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ABSTRACT

Turkey started e-government actions to build Turkey's National Spatial Data Infrastructure
titled as "Turkey National GIS" (TUCBS or TRGIS in English) in 2004. TRGIS actions aim to
enable effective use and sharing of geographic data on electronic communication network by
developing standards, policies, and technologies. Consecutive actions determined current
situation and general vision. However, requirements could not be determined on production,
management, and sharing of geographic data. General Directorate of GIS was established in
2011. Projects were triggered to define geo-data standards and to build legal and administrative
structure of National GIS. Hereby, national GIS strategy and the legislation framework were
determined to manage geographic information. General administrative structure was designed
for National GIS committee and working groups. National GIS portal with its metadata standard
is being built to share geographic information. As a result of analyzing existing applications,
data requirement works, and international standards; data specifications were designed for base
geo-data themes. These standards are being tested to use in GIS projects of Turkey. By taking
problems and processes into account, this study examines activities for building National GIS
and gives milestones supporting National GIS initiatives as an integral part of land
management.
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ABSTRACT

Recent developments in Cloud Computing (CC) technology affect Computer Aided Design
(CAD) and Geographical Information Systems (GIS). Due to harmonization of these
technologies a new area called Spatial Cloud Computing (SCC) has been emerged. CAD and
GIS are essential tools for a cadastre application. SCC will bring efficiency and velocity to
process of cadastre applications done by government or private sector. Internet’s accessibility
will make spatial/non-spatial file shares easier and faster. As an example a surveyor in land
may easily access to maps, satellite views or any data relevant without any obligation of going
to office. This access also can be possible with smart phone, tablet or laptop thus just necessity
is internet connection. With SCC user will be able to view, edit or share cadastre data or land
title independent of installing any CAD or GIS software. On the other hand, at cadastre
applications SCC brings functionality, high capacity and scalability besides accessibility. In
this paper the innovations SCC brings to cadastre and related geospatial studies were researched
and some of these were tested, verified with case studies.

Key words: Cloud Computing, Cadastre, GIS, Spatial Cloud Computing, 3D GIS
INTRODUCTION

Geographical Information System (GIS) is one of the most efficient tool for directing and
sharing cadastre datasets like other spatial datasets. During the last 20 years we have witnessed
concerted efforts worldwide to develop internet-based infrastructures to make data and
information products more widely accessible and shareable to support science, public policy in
different thematic areas, and provide improved services to public sector, citizens and business
(Borzacchiello and Craglia, 2013).

Due to the incredible development in information technology, the information management
function has been substantially improved over the last few decades, with many attempts to
establish effective information systems to deal with land information (Demir and Coruhlu,
2008; Steudler, 2004). Usage of internet technologies for share of spatial data in terms of e-
government applications is a necessity (Aydinoglu, 2002). In our day, there is a new concept
for sharing spatial data and making it accessible to different user cluster. This technology is
called Spatial Cloud Computing (SCC).
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SCC capability can be as simple as running a GIS on a cloud platform and using Cloud
Computing (CC) for GIS services (Yang and Deng, 2010) or as complex as building a well
optimized CC environment based on sophisticated spatiotemporal principles (Yang at al., 2011;
Srinivas et al., 2011). SCC is built on the benefits of CC and the advantages of leveraging the
geographic component in data (Xue et al., 2010). ). SCC presents new important research eras
in terms of development of GIS technology (Kouyoumjian, 2010). In this paper we have
investigated and tested usage of SCC technology for share any presentation of cadastre data.
Advantageous and disadvantageous criterias were researched using SCC technology instead of
classical server system for cadastral applications.

CADASTRE IN TURKEY

Two core cadastral projects in Turkey are; Land Title and Cadastre Information System
(TAKBIS) and Real Estate Inf. System (MEGSIS). TAKBIS is one of the most important e-
Government projects of Turkey. TAKBIS aims spatial data share and collaboration between
associated organizations. It is an integrated objective oriented information system containing
multi-functional aspects in terms of geospatial applications. 21 million land title and 5,5 million
cadastre file were incorporated into system. After three TAKBIS project steps, hardware and
software infrastructure of TAKBIS is evolved up to now but it is clear that this is a developing
process and maybe TAKBIS 4 of TAKBIS 5 step will be under cloud technology.

MEGSIS is a project aiming gathering CAD based local based in same share pool and matching
these CAD files with related tabular files as Land Title information. MEGSIS has three
components;

1-Web based application software

2-Internationally standardized web map services

3-E-government web map service

Current situation at MEGSIS is shown at Table 1 displaying local manager office studies of
General Administrative of Land Title and Cadastre for Turkey.

ABILITIES OF SPATIAL CLOUD COMPUTING

We argue that the latest advancements of cloud computing provide a potential solution to
address these grand challenges in a SCC fashion (Yang et all., 2011). There is a strong
contender for meeting the high level demands of GIS applications and a well-engineered cloud
architectures for such applications can potentially improve the scalability, accessibility and
usability of GIS resources (Bhat et all., 2011)

Lower Cost

Because the geo-technology infrastructure, the services and the data are provided; there is no
large initial investment in time and cost, or ongoing maintenance. This is important because the
cost of an enterprise GIS can be quite significant from a variety of factors including software
licensing, applications development, data management, and (Information Technology) IT
infrastructure (Williams, 2010).
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Local Land Title Cadastre Integrated Integration Multiplecing
Office Parsel Parcel Parcel Rate Geometry
Kastamonu 2.368.603 2.374.003 2.370.730 99,98 3.49
Yozgat 2.228.153 2.240.699 2.230.396 99,82 942
Samsun 3.339.994 3.341.519 3.309.511 98,79 2.687
Erzurum  3.052.933 3.065.595 3.014.279 98,35 2377
Trabzon 3.161.355 3.142.549 3.117.597 98,35 1.568
Sivas 2.573.946 2.569.027 2.542.690 98,13 2.944
Antalya 2.789.089 2.833.109 2.787.862 98,05 1.255
Bursa 3.989.663 4.004.826 3.916.018 97,98 3.391
[stanbul 2.679.216 2.658.470 2.625.659 97,92 1.278
Konya 3.457.728 3.426.931 3.382.426 97,58 3.364
Eskisehir ~ 3.879.682 3.850.565 3.781.660 97,31 3.699
Ankara 3.577.535 3.727.770 3.493.654 96,36 18.855
Diyarbakir 1.094.032 1.069.839 1.051.804 95,94 474
Hatay 2.536.803 2.516.072 2.442.251 95,87 4.972
Edirne 1.735.914 1.754.336 1.666.313 95,82 3.393
[zmir 3.455.326 3.386.711 3.311.584 95,56 3.069
Kayseri 2.701.734 2.687.943 2.603.316 95,52 3.629
Denizli 2.683.806 2.632.995 2.570.485 95,52 2.024
Van 1.063.084 1.048.515 1.011.438 94,62 4.487
Sanlurfa  1.304.027 1.242.401 1.207.859 92,29 1.335
Gaziantep 1.386.196 1.312.476 1.257.472 90,52 2.002
Elaz1g 1.899.488 1.817.875 1.718.391 90,11 8.417
TOTAL 56.958.307 56.704.226  55.413.395 97,29

