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Ozet

Gergek-zamanl yliksek dogruluklu konum belirlemenin gerekli oldugu uygulamalarda ilk olarak klasik
Real-time Kinematik (Tekli-RTK) 6l¢gme yonteminden yararlanilmistir. Bu yontemdeki bazi kisitlari
ortadan kaldirmak {izere yapilan c¢aligmalar, siirekli gézlem yapan GNSS aglarina gergek zamanl
konumlama 6zelliginin eklenmesi fikrini ortaya ¢ikarmig, boylelikle Network-RTK (Ag-RTK) yontemi
gelistirilmistir. Ag-RTK y6ntemi, santimetre mertebesinde, homojen bir dogruluk imkani1 sunmaktadir.
Bununla birlikte, Ag-RTK yonteminde konumu yiiksek dogrulukla bilinen sabit istasyonlardan olusan
bir GNSS agina ve ayni zamanda sabit istasyonlarin verilerinin hesap merkezine iletilmesi ve elde edilen
diizeltmelerin gezici aliciya iletilmesi i¢in giiglii bir iletigim altyapisina gereksinim duyulmaktadir. Her
iki RTK yontemindeki bu gereksinimleri ortadan kaldirmak ic¢in yapilan ¢aligmalar, Hassas Nokta
Konumlama (Precise Point Positioning-PPP) adi verilen teknigin ortaya ¢ikmasini saglamistir.
Yontemle santimetre-desimetre mertebesinde dogruluga ulasabilmek i¢in ortalama 10-30 dakikalik
yakinsama siiresine gereksinim duyulmaktadir. Bu durum PPP’nin 6nemli bir eksikligi olup, gergek-
zamanli uygulamalarda kullanilabilirligini de 6nemli dl¢iide kisitlamaktadir.

2013 yilinda hayata gegirilen IGS-RTS (The International GNSS Service-Real-Time Service) projesi
kapsaminda yayin efemerisine ek olarak ger¢ek-zamanli hassas uydu yoriinge ve saat diizeltme tirtinleri
ile kod/faz sapmalarinin {liretimine baglanilmig, bunun sonucunda da ger¢ek-zamanli PPP (RT-PPP)
konsepti ortaya ¢ikmistir. Bu yontemde kullanilan IGS-RTS iriinleri, IGS analiz merkezlerince
hesaplanmakta, RTCM State Space Representation (SSR) standardina gore formatlanmakta ve NTRIP
(The Networked Transport of RTCM via Internet Protocol) protokolii ile internet araciligiyla anlik
olarak yayimlanmaktadir. RT-PPP yonteminde gergek zamanli diizeltmelerin ve GNSS olgiilerinin
alinabilmesi i¢in kullanicilarin internete bagl ve uygun bir yazilimin yiiklii oldugu bilgisayara (veya bu
Ozellige sahip aliciya) ihtiyaglart bulunmaktadir. Dolayisiyla veri ve diizeltme alim siirecinde meydana
gelen muhtelif aksakliklar ger¢ek-zamanli konum belirlemeyi kisitlayabilmekte veya hig
yapilamamasina neden olabilmektedir. RT-PPP uygulamalar1 i¢in IGS’ in disinda baska kurumlar
tarafindan da SSR formatinda gergek zamanli tirlinler kullanima sunulmustur. Bu kapsamda BKG, CAS,
CNES, DLR, GFZ, GMV ve WHU gibi IGS Analiz Merkezlerine ek olarak, NAVCAST ve MADOCA
gibi servisler, gercek-zamanli uydu yoriinge ve saat diizeltme bilgilerini kullanicilarina sunmaktadir.

