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Ozet

Atmosferin etkisi GNSS (Global Navigation Satellite System) sinyalleri i¢in en Onemli hata
kaynaklarindan bir tanesidir. Genel olarak iyonosfer ve troposfer, atmosferin GNSS sinyalleri
tizerindeki toplam etkisini temsil etmek {izere kullanilan iki temel katmandir. GNSS sinyalleri i¢in
iyonosferin etkisi kullanilan frekansa bagli oldugundan ¢ift frekansl sinyal kombinasyonlar1 kullanarak
etkisini biiyiik oranda ortadan kaldirmak miimkiindiir. Ancak troposferin GNSS sinyalleri tizerindeki
etkisi kullanilan frekansa bagli olmadigi i¢in ilgili kombinasyonlar yardimiyla etkisini ortadan kaldirma
miimkiin degildir. Bu nedenle GNSS konum belirleme tekniklerinde uygulanan standart yaklasim
troposferin etkisini deneysel modeller araciligiyla diizeltmektir. Troposferik gecikme, Hassas GNSS
uygulamalarinda diizeltilmesi gereken bir hata kaynagi iken diger yandan ayrica atmosferdeki su buhari
miktarmi temsil eden bir biiyiikliiktiir. Bir diger deyisle GNSS sinyalleri kullanilarak sinyal yolu
boyunca atmosferdeki su buhar1 miktar1 hakkinda bilgi veren troposferik gecikmeyi elde edilebilir. Son
yillarda Hassas Nokta Konumlama (Precise Point Positioning, PPP) geleneksel GNSS yontemlerine bir
alternatif olarak troposferik gecikme tiiretmek igin yaygmn olarak kullanilmaktadir. Ozellikle IGS
(International GNSS Service) tarafindan ger¢ek zamanli tiriinlerin kullanima agilmasi gergek zamanl
troposferik gecikme kestirimi i¢in PPP’yi popiiler tekniklerden biri haline getirmistir. Ote yandan
Galileo ve BeiDou gibi yeni nesil kiiresel navigasyon sistemlerinin ortaya ¢ikmasi ger¢ek zamanli PPP
¢Ozlimliniin hem konum belirleme hem de troposferik gecikme kestirimi agisimdan performansim
iyilestirmek admna Onemli firsatlar sunmaktadir. Sonug¢ olarak yeni nesil kiiresel navigasyon
sistemlerinin troposferik gecikme kestiriminde kullanimi1 GNSS toplulugu arasinda oldukea ilgi gekici
bir konu haline gelmistir. Bu kapsamda bu ¢alismanin temel amaci GPS, GLONASS, Galileo ve BeiDou
olmak iizere dort kiiresel uydu sisteminin, gergek zamanli PPP ile ZTD (zenith total delay) kestiriminde
en giincel performanslarinin degerlendirilmesidir. Ayrica bu ¢alisma bu dort kiiresel sistemin ortak
olarak kullanildigt ¢oklu GNSS PPP c¢oziimiinii de gercek zamanli ZTD kestirimi igin
degerlendirmektedir. Bu calisma kapsaminda gergeklestirilen deneysel testler 3-16 Temmuz 2022
tarihleri arasinda kiiresel olarak dagilmis 15 farkli IGS istasyonundan elde edilen giinliik ¢goklu GNSS
gozlemlerini igermektedir. Ek olarak IGS tarafindan iiretilen resmi troposfer iiriinleri bu ¢alismada PPP
¢Oziimleri igin troposfer kestirimlerinin performansini degerlendirmek adma kullanilmistir. Sonuglar
gergek zamanli troposferik gecikme kestirimi i¢in GPS, GLONASS, Galileo ve BeiDou PPP
¢Oziimlerinin sirasiyla 1,09, 1,44, 1,07 ve 1,17 cm dogruluga sahip oldugunu gdstermistir. Bu analizler
GPS, Galileo ve BeiDou PPP ¢oziimlerinden elde edilen degerlerin gergek zamanl troposferik gecikme
kestirimi i¢in kargilastirilabilir oldugunu gostermektedir. Troposferik gecikme kestirimi igin GLONASS
PPP ¢6ziimiinden elde edilen dogruluk ise diger ¢dziimlerin bir hayli gerisinde kalmistir. Troposferik
gecikme kestiriminde ¢oklu GNSS PPP ¢6ziimiinden elde edilen dogruluk ise 0,97 cm’dir. Bu sonuglar
¢oklu GNSS PPP ¢oziimiiniin GPS, GLONASS, Galileo ve BeiDou PPP ¢ozlimlerinin troposferik
gecikme kestirimi performansini sirasiyla %11,4, %32,7, %9,7 ve %17,2 oranlarinda iyilestirdigini
ortaya koymustur.
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Abstract

For GNSS (Global Navigation Satellite System) signals, one of the most crucial error sources is the
influence of the atmosphere. Generally, the ionosphere and troposphere are two fundamental layers used
to represent the total influence of the atmosphere on GNSS signals. As the influence of the ionosphere
for GNSS signals depends on the applied frequency, it is possible to eliminate its impact substantially
using dual-frequency combinations. However, since the effect of the troposphere on GNSS signals is
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not dependent on the applied frequency, there is no possibility of eliminating its impact through
corresponding combinations. Therefore, the standard procedure utilized in GNSS positioning techniques
is to correct the tropospheric effect thanks to empirical models. While the tropospheric delay is an error
source that needs to deal with in precise GNSS applications, it is also an amount that represents the
water vapor content in the atmosphere. In other words, it is possible to acquire the tropospheric delay
that provides information about the water vapor content along the signal path using GNSS signals. In
recent years, Precise Point Positioning (PPP) has commonly been used to derive the tropospheric delay
as an alternative to conventional GNSS methods. In particular, the reveal of IGS (International GNSS
Service) real-time products has made PPP one of the most popular techniques for real-time tropospheric
delay estimation. Besides, the emergence of new-generation navigation systems, namely Galileo and
BeiDou, has offered considerable opportunities to improve the real-time PPP performance in positioning
accuracy and tropospheric delay estimation. As a result, the use of new-generation navigation systems
in tropospheric delay estimation has been an attractive topic within the GNSS community. In this regard,
the principal objective of this study is to evaluate the latest performance of four global constellations,
GPS, GLONASS, Galileo, and BeiDou, in ZTD (zenith total delay) estimation with real-time PPP. Also,
this study assesses the multi-GNSS PPP solution that contains these four global constellations for
estimating real-time ZTD. The experimental tests conducted in this study employ a daily multi-GNSS
observation dataset collected at 15 globally distributed IGS stations for July 3-16, 2022. In addition, the
official troposphere products generated by IGS are used in this study to evaluate the tropospheric delay
estimation performance for PPP solutions. The results indicate that GPS, GLONASS, Galileo, and
BeiDou PPP solutions present 1.09, 1.44, 1.07, and 1.17 cm accuracies for real-time tropospheric delay
estimation, respectively. These analyses present those results obtained from GPS, Galileo, and BeiDou
PPP solutions are comparable for real-time tropospheric delay estimation. For the tropospheric delay
estimation, the accuracy acquired from the GLONASS PPP solution is far behind the other solutions. In
the tropospheric delay estimation, the accuracy computed for the multi-GNSS solution is 0.97 cm. The
results also reveal that the multi-GNSS PPP solution improves the tropospheric delay estimation
performance of GPS, GLONASS, Galileo, and BeiDou PPP solutions by 11.4%, 32.7%, 9.7%, and
17.2%, respectively.
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