Table 1: Current situation of MEGSIS

Solving Data and Computing Intensity Problems

SCC optimize CC infrastructure by helping arrange, select and utilize high end computing for
computing intensive problems. (Yang et all., 2011). Huge and various spatial datasets can be
stored and processed with SCC technology. ESRI systems showed that 4.5 billions of spatial
data records can be analysed in 10 seconds with cloud computing and big data paradigms. In
future studies this will open an inspiring door in front of geospatial sciences.

Scalability

This scalability on demand, when viewed against the backdrop of the typical software and
hardware procurement process in many organizations, is a very real benefit. Furthermore, the
flexibility this provides to organizations, through the capability to deploy this additional
capacity on demand (Kouyoumyjian, 2010).

Interoperability
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Cloud infrastructure supports working with other geospatial or non-spatial systems. Various
spatial datasets applications can be easily linked to existing systems with API’s or web services.
Also basemap function enables taking huge satellite view, Streetmap, or NASA geodatabase to
existing system easily.

CASE STUDY
Study Area, Geodatabase Design and Load to Cloud

Case study area is Pelitli neighborhood, across Trabzon airport Turkey. Cadastre data was taken
in CAD format and converted to GIS geodatabase with special software. After conversation
some attributes were linked automatically to these files. Then all the cadastre data was loaded
to cloud as it can be clearly seen at Figure 1. We used Esri’s cloud services as a preference of
cloud DAAS, also Used Arcgis Online (Esri) for SAAS. Geodatabase is comprised of polygon
and line vector GIS files.
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Fig. 3 View of cadastre data at cloud

GIS Queries and Analyses on Cloud

Some GIS analyses and queries were applied with the purpose of showing SCC capabilities and
what can be done with cadastre data on cloud. As a small example attribute query and labeling
due to request is shown at Figure 2. Some well known GIS analyses were done with SCC like;
Buffer, Intersect, Overlay etc. Also optimum route analyse from one cadastre parcel to another
parcel was done on cloud.
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Building Fast Web Applications

On the other hand dynamic web applications can be done with SCC quickly. In Figure 3 a useful
web application can be seen. This application shows instant changes in cadastre attribute
changes corresponding to instant data shown at screen. As an example at screenshot (Figure 3)
there is 103 cadastre parcels and average area of these 103 parcel is 30.705 m>. At other
information pane average selling value or a special defined attribute average such as owner type
(person, government or foundation).

!gmw&m X @ Summary Viewer
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Fig. 3 Building Web application with SCC
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GIS Based 3D Model Integration on Cloud

After all GIS based 3D model of buildings at study area was rendered by City Engine and then
sent to cloud. 3D model contains all the attribute information about the cadastre parcel which
the building is settled on. If anyone clicked 3D model, all the information can be quickly seen
in information panel.
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Fig. 3 3D model of buildgs at study area

CONCLUSIONS

This paper focuses on advantageous and disadvantageous results of storing, analyzing and
sharing cadastre data with CC. SCC principles have been applied at this paper. Case studies
stated that many benefits of SCC are scalability, economic efficiency and opportunity to work
in an interoperable environment. SCC has also practical system building and sustaining
structure for GIS and non-GIS users. At the other hand researches outside of case study showed
that, SCC supports working with huge spatial datasets in terms of Big Data processing. Because
power of parallel computer includes into system at this point. Basemap function brings access
opportunity to necessary supporting spatial datasets.

As it has been declared at past projects, SCC has some problems in terms of security and
privacy. But there is promising future plans for overwhelming these issues. Last improvements
with MEGSIS and TAKBIS are promising about Turkey’s cadastral web applications.
Acceleration line of online services is good when to compare with past but exactly existing
systems are not enough to support today or future demands. In conclusion, power and efficiency
of SCC may be included to Turkey’s cadastral applications and vision.
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GIRIS

Mekansal gayrimenkul sistemi (MEGSIS) ile kadastro verilerinin toplanarak tapu ile
entegrasyonunun saglanmasi ve toplanilan verilerin uluslararasi standartlarda sunulmasi
hedeflenmistir. Bu hedef 07.04.2014 tarihi itibari ile % 97.50 oraninda tamamlanmuistir.
Toplanilan veriler 200 den fazla kurumla WMS, WES servisleri tizerinden, e-devlet {izerinden
ve Parsel Sorgu lizerinden paylasilmaktadir. Bu sayede toplanilan veriler birgok ulusal projeye
altlik olmus, kurumlarin ihtiyaglar1 olan veriye cografi koordinatli olarak hizli bir bigimde
ulagmalar1 saglanmis ve vatandaglarimizin bilgilendirmesi agisindan oldukga faydali olmustur.

Kadastro verisi yaklasik yiizyillik bir siirecte, degisen teknolojik gelismelere bagli olarak, farkl
standartlarda ve kalitede iiretilen bir veridir. Bu nedenle mekansal verilerin tek bir koordinat
sisteminde toplanmasi, sunulmasi ve tiim verilerde ayn1 kalite ve standartlarin yakalanmasi
oldukca zor bir ¢alisma siireci ile miimkiin olabilecektir.

