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Ozet

Modern ¢agm gereksinimleri dogrultusunda, giiniimiizde yiiksek konum hassasiyeti ve bu konuma hizli
yakinsama konularinda aragtirmalar yapilmaktadir. Konum belirlemede RT-PPP (Real Time Precise
Point Positioning) ve PPP-AR (Precise Point Positioning- Ambiguity Resolution) tekniklerindeki hizli
gelismelere bagli olarak arastirmacilar bu iki teknige yogunlagsmistir. RT-PPP tekniginde cm
mertebesinde konum elde edebilmek i¢in ihtiya¢ duyulan yakinsama siiresi arastirilan konulardan en
onemlisidir. Bu teknikte yakinsama siiresinin kisalmasi i¢in RTCM-SSR (State Space Representation)
mesajlari ile uydu yoriinge saat kombine iiriinleri kullanilir. RTCM-SSR mesajlar1 hem yoriinge saat
bilgisi hem de faz bias’lar1 yardimiyla konum dogruluguna ve yakinsama siiresine katki saglamaktadir.
PPP-AR tekniginde ise yoriinge ve saat bilgisi uluslararasi ag istasyonlarindan 6l¢ii sonrasi hesaplanarak
¢Oziime dahil edilir. Bunun i¢in PPP-AR’da giinlik FCB (Fractional Cycle Bias) iirlinleri
yaymlanmaktadir.

Bu galismada 29 Eyliil 2022 tarihinde yerel saat ile 13:00-16:00 zaman araliginda DLF1 ve GOPE
istasyonlarinda GPS-GLONASS uydulan ile BNC v2.12.18 yazilimi tizerinden RT-PPP dl¢limleri
gergeklestirilmistir. Gergek zamanli dlglimlerde yoriinge saat Uriinii olarak SSRCO0BKGO tercih
edilmistir. Bu yoriinge saat iirlin{i, almis oldugu 1265 mesa;j lriinii ile GPS faz bias liriinlerine, 1266
mesaj Urlinli ile GLONASS faz bias iiriinlerine ait diizeltmeleri ger¢ek zamanli olarak saglamaktadir.
PPP-AR tekniginde ise aynmi giin ve saat diliminde GRG ve WHU servislerinin iiretmis oldugu FCB
triinleri sirasiyla 4 ve 6 adet kombine faz Olgiilerinin bias’larini saglamaktadir. Buna gore oncelikle
PPP-AR tekniginde GRG ve WHU servislerinin saglamis oldugu bias’lar kullanilarak yakinsama
siireleri epok sayisi ve konum hassasiyetleri n, e, u (north, east, up) koordinatlari {izerinden
karsilastirilmigtir. n, € ve u koordinatlarma ulasabilmek i¢in IGS’in (International GNSS Service)
haftalik istasyon koordinatlari referans alinmistir. Ardindan RT-PPP tekniginin PPP-AR’ a gore
yakinsama siiresi ve konum hassasiyetleri incelenmistir. Calisma kapsaminda yapilan analizlere gore
GRG ve WHU servisleri saglamis olduklar1 bias’lar sayesinde n, ¢ ve u koordinatlarinda ilk 50 epok
icin 0.05 m yakinsama saglarken; ger¢ek zamanda bias ¢6ziimii i¢in kullanilan 1265 ve 1266 RTCM
mesajlan ile bu yakinsama hassasiyetine ilk 200 epoktan sonra ulagilabilmistir. Bununla birlikte her {i¢
alternatif gozlem (RT-PPP, PPP-AR/GRG, PPP-AR/WHU) igin tam sayr belirsizligi ¢oziimii
saglandiktan sonra; RT-PPP i¢in n, e ve u koordinatlarinin standart sapma degerleri sirasiyla 0.211 m,
0.130 m, 0.252 m, PPP-AR/GRG i¢in n, e ve u koordinatlarinin standart sapma degerleri sirastyla 0.004
m, 0.010 m, 0.007 m ve PPP-AR/WHU ig¢in n, e ve u koordinatlarinin standart sapma degerleri sirasiyla
0.004 m, 0.009 m, 0.008 m olarak bulunmustur. Bu karsilastirmadan yola ¢ikarak PPP-AR tekniginin
gelistirilen farkli servisleri yakinsama siiresi ve konum hassasiyetleri yoniinden oldukc¢a basarili iken
servislerin kullanmig olduklar bias hesaplama yontemleri gelistirilerek daha iyi sonuglara ulagilabilir.
RT-PPP teknigi tam say1 belirsizligini ¢6zdiikten sonra dm hassasiyetinde konum {iretebilirken,
yakinsama siiresi yoniinden RTCM-SSR mesajlarinin gelisim siireci heniiz hedeflenen siirelere ulastigi
sOylenemez.
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Abstract

Depending on the needs of the modern age, nowadays, high precise positioning and rapid convergence
time are carried out. Due to the rapid developments in RT-PPP (Real Time Precise Point Positioning)
and PPP-AR (Precise Point Positioning- Ambiguity Resolution) techniques, researchers have focused
on these two techniques. In the RT-PPP technique, the convergence time for cm precision is one of the
most important subject. In this technique, satellite orbital clock combined products are used with RTCM-
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SSR (State Space Representation) messages to shorten the convergence time. RTCM-SSR messages
contribute to position accuracy and convergence time by providing both orbital clock information and
phase biases. In the PPP-AR technique, the orbit and clock information that are used in the solution are
calculated from the international network stations. The FCB (Fractional Cycle Bias) products for PPP-
AR are published daily.

In this study, RT-PPP measurements were carried out for the DLF1 and GOPE stations at the13:00-
16:00 (local time) time interval on September 29, 2022 with GPS-GLONASS satellites and using BNC
v2.12.18 software. SSRCOOBKGO is preferred as the orbital clock product for real time measurement.
This orbital clock product provides real-time corrections in 1265 message products for GPS phase bias
products, and 1266 message products for GLONASS phase bias products. In PPP-AR technique, FCB
products produced by GRG and WHU services on the same days and time period provide biases of 4
and 6 combined phase measurements, respectively. First of all, in the PPP-AR technique, the biases
provided by the GRG and WHU services were used to compare the convergence times, epoch number
and positioning accuracy over n, e, u (north, east, up) coordinates. Weekly station coordinates of IGS
(International GNSS Service) were taken as reference coordinates in order to determine the n, e, u
coordinates. Then, the convergence time and positioning sensitivities of the RT-PPP technique
compared to the PPP-AR technique were examined. According to the analyzes made within the scope
of the study, thanks to the biases provided by the GRG and WHU services, they provide 0.05 m
convergence for the first 50 epochs in n, ¢ and u coordinates; 1265 and 1266 RTCM messages delivered
for real-time bias resolutions achieved this convergence precision after the first 200 epochs. Moreover,
after implementing the integer ambiguity solution for all three techniques (RT-PPP, PPP-AR/GRG,
PPP-AR/WHU), the standard deviations of n, €, u coordinates are 0.211 m, 0.130 m and 0.252 m; 0.004
m, 0.010 m, and 0.007; 0.004 m, 0.009 m, and 0.008 m, for RT-PPP, PPP-AR/GRG and PPP-AR/WHU
respectively. Based on these results, while the different services developed by the PPP-AR technique
are quite successful in terms of convergence time and positioning accuracy, better results can be
achieved by developing the bias calculation methods used by the services. While the RT-PPP technique
can produce dm positioning precision after solving the integer ambiguity, it cannot be said that it reaches
the desired results in terms of convergence time.
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