements from
a 3D body scanner (Figure 7-9) [11,12].
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Figure 6. Top view of the created neck Figure 7. Cross-sectional areas of body
measurement [9] measurements [11]

nel-2 CRR EE ]

Figure 8. B-Spline curve approaches [11] Figure 9. Developing software to extract body
measurements [12]

Another important literature on this subject is initiating a study to obtain 3D body measurements from
2D images to eliminate the need for body when taking body measurements by hand or body scanners and to
seek a solution to the problem of not fitting of the garment to the body. The photographs of 500 female
participants aged 18-25, all volunteers, weights 43-85 kg, wearing tight clothes, from 3 m distance, from
front and side rotated 90°, from neck and to knees, arms and legs slightly open, using a camera that focuses
on the waist and parallel to the ground, the camera being digital Canon EOS 7D and Fujifilm FinePix S2980
brand were taken. Some examples of the photographs for Person-13, Person-137, and Person-433 are given
in Figure 10. Different body measurements up to 20 were manually measured according to [ISO-8559 standard
using a non-stretchable tape measure, and the age, height and weight of the same person were recorded. In
the mentioned research, the descriptive statistics of the obtained data were calculated, and the relationships
between height and weight were examined with regression analyses [2, 13].

In this research, to reach the goal of obtaining 3D body measurements from 2D images, first a sharp
silhouette of the front and side images is searched and presented here.

MATERIALS AND METHODS

Sharp silhouettes for obtaining 3D body measurements from 2D front and side images is presented in
this manuscript. Sharp silhouettes are the initial step of the present research to obtain 3D body measurements
from 2D front and side images, incidentally the attributing studies are exhibited here. The material used in
this research is mainly the front and side photographs of females [2, 13]. They are necessarily benefited to
acquire sharp silhouettes for obtaining 3D body measurements from 2D images. Some other examples of the
photographs from the front and side for Person-10, Person-9, and Person-14 are given in Figure 11 [2, 13].
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(c) (d)
Figure 10. Examples of photographs from front and side, a) Person-1, b) Person-13, c) Person-
137, and d) Person- 433 [2,13].

(b)
Figure 11. Examples of photographs from front and side, a) Person-10, b) Person-9,
and c¢) Person-14 [2,13].

In this research, in order to acquire sharp silhouettes for obtaining 3D body measurements from 2D front
and side images, new image processing programs are developed. Two of them are the programs in Microsoft
Visual Studio in C# programming language Windows Form Application and Visual Studio Code compiler
in image processing which are named as ImPrNGF-1.0 and ImPrNGF-2.0, besides the OpenCV (Open Source
Computer Vision) library is also taken advantage of. The third one is in Python programming language,
which is named as PyNGF-1. The procedures followed in these new developed programs are obtaining the
body silhouettes from the front and side images by converting color image to grayscale, then thresholding
and binary transformation, indicating the problems encountered and how they are solved, later background
(noise) removal with Paint 3D (background cleaning), running the edge detection algorithm (Sobel Filter),
and finally attaining the negative image, they will be explained in detail in the next section. At the end, sharp
silhouettes are successfully obtained for the purpose of obtaining 3D body measurements from 2D images.

RESULTS AND DISCUSSION

In this research, studies are conducted to acquire sharp silhouettes for obtaining 3D body measurements
from 2D front and side images. Below are explained the intensive work carried out, the results, and discussion
to reach this goal.
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Obtaining Body Silhouettes with the New Developed Program ImPrNGF-1.0

The front and side images to obtain body silhouettes are colored as seen in Figure 10 and 11. It is first
needed to transform the color images into grayscale images. Grayscaling needs further work to get only the
outlines with thresholding and binary transformation to obtain body silhouettes. The structural design to
convert the color images to grayscale and thresholding and binary transformation are explained in the
following sections below:

Converting Color Image to Grayscale

In general, each pixel in a color image consists of three color components, which are red, green, and
blue (RGB), and each component in a pixel is given a value between 0 and 255. If the RGB is (0, 0, 0)
respectively, then the color is black, similarly, white when they are (255, 255, 255). The gray color has equal
RGB values, where light gray is defined by (230,230,230), and dark gray (100,100,100), furthermore, a dark
pink color is reached with (200, 20, 80). In Figure 12, examples of RGB values for dark pink and dark gray
colors are given [14].

rgb(100, 160, 100
- o - : ‘ )
200

100

2 100
S o S
80 100
dcamy o [0 |
(a) (b)

Figure 12. Examples of RGB values, a) Dark pink (200, 20, 80), b) Dark gray (100, 100, 100) [14]

When a color pixel is converted to grayscale, the arithmetic average of the RGB values is taken and the
resultant value is assigned to all three RGB components [15]. The dark pink color in Figure 12a possesses
RGB values (200, 20, 80), their average is given in Equation 1, which is 100, and this value is issued to each
RGB component, outcoming as (100, 100, 100), indicating the final grayscale of the dark pink color pixel in
Figure 12b.

Gray Value= (R+G+B) /3 (D)
Gray Value= (200+20+80)/3=100 for each RGB

When the image is taken as a whole, the average of RGB in every pixel is calculated one by one and
replaced within the same pixel, at the end the whole image turns into different shades of gray. In this research,
the new developed program ImPrNGF-1.0 is compiled and executed successfully on Microsoft Visual Studio.
The algorithm structure C# programming language is used in this program to convert the color image to
grayscale and it is as given below:
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1 private Bitmap griYap(Bitmap bmp)
24
3 for (inti=0; i < bmp.Height - 1; i++)

5 for (int j = 0; j < bmp.Width - 1; j++)

6

7  int gray = (bmp.GetPixel(j, 1).R + bmp.GetPixel(j, 1).G + bmp.GetPixel(j, i).B) / 3;
8  Color grayscale = Color.FromArgb(gray, gray, gray);

9  bmp.SetPixel(j, i, grayscale);

10}

11 return bmp;

12 }

In this algorithm, for-loops are used and in this case two for-loops are used to reach all of the pixels in
the images. The pixels are recognized by the (i, j) components, vertical and horizontal, respectively.
Sequentially one pixel is taken with “GetPixel” function, it is transferred to the predefined variable "int gray",
the “Color.FromArgb” function takes the average of RGB values of that special pixel, “SetPixel” function
replaces the RGB color components of that pixel with the average color value calculated. When (i++, j++)
reaches the end, the image in different shades of gray is obtained. An example of gray scale conversion for
Person-1 is given in Figure 13.

(a) (b) (© (d)
Figure 13. Converting the color image of Person-1 to grayscale, a) Color image front,
b) Grayscale image front, ¢) Color image side, d) Grayscale image side

Thresholding and Binary Transformation

In the thresholding and binary transformation process, the average color value of each pixel in the
grayscale picture is compared with a certain threshold value chosen according to a certain goal, which is such
as applying a kind of filter. When a threshold value 240 is chosen; if one special pixel of a grayscale image
contains an average color value 220 , then the value of 220 is compared with the threshold value 240 and
since it is below the threshold value the program replaces it with 0, so, that pixel is turned into black; in the
same way, if another pixel of a grayscale image contains and average color value of 250 , then the value of
250 is compared with the threshold value 240 and since it is above the threshold value the program replaces
it with 255, so, that pixel is turned into white (Equation 2). Correspondingly when the same thresholding is
applied to all of the pixels in a grayscale image then the image is transformed into a binary system of black
and white [15]. In this research the semi-body silhouettes are obtained by thresholding and binary
transformations after the color images are converted to grayscale.

NEJNIE FEN VE MUHENDISLIK BILIMLERi DERGISI



Fen ve Miihendislik Bilimleri Dergisi

0,if g(x,y) <T =240

fy) = {255, g(x,y) = 240 )

Problems Encountered

In working with different front and side images of females to obtain the body silhouettes via the new

developed program ImPrNGF-1.0, some problems are encountered. It is thought that these problems would
not lead to sharp silhouettes, so the images are worked on neatly and precisely to overcome these problems.