Megsis ile Kurumsal anlamda kadastro verilerimizi tek bir altlikta gérme ve tizerinde kaba eksik
ve noksanliklarin giderilmesi igin gerekli analizlerin yapilmasina olanak saglanmistir. MEGSIS
veri toplama ¢aligmalarimizda 6ncelik, paydas kurum-kuruluslarin ve vatandas taleplerinin en
hizli sekilde karsilanmasi olarak belirlenmistir. Bu nedenle ideal kadastro veri modeli degil veri
toplama modeli baz alinmis olup, yaklasik 57 milyon parsele iliskin veri toplama caligmasi 3
yil gibi kisa bir siirede tamamlanmastir.

Gelinen noktada toplanilan verilerin bir¢cok alanda kullanildig1 ancak veri kalitesinin istenilen
standartlarda olmadig tespit edilmistir. Bu sebeple veri iyilestirme c¢aligmalarina biran 6nce
baslamak ve tamamlamak ka¢inilmaz hedef olarak karsimiza ¢ikmaktadir.

MEGSIS’in var olan veya ortaya ¢ikabilecek diger ihtiyaglar géz éniinde bulundurularak
gelistirilebilmesi i¢in dncellikle veri modelinin degistirilmesi-gilincellenmesi gerekmektedir.
Yapilan caligma sonucunda tiim kadastro verilerinin ITRF96 koordinat sisteminde kesin
koordinatli veri kalitesine ulastirilmas i¢in, MEGSIS igerisindeki mevcut veri durumunun tam
anlamiyla tespit edilmesi gerekmektedir. Boylelikle, veri kalitesinin arttirilmast konusunda
gerceklestirilecek caligmalarin planlamasi yapilabilecek, veri paylasiminda paylasilan verinin
kalitesi ve tiim Oznitelik bilgileri hem Kurumumuzca hem de paydaslarca bilinebilecektir.
Bunun sonucunda da, veri kalitesinin arttirilmas1 konusunda paydaslarla birlikte projelerin
iiretilmesi dahi miimkiin olabilecektir.
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MEKANSAL GAYRIMENKUL SiSTEMI (MEGSIS)

Sayisal veya raster olarak kadastro miidiirliiklerinin yerel bilgisayarlarinda bulunan verilerin
merkezi bir sistem {lizerinde toplanarak, parsel bazinda tapu bilgileri ile eslestirilmesi ve bu
bilgilere ihtiya¢ duyan paydas kurum, kurulus ve belediyeler ile uluslararasi standartlarda harita
servisleri ile paylasilmasi, e-Devlet kapisi ve Parsel Sorgu {lizerinden vatandaglara sunulmasi
amaciyla Tapu ve Kadastro Miidiirliigii tarafindan projelendirilerek hazirlanmis acik kaynakl
bir uygulamadir.

Bu kapsamda;

. Tapu ve kadastro verilerinin karsilik olarak kontrol edilmesi,

. Oznitelik bilgilerinin toplanmast,

. ITRF96 koordinat sisteminde biitiinlenmesi ve sunulmasi,

. Hava goriintiileri (Ortofoto ve GoogleMaps) kullanilarak dogrulanmast,
. Kontrol sorgulamalari ile veri kalitesinin artirilmast,

. Verilerin giincel olarak tutulmasi amaglanmaistir.

MEGSIS Projesi Kalkinma Bakanlhig: tarafindan hazirlanan, Tiirkiye Cumhuriyeti Hiikiimeti
Dokuzuncu Kalkinma Plani’nin stratejik amaclar1 dogrultusunda gelistirilen bir Cografi Bilgi
Sistemi projedir. MEGSIS kapsaminda toplanan kadastro verileri, tapu bilgileri ile birlikte
Uluslar arasi standartlarda (OGC) harita servisi olarak (WMS — WFS) sunulmaktadir. Ayrica
Uretimi yapilmis olan Ortofoto haritalarinin agik kaynakli GDAL kiitiiphanesi kullanilarak
hazirlanan servisler araciligi ile TileMapService (TMS) standardinda sunulmaktadir.

MEGSIS Temel Modiilleri

1. Harita Modiilii: Harita modiilii ile sistemde yer alan mekansal veriler gorsel olarak
sunulmakta ve bu mekansal veriler, kullanicilar i¢in kimliklendirme / yetkilendirme c¢atisi
iizerinde belirlenen cografi yetki alanlarina gore goriintiillenmektedir. Bu modiil igerisinde,
katmanlar boliimii, navigasyon ve ¢izim araglari yer almaktadir. Katmanlar bdliimiinde
istenilen katman se¢ilmek suretiyle goriiniir kilma islemi, saydamlik ayarlamasi, Navigasyon
araglari ile harita iizerinde gezinme, yaklasma, uzaklasma ve secilen alan yaklasma islemleri,
Cizim araclar1 ile nokta, ¢oklu nokta, ¢izgi, ¢oklu cizgi, alan ve ¢oklu alan ¢izme islemleri
yapilabilmekte, yapilan bu ¢izimlerin giincellenmesi, silinmesi ve temizlenmesi
saglanmaktadir. Ayrica dl¢lim araglart yardimi ile nokta koordinat bilgileri, uzunluk ve alan
6lgme iglemleri yapilabilir.

2.Basvuru Islemleri Modiilii: Basvuru Islemleri Modiilii ile kadastro miidiirliiklerine yapilan
bagvurularin sisteme kayitlarinin yapilmasi, personel gérevlendirilmesi, randevu olusturulmasi,
anlagmali bankalar ile kurulan e-6deme baglantisi ile online 6deme islemlerinin olusturulmast,
fen kayit islemlerinin yapilmasi, personel gorev durumunun takibi gibi islemlerin yapilmasina
imkan saglanmstir.

3.Tapu Sorgulamalar1 Modiilii: Tapu meniisii altinda tapu bilgileri, belirtme bilgileri,
taginmaz sorgulama ve kisi sorgulama modiilleri yer almaktadir.
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4.Veri Islemleri Modiilii: Veri islemleri boliimiinde veri yiikleme, veri indirme, dosya
bilgileri, doniisim dosyalari, entegrasyon islemleri ve kontrol sorgulari modiilleri yer
almaktadir.

