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Hassas Nokta Konumlama (Precise Point Positioning - PPP)
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PPP — Coklu GNSS

e Tam kapasite ile hizmet veren sistemler, GPS ve GLONASS
e Yakinda tam kapasiteye ulasacak sistemler, Galileo ve BeiDou
e Bolgesel sistemler, QZSS, NAVIC (IRNSS)
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PPP — Coklu GNSS

GPS GLONASS Galileo BeiDou

Uydu sayisi! 30 23 21 44
Yoriinge diizlemi 6 3 3 3
Egim 55° 65° 56° 55°

Yoriinge yiiksekligi 20180 km 19100 km 23222 km 21528 km
Yoriinge periyodu 11758™ 11715m 14h04m 12h37m
Zaman oOlcegi GPST GLST GST BDT
Refrans sistemi WGS-84 PZ-90 GTRF CGCS

1Kasim 2021 itibariyle
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PPP — Yakinsama Suresi

HOFN (122 2021) LHAZ (122 2021)
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DATA IMPORTING

PREPROCESSING

Observation File

Orbit File

Antenna File

System Selection

V| GPS GLONASS

| |GALILEO | |BEIDOU

Import previously saved file

Save Configuration

Load Saved Configuration

Default Configuration

PPPH
MODELLING OPTIONS FILTERING OPTIONS
[ ] Clock Source Clock File
Clock File
Clock File Interval
DCB None
&2 Import Save As
Epoch Interval
From 0| To 86370

ANALYSIS

v

30|

i

© RUN

B. Bahadur (2017), Improving the
Performance of Precise Point
Positioning with Multi-GNSS,
Hacettepe Unv. Fen Bilimleri
Enstitusy, YL Tezi

B. Bahadur, M. Nohutcu (2018),
PPPH: a MATLAB-based software
for multi-GNSS precise point
positioning analysis, GPS
Solutions, 22:113
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PPP — Ucretsiz Cevrimici PPP Servisler

PPP Servisi GNSS

APPS NASA-JPL GPS

CSRS-PPP National Resources Canada GPS, GLONASS

GAPS University of Brunswick GPS, Galileo,
BeiDou

MagicGNSS/PPP GMV GPS, GLONASS,
Galileo

PPPH Online Hacettepe Universitesi, GPS, GLONASS,

Geomatik Miihendisligi Bol. Galileo, BeiDou
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TUBITAK 1001 Projesi

Proje No: 118Y410

Proje Basligl: Coklu-GNSS PPP Performansinin
lyilestirilmesi ve Turkiye Kaynakli ilk Cevrimici PPP
Servisinin Gelistirilmesi

Proje Stresi: 01/03/2019 - 01/03/2022
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TUBITAK 1001 Projesi

* Coklu-GNSS PPP performansinin iyilestirilmesi

Faz Kesikligi

Saat Surekliliginin Saglanmasi

Filtreleme (robust istatistiksel yontemler,
Varyans Bilesen Kestirimi)

Navigasyon sistemleri icin uygun etki fonksiyonu
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TUBITAK 1001 Projesi

* PPPH yaziliminin yapabilirliklerinin arttiriimasi
Troposfer modelleri ve iz disum fonksiyonlari

Tek-frekansli PPP
Gercek-zamanli PPP

* Cevrimici coklu-GNSS PPP degerlendirme
servisinin olusturulmasi
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Proje Ekibi

Metin Nohutcu Kamil Teke M. Ali Glivenaltin Pinar Hazan

AL

Fikret Ocal Duygu Diilger Bugce Gokce Yazgi Nur Sayin Yelkin Turan



PPPH Online - ppph.hacettepe.edu.tr

Data Importing Preprocessing Modeling Options Troposphere Filtering Options

Clock Source Clock File =

Observation File:  Choose file Browse
Clock File = Choose file Browse
Clock File Interval 30 ~ |sec
Orbit File:  Choose file Browse
DCB None ¥
DCB File  Choose file Browse
System Selection:
Antenna File = Choose file Browse
GPs [GALLEO [IBEIDOU [JGLONASS
From: 0 z | To: ‘ 86370 <

Save Configuration Load Saved Configuration
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PPPH Online - ppph.hacettepe.edu.tr

Veri Girigi On isleme Modelleme Secenekleri Troposfer Filtreleme Secenekleri CALISTIR
Saat Diizeltmesi = Saat Dosyasi =
Gézlem Dosyasi | Dosya Seg Browse
Saat Dosyasi = Dosya Sec Browse
Saat Diizeltmesi Veri Araligi 30 ~ |sec
Yoringe Dosyas: = Dosya Seg Browse
DCB | Dizeltme Yok s
DCB Dosyasi = Dosya Seg Browse
Dahil Edilecek Sistemler:
Anten Dosyasi = Dosya Seg Browse

GPS

O GALILEO [ BEIDOU [JGLONASS

<>

From: 0 E ‘ To: ‘ 86370

Ayarlan Kaydet Kayith Ayarlar Ykle
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PPPH Online - ppph.hacettepe.edu.tr
Veri Girigi ~ Onisleme  Modelleme Secenekleri ~ Troposfer  Filtreleme Secenekleri

Uydu Yikseklik Acisi| g - |derece Saat Sicramasi Tespiti ve Diizeltilmesi

Faz Kesikligi Tespit Yontemi [ Faz Olgiileri Yardimiyla Kod Olciilerinin Yumusatilmasi

Melbourne-Wubbena Kombinasyonu

Geometriden-bagimsiz Kombinasyon

isleme Modu

@® Statik
O Kinematik
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PPPH Online - ppph.hacettepe.edu.tr