A list of the problems encountered is given below:

The background of the image is dark, besides the person is wearing dark cloths, there is no contrast
between them, so unable to reach a silhouette (The same is true with light colored background and
light-colored clothes)

Presence of some objects disrupting the silhouette line such as a hairpin, hat, ring, watch, bracelet,
even a curl of hair itself

Standing position of the person such as one shoulder up or down, or arms not open enough, or arm
covering chest on the side image

Clothes of the person such as the being loose clothing makes it difficult to get the body silhouette,
the pointed end of the short sleeves, traces of garment collar, folds of the clothing, etc.

The thickness of the silhouette line

The underarm is not aligned on the horizontal axis in the side image but has an inclined posture
Noise in the silhouette image

Shadows reflecting on the background but detected as a part of the body

The main screen of the new developed program ImPrNGF-1.0 is shown in Figure 14 and examples of
the problems encountered by applying ImPrNGF-1.0 to Person-9 (Figure 15) and Person-10 (Figure 16) are
given. First the color images are converted to grayscale and then are studied at the 180 threshold to obtain
the silhouettes. The silhouettes are successfully obtained but there are problems encountered as mentioned

above. For example, in Figure 15, the shadow of the right leg and the shadow of the left arm fall on the door,
unfortunately silhouettes for these shadows are also obtained. Similarly, in Figure 15, the traces of the collar

create a silhouette, which is not needed in the present research and considered as noise. Another example in
Figure 16, there are problems with the folding of the T-shirt at the waist both in the front and a side image,
the standing position of the lady is inclined, and the edge of the short sleeve T-shirt of right arm. Both have
a curl of hair seen in the side image (Figure 15) and front image (Figure 16) disrupting the silhouette.
Excessive amount of noise in the form of black dots appeared around the neck of the body silhouette obtained,
which disrupt the silhouette and lead to redundant pixels as seen in Figures 15 and 16.

NEJE]S

Open mage e Scbe Edge Desecton Negebie fom Shouetie Ham Body

Keydet

Figure 14. Main screen of the new developed program ImPrNGF-1.0
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Figure 15. Original color images of Person-9 front and side; grayscale images, and silhouettes obtained with
ImPrNGF-1.0 at threshold 180

Figure 16. Original color images of Person-10 front and side; grayscale images, and silhouettes obtained with
ImPrNGF-1.0 at threshold 180

First of all, the problems encountered needs to be solved. To clarify the problems mentioned above,
various studies have been conducted, each having different approaches and different points of views. In these
studies, (1) thresholding and binary transformation studies with the new developed program ImPrNGF-1.0,
(2) thresholding and binary transformation studies with the new developed program PyNGF-1, (3)
background (noise) removal studies with Paint 3D Program are carefully applied with changing parameters
to obtain a sharp body silhouette. A schematic workflow of the studies to clarify the problems to obtain a
sharp body silhouette done is given in Figure 17.

P 1

| (1) THRESHOLDING AND |

I BINARY i

| TRANSFORMATION |

| STUDIESWITHTHENEW ; -

‘DEVELOPED PROGRAMME! : i

i IMAGE PROCESSING 1.0 : :  (3) BACKGROUND :

! ! ! (NOISE) REMOVAL |

__________________ - I STUDIES WITH PAINT!
| 3D PROGRAMME |

| CLARIFYING THE PROBLEMS TO |
| OBTAIN A BODY SILHOUETTE |

e -
| (2) THRESHOLDING AND |
I BINARY !
|  TRANSFORMATION |
| STUDIES WITH THE NEW |
|DEVELOPED PROGRAMME;
i PYTHON 1.0 i

silhouette
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Thresholding and Binary Transformation Studies with the New Developed ImPrNGF-1.0

The thresholding and binary transformations are applied to Person-9 in the new developed program
ImPrNGF-1.0. The threshold values 100 , 140 , 200 , 220 , and 240 are applied as seen in Figures 18 — 22,
respectively, and the body silhouettes are extracted. The outcome of each threshold value is examined in-
depth and is observed that at the threshold values 100 and 140 there are some skipping points of the body
silhouette especially at the right leg as seen in Figures 18 and 19, respectively; on the other hand at the
threshold values 200 , 220 , and 240 the noise of the silhouettes obtained are increasing as the threshold
values increase, so they become darker and darker, and the problem of the shadow of the legs falling on the
door also noted as a silhouette are seen in Figures 20 — 22, respectively. No sharp body silhouettes are
obtained with the new developed program ImPrNGF-1.0 demonstrated according to the criteria of this
research. This situation exhibited excessive amount of noise in the form of black dots evident around the
neck of the body silhouette obtained, which disrupt the silhouette and lead to redundant pixels as seen in
Figures 18-22, needed denoising.

Figure 19. Silhouette extraction with InPrNGF-1.0 for Figure 20. Silhouette extraction with InPrNGF-1.0
Person-9 at threshold value 140 for Person-9 at threshold value 200

Open mage e Sonel e Dvecson Nagmue Fom Streueme o Basy

Figure 21. Silhouette extraction with InPrNGF-1.0 for Figure 22. Silhouette extraction with InPrNGF-1.0
Person-9 at threshold value 220 for Person-9 at threshold value 240

Thresholding and Binary Transformation Studies with the New Developed Program PyNGF-1

The objective of applying different thresholding and binary transformations and attaining their negatives
is to obtain sharp body silhouettes. To achieve this target, another program is developed in the Python
programming language in Visual Studio Code compiler and is named PyNGF-1. The main screen of the new
developed program PyNGF-1 is seen in Figure 23 for Person-1. The different threshold values 200, 220, 230,

NEJNI S FEN VE MUHENDISLIK BILIMLERi DERGISi




Fen ve Miihendislik Bilimleri Dergisi

240 and 250 are applied with this new program as seen in Figure 24 a-e. The outcome of each threshold value
is examined in-depth and is noted that at the threshold value 200, white spots occurred around the neck which
disrupt the silhouette and lead to redundant pixels; at the threshold values 220 and 230 , black and heavy
black shadows appeared at the lower right corners, respectively; at the threshold value 240 , these shadows
appeared on both sides of the image, even more intensely; at the threshold value 250 , the black color
dominated the whole image and no clear silhouettes are obtained. Nevertheless, the research is continued and
to reach the goal of obtaining clear silhouettes, the negatives of each image is attained at different threshold
values with the new developed program PyNGF-1. In Figure 25, the attained negatives of the threshold values
200, 220, 230, 240 and 250 are seen. The outcome of negative of each threshold value is examined in-depth
and is observed that at each of the threshold value there are some skipping points in the silhouette, noise
occurred, the silhouette starts to disappear at the left leg at the threshold value 240, and almost totally
disappearing in 250, revealing to no apparent silhouettes.

Figure 23. Main screen of the new developed program PyNGF-1 for Person-1

o ﬁ

(@) (b) (©) (d) (e)
Figure 24. Different threshold values with PyNGF-1 for Person-1, a) 200, b) 220, ¢) 230, d) 240, e) 250

T T
Ty o4 C
(a) (b) (c) (d) (e)

Figure 25. Negatives of different threshold values with PyNGF-1 for Person-1,
a) 200, b) 220, ¢) 230, d) 240, e) 250

I

Background (noise) Removal Studies with Paint 3D Program (Background Cleaning)

The edge detection performed with the new developed program ImPrNGF-1.0 could not eliminate the
problems to obtain a sharp body silhouette. To express more clearly, the background is included in the
thresholding and binary transformations, in silhouette formation, and in attaining the negative. In this case,
to achieve the goal of obtaining of a sharp body silhouette, the Paint 3D program is used to remove the
background of the color image. The steps of background removal process in Paint 3D are; the color image is
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loaded first (Figure 26a) then with the magic selection button the object to be focused on is selected, Person-
10 in this case, the magic selection selects this object and determines its outlines (Figure 26b), at this point
minor changes can be done slightly to arrange some edge regions of the object with the “Add/Remove”
button, and then it removes the background of the color image and a clear object is left. In Figure 26¢, the
selected object which is saved as a new image file is seen where the background is removed.