Bu ¢alismada, lilkemizde gergek-zamanl veri yayimlayan tek IGS noktasi olan ISTA istasyonu verileri
kullanilarak yaklasik 10 saatlik ger¢ek-zamanli PPP uygulamasi gerceklestirilmistir. Calismada I1GS-
RTS’ nin CNES ve BKG analiz merkezlerinin ve NAVCAST servisinin diizeltme {irlinleri
kullanilmigtir. RT-PPP ¢oziimleri; sadece GPS, sadece Galileo ve her iki uydu sisteminin kombinasyonu
ile, anilan diizeltme iirlinleri kullanilarak gergeklestirilmistir. Calismadan elde edilen sonuglara gore,
tiim diizeltme iriinlerinden elde edilen ¢oziimlerde, yatayda 1 dm, diiseyde de 2 dm’ lik dogruluklara
erismenin miimkiin oldugu goriilmiistir. GPS ve Galileo kombinasyonu ile elde edilen RT-PPP
dogruluk ve yakinsama performansinin, tekli sistem kullanimi ile elde edilen sonuglara gore daha
basarili oldugu goriilmiistiir. Diger yandan sadece Galileo uydu sistemi kullanilarak elde edilen
¢Oziimler, RT-PPP tekniginden beklenen cm-dm dogrulugu saglayamamistir. Genel olarak séylenecek
olursa, elde edilen sonuglar RT-PPP yonteminin performansinin kullanilan servise, analiz merkezine ve
diizeltmelerin {iretiminde kullanilan yazilima ve izleme agina bagli oldugunu gostermistir. Diger yandan
gergek zamanli PPP yonteminin basarili bir sekilde uygulanabilmesinin saglam, kesintisiz ve kaliteli bir
internet baglantisina baglh oldugu da anlasilmustir.
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Abstract

The Single-baseline Real-time Kinematic method was used in applications where real-time high
accurate positioning is required. Studies carried out to eliminate some of the limitations in this method
have brought up the idea of adding real-time positioning feature to Continuously Operating Reference
Stations, thus Network-RTK (Network-RTK) method has emerged. The Network-RTK method offers a
homogeneous accuracy in the centimeter level. However, in the Network-RTK method, it is necessary
to have a reference network consisting of reference stations whose position is known with high accuracy,
as well as a strong communication infrastructure is required to transmit the data of the stations to the
control center and to transmit the obtained corrections to the rover receiver. Studies to eliminate these
requirements in both RTK methods have led to the emergence of the technique called Precise Point
Positioning (PPP). An average of 10-30 minutes of convergence time is required in order to achieve
centimeter-decimeter accuracy with this method. This is a major shortcoming of PPP and significantly
limits its usability in real-time applications.

Within the scope of the IGS-RTS (The International GNSS Service-Real-Time Service) project
launched in 2013, the production of real-time precise satellite orbit and clock corrections and code/phase
biases in addition to broadcasted ephemeris was started, as a result of that real-time PPP (RT-PPP)
concept emerged. The IGS-RTS products used in this method are calculated by IGS analysis centers,
formatted according to the RTCM State Space Representation (SSR) standard, and streamed real-time
via the Internet with the NTRIP (The Networked Transport of RTCM via Internet Protocol) protocol. In
the RT-PPP method, users need a computer/receiver connected to the internet and with a suitable
software installed in order to take real-time corrections and GNSS measurements. Therefore, various
interruptions in the data and correction retrieval process may limit real-time positioning or cause it to
be impossible at all. For RT-PPP applications, real-time products in SSR format are offered by other
institutions besides IGS. In this context, in addition to IGS Analysis Centers such as BKG, CAS, CNES,
DLR, GFZ, GMV and WHU, real-time satellite orbit and clock correction services such as NAVCAST
and MADOCA are available.

In this study, approximately 10 hours of real-time PPP application was carried out using the data of
ISTA station, which is the only IGS-RTS point streaming real-time data in Tiirkiye. Correction products
of IGS-RTS's CNES and BKG analysis centers and NAVCAST service were used in the study. RT-PPP
solutions was done by using the aforementioned correction products with GPS-only, Galileo-only, and
combination of both satellite systems. According to the results obtained from the study, it has been seen
that it is possible to reach 1 dm horizontal and 2 dm vertical accuracies in the solutions obtained from
all correction products. It has been seen that the RT-PPP accuracy and convergence performance
obtained by using GPS and Galileo systems together are more successful than the results obtained by
using a single system. On the other hand, the solutions obtained using only the Galileo satellite system
could not provide the cm-dm accuracy expected from the RT-PPP technique. In general, the obtained
results show that the performance of the RT-PPP method depends on the used service, the analysis center
and also the software and monitoring network used in the production of corrections. As a result, it has
been seen that the most important key factor in obtaining real-time PPP solution by using the correction
products of services such as IGS and NAVCAST is a stable, uninterrupted and high-quality internet
connection.
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