5. Istatistik Bilgileri Modiilii: Istatistik Bilgileri MEGSIS kapsaminda toplanan verilere ait
istatistik bilgileri kullanicilara sunulmaktadir.

Megsis Mevcut Durum

07.04.2015 tarihi itibariyle Tapuda kayitli olan yaklagik 56.982.670 adet parsele karsilik
55.566.872 adet geometri sisteme aktarilmistir ve entegre edilmistir. Sistemde yer alan
mekansal verilerin parsel bazinda tapu kayitlart ile % 97.50 oraninda entegrasyonu
saglanmistir.

« MEGSIS kapsaminda toplanan kadastro verilerinin protokoller kapsaminda talep eden
kurum, kurulus ve belediyeler ile iicretsiz olarak paylasimi saglanmaktadir.

* Hazirlanan harita servislerinin standartlara ve kullanima uygunlugu ag¢ik kaynak ve ticari
iirlinler ile test edilmistir.

« MEGSIS kapsaminda toplanan kadastro verileri ayni zamanda vatandaslarin
bilgilendirilmesi amaciyla tapu bilgileri ile birlikte harita servisi olarak e-Devlet kapisindan
sunulmaktadir.

* Bu servisler www.turkiye.gov.tr adresinden sunulan ilk ve tek cografi servis olma 6zelligi
tagimaktadir.

 Aym zamanda Bu servisler parselsorgu.tkgm.gov.tr adresinden tiim vatandaslarimiza
acilmis ve ada/parsel bilgisi {izerinden veya cografi koordinat ile MEGSIS kapsaminda tapu
verileri ile uyumlastirllmas1 tamamlanmis kadastro bilgilerine ait temel bilgiler
sunulmaktadir.

+ Sistem bir ulusal anlamda stratejik ve ekonomik 6neme sahip bir ¢ok projeye altlik teskil
etmektedir.

Veri iyilestirme ¢alismalar:

Gelinen noktada toplanilan verilerin bir¢ok alanda kullanildig1 ancak veri kalitesinin istenilen
kalitede olmadig1 tespit edilmistir. Bu sebeple veri iyilestirme calismalarina biran 6nce
baslamak ve tamamlamak kag¢inilmaz hedef olarak karsimiza ¢ikmaktadir.

MEGSIS’in var olan veya ortaya ¢ikabilecek diger ihtiyaglar gdz &niinde bulundurularak
gelistirilebilmesi i¢in dncellikle veri modelinin degistirilmesi-gilincellenmesi gerekmektedir.

Yapilan caligma sonucunda tiim kadastro verilerinin ITRF96 koordinat sisteminde kesin
koordinatli veri kalitesine ulastirilmasi i¢in, MEGSIS igerisindeki mevcut veri durumunun tam
anlamiyla tespit edilmesi gerekmektedir. Boylelikle, veri kalitesinin arttirilmast konusunda
gerceklestirilecek caligmalarin planlamasi yapilabilecek, veri paylasiminda paylasilan verinin
kalitesi ve tiim Oznitelik bilgileri hem Kurumumuzca hem de paydaslarca bilinebilecektir.
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Bunun sonucunda da, veri kalitesinin arttirilmas1 konusunda paydaslarla birlikte projelerin
iiretilmesi dahi miimkiin olabilecektir.

Veri Toplama Modeli: En kisa siirede, segilebilecek en hizli yontemle verilerin toplandigi
modeldir. Burada dosya bazli ¢alisilarak hazirlanan verilerin hizli bir bigimde sisteme alinmasi
dosya bazli meta data girisi yapilarak is yilikiinlin en aza indirilmesi, acil ihtiya¢ duyulan
yardimc1 verilerin sonug verilerinin toplanmasi ¢alismalaridir. Glinlimiizde vatandasa yonelik
bilgi paylasimi ve kaliteli hizmet sunumu, kamunun 6ncelikli calisma hedefini olusturmaktadir.
Bu nedenle, diger kurum ve kuruluslarca yapilacak ¢aligmalarin temel altli§1 olan tapu ve
kadastro verilerinin hazirlanmasi ve sunulmasi, bu caligmalara da Onemli bir ivme
kazandirmaktadir.

Ideal Kadastral Veri Modeli: Ideal Kadastral Veri Modeli, kadastro verilerinin karakteristik
ozellikleri ile kurumsal ve ulusal ihtiyaglarin tespit edilerek en dogru bigimde metadata
verisinin gelistirilerek, kurumsal projeler (Sayisallastirma, 3402 sayili yasanin 22/a maddesine
gore Yenileme, ...) ve miidiirliikklerimizde yapilacak caligmalarla kesin koordinatli geometriler
ve bu geometrilere iliskin gerekli olan teknik evraklarin toplanildigi modeldir. Yapilan ¢aligma
sonucunda tiim kadastro verilerinin ITRF96 koordinat sisteminde kesin koordinatli veri
kalitesine ulagsmak i¢in, mevcut durumun tam anlamiyla tespit edilerek, gerekli olan tiim
sorulara cevap verebilecek bir veri modeli olusturulmus olacaktir.

Ideal kadastral veri modeli cahsmalari,

1924 den bu giine her tiirlii teknik ve altlik da iiretilen ve gelisen teknolojik siirecler ile degisen
ihtiyaclar1 takip edebilmek icin bir¢ok kanun degisiklerine tabi olan kadastro verilerinde ayni
kalite ve standartlarin yakalanmasi oldukg¢a zor ve kapsamli bir ¢alisma siirecinin sonunda
miimkiin olabilecektir. Bu kapsamda Kadastral veri yonetimi ve entegrasyonu sube miidiirliigii
olarak tiim sorunlar incelenerek pilot uygumlalar baglatilmistir.