(b) (©
Figure 26. Working with Paint 3D Program, a) Color image loaded, b) Magic selection of the object, c) Selected
object and removed background

Obtaining Body Silhouettes with the New Developed Program ImPrNGF-2.0

After the background is removed, the new image file is processed with another new developed program
ImPrNGF-2.0 based on Microsoft Visual Studio in C# programming language. The main screen of this other
new developed program ImPrNGF-2.0 is seen in Figure 27.

Thresholding and Binary Transformation Studies with the New Developed ImPrNGF-2.0

Person-10 is processed with ImPrNGF-2.0, the different threshold values 200 and 240 are applied as
seen in Figures 28-31. The outcome of each threshold value is examined in-depth and is noted that at the
threshold value 200, much noise in the form of black dots appeared around the neck of the body silhouette
obtained which disrupt the silhouette and lead to redundant pixels as seen in Figure 28 and 29, Person-10
front and side, respectively. At the threshold value 240, a sharp silhouette is satisfactorily extracted, the
resultant silhouette reveals essentially no redundant pixels, as seen in Figures 30 and 31, Person-10 front and
side, respectively, which provides the silhouette to be used in the following sections of the present research.
From the aspect of effectiveness, obtaining sharp silhouettes is achieved.

| Open mage Fie. Grey Scela Teshod ‘Sobel Edge Detection Negetive mage.

Seve Tresheld mage Seve Sobel Inage Save Negstive Image

Figure 27. Main screen of another new developed program ImPrNGF-2.0

Open image Fie Gray Scala Threshoid Sobel Edge Detecton Negetve mage Open image Fie. Gray Scaia Threshold Sobel Edge Detection

Save Treehoid Inage Save Scbel image Save Negative Imsge Save Treshold image Save Sobel image

Figure 28. Silhouette extraction with InPrNGF-2.0 for Figure 29. Silhouette extraction with InPrNGF-2.0
Person-10 front at threshold value 200 for Person-10 side at threshold value 200
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Open image Fle Gy Scsla Thresncld Scbel Edge Detection Negatve Image

Save Treshoid bnge Sove Sobel nage Seve Negate mage

Figure 30. Silhouette extraction with InPrNGF-2.0 for Figure 31. Silhouette extraction with InPrNGF-2.0
Person-10 front at threshold value 240 for Person-10 side at threshold value 240

Edge Detection Algorithm (Sobel Filter) with the New Developed Program

While extracting the silhouette of the body, it is as well important to detect the edges of it also. In this
new developed program ImPrNGF-2.0 it is taken the advantage of Sobel filter which detects the areas of high
color variations in a grayscale. Besides detecting, this filter can efficiently dissociate the color differences
and highlights them as edges. Sobel filter does these processes with masks and in the present research two
different masks are used for edge detection, one for the vertical axis and one for the horizontal axis. An
example of Sobel masks is given as in Figure 32 [16].

-1 0 1 -1 -2 -1

-2 0 2 0 0 0

-1 0 1 1 2 1
G, Mask G, Mask

Figure 32. Example of Sobel masks, a) Vertical axis edge
detection mask, b) Horizontal axis edge detection mask [16]

An application of Sobel masks is given in Figure 33 where A is an example of an original image, Gx
and Gy masks are the matrices of the vertical and horizontal axes, respectively, Gx and Gy values are the
multiplication of Gx and A, and of Gy and A. To determine the edge regions, the Gx and Gy masks are
applied starting from the second row and second column of the original image as shown in Equations 3 and
4 where the Gx and Gy values are calculated. For the calculation of Gx value, the matrix of the original image
A and the matrix of Gx mask are multiplied, the result is Gx=400. Similarly, for the calculation of Gy value,
the matrix of the original image A and the matrix of Gy mask are multiplied, the result is Gy=0 . The
mathematical model of their squares for the Sobel filter masking G value is given in Equation 5 and is the
square root of the sum of the Gx and Gy values where the result is G = 400.

A: Example of an original image

Gx mask: Matrix of the vertical axis
Gy value: Multiplication of Gy and A
Gy mask: Matrix of the horizontal axis
Gy value: Multiplication of Gy and A
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Figure 33. Sobel Filter, a) Vertical mask, b) Horizontal mask

100 100 200 —1
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o 1 -1 -2 -1
0 2(*4 Gy=[0 0 O (|*4
o 1 1 2 1 (3)
100 100 200 -1 0 1
Gx(2.2)=|100 100 200(* -2 O 2
100 100 200 -1 0
Gx (2,2) = [100 * (—1) + (100 * 0) + (200 * 1) + 100 * (—2) + (100 = 0) + (200 * 2)

+ (100 * (—1) + (100 * 0) + (200 = 1)] = —400 + 800 = 400

100 100 200 |-1 -2 -1
Gy(2.2)=[100 100 200(*| 0 0 O
100 100 200 I 2 1

“4)
G? = Gx* + Gy*
G2 = 4002 + 02
G? = 400% and G = 400 %)

This procedure of Sobel filter masking is for only one pixel, so the same have to be done for all the
pixels in the image. At the end, an image is obtained showing the edges of the original image. In the present
research Sobel filter is applied to the image of Person-10 obtained with the new developed ImPrNGF-2.0.
Since the determined threshold value is 240, Sobel filter compares the calculated G value for each pixel with
this threshold value, and if it is higher than 240 that pixel is assigned as white, and if it is lower than 240 that
pixel is assigned as black. The background removed image and the resulting silhouette image provided after
Sobel filter is given in Figure 34.
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T W

Figure 34. Person-10, a) Background removed image, b) Silhouette obtained after Sobel filter
Attaining the Negative Image with the New Developed Program ImPrNGF-2.0

When Sobel filter process is completed, an image in black and a white silhouette line is derived from
the color image. A need arouses to change the colors to just the opposite where the black areas will be white
and the white silhouette line black. Since it is explained in Section 3.1.4 that black is symbolized with the
number 0 and white the number 255 in the RGB color components, to attain the negative of the image simply
each pixel color value must be subtracted from the number 255 in a for-loop. The remaining pixel color value
gives the negative pixel color value accordingly [15]. In the current research, the silhouette is obtained by
taking the negatives of the front and side image after Sobel filters process. Figure 35 shows Sobel filter

process and after the negative image attained for Person-10.
'A‘ f @ |
(@ (b) (@) (b)

Figure 35. Person-10, a) Sobel filter process, Figure 36. Person-10, a) Background
removed image, b) Negative image attained b) silhouette image

For Person-10, the background removed image for the front and side to directly their silhouettes as
the negative images attained are performed as seen in Figure 36.

The same reasonable operations are applied to Person-1, Person-9 and Person-14, and their background
removed images for the front and side directly to their silhouettes as the negative images attained are provided
in Figures 37-39, respectively.
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Figure 37. Person-1, a) Background Figure 38. Person-9, a) Background removed image,
removed image, b) Silhouette image b) Silhouette image
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P A

(a)
Figure 39. Person-14, a) Background removed image, b) Silhouette image

The workflow chart of procedures followed in this research is briefly summarized in Figure 40.

