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Ozet

Yiiksek ornekleme araligina (10, 20, 50 ve 100 Hz) sahip jeodezik nitelikli GNSS (Global Navigation
Satellite System) alicilarinin iiretilmesiyle yiiksek zamansal ¢oziiniirliiklii zamana bagli, ani degisebilen
yer degistirme zaman serilerinin elde edilmesi miimkiin hale gelmistir. Uluslararast GNSS servisi (IGS)
analiz merkezlerinin iirettigi hassas uydu yoriinge ve saat diizeltme bilgilerini kullaniciya iicretsiz olarak
saglamasiyla tek bir GNSS alicisi, verileri Kinematik Hassas Nokta Konumlama (PPP) yontemi ile
proses edilmektedir. PPP sonradan degerlendirme yontemiyle epok-epok deplasman zaman serileri
hesaplanmaktadir. IGS’in yiiriitmiis oldugu IGS Ger¢ek Zamanli Servis(RTS) pilot projesi kapsaminda
IGS analiz merkezlerinden gelen uydu yoriinge ve saat diizeltme bilgileri, birlikte hesaplanip kombine
edilerek RTS (Real Time Service) iiriinleri (IGS01/IGCO01, IGS02 ve IGS03) olarak internet servisi
tizerinden, NTRIP (Networked Transport of RTCM via Internet Protocol) veri iletim protokolii
vasitasiyla RTCM/SSR(Radio Technical Commission for Maritime Services/State Space
Representation) veri formatinda Nisan 2013’den beri kullaniciya iicretsiz sunulmaktadir. Bununla
birlikte tek bir GNSS alicisimin kullaniciya sunulan iiriinlerin siirekli yayin efemerisi akis1 saglanarak
gercek zamanli PPP (RT-PPP) yontemiyle anlik olarak koordinat degisimleri elde edilmeye
baslanmistir. Bu calismada, yiiksek orneklem araligina sahip gercek zamanli hassas nokta konumlama
(RT-PPP) yonteminin kisa siireli (20-60 sn) dinamik deplasmanlar1 izleyebilme kabiliyeti, depremin
yarattig1 etkiyi simiile edebilen ve rastgele harmonik hareketler iiretebilen yatay yonlii sarsma tablasinda
harmonik salinimlar ve deprem yer hareketi simiilasyonu yapilarak incelenmistir. Farkli giinlerde ve
giiniin farkl1 zamanlarinda gergeklestirilmis deney setleri yontemin degerlendirilmesi icin kullanilmistir.
Deprem deney setlerinden biri olan ve yatay sarsma tablasinda simiilasyonu yapilan Diizce (1999)
depremine ait deprem yer hareketini tespit etmek i¢in hem sarsma tablasina monte edilmis LVDT
(Linear Variable Differential Transformer) sensdr hem de 20 Hz 6rnekleme araliginda veri toplayan
GPS gozlemleri IGCO1 RTS iiriinii kullanilarak acik kaynakli bir yazilim paketi olan RTKLIB
yaziliminin RTKLIB_Navi uygulamasi araciligiyla RT-PPP c¢o6ziimleri elde edilmistir. RT-PPP
yonteminin dinamik davraniglart belirleme dogrulugu LVDT sensoriin iirettigi yer degistirme verisi
referans alinarak ayrica sonradan degerlendirme PPP yontemiyle kiyaslanarak degerlendirilmistir.
Aragtirma bulgulart RT-PPP yoOnteminin yiiksek Orneklem araligina sahip GPS gozlemlerinin
degerlendirilmesinde ve dinamik deplasmanlarin yakalanmasinda etkili bir sekilde kullanilabilecegini
gostermistir. Bu calismada ayrica 30 Ekim 2020’ de meydana gelen Mw=7.0 biiyiikliigiindeki Samos
depremi yer hareketleri, 1 Hz o6rnek araligina sahip GPS verileri RT-PPP tekniginin yaninda, gercek
zamanlh hassas uydu yoriinge ve saat iirlinleri kullanilarak yakin gercek zamanli PPP yontemi
kullanilarak incelenmistir. Yapilan incelemede hem deprem ani yer hareketleri hem de kosismik
deformasyonlarin kinematik zaman serisinden belirlenebildigi goriilmiistiir. Sonuclar, gercek zamanl
hassas uydu yoriinge ve saat iirlinleri kullanilarak, yakin gercek zamanli PPP ile hizli bir sekilde deprem
yer hareketlerinin yakalanabilecegi ve yeterli sayi/dagilimda nokta olmasi durumunda kinematik
kosismik deformasyon degerleriyle deprem mekanizmasinin hizli bir kestirimi yapilabilecegini isaret
etmistir.
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Abstract

With the development of geodetic GNSS (Global Navigation Satellite System) receivers with high
sampling intervals (10, 20, 50 and 100 Hz), it has become possible to obtain time-dependent, abruptly
changing displacement time series with high temporal resolution. By providing the precise satellite orbit
and clock correction produced by the International GNSS service (IGS) analysis centers free of charge
to the user, a single GNSS receiver data can be processed with the Kinematic Precise Point Positioning
(PPP) method. Epoch by epoch displacement time series are estimated by post-mission PPP. Within the
scope of the IGS Real Time Service (RTS) pilot project carried out by IGS, the satellite orbit and clock
correction from the IGS analysis centers are calculated and combined together and are available over
the internet as RTS products (IGS01/IGCO01, IGS02 and IGS03). It has been provided free of charge to
the user since April 2013 in RTCM/SSR (Radio Technical Commission for Maritime Services/State
Space Representation) data format via NTRIP (Networked Transport of RTCM via Internet Protocol)
data transmission protocol. In addition, by providing a continuous broadcast ephemeris flow of the
products offered to the user by a single GNSS receiver, instantaneous coordinate changes have begun
to be obtained with the real-time PPP (RT-PPP) method. In this study, the ability of real-time precise
point positioning (RT-PPP) method with a high sampling rate to monitor short-term (20-60 sec) dynamic
displacements, such as harmonic oscillations and earthquake-induced ground wave motion, was
investigated. Experiments performed on different days and at different times of the day were used to
evaluate the method. In order to detect the ground motion of Diizce (1999) earthquake, both the LVDT
(Linear Variable Differential Transformer) sensor mounted on the shaking table and the GPS
observations with a sampling rate of 20 Hz were used using the IGCO1 RTS product. RT-PPP solutions
were obtained through the RTKNavi application of RTKLIB software, which is an open source software
package. The accuracy of determining the dynamic behaviors of the RT-PPP method was evaluated by
reference to the displacement data produced by the LVDT sensor and also by comparing it with the post-
processed PPP method. The research findings showed that the RT-PPP method can be used effectively
in the evaluation of GPS observations with high sampling rate and in capturing dynamic displacements.
In this study, ground motions of the Samos earthquake with a magnitude of Mw = 7.0, which occurred
on October 30, 2020, and GPS data with 1 Hz sample interval were also examined using the near real-
time PPP method using real-time precise satellite orbit and clock products. In the study, it was seen that
both earthquake ground motions and co-seismic deformations could be determined from the kinematic
time series. The results indicated that by using real-time precise satellite orbit and clock products,
earthquake ground motions can be captured quickly with near real-time PPP and a rapid estimation of
earthquake mechanism can be made with kinematic co-seismic deformation values if there are sufficient
number/distribution points.
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