Ankara Kadastro Kecioren Baglum mahallesinde yapilan ¢alismalarda sorunlar detayli olarak
analiz edilmis ve sonrasinda Ankara Kadastro Miidiirliigii Cankaya ilgesinde yapilan pilot
uygulama caligsmalarinda ise veri modeline uygun veritabani tasarimi tamamlanmastir.
Cankaya Ilgesinde devam etmekte olan ¢alismalarimizda ise veri tabanina uygun veri giris pilot
uygulamasinin kodlamasina ge¢ilmistir. Bu ¢aligmalar kapsaminda yapilan islem adimlar1 ve
mevcut MEGSIS ile karsilastiriimasi asagida gdsterilmektedir.

Veri Iyilestirme Calismalar Pilot Uygulama Mevcut Durum
Veri Yonetimi Geometry Bazli Veri Yonetimi Dosya Bazli Veri
Yonetimi

Kadastro kaydimin olusturulmasi, | Tescile tabi olan veya olmayan tiim | Yok
parsellere karsilik bir kadastro
kaydi olusturulmustur.
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Detayli oznitelik bilgilerinin
toplanmasi,

Pafiasi, Kadastro Alani, Kadastro
Niteligi, Koordinat Sistemi, Olcii
Yontemi, Koordinat Kalitesi, Epok,
Sayisallastirma Yontemi ... gibi
parseli tammlayan tiim detaylar
tasarlanmuigtir.

Dosya Bazli temel
Tamimlamalar

Bagli geometrilerin entegrasyonu,

Parsel ile ilgili olan Yapu, irtifak
geometrileri gibi diger
geometrilerinde envanterinin
tutulmasi ve entegrasyonun
yvapilmasi tasarlanmigtir.

Yok

Pafta kayit defterlerinin
standartlastirilmasi,

Mevcut pafta kayit defterlerinin
glincellenerek Pafta kayitlarinin
gtincel olarak olusturulmasi ve
parsel pafta iliskisinin kurugsmasi.

Yok

Parsel temel islemlerinin takibi,

Parselin tescil ve terkin edildigi
temel iglemlerinin ve Parsel
tizerindeki Yapilan Degisiklikler ile
Aplikasyonlarin takip edilmesi.

Yok

Niteliklerin standartlastirilmast,

Yatirima Uygun alanlar, Tarim
Arazileri, Imarli Alanlar, Sosyal
Alanlar .. Vb. Tematik analizler ve
Parsel Niteliklerinden
kaynaklanan sorunlarin ¢oziimii
icin Niteliklerin
Standartlastirilmasi islemleri
tasarlanmuigtir.

Yok

Temel teknik arsiv belgelerinin
entegrasyonu,

Veri Paylasiminda ve
miidiirliiklerimizde yapilan
islemlerde en ¢ok kullanilan ve
ihtiyag¢ duyulan parseli tamimlayan
temel teknik evraklardir. Bu
kapsamda Koordine Ozet
Cizelgeleri, Alan Hesaplari ve
Olcii/Simirlandirma/Roleve
Krokilerinin Parsel ile iliskisinin
saglanmasi tasarlanmigtir.

Yok

Veri Iyilestirme Calismalar

Pilot Uygulama

Mevcut Durum
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Doniisiim parametresi
calismalarti,

Doniisiim Parametrelerinin
Kapsadigi Alanlarin tespit edilerek
cakisan veya doniigiim parametresi
olmayan alanlarin tespiti i¢in,
doniisiime giren noktalarin birinci
sistem ve ikinci sistem
koordinatlari ile a, b, cx, cy
parametrelerin tespitini yapilmasi
tasarlanmigtir

Akratumi yapilan
dosyanin doniigiimii
icin gerekli olan a, b,
cx, cy parametreleri.

Onay mekanizmasinin kurulmas,

Sisteme aktarilan geometriler ve
bu geometrilere iliskin
metadatalar sisteme giren ve
onaylayan olrak ikili onay
mekanizmast ile kullanilmasi ve
paylasilmasitasarlanmustir.

Yok

Geri bildirim mekanizmasinin
kurulmasidir.

Veri ile ilgili karsilasilabilecek tiim
sorunlar tespit edilerek Geri
bildirim formatlarinin
olusturulmasi ve tiim kullanicilarin
karsilastiklar: hatalar: bu
formatlardan secerek kayit altina
alinmasi tasarlanmistir. Bu sayede
hangi tiir hatadan nerede ne kadar
oldugu ve ¢oziim yollarinin neler
olabilecegi belirlenebilecektir.

Yok
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ROLE AND IMPORTANCE TUSAGA-ACTIVE (CORS-TR) IN
BASIS OF THE OPERATIONS CADASTRAL PLAN

Tahsin Kara, M. Vahdet Gezer, Omer Salgin, Ali ilbey, Serdar Ergiiner,
Erkan Kulaksiz, Bilal Erkek, Sedat Bakici

TKGM, Turkey

ABSTRACT

In Turkey and the TRNC 146 TUSAGA-Active( Turkey National Fixed GNSS Network-
Active) Continuous GPS Station and Control Centers have been established. with TUSAGA-
Active in the projects area, any place and time, at centimeter accuracy, map and geographical
information can be obtained in seconds. TUSAGA-Active system is one of the world's largest
CORS (Contionusly Observing Reference Stations) system in terms of number of stations and
covers the area 4721 of the Civil Code; Article of 1003 It is written that; "A record of the index
and a real plan is essentially based on an official measurement in determining"; and in Article
719 It is written that; "... .. If the marking on the ground and the Land Registry Plans does not
match, the boundary on the plans is valid." As a result of these articles, Land Registry Plan and
Cadastre Index which is one of the main records, is indispensible in terms of real estate law
and cadastral technical applications. In this paper, the role and importance of the TUSAGA-
Active system which is an effective tool for the first property cadastre, land restoration,
nationalization, land consolidation and spatial data collection, is emphasized.

Key Words: Civil Law, Land Registry Plans, Cadastre Index, TUSAGA-Active, GNSS,
Position Determine

TUSAGA-ACTIVE SYSTEM

Continuous Monitoring GNNS Stations Network and the National Datum Transformation
Project (TUSAGA-Active / CORS-TR)" Istanbul Kultur University (IKU) executive, The
General Directorate of Land Registry and Cadastre (TKGM) and General Command of
Mapping (GCM), including joint customers has begun in, 08 May 2006, started its operations
with the completion of December 2008. The sysem which is operated by TKGM and HGK
colectively, is operated free of charge for test purposes untill 15 June 2011. After that date it
has been operated for a fee that the prices is determined by Inter Ministries Mapping
Coordination and Planning Committee (BHIKPK).