Work Flow Chart For Obtaining Body Silhouette

Orijinal Image Grayscale image

Converting the Color Image to Grayscale

o 12 ~u &
1 r 1 (AL A ;
Orijinal color images grayscale images silhouettes / \
obtained with Image Processing 1.0 with threshold 180 “ ‘

h A
Orijinal color images Sobel Filter images silhouettes ;o\ )
obtained with Image Processing 1.0 with threshold 220 / “\,

Orijinal Image Sobel Edge Dedection (Sobel Filter)
| O

: VRN
Thresholding Studies with Python 1.0 at threshold % % N
values of 200, 220, 230, 240, 250 A \

Silhouette extraction with Image Processing 2.0 Programme at threshold value of 240

L\ |/

Sobel Edge Dedection (Sobel Filter) Attaining the Negative Images
SHARP SILHOUTTES ACHIEVED
&
Negative studies with Python 1.0 at threshold
values of 200, 220, 230, 240, 250 ** )

Figure 40. Workflow chart of procedures followed in this research
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CONCLUSION

Body measurements are one of the most important data in apparel making. When done in tailor
sense, tailor takes body measurements from our body by hand and the end-product fits us. With the
improvement of ready-wear industry, it is unknown to whom the product will be sold, so body
measurements are generalized. Size expressions like S, M, L or 36, 38, 40, etc. are developed and
apparel mass produced but then the unfit problem to one’s body aroused. Body scanning technologies
are developed to get over the unfit problem. Besides, e-shopping of garments is increasing rapidly and
the biggest problem encountered in these cases is the purchased product is not suitable for the person's
body, again the unfit problem. Body scanning technologies and manually taken body measurements all
need the human body to take body measurements. In order to eliminate the need for the human body
and to solve the unfit problem, it is thought to obtain 3D body measurements from 2D images and in
the current paper it is presented how sharp silhouettes are obtained for this purpose. The 2D images are
one photograph taken from the front and one from the side rotated 90°, female participants between ages
18-25, all volunteers, between weights 43-85 kg, wearing tight clothes, from 3 m distance, from neck
and to the knees, arms and legs slightly open, using a camera that focuses on the waist and parallel to
the ground [2, 13].

In this research, photographs from the front and side are used to quickly and accurately acquire
sharp silhouettes for obtaining 3D body measurements from 2D images. First the color images are
converted to grayscale and thresholding and binary transformation is applied with the new developed
program in image processing program named ImPrNGF-1.0. But problems are encountered at this step
such as no contrast with the background and the color of cloth worn, some objects disrupting the
silhouette line, standing position of the person, clothes of the person, thickness of the silhouette line,
side image arm position, noise in the silhouette image, and shadows reflecting on the background but
detected as a part of the body. To clarify these problems, image processing studies with the new
developed program in Python programming language named PyNGF-1 is conducted besides
thresholding and binary transformation studies with the new developed ImPrNGF-1.0 but was not
satisfactory for the current research. Then, background (noise) removal with Paint 3D (background
cleaning) program is used which is helpful to get good looking front and side images. Another programd
is developed ImPrNGF-2.0 and is successful. With this program it is concluded that the threshold value
240 is appropriate. After applying edge detection algorithm (Sobel filter) and attaining the negative
image with the new developed ImPrNGF-2.0, perfect sharp silhouettes are achieved, revealing
essentially no redundant pixels, for obtaining 3D body measurements from 2D images. A workflow
chart is also presented to summarize the procedures followed in this research and the same are applied
to other photographs taken.

The prescribed research is of remarkable significance to assist future work to obtain 3D body
measurements from 2D front and side images. By this means, the need for human body when taking
body measurements by hand and body scanners will be eliminated, made-to-fit apparel like tailor sense
will be realized, the unfit problem in mass production and e-shopping will be solved and e-shopping
will be much easier and extensive, and will promote less costs at today’s level of competition.
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Makale Bilgileri 0z
Makale Gegmisi Bu calismanin temel amaci, Kuzey Makedonya Cumhuriyeti'nin mevcut kadastrosunun ve kadastro
Gelis: 16.11.2022 sisteminin tanimlanmasi ve bu tanim araciliiyla, bu ¢alismadaki temel kaygi, Kadastro 2034 ¢ergevesinde
Kabul: 19.12.2022 Kuzey Makedonya kadastrosunun sunulmasidir. Kadastro 2034 kavramina giden yol, ¢erceve galismalari,
Yayin: 31.12.2022 gorev ve sorumluluklar ile birlikte Kadastro 2014 kavrami tarafindan yonlendirilmekte ve formiile

edilmektedir ve bu nedenle bunun bir incelemesi de yapilmistir. Bir vaka calismasi olarak, Kuzey
Anahtar Kelimeler: Makedonya'nin Pollog bolgesine kadar uzanan Tetovo sehrinin ilgesinin bir pargasi olan Shemshovo'nun
Kadastro, kadastro belediyesi secilmistir. Kuzey Makedonya'nin mevcut kadastrosunun giinimiizde karsi karsiya
Kadastro Sistemi, oldugu zorluklarin, sorunlarin ve engellerin belirlenmesi ve agikliga kavusturulmasi, Kuzey Makedonya
Kadastro 2014, kadastrosunun Kadastro 2034 ¢ergevesinde olmasi i¢in yapilmasi gerekenlerin ve takip etmesi gereken kilit
Kadastro 2034, noktalarin neler oldugu konusunda sonuglara ulasma yolumuzu kolaylastirmaktadir. Bu ayn1 zamanda
Kuzey Makedonya. mevcut kadastronun gelecegin kadastrosuna giden yolunu da basitlestirir. Bu da bizi bu c¢alismanin

formiilasyonunu bir biitiin olarak ¢izmeye ve 6zetlemeye ve ardindan ayni konu ve aym kavramla ilgili
gelecekte yapilacak diger ¢calisma ve arastirmalara Onerilerde bulunmaya yoneltmistir.

North Macedonian Cadastre Towards Cadastre 2034

Article Info ABSTRACT

Article History The main aim of this study is the definition of the actual cadastre and cadastral system of the Republic of North Macedonia,
Received: 16.11.2022 and through this definition, the main concern in this study is the presentation of the North Macedonian cadastre in the
Accepted: 19.12.2022 framework of the Cadastre 2034. The path towards the Cadastre 2034 concept is directed and formulated by the Cadastre
Published: 31.12.2022 2014 concept, along with its framework tasks and responsibilities, and due to this, a review of this has also been carried

out. As a case study, it was chosen to be the cadastral municipality of Shemshovo, which is part of the district of the city

Keywords: of Tetovo, extending to the region of Pollog, North Macedonia. The identification and clarification of the challenges,
Cadastre, problems and obstacles that the current cadastre of North Macedonia face in our time, simplifies our way towards obtaining
Cadastral System, the results of what needs to be done and what are the key points that the North Macedonian cadastre must follow in order
Cadastre 2014, to be within the framework of the Cadastre 2034. This also simplifies the path of the actual cadastre towards the cadastre
Cadastre 2034, of the future. This lead us to draw and summarize the formulation of this study as a whole, and following later, to give
. y g g
North Macedonia. recommendations for other studies and researches that will take place in the future, related to the same topic and the same
concept.

Atif/Citation: Jonuzi, E.; Durduran, SS.; Alkan, T. (2022). North Macedonian Cadastre Towards Cadastre 2034,
Necmettin Erbakan University Journal of Science and Engineering, 4(2),26-44.

“This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)”
BY NC
NEJRI= FEN VE MUHENDISLIK BILIMLERi DERGISi 26



Fen ve Miihendislik Bilimleri Dergisi
INTRODUCTION

The creation and development of robust cadastral systems, as well as their maintenance, affect the
development and progress of society. It also affects the development of individual professionals and
professions in different fields. Simultaneously, it plays a decisive and very important role in the progress and
maintenance of the development of economic, social, political, cultural, civic and national processes.
Undoubtedly, because of technical development, technological development and digitization, many changes
are observed in different sectors and fields. The same developments are inevitable in the cadastral sector and
cadastral works. These results and leads in the tendency to reform, develop and improve cadastral systems
and cadastre in general and in particular. The result of this is the creation of new automated and digital
infrastructures that seem to be much more vital. The same developments are foreseen and planned by
analyzing the general demands and needs. Subsequently, this enables the creation of a strategy, which
provides facilities for access, information retrieval, use, and other diverse requests. Created strategies,
depending on the purpose, can be short-term strategies and long-term strategies. The same helps the
realization of stated goals and enables predictions, forecasts, and preliminary plans to reach the desired
objectives, goals, and targets.

