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AKILLI SEHIRLERDE TASINMAZ iSLEMLERI iCiN BLOKZINCIR
TABANLI 3B ALTYAPI TASARIMI

OZET

Hizla artan kentlesme ve niifus yogunlugu, modern sehirlerde gayrimenkul yonetimini,
miilkiyet haklarmin takibini ve kentsel verilerin paylagimini giderek karmasik hale
getirmektedir. Akilli sehir (Smart City) kavrami, kentsel operasyonlarin verimliligini
artirmak i¢in bilgi ve iletisim teknolojilerini entegre etmeyi hedeflerken; mevcut
merkezi veri yonetim sistemleri, veri biitiinliigii, seffaflik, siber glivenlik ve birlikte
calisabilirlik konularinda yetersiz kalmaktadir. Ozellikle dikey yapilasmanin arttig
metropollerde, miilkiyet haklarinin geleneksel iki boyutlu (2B) kadastro sistemleriyle
yoOnetilmesi, yer alt1 ve yer {istli haklar1 gibi karmasik hukuki ve fiziksel durumlarin
net bir sekilde ifade edilmesini zorlagtirmaktadir. Bu baglamda, gayrimenkul
sektoriinde giivenilirligi artiracak, aracilari ortadan kaldiracak ve ti¢ boyutlu (3B)
mekansal veriyi destekleyecek, merkeziyetsiz ve seffaf altyapilara ihtiyag
duyulmaktadir.

Bu calismanin temel amaci; akilli sehirlerde gayrimenkul bilgi paylasimini glivence
altina almak, islem maliyetlerini diisiirmek ve 3B miilkiyet haklarini seffaf bir sekilde
gorsellestirmek i¢in Blokzincir teknolojisi ve Gezegenler Arast Dosya Sistemi (IPFS)
entegrasyonuna dayalt hibrit bir Ortak Veri Ortami (CDE) tasarimi sunmaktir.
Geleneksel blokzincir aglari, islem verilerini giivenli bir sekilde saklamak igin ideal
olsa da, Yap1 Bilgi Modellemesi (BIM) dosyalar1 veya yiiksek ¢oziintirliiklii 3B kent
modelleri gibi biiyiik boyutlu verilerin dogrudan zincir {izerinde (on-chain)
saklanmasi, ag performansini diisiirmekte ve maliyetleri artirmaktadir. Bu problemi
¢ozmek adina, bu tez kapsaminda Onerilen mimari, bilyiikk boyutlu 3B geometrik ve
fiziksel verilerin (BIM/IFC verileri) dagitik bir depolama sistemi olan IPFS tizerinde
zincir dis1 (off-chain) saklanmasini; bu verilere ait kriptografik 6zetlerin (hash) ve
miilkiyet haklarina dair islem kayitlarinin ise blokzincir tizerinde tutulmasini
ongormektedir. Boylece sistem, veri biitiinliigiinii ve glivenligini korurken depolama
verimliligini optimize etmektedir.

Tasarim siireci, sadece veri depolama ile sinirli kalmayip, Kent Bilgi Modellemesi
(CIM) standartlarin1 da kapsamaktadir. Calismada, binalarin fiziksel ve fonksiyonel
ozelliklerini tagtyan BIM modelleri (IFC formatinda) ile cografi baglami saglayan
Cografi Bilgi Sistemleri (CBS/GIS) verilerinin entegrasyonu saglanarak semantik
agidan zengin bir 3B kent modeli altyapis1 kurgulanmustir. Ozellikle IFC ve CityGML
standartlar1 arasindaki veri doniisiimii ve anlamsal eslestirme siirecleri incelenerek,
gayrimenkul verilerinin farkli platformlar arasinda kayipsiz aktarimi hedeflenmistir.
Onerilen sistemde, gayrimenkul alim-satim, kiralama veya devir islemleri, "Akill
Sozlesmeler" (Smart Contracts) araciligiyla otomatize edilmektedir. Akilli
sozlesmeler, oOnceden tanimlanmis kurallar (6deme onay1, tapu devri vb.)
gerceklestiginde islemi otomatik olarak yiiriiterek noter veya emlakg1 gibi {igiincii
taraflara olan ihtiyaci ve iglem maliyetlerini azaltmaktadir.