Structure of TUSAGA-Active System

TUSAGA-Active System is consist of 2 control centers in TKGM and HGK, 146 fixed GNSS
reference stations, 4 of these stations are in TRNC. (Figure 1).
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Figure 1. TUSAGA-Active Stations

Opareting Principles of TUSAGA-Active System

In TUSAGA-Active system, observations of GNSS receivers which cover the entire country
and coordinates known, transmitted to control centers through VPN or GPRS/EDGE. In the
control center, RTK / DGPS corrections are calculated in real time by modelling the
atmospheric and other errors and these corrections are sent in the RTCM (Radio Technical
Commission for Aeronautics) format via GPRS / EDGE to mobile GNSS receiver, for
positioning. (Gezer and Karan..., 2014)

Real Time Kinematic (RTK) correction data is in RTCM communication format and it is sent
ro TUSAGA-Active sytem users via GPRS / EDGE by NTRIP (Networked Transport of RTCM
via Internet Protocol)

Servers located in the control center make atmospheric modelling by using of instant data from
all stations and DGPS / RTK correction data is calculated. This correction data transferred to
the mobile users in NTRIP format via GPRS / EDGE. In this way, the GNSS receivers
determine the position below 1 meter accuracy by using the DGPS data and determine
centimeter position accuracy using RTK data.

FIXED GNSS STATIONS OF TUSAGA-ACTIVE SYSTEM

Before Installation of TUSAGA-Active system fixed GNSS stations, necessity of testing issues
such as atmospheric effects that can effect the whole system, country topography and
communications devices is decided and Benchmark (BM) test work carried out between 2
September-31 November 2006. An area of 300 x 100 km in Thrace and Istanbul region are
selected as test area and 13 fixed GNSS station location are identified (Figure 2), tests were
conducted over three types of network that are 60-90-120 km. each of them are consist of 6
fixed GNSS stations.As the result of BM test results, it was found that the average distance
between fixed stations efficient around 80 km and the number of fixed GNSS stations were
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increased from 81 to 146. Locations of fixed GNSS stations are determined according to
security, electricity and internet infrastructure. According to these criterias total of 146
TUSAGA- active stations built in Turkey and TRNC. Station locations are shown in Figure 3.

° S
GYURLEFR  pgos

Dy

Figure 3. TUSAGA-Active Stations(146 Station, 80-100 km distance)

Ground facilities are planned according to the regional conditions. As a result, it was decided
to manufacture two types of floor plants;

* Concrete pile in the ground floor

e Large diameter and galvanized steel pile on roofs and terraces
Distribution of the 146 pile across the country according to size is as follows

* 2-meters pile 85 pieces(including ground)
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* 3-meters pile 58 pieces.
* 4-meter pile 3 pieces.

2 m in length concrete pile sample is given in of Figure 4. And 3 m. length galvanized coated
steel pipe pile sample is given in Figure 5. The station cabinet contents are given in Figure 6.

Figure 4. IGIR Station

<

Figure 5. DIYB Station
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Figure 6. Station Cabinet

TUSAGA-ACTIVE CONTROL CENTER

Within the scope of TUSAGA-Active Project 2 control centers were established. The main
Control center is in TKGM and the auxillary control center is in HGK. All TUSAGA-Active
fixed station data is automatically transmitted to the control centers and calculated network-
RTK correction data are delivered to the users (Figure 7).
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Figure 7. TKGM TUSAGA-Active Control Center

Hardware of TUSAGA-Active System Control Center

TUSAGA-Active Control Centers founded in 2008 and established in accordance with the
technology that day and served until today.

At the end of 2014, according to the technological development (32-64 Bit, increased RAM
capacity, increased processor speeds of the cores, the increase in the capacity of the storage and
speed, etc.). TUSAGA-Active system software and hardware have been updated (Figure 8).

In the control center that have updated software and hardware; The data from each of the second
fixed GNSS stations is evaluated by the Control Center software and calculated network-RTK
correction data are presented to users.

In addition to data collected by GNSS stations and sent to control center, 1 second RINEX data
are saved hourly and 30 seconds data are saved daily. Data are stored in RAIDS5 Storage Control
System that provides security. In the storage area the RINEX data in Hatanaka format, reports
and log files are stored and presented to users.
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Figure 8. 2+2, 2+2 Server

Software of TUSAGA-Active System Control Center

Control Center has a powerful control center software. The main functions of this software;
* Transferring of links and observations o f all netr5 reference station,
¢ (Calculation of the coordinates of the point TUSAGA-Active fixed GNSS stations,
* Modeling of errors, calculation and broadcast of corrections to the rover,
* RTK services
* WEB services
* Monitoring of rovers
¢ Data storage and etc.

Correction Parameters of TUSAGA-Active System
Five different correction data are broadcasted by the control center, these broadcasts are VRS
CMR+, VRS RTCM3.1, SAPOS FKP 2.3, RTCM3Net (MAC) and DGPS. Correction

parameters used by TUSAGA-Active compatible GNSS receivers and real-time user can be
tracked by the system (Figure 9).
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Figure 9. Monitoring Users in Real time

FKP Correction Technique

Area correction approach known as FKP(Flachen Korrectur Parameter) in the literature, using
all TUSAGA-Active system network and/or carrier phase corrections are calculated in each
fixed station,

* Corrections can be used by rover( with many different interpolation models)

* Double/single way communication is sufficient.