Cadastre 2014 incorporates data, information and recommendations on the long-term status of the future
of the cadastral system frameworks within the globe, present reform projects, trends and patterns related to
the cadastre, and what ought to be done to create this part more viable and more effective [1]. The cadastral
frameworks of the future may only support to the extension of the field of ownership by being a framework
or a system that ensures or assurance this ownership [2]. The focus of Cadastre 2034 is shaping the future
cadastre or the vision of the future, by continuing and proceeding with the enhancement suit and method as
advanced in Cadastre 2014, and as an outcome of these demands, six standards, principles, or six fundamental
pillars for Cadastre 2034 have been decided and situated [3,4]. The main aim of Cadastre 2034 is to shape
the cadastre of the future by continuing the reform process as developed in Cadastre 2014 [5], and Statements
of Cadastre 2014, announced by FIG [6]. Focus is given to their applicability in current contexts [3]. To
remain relevant cadastral science must continue to look to the future: potential challenges and opportunities
need identification, analysis and response [3]. In arranging the Cadastre 2034 guidelines, each standard,
principle, or pillar is determined or decided to be the outcome of the internal and external environment
analysis. Such, it is vital to show lawfully substantial, quick, precise, and definitive cadastral data
information, which enacts a key part in the assembly of financial, property, tax assessment, spatial arranging,
and land-land arrangement in the utterance of social needs and requests [7]. Cadastres must continue to
change to meet the challenges of poverty, environmental protection, good governance and economic stability
[3]. Subsequently, harmonized cadastral data information from diverse sources ought to be shared among
numerous users, clients, and applications [7].

This study is organized into six sections. Within these sections, the Introduction part is prepared to be
presented as a first section; enabling a general background and the main objective of this study or this paper.
The purpose or the main objective of this study is to provide a general framework regarding the cadastre, and
its development in the Republic of North Macedonia, its reflection in modern future times, especially within
the vision of the Cadastre 2034, as well as the goals and objectives of the Cadastre 2034, following the
strategies and recommendations of the same, to be part of the positive developments in the future, perhaps
necessarily inevitable. The study aims to identify, present and make a general introduction of the predictions
of Cadastre 2034, in cadastral works, in general and in particular, and the development of cadastre as a sector,
thus is offered as a novelty or an innovation, not only in our country, but also at the same time for other
developed and developing countries. The remaining part is organized as follows; after the introduction part,
we develop the Problem Context, which contains part of the Cadastre 2014, Cadastre 2034 and North
Macedonian Cadastre. Following is the Setting the scene section, where we are going to represent motivation
and basic principles, scope and goals, strategies and problems, materials and methods, research questions
and research design. The case study is the fourth section. In this part is presented the case of the study, namely
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the Pollog region, the cadastral municipality of Shemshovo, city of Tetovo, and attached is displayed the
investigation and occasion scrutiny. This study region was chosen because in this region or territory there
are measurements carried out since the first geodetic and engineering measurements which date back to the
very early days in the Republic of North Macedonia. These measurements are very important and represent
high quality at the same time. Forecasting the future — 2034, is the fifth section. What should be emphasized
in this part, is a general presentation about cadastral challenges, problems and obstacles in North Macedonia.
Making a concept about the road of the cadastre of North Macedonia towards the cadastre 2034, leads and
prepares us of what we must do and what must be done to be within the framework and on the road of the
Cadastre 2034 concept. Yet, as the six section or as a final part of this work at the same time is the conclusion
section, where we are going to summarise our work and conclude it. Also, it is worth noting that within this
section, we also are going to make some recommendations and suggestions for future studies and future
works.

PROBLEM CONTEXT
Cadastre 2014

The viewpoint provided by Cadastre 2014 is still relevant for a contemporary and actual modern
cadastre. However, in addition to this perspective, it is also important to take into account the social and
technological trends that will impact land management over the next 20 years [8]. Within the framework of
Cadastre 2014, it is intended to ensure the legal security of all land rights, restrictions and responsibilities as
well as their legal recognition [9,10]. The ideas of combining cadastral maps and records, aside from these
objectives, cadastral modeling, cadastral modeling using information technology, empowering the
participation of open and private division within the cadastral considers and conducting the cadastral
applications as cost-recovery were decided within the Cadastre 2014 and after these principles and standards
were distributed in 1998, they were interpreted in numerous different languages and they were utilizing as
models for nations [1,8,10-12]. Undoubtedly, as in all other countries, also in the Republic of North
Macedonia, the Cadastre 2014 has had a very important and almost irreplaceable impact. Cadastre 2014, or
more precisely its principles, also known as the Statements (Statement 1, which quotes: “Cadastre 2014 will
show the complete legal situation of land, including public rights and restrictions!”; Statement 2, which
quotes: “The seperation between ‘maps’ and ‘registers’ will be abolished!”’; Statement 3, which quotes: “The
Cadastral mapping will be dead! Long live modelling!”; Statement 4, which quotes: “’Paper and pencil —
cadastre’ will have gone!”; Statement 5, which quotes: “Cadastre 2014 will be highly privatized! Public and
private sector are working closely together!”; and Statement 6, which quotes: “Cadastre 2014 will be cost
recovering!”) of the Cadastre 2014, have been a guide for the development of a cadastral system like the
cadastral system of North Macedonia and the cadastre itself [13]. It is clear that in the Republic of North
Macedonia, the Cadastre 2014 vision process has not been completed and has not been fully implemented.
There is still work to be done and realized, but nevertheless, it can be concluded without a doubt that a great
and important work has been done so far. The performance of the Republic of North Macedonia, in the
framework of the Cadastre 2014, can be concluded to be relatively high and on the right track.

Cadastre 2034

Indeed, according to Steudler, in numerous cases, such as the issues in measure accuracy, the land object
or the data layers are managed and dealt within the field of Cadastre 2014, the request of land and land usage
utilization is expanded, in confront of a few worldwide issues, such as the population increase, climate
changes, food and nutrition and the notions or ideas emphasized with Cadastre 2014 are required to be
respected more comprehensively form and way with "Cadastre 2034". According to the national strategy of
cadastral reforms and innovations of Australia, and based to the concept and vision of Cadastre 2034, the
cadastre of the future predicts that the actual cadastral system we recognize nowadays will not accomplish
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community prospects in the forthcoming; we can yet see a gap rising among what we have in actuality and
what will be needed and wanted in the future. Within the framework of Cadastre 2034 and its vision for the
future, apart from the aim of providing all the basic conditions and services as in the current cadastre, it is
also claimed and assumed to guide the policies, patterns and norms of the future [3,8,14-17].

Pillars of Cadastre 2034

Based on the framework of the Cadastre 2034, we can clearly state that within this framework or this
vision of the cadastre of the future, six fundamental pillars, or six main points are based on the concept and
vision of the Cadastre 2034 itself, and they are as follows:

1 Survey-accuracy based cadastre — This predicts and presupposes that the boundaries of the
land will be measured and determined with very high accuracy and precision. Also, attached, it is understood
that the real boundaries will be in full compliance with the cadastral plans and their content. The reduction
of errors is claimed to be in the maximum form (Figure 1).

Figure 1. Cadastres will be survey accurate: virtual representations must match reality [3]; (a) actual cadastre,
(b) cadastre of the future or Cadastre 2034.

2. Object-oriented based cadastre — This envisages, presupposes, and implies the redefinition
and reformulation of all legal rights, restrictions, and responsibilities (RRR) over land use. Object-Based
Cadastre will permit people to readily and confidently identify the location and extent of all RRRs associated
to land and real property. Land parcels are properly determined in the essential cadastre, but with the new
vision will be required new ways of modelling and presentation of the information. Parcels will continue to
be a significant people-land organization instrument; however, many new interests display vastly further
spatial footprints [3] (Figure 2).

Figure 2. Not all property interests fit comfortably in the parcel framework: object-oriented design is required
[3]; (a) actual cadastre, (b) cadastre of the future or Cadastre 2034.