Sistem mimarisi; kullanicilarin (alici, satici, kamu otoritesi) kimlik dogrulamasini,
islem ge¢misinin degistirilemez kaydini ve 3B miilkiyet sinirlarinin WebGL/Cesium
tabanli arayiizler iizerinden gorsellestirilmesini saglamaktadir. Arazi Idaresi Alan
Modeli (LADM) ile uyumlu olarak gelistirilen bu yapi, miilkiyet haklarinin (RRR -
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Haklar, Kisitlamalar, Sorumluluklar) 3B ortamda net bir sekilde tanimlanmasina
olanak tanir. Sonug olarak, bu tasarim projesi, blokzincir tabanli 3B altyapinin, akilli
sehirlerdeki gayrimenkul islemlerinde seffafligi, hiz1 ve giiveni artirirken, karmagik
miilkiyet yapilarinin yonetimini kolaylastiran siirdiiriilebilir ve o6l¢eklenebilir bir
¢Oziim sundugunu ortaya koymaktadir.

Anahtar Kelimeler: Blokzincir, Akilli Sehirler, 3B Kadastro, IPFS, Akilli S6zlesmeler,
Kent Bilgi Modellemesi (CIM), Gayrimenkul Y6netimi, Ortak Veri Ortami (CDE).
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BLOCKCHAIN-BASED 3D INFRASTRUCTURE DESIGN FOR REAL
ESTATE TRANSACTIONS IN SMART CITIES

SUMMARY

Rapidly increasing urbanization and population density are making real estate
management, property rights tracking, and urban data sharing increasingly complex in
modern cities. While the Smart City concept aims to integrate information and
communication technologies to increase the efficiency of urban operations, existing
centralized data management systems are insufficient in terms of data integrity,
transparency, cybersecurity, and interoperability. Especially in metropolises with
increasing vertical development, managing property rights with traditional two-
dimensional (2D) cadastral systems makes it difficult to clearly express complex legal
and physical situations such as above-ground and underground rights. In this context,
there is a need for decentralized and transparent infrastructures that will increase
reliability in the real estate sector, eliminate intermediaries, and support three-
dimensional (3D) spatial data.

The main objective of this study is to present a hybrid Common Data Environment
(CDE) design based on the integration of Blokchain technology and the Interplanetary
File System (IPFS) to secure real estate information sharing in smart cities, reduce
transaction costs, and transparently visualize 3D property rights. While traditional
blokchain networks are ideal for securely storing transaction data, storing large-scale
data such as Building Information Modeling (BIM) files or high-resolution 3D city
models directly on-chain reduces network performance and increases costs. To address
this problem, the architecture proposed in this thesis envisions storing large-scale 3D
geometric and physical data (BIM/IFC data) off-chain on an IPFS distributed storage
system, while maintaining cryptographic hashes and transaction records related to
ownership rights on the blokchain. Thus, the system optimizes storage efficiency while
maintaining data integrity and security.

The design process is not limited to data storage but also encompasses City
Information Modeling (CIM) standards. In this study, a semantically rich 3D city
model infrastructure is constructed by integrating BIM models (in IFC format) that
represent the physical and functional characteristics of buildings with Geographic
Information Systems (GIS) data that provides the geographical context. Specifically,
data transformation and semantic matching processes between IFC and CityGML
standards are examined, aiming for lossless transfer of real estate data between
different platforms. In the proposed system, real estate buying, selling, leasing, or
transfer transactions are automated through "Smart Contracts.” Smart contracts
automatically execute transactions when predefined rules (payment confirmation,
title transfer, etc.) are met, reducing the need for third parties such as notaries or real
estate agents and lowering transaction costs.
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The system architecture enables user (buyer, seller, public authority) authentication,
immutable recording of transaction history, and visualization of 3D property
boundaries via WebGL/Cesium-based interfaces. Developed in accordance with the
Land Administration Area Model (LADM), this structure allows for the clear
definition of property rights (RRR - Rights, Restrictions, Responsibilities) in a 3D
environment. Consequently, this design project demonstrates that blokchain-based
3D infrastructure offers a sustainable and scalable solution that enhances
transparency, speed, and trust in real estate transactions in smart cities, while
facilitating the management of complex property structures.

Keywords: Blokchain, Smart Cities, 3D Cadastre, IPFS, Smart Contracts, Urban

Information Modeling (CIM), Real Estate Management, Common Data Environment
(CDE).
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