* There is no limitation on the number of users.
FKP approximate location allows the calculation of error term due to the distance between the
known reference station and rover. Here position determination can be performed
independently from all network related calculations. Rover takes the network corrections from
one of the fixed stations. Rover determines this station as the center in two-way
communication.In One-way communication, the user must select one of the station that is close

to itself and because of this stiuaion One-way communication is almost never used. Broadcast
format is RTCM 2.3.(Eren and Uzel, 2008)

VRS Correction Technique

Pre-condition in the VRS (Virtual Reference Stations) virtual reference station applications is
the two-way communication between the control center the TUSAGA-Active system betwork
and rover. Rover sends its approximate coordinates to the control center and the center creates

the VRS reference data for its mobile position by using whole network information. (Eren and
Uzel, 2008)

VRS corrections created at the center, are usually sent to the mobile users with RTCM.
Adjustments created in the VRS method rom the entire network, is broadcasted through a virtual
reference station formed just near the mobile user. This virtual station is created with
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GPS(DGPS) technology. The corrections also can be calculated by taking double-differenced
from this virtual station. Broadcast Formats are CMR +, RTCM 2.3, RTCM 3.0.

MAC Correction Technique

The Idea of MAC(Master Auxiliary Concept) RTCM 3.x which is the basis of network format,
provides to send the subnet measurement data as compressed and provides the mobile user to
make its own network calculation for different error sources. However, a disadvantage of this
is, usually sending datas of only one part of the whole network . Another disadvantege of the
RTCM 3.0 is sending ionospheric and geometric errors for only a certain time. (Eren and Uzel,
2008)

When mobile start to recieve the data file directly, it can't have an information about systematic
effects immediately. In Ionospheric and especially in tropospheric models, time is needed to
determine the parameters.15 minutes or a longer time is needed to reach a good model
sensitivity.Systematic errors can be modelled in a required safe level only in this time period.

RTCM 3.x network method, doesn't let to use the complete filter stiuation which is created in
network server. It only use the ambiguities gained from the server and it removes them from
the Carrier Phase measurements. In an other word, MAC design, is to be sent the codes and
carrier phase data in the main station and carries phase data in auxiliary station by evaluating
the ambiguities in advance. server. Mobile which is getting this data;

* Simple interpolation of the effects of geometric and ionospheric

* [t performs to create a model complex model involves all the error sources which is

before the network server changes the network data to RTCM 3.0 format.

USERS OF TUSAGA-ACTIVE SYSTEM

Correction parameters broadcasted by TUSAGA-Active Systems are broadcasted
independently from the receiver. All brand and model GNSS receiver, supports NTRIP protocol
and with GPRS/EDGE modem, can receive TUSAGA-Active broadcasts and can achieve
location information real time. Users who want to take advantage of this purpose, are able to
receive correction parameters with GSM modem from 212.156.70.42 IP number. There are
6088 users registration on system as of date 01 March 2015 and these users are using system
actively (Figure 10). When the user information is analyzed, user distribution is according to
population density in overall country (Figure 11).
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User Distribiton of TUSAGA-Aktif System

351
\

PRIVATE SECTOR  THE DIRECTORATE PUBLIC MUNICIPALITIES LICENSED UNIVERSITIES GENERAL
OF LAND REGISTRY  INSTITUTIONS ENGINEERS AND COMMANDER OF
AND CADASTRE BUREAU OF MAPPING
MAPPING AND
CADASTRE(LIHKAB)

Figure 10. Users Distribition of TUSAGA-Active System

Figure 11. Using Map of TUSAGA-Active System in 2014

Institutions That Take Advantage of TUSAGA-Active System

THE GENEREAL DIRECTORATE OF LAND REGISTRY AND CADASTRE

Land Registry and Cadastre Modernization Project(TKMP) within 22-a Cadastre
Restoration in the work,

Forest cadastre and 2-B implementations,

Converting the ITRFyy systems cadastral sheet

RTK applications,

Cadastre Offices applications,
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GENERAL COMMAND OF MAPPING
* Different coordinate systems (ED50 / WGS84) the determination of transformation
parameters between,
* Geodesy applications ( coordinate purchases, point speed, determination of active
tectonic movements etc.)
*  Work in all GNSS reference coordinate system to eliminate uncertainty as a fixed point
of service

MUNICIPALITIES
* Topographic maps
* Infrastructure and other geographical studies,
* E-municipality

MINISTRIES
* Ministry of National Defense,
*  Ministry of Forestry and Water
*  Ministry of Environment and Urbanization
* Ministry of the Interior and others ministries,
* E-State and Natioanal Geographic Information Systems.

OTHER ORGANIZATION

* All institutions and organizations that need instant location information, especially
disciplines dealing with infrastructure, cartography, geographic information.

SCIENTIFIC ORGANIZATION-UNIVERSITIES
* Earth science and geographic information systems research,
* Earthquake engineering, geophysics and seismology fields
* Known in advance of earthquake early warning activities,
* Meteorological studies,
¢ Other studies in space and earth sciences.

APPLICATIONS OF TUSAGA-ACTIVE SYSTEM IN THE GENERAL
DIRECTORATE OF LAN REGISTRY AND CADASTRE

Land Registry and Cadastre Modernization Project (TKMP)

In the scope of the projects in General Directorate of Land Registry and Cadastre, TUSAGA-
Active system is being used effectively in geodetic studies and have found that large gains in
both cost and time. TUSAGA-Active systems is being used extensively in Land Registry and
Cadastre Modernization 22-a renovation project which is carried out intensively in recent years;
Nationwide, 22-a renovation work started in 2009 and by the end of 2014; It is seen that 300
package tender was issued, in which services received for 6000 units (districts, villages) and
22-a renovation is completed. Renovation work carried out in 6000 units costed approximately
340 Milion TL. and during this renovation work's geodesy portion TUSAGA-Active system
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used intensevly and it provided %20 profit (70 Million TL.) .TUSAGA-Active Sysem is also
used for renovation of cadastral map to support digital cadaster map and land register.