3. 3D and 4D (+Time) based cadastre — The inclusion of height in the cadastral frames will be
indisputable and an essential part of the cadastral vision. In this form, new dimensions will be opened in
relation to modeling, visualization, management, integration and analysis on the property. The novelty is
assumed to be the time dimension, i.e. 4D or otherwise 3D + Time. Thanks to these advances, it is claimed
to minimize and dramatically reduce almost all administrative misunderstandings regarding property
interests [3] (Figure 3).

NEJ&I= FEN VE MUHENDISLIK BILIMLER| DERGISi 29



Fen ve Miithendislik Bilimleri Dergisi

Figure 3. 2D approaches do not enable the complete legal situation on land to be easily understood: 3D and
4D cadastres will mitigate administrative friction and improve decision-making [3]; (a) actual cadastre, (b) cadastre
of the future or Cadastre 2034.

4. Real-Time based cadastre — The cadastres of the future will be up-to-date and will have full
access in real time, which will enable access to information and retrieval of the desired information without
any delay. In current cadastres, such processes and procedures are long and time-consuming. In future
cadastres, the same processes and procedures will be able to be updated in real time, from the field. Shortly,
robust checking processes and such developments will strongly enable the straightforwardness of the cadastre

[3].

5. Regional/Global based cadastre — The cadastres of the future will have the opportunity,
capacity and development to connect and interact in the sense of the regional cadastre and the global cadastre.
Such an interaction between the regional cadastre and the global cadastre will enable the global management
system on them, in terms of the land market and environmental management, where environmental issues
and inconvenience are often spread over multiple jurisdictions [3,18] (Figure 4).

Figure 4. Cadastral systems will become interoperable allowing management of economic and environmental
concerns at regional and international level [3]; (a) actual cadastre, (b) cadastre of the future or Cadastre 2034.

6. Natural or Organic based Cadastre — The cadastres of the future will be integrated in that
form to enable better modeling of the natural-organic living environment. Moreover, legal controls protecting
flora and fauna or the land interests of indigenous communities (such as those found in developing countries)
are often vague and require new tools for representation and management [19] (Figure 5).
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Figure 5. Future cadastres will better model the organic natural environment [3]; (a) actual cadastre, (b)
cadastre of the future or Cadastre 2034.

Enduring Principles of Cadastre 2034

According to the national strategy of cadastral reforms and innovations of Australia, and based on the
concept and vision of the cadastre of the future, there are fundamental principles that must be incorporated
into future innovations to ensure that cadastral systems remain secure, accessible, transparent and efficient
over time. These enduring principles will continue to be an integral part of the design of environments in
which cadastral systems are managed. The enduring principles are:

o Certainty in the spatial extent of ownership.

e Uniquely defined land (and/or property) that is common to all registers — ownership, valuation, land
use.

e [ntegrity and security of the parcel boundary system.

e A strong relationship between regulators and the industry.
e Appropriate regulatory standards.

Purpose of Cadastre 2034

According to the national strategy of cadastral reforms and innovations of Australia, and based to the
concept and vision of the cadastre of the future, the purpose or the main objective of Cadastre 2034 is to
provide a clear vision for what the community might anticipate and what the government must provide in the
future. In order to provide a coordinated and uniform approach to preparing future policies, laws, standards,
models, and research, Cadastre 2034 is meant to direct the growth of jurisdictional systems. Cadastre 2034
addresses these shifts and the difficulties they entail. It persits the trek and road to connect cadastral data and
inquiry with wider social and legal interests on land and builds on the accomplishments of Cadastre 2014,
which heralded the establishment of digital cadastres [10, 20].

Objectives of Cadastre 2034

According to the national strategy of cadastral reforms and innovations of Australia, and based to the
concept and vision of the cadastre of the future, Cadastre 2034 takes into account user scenarios that will
result in shifting requirements in the future and identifies areas where actual and present inquiry falls short
of consumer anticipations today.The goal is to document the trends and present an idea of what our cadastral
system will be needed for in the future by the community. The objectives of Cadastre 2034 are to:

o Constitute and determine an ordinary and normal vision for all jurisdictions, industries, and academia.
e [ay aside enduring principles to maintain the vital ingredients of the cadastral system over time.

e Extend and put the goals necessary to catch a consistent and coordinated treatment to the conversion
or reduction of the cadastral infrastructure over the next 20 years.
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e [dentify the necessary essential outcomes that will guide the governance, policy development,
standards, research programs and the design of future systems.

o Suggest operations and innovations that will direct the accomplishment of the vision.
Vision of Cadastre 2034

According to the national strategy of cadastral reforms and innovations of Australia, and based to the
concept and vision of the cadastre of the future, Cadaste 2034 vision is: A cadastral system that ensures
individuals quickly and safely determine the place, position, and scope of all rights, restrictions, and
responsibilities associated with real property and land. The cadastral arrangement representing things to come
is imagined as similar to an exceptionally powerful piece of the upcoming choice of emotionally supportive
networks;directing the management, development, and investment of real estate and land.

Mission of Cadastre 2034

According to the national strategy of cadastral reforms and innovations of Australia, and based to the
concept and vision of the cadastre of the future, Cadastre 2034 mission is: To encourage and encourage
innovation, as well as ensure the management, coordination, and standards required to create a unified
cadastral system that can be used to find long-term answers to meet new opportunities and requirements.
One aspect of the journey is planning for the future. Taking ownership of the plan and leading outright all
aspects, from strategic actions to clever innovations, to create a cadastral system that we can keep and proceed
to be proud of in the future is the most important aspect. The defiance will be to lead the convergence of user
expectations for integrated social, economic, and land-related systems, as well as increase opportunities, and
the disruption caused by one technology's phasing out and the beginning of another.

Goals of Cadastre 2034

According to the national strategy of cadastral reforms and innovations of Australia, and based to the
concept and vision of the cadastre of the future, the hankering targets presume how the future cadastral
system will be designed, organized, accessed, operated, and make used; doing so in a way that takes into
account not only how it affects the environment right now but also how we create, use, and preserve cadastral
information resources for the future. Cadastre 2034 has five goals. They aim is to reach and overtake a
cadastral system that:

e is essential and primary to land and property ownership, and to be guided in a sustainable manner
e is truly approachable and available, easily visualized, and perusal understood and exhausted
e is completely merged and joined with broader legal and social interests in land

e ensures a digital submission and reflection of the real world that is survey accurate, 3- dimensional
and dynamic, and

e is a federated cadastral system based on ordinary and normal standards (Figure 6).
North Macedonian Cadastre

Establishing the Cadastre is extremely important, same as developed countries as well as developing
ones [22]. It presents perhaps a vital, crucial and irreplaceable need for which a genuine work strategy must
be created, in planning, and creating the same.

Legal aspect

According to Agency for Real Estate Cadastre (AREC), as in other countries, as well as in the Republic
of North Macedonia, there are numerous laws, legal regulations, acts, orders, directives and resembling other
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legal circulars which have helped and played a decisive role in the creation of the cadastre and its formulation
as a sector. The first geodetic works in the Republic of North Macedonia began in 1928 [23]; with the first
law formulated at that time, by the government, namely the land cadastre law - 1928. The same period,
namely the years 1928-1945, is known as the period where the initial cadastral survey was also carried out
[23]. Following the first law, as a result, we have several laws created and formulated by the governments of
the time, amendments to the laws that were made in certain periods, and that for the sole purpose of regulating
the powers of this institution and completing them. The Geodetic Authority of the People’s Republic of
Macedonia, as named at that time, was established on 14 July 1947 [24]. In the ambition to formulate the
legal aspect in a more complete and perfect form, 8 principles have also been created, on which the cadastral
system of the Republic of North Macedonia is based. The same principles are laid out in the law on the real
estate cadastre.
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Figure 6. Framework of Cadastre 2034 [21].
Institutional aspect

According to AREC, Agency carries out all the cadastral works in the Republic of North Macedonia.
This institution dates back to 1947 and its structure was determined in 1986 by the Law on Survey, Cadastre
and Real Estate Rights Registration. AREC has a modern and strong organizational structure and execution.
It is managed by a Steering Board, comprised of five members. The director is the leader appointed to lead
the AREC, and he has his deputy (Figure 7).
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STEERING BOARD

DEPUTY DIRECTOR DIRECTOR

INDEPENDENT DEPARTMENT

CENTER FOR REC SKOPJE

Figure 7. The organizational structure of AREC (according to AREC).

Technical aspect

From a time perspective and in the historical aspect, it can be said that since the first works or the first
geodetic measurements carried out in the period 1928-1945, in the Republic of North Macedonia, until the
present day, many works have been carried out, and many projects have been realized, which have helped
the completion and formulation of the technical process of the cadastre in our country. However, we cannot
conclude that all works, projects and plans anticipated in advance have been carried out in general and
without omission. Some of them have not been fully realized and have not been completed based on the
frameworks foreseen. Some of these continue to be in the process of development and work; however, it can
undoubtedly be said that a very important basic and fundamental work has been done. Of course, both in the
near future and in the distant future, many further works and developments are planned, which will help even
more in the development and expansion of the same sector.

SETTING THE SCENE
Motivation

Based on preliminary research and analysis, based on observations, lack and demand, together we
conclude that a study and a work of this type, is necessary and adequate for the Republic of North Macedonia
as a state, more specifically for the Cadastre of the Republic of North Macedonia as a sector in particular. To
be in the context of our work and for the same work to be more concise and complete, we have based it on
some basic principles as well:

o Striving for efficiency

e Prioritizing effectivity

o Encouraging Compatibility

o Emphasizing Satisfaction

Scope

The basic purpose of this study is:

“The presentation of the Republic of North Macedonia, namely the Cadastre of the Republic of North
Macedonia, in the vision, path and within the framework of the cadastre 2034 .

To achieve and fulfill the goal, our study and our work is based on three goals, namely:
o Goal 1: To identify, analyze, define and classify the concept of Cadastre 2034.

o Goal 2: To identify, analyze, define and classify the main challenges, problems, and obstacles that
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occur on the path of North Macedonia toward Cadastre 2034

e Goal 3: To identify, analyze, define and classify the impact of Cadastre 2034 over the North
Macedonian Cadastre to be in line with the cadastre of the future.

Strategy

The creation of the work strategy is the seed of work and the final fruit. We have drawn up and designed
a work strategy about what will be done, how are we going to do it, and what will be achieved as a result by
doing it. To reach the objectives of the research, following work strategies, we need to address and access
the following problems:

® Recognition, the description, summary and statement of study context

o Elaboration of the Cadastre 2014 and North Macedonian Cadastre

o The presentation of the Cadastre 2034 and the path of the North Macedonian cadastre towards it
o [dentification of Challenges, Problems and Obstacles on the way to Cadastre 2034.
MATERIALS AND METHODS

Material — It is important to note that for this study or for this work there are original and official data,
were provided by relevant institutions, such as AREC and its regional units.

Methods — As research methods that will be used to achieve the goal of the research we have listed the
following:

e Literature review,
o The collection of data; data analysis and data processing, and

o Creating a vision and idea for the cadastre of the future, with emphasis on the study over the Republic
of North Macedonia

Research questions
We have listed the study questions that will help us reach our goals and requests in the best way possible:

o What are the current challenges, problems and obstacles of the cadastre of North Macedonia in the
present time?

o What is the road through which North Macedonia and its cadastre should go to be on the right track
of the cadastre of the future

o What are the requirements and what must be done to be part of the Cadastre 2034 and to create and
formulate the cadastre of the future?

Research design

Attached will be presented the design of our study, namely the research and work we have done in this
article. We have prepared and presented the same in the visual form of the figure format (Figure 8).
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Figure 8. Research design.
CASE STUDY

Our study takes place in the cadastral municipality of Shemshovo, which is a settlement in the north-
western part of the country, more precisely in the city of Tetovo, the region of Pollog, in the Republic of
North Macedonia. The Republic of North Macedonia lies on the Balkan peninsula, the continent of Europe
(Figure 9).
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Figure 9. Study Area: Pollog region — Shemshovo, Tetovo, North Macedonia [25] (internet source:
VectorSctock)

Investigation and Occasion Scrutiny

The data of the raster cadastral plan and the vector cadastral plan, for the cadastral municipality of
Shemshovo, which will be presented below, were provided by the local office of the AREC, located in the
city of Tetovo (Figure 10-11).

In the process of harmonization and digitization of land data, vectorized boundaries were taken as
important and basic. This process was based on vectorized plans. This approach contributed to the mismatch
between the boundaries on the cadastral plan and the real boundaries on the ground. This is a result of the
fact that the limits are set and regulated respecting and based on tachometric measurements.

The procedure for dividing real estate, i.e., land (parcel), changes/modifies and adjusts its boundaries,
creating new cadastral parcels, with a new unique number, as well as modifying the administrative data for
the newly created parcels.

It is important to emphasize the fact that until now all borders in the region of Pollog have been
established and regulated by the original data, namely tachometric measurements. But what is worrying and
the question that follows is how the division will continue to be done in the future; taking into account the
vectorized limits or the original ones, i.e. from tachometric measurements.
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Figure 10. Cadastral plan, raster — Pollog region, Shemshovo, Tetovo (original and official data source; powered
and facilitated by the local office of AREC).
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Figure 11. Cadastral plan, vector — Pollog region, Shemshovo, Tetovo (original and official data source;
powered and facilitated by the local office of AREC).
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FORECASTING THE FUTURE

Challenges, problems, and obstacles of North Macedonian Cadastre

As in any other country, also in North Macedonia, there are problems of different types, natures and
characteristics. Problems of different types and natures can also be encountered within the cadastre of our

country.

We have listed and classified the general problems experienced and identified in the Cadastre of North
Macedonia as follows:

e The process of digitalization of cadastral plans. There are marked differences between the original
data from the tachometry and the official data of the digitized plans for the boundaries of parcels. In
this case, the official data of the digital plans do not appear or even cannot be seen as reliable for limits
in relation to the data from tachometric measurements. These differences presented at the borders can
raise and in general practice shows that they initiate new conflicts between the parties. Namely, such
conflicts can be of the type between parties, between parties with private geodetic offices, and between
private geodetic offices and the AREC.

o The Republic of North Macedonia has enabled its citizens several times to register buildings through
the legalization process, regulated by law. However, the constructions in the form without permission
continue almost as normal, and the state's control over it seems to be dysfunctional. This leads us to
the fact that some buildings are not registered in cadastral maps.

e Attention to ground control points is almost zero, despite the fact they present an asset for the cadastre
of North Macedonia. Ground control points such as triangulation points, or polygons which are the
basis of their cadastral work have not been preserved and most of them have disappeared. The same
tradition continues to be repeated even further. Care for them seems to be almost zero.

o The state does not have mechanisms to control the sale and purchase of the real estate. Manipulations
with prices and values of real estate are large, and this problem occurs throughout the territory of the
state. In this case, the real estate sale prices presented by the citizens do not really reflect real values.
This action is recorded as loss and damage for the state because the tax value of the same property
does not represent a real value either.

o There are cases when there is a lack of coordination between the real owner of the property, namely
the registered owner of the property in the cadastre and the real owner of the property on the ground.
This represents uncertainty and instability in general. Such cases are generally encountered in
unwritten and uncontracted agreements between owners for the change of properties. As a result of
such actions, later the same is faced with the problems of RRR on the same properties.

e Influenced by external factors and conditions, such as economic, political, and other crises (for
example, the pandemic crisis or the impact of the war in Ukraine), directly affects the change in market
conditions. In these cases, citizens or users show a decrease in interest and this leads to a decrease in
requests from the same.

o The lack of creating an efficient and effective standard to regulate the systemization of employees and
employment as a process within the AREC institution. This leads to unfavorable results for the
institution as a whole and shows in any way, a lack of seriousness in relation to the competencies,
responsibilities, and duties of an institution. Such a standard would enable the connection and
advancement of new professionals, namely new staff within the institution, thus advancing the
professionalism and seriousness of the institution as an organizational whole.
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e A serious problem for the AREC institution is the lack of favorable working conditions and facilities.
The lack of necessary and appropriate spaces probably makes normal, efficient, and productive work
impossible. This problem is mostly encountered in regional units, in different cities within the territory
of the North Macedonian state.