As a result of the conclusion of this projects with TUSAGA-Active in a shorter time, it's aimed
to service the digital land registry and cadastre informations to public and private institutions
and to increase effectivity and profitability of land registry and cadastre services by developing
policies that maintains best international applications for real estate valuation in Turkey. As a
result of the project; 4 million parcels renewal, basic map production of 40 thousand square
kilometers, external users' accesibility to online data and to develop policy and capacity about
real estate valuation, will be supplied. The requirement of Geodetic studies and position
information in the scope of this project, are supplied based on TUSAGA-Active system.
(TKGM, 2011)

TUSAGA-Active System in Manufacture Orthophoto Map

General Directorate of Land Registry and Cadastre orthophoto map production work is in
progress, produced orthophoto maps are presented in a web environment and form the basis to
decision-making in Cadastral Office applications with TKMP project. In Orthophoto map
production, Image Central Point Coordinate values of each image are calculated by using
GPS/IMU data. 1 second RINEX datas recieved from fixed GNSS stations of TUSAGA-Active
system are used to evaluation of GPS/IMU datas and by this way there is no need to set fixed
GNSS point on the land during image acquisition process from the air.(Mekik, Salgin..., 2011)

TUSAGA-Active System in Forest Cadastre

TUSAGA-Active systems are widely used in forest cadastre studies and in the project of lands
removed from forest boundary (2 / B) in the scope of the protocol signed between The General
Directorate of Land Registry and Cadastre and the General Directorate of Forestry.

TUSAGA-Active Sytem in Licensed Mapping and Cadastre Offices

With LIHKAB (Licensed Mapping and Cadastre Offices) coming into force, demand services
which were carried out by General Directorate of Land Registry and Cadastre up to date, are
carried out by those licenced offices now. 195 licensed offices; benefit from TUSAGA-Active
system in their works.

In all studies carried out in General Directorate of Land Registry and Cadastre, 459 TUSAGA-
Active compatible GNSS receivers have been delivered to Cadastral Office in order to maintain
an effective and efficient cadastral office service. So that, TUSAGA-Active System has proven
itself by serving more people in shorter time in all cadastre application, demands less man
power and more integreted. TUSAGA-Active System can detail survey without the need for
ground control points. Where appropriate, it is also possible to read the coordinates of polygon
points with RTK method instantly. In Production of C1, C2 and C3 degree ground control
points static observations can be made with a single GNSS receiver and coordinates of C1, C2
and C3 degree ground control points can be calculated by processing with static data of
TUSAGA-Active fixed GNSS stations. (TKGM, 2014)
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LEGISLATION WORKS SCOPE OF TUSAGA-ACTIVE

Acording to Article 43 of Large Scale Map and Map Information Production Ordinance
(BOHHBUY) that Entered into force on 15 July 2005the The title "Fixed (permanent) GPS
stations and the use of" describes the fixed GNSS stations. BOHHBUY includes informations
such as Installation of fixed GNSS station, point degree, recording range of GNSS receivers,
coordinates and accuracy and reliability of the velocity vectors etc. Therefore, inorder to create
legal basis to TUSAGA-Active system Network RTK use applications, legislation has been
accelerated. In this context, studies about adding subjects related with TUSAGA-Active system
to BOHHBUY, completed by Inter Ministries Mapping Coordination and Planning Committee
(BHIKPK) and added to draft regulations.

TUSAGA-Active use has been added to 2010/11 No. Cadastral Map Production and Control
Circular in order to not being a legal gap untill the approval of BOHHBUY by Council of
ministers.

TUSAGA-ACTIVE SYSTEM SUBSCRIPTION AND USERS SUPPORTS
How To Subscribe TUSAGA-Active System

Service demanders make application via CORS-TR web page. The service fee demanded is
paid by either credit card or bank wire/EFT to the bank account. Applications coming to CORS-
TR system manager screens, are approved online and users are provided with their passwords
to use the sytem. After the application of service demander, end user agreement is signed as 2
copies and sent to Mapping Department of TKGM in 7 days at the latest. The agreement viewed
by the Mapping Department of TKGM is signed and one copy sent back to the service
demander.

TUSAGA-Active Call Center and Information

TUSAGA-Active system users and those who want to have information can call 444 46 77
(GNSS) call center or send email to tusagaaktif.bilgi@gmail.com and find the answer to any
question on the subject. In addition to that users are informed by SMS for any information
related to the TUSAGA-Active system.

CONCLUSIONS

TUSAGA-Active system, serves to increasing number of institutions and users from December
2008 until today. Approximately 6000 GNSS receivers that are used in all around the country
increased their performance up to 50%. Cadastral and geodetic studies throughout Turkey
without the need for local reference point and executing quick and economical way with the
help of TUSAGA-Active system and works can be done in real time.

TUSAGA-Active System users are able to get coordinates of the location with accuracy of + 4

cm by using Network-RTK method in seconds without the need of a second GNSS receiver or
person.
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220 million USD cadastral renovation work was initiated throughout Turkey. 20% of these
works are geodetic studies and it is estimated that a saving of USD 35 million will be gained.
In addition, the State Planning Organization, has allocated 158 million TL for Cadastral
Records and 232 Million TL for GIS Infrastructure Installation under the program of Citizen-
Focused Service for Transformation and Modernization of Public Administration.
Approximately 20% saving is estimated by using TUSAGA-Active system in this study.

In the first article of the Cadastre Law 3402 The aim of the law is expressed as “ To establish
land registry that provided by Turkish Civil Law 4721 and to create infrastructure of spatial
information system by specifying property boundaries on the map and land based on cadastral
and topographic maps of country according to Country coordinate system.

Some of the Tasks of TKGM that reached its present status with law 6083 number issued on
November 25, 2010, are to make or to get, to check, to control and to identify basic principles
of geodetic infrastructure, acquire image from the air, 1/5000 and larger scale terrestrial and
photogrammetric maps, to produce Large-scale cadastral and topographic maps.

TUSAGA-Active system is used in many areas and its importance increases day by day. It is
used in marking the boundries of the property on the ground accordingly informations and
documents in land registry plan, in the control of maps and plans that will be registered,
separation, leaving to the road, establishment from the road, boundary maps, zoning maps,
nationalization maps and village settlement maps etc.

4721 of the Civil Code; Article of 1003 It is written that; "A record of the index and a real plan
is essentially based on an official measurement in determining"; and in Article 719 It is written
that; "... .. If the marking on the ground and the Land Registry Plans does not match, the
boundary on the plans is valid.". In this context; These plans must be created based on reliabe
underlays. Country horizontal control network created firmly with TUSAGA-Active system
and especially TKGM and other institutions establishing their plans with this ifrastructure.
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