The road of North Macedonian Cadastre towards Cadastre 2034

The path of the North Macedonian cadastre towards the future cadastre, specifically the Cadastre 2034,
can be described more easily, based on the so-called basic pillars of the Cadastre 2034. We have chosen to
present the same summary and presentation in the form of an introductory and descriptive table, which will
be presented below (Table 1).

Table 1. 4 Summary, Assessment and a General Presentation of the Cadastre of North Macedonia in
the Shadow of the Cadastre 2034.

PILLARS OF
CADASTRE 2034

DESCRIPTION

Survey-accuracy
based cadastre

Object-oriented
based cadastre

3D and 4D (+Time)
based cadastre

Real Time based
cadastre

Regional and
Global based
cadastre

Natural or Organic
based cadastre

In the present time — Accuracy used until now, in the current cadastre of our time, can be said
and found to have been at a high level, specifically high accuracy ensured in centimetre
accuracy.

In the future — The accuracy that is claimed to be used in the future, that is, in the cadastre of
the future, is expected to be of very high accuracy, specifically below the centimetre accuracy.

In the present time — The current cadastre can be summarized as a parcel-based cadastre, and
the registration of all rights, restrictions and responsibilities (RRR) are based on the ideas and
principles of this type.

In the future — The cadastre of the future is claimed to be a cadastre based on objects and
therefore the registration of all rights, restrictions and responsibilities (RRR) will be based on
the basis and principles of this type, so that all the needs for this can be met and fulfilled the
viewpoint.

In the present time — In our time, in the current cadastre, the visual presentation is almost
always done in 2D format. It can be concluded that the 3D format has been overlooked almost
completely.

In the future — In the future, thus in the cadastre of the future, in addition to the height
dimension, i.e. the 3D format, it is also intended to use the time dimension, i.e. the 4D format.

In the present time — In the current cadastre, after measurements or field work are done, they
must be processed and updated. This action costs time and allows errors and omissions of
various forms to be carried or repeated.
In the future — The cadastre of the future claims that the data from field measurements will be
updated, processed and enabled in real time. So at the same time, it is supposed to have
immediate access to the cadastral data.

In the present time — Current traditional cadastres are generally regional cadastres. They do
not have global access and are not integrated into international networks.

In the future — The cadastre of the future claims that, in addition to the regional cadastre, it
will also enable the creation of the global cadastre. This implies the integration of current
traditional cadastres and cadastral systems in a network international and global level.

In the present time — In the framework of the current cadastre, there was no such concept. In
this aspect, there has not been a paraphrase of this type. However, with the global changes in
the environment, such a thing is foreseen for the cadastre of the future.

In the future — In the framework of the cadastre of the future, this type of cadastre gives
direction and direction for a new field and a new concept. The same, it is claimed to serve and
contribute specifically for flora, fauna and marine environments, namely for the modelling of
flora, fauna and marine environments.
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What should be done to be within the framework of Cadastre 2034

In order to be able to articulate and paraphrase the idea that the cadastre of North Macedonia is on the
way to the cadastre of the future, in the shadow and under the framework of the 2034 cadastre, we have
summarized some important points, concrete steps and important decisions that North Macedonia, that is, its
cadastre should be taken in this direction. We have listed the same as below:

e There are marked differences between the original data from tachometric measurements and the
official data for parcel boundaries. The official data from the vectorization process does not appear or
even can be seen as reliable for final boundaries, as they do not correspond to real boundaries in the
field. Finding a common path helps in the reflection and trust that citizens create on the cadastre and
its seriousness in general

e Special care must be taken with the construction of facilities without permission and facilities that are
not registered in the real estate cadastre. The same unlicensed and unregistered constructions directly
affect the development, the process and the road to the cadastre of the future.

e Despite the fact that the measurement and determination of the boundaries of cadastral parcels are
carried out with high accuracy, the same measurements are possible and offered and provided for users
and citizens only in 2 dimensional (2D) format. Something like this prevents development and the
road to the cadastre of the future. From the same measurements provided by the field, visualization in
3D format should be enabled and offered. In addition to the 3-dimensional (3D) format, the concept
of Cadastre 2034 requires the development of the 4-dimensional (4D) format, namely the time
parameter. In this direction, a lot of work must be done and a lot of commitment is needed to fulfill
such a criterion.

o At the moment when the divisions, adjustments and changes of cadastral parcels are made, the same
divisions, adjustments or changes must be uploaded and updated as quickly as possible, so that users
and citizens have clearer and more regular access to updated information, changes and adjustments.

CONCLUSIONS

In advance, it is worth noting that there are not many studies regarding the cadastre of the future,
specifically for Cadastre 2034. The most detailed and detailed studies of this type can be counted those of
countries like Australia and New Zealand. Based on this context, we have tried to paraphrase a concept for
the Republic of North Macedonia.

The idea of this paper and the purpose of this study is to present the Macedonian cadastre in the shadow
of the cadastre of the future, namely the Cadastre 2034. Consequently, in order to enhance in the field of
cadastre, its current and basic structure is analyzed, to choose the ideal course of action for what we should
do for the future. Therefore, this study presents and explains a general framework of the current situation of
the North Macedonian Cadastre, achievements and tasks are done, challenges, problems, and obstacles with
which faces and confronts. Attached, we predicted, evaluated, and created a vision for the cadastre of North
Macedonia under the spectrum of the cadastre of the future and the framework of the Cadastre 2034.

Overall, the AREC, has so far carried out and developed works and projects of high importance, which
has helped the development of the North Macedonian cadastre as a whole. It can be freely paraphrased that
the North Macedonian cadastre has been within the framework of the 2014 cadastre and has been developed
in its direction, following its main principles and vision. Amazing work has been done in that direction, but
not all responsibilities are finally completed. In order to complete and finish the entire project, there is still
work to be done in this direction.

The works that must be started and in a form or in another must be done, in the direction of the cadastre
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of the future, also represent a special and great importance in the development of the cadastre of North
Macedonia. These are jobs that involve great duties, obligations and responsibilities, in the framework of the
cadastre development process towards the cadastre of the future and in terms of strategical and technological
planning and design.

It should not be overlooked and should not be forgotten that the development of cadastre and cadastral
systems also depends on external factors and indicators and different fields, which directly affect their
development process. In this context, the development of cadastre and cadastral systems must be evaluated
and formulated in coordination with economic, political, social and other developments. For this, processes
such as globalization, urbanization, climate change, other environmental and technological developments
along with information systems should also be in focus. Finally, as a result, we can freely and without doubt
conclude that North Macedonia is on the right path of development and progress towards the future.

Recommendations and Suggestions for future studies and future work

Based on our study and our aforementioned work, we are able to draw conclusions and create a concept
and forecast for the cadastre of the Republic of North Macedonia under the shadow and vision of the cadastre
of the future. Undoubtedly, this work will neither be the first nor the last of its kind. We hope that through
this work we motivate and inspire others who want to work and do research and studies of this nature. In
future studies, the data and information that are presented in our work can be taken as a basis for work and
used for new and broader studies and perspectives, to create new innovative models in modern times. The
point that we want to emphasize in this final part and what we want to give in the form of recommendation
and suggestion is that:

e Based on our work and study in the future studies of the same type can be done, but in a context,
location and point of view new.

e Reclassifying, re-evaluating and re-extending the view or model we have addressed in our research.

o Creating a concrete work or study, similar in terms of content and form, with a similar or different
location, depends on the choices of the researchers, by using the well-known method of Strength,
Weakness, Opportunities, Threats (SWOT) analysis.
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