Veri Girisi On isleme Modelleme Secenekler Troposfer Filtreleme Secenekleri  We\REyNI

Uydu Diger

Saat Hatasi Diizeltmesi Anten Faz Merkezi Dizeltmesi Rélativistik Saat Dlzeltmesi

Faz Dondikligld Dizeltmesi
Ralativistik Mesafe Diizeltmesi
Ahc

Kati-yer Gelgiti Diizeltmesi

M Anten Faz Merkezi Dizeltmesi

[ Anten Referans Moktasi Diizeltemesi
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PPPH Online - ppph.hacettepe.edu.tr

Veri Girigi On isleme Modelleme Secenekleri

Troposferik Diizeltme

[J Troposferik Gradyanlar Kestir

Troposfer Filtreleme Secenekleri CALISTIR

Troposfer Modeli

(&) Saastamoinen

O Modified Hopfield
O VMF1

O VMF3

Meteorolojik Veri Kaynagi

O GPT2
® GPT3

O Meteorolojik Olcii Dosyasi

Dosya Seg Browse

Indirgeme Fonksiyonu

O GMF
O VMF1
® VMF3
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PPPH Online - ppph.hacettepe.edu.tr
VeriGirisi  Onigleme  Modelleme Secenekleri  Troposfer  Filtreleme Secenekleri

[] Baglangi¢ Parametrelerini EKK Kullanarak Belirle

L1

Onciil Konum Kaynagi  RINEX

Bilinmeyenlerin Baslangig¢ Belirsizliklerinin Tanimlanmasi X 10.000
Konum Bilegenleri: | 10 = ‘e| 2 = ‘ m ¥"|0.000
Alici Saat Hatasr: | 1.0 ° ‘ e| 5 2 ‘ m Z 10.000
Troposfer: | 05 ° ‘ e| 0 < ‘ m
Faz Belirsizlikleri: | 50 - ‘e| 102 ‘ m Olci Giriiltasa ve Agirlik
Sistemler-arasi Zaman Fark: | 10 © ‘ e| 2 < ‘ m

Agirhk Yontemi  Ylkseklik Agisina Bagh s

Bilinmeyenlerin Zamana G&re Degisiminin Tammlanmasi
Olgiiniin Standart Sapmasi

Konum Bilesenleri: 0.0 e 0 m2/sec .
Al Saat Hatas: ‘ 10 = ‘e‘ 5 < ‘ m2/sec s 3.000 al
Troposfer: ‘ 1.0 < ‘e‘ -9 < ‘mZ/sec Faz Olgiisii 0,003 ~ [m
Faz Belirsizlikleri: ‘ 00 <© ‘e‘ 0 < ‘ m2/sec
Sistemler-arasi ‘ 10 = ‘ 2 ‘ 7 - ‘ m2/sec Coklu-GNSS Gozlemleri icin Varyans Oranlan
Zaman Fark:
G R E C
Kod Olc.: ‘ 1 H 2 H 2 H 2 ‘
ENEREREN

[ Varyans Bilesen Kestirimi Yontemini Kullan



PPPH Online - ppph.hacettepe.edu.tr

From PPPH Online Service <ppph@mail hacettepe.edutr> ¥
Subject PPPH Online Servisi Iglem Sonucu
To MetinG1 ¥

Merhaba.

ANKRBETUR_R_2B218778088_ 81D 385 MO.rnx dosyasi igin PPPH islemleriniz
basariyla seonuglandirildi. Senug dosyalari ektedir.

PPPH Online Servisini kullandiginiz igin tesekkiir ederiz.

PPPH Online, hizmetleri aracilifiyla saglanan bilgi we sonuglarin
dogrulugu veya eksiksizligi konusunda hig¢bir garanti vermez
ve sorumluluk veya yikimlolik kabul etmez.

Size

j 41 304

=| PPPHoutput.txt 267 933

> (] 1 attachment: PPPH_OutputFileszip 127 KE |&| PrecWaterVapor.png 32 668
|£| RecewverClockError.png 41 609

|£| TropZenTotalDel.png 34 81
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PPPH Online - ppph.hacettepe.edu.tr
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PPPH Online - ppph.hacettepe.edu.tr

Basucu Toplam Troposfer Gecikmesi Alici Saat Hatasi
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PPPH Online - ppph.hacettepe.edu.tr
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PPPH Online — Performans Degerlendirmesi

2 — 8 Mayis 2021 (7 giin)
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PPPH Online — Performans Degerlendirmesi

CSRS PPPH Online
. Yakinsama Mutlak Ortalama Hata (Giin Sonu) . Yakinsama Mutlak Ortalama Hata {(Giin Sonu)
ISTASYON ISTASYON
Siiresi K D Y 3B Siiresi K D Y 3B
ABMF 19.43 0.0013 0.0023 0.0049 0.0063 ABMF 17.36 0.0036 0.0046 0.0068 0.0107
AREG 8.00 0.0010 0.0012 0.0049 0.0053 AREG 11.86 0.0040 0.0058 0.0036 0.0088
BRST 9.07 0.0022 0.0011 0.0029 0.0042 BRST 11.60 0.0031 0.0026 0.0082 0.0102
BRUX b.64 0.0012 0.0008 0.0032 0.0064 BRUX 15.50 0.0025 0.0044 0.0070 0.0092
CAS1 7.36 0.0026 0.0005 0.0089 0.0093 CAS1 12.86 0.0033 0.0069 0.0081 0.0118
CHPI 11.50 0.0014 0.0026 0.0016 0.0038 CHPI 9.64 0.0025 0.0020 0.0020 0.0041
CPVG 15.93 0.0005 0.0015 0.0026 0.0034 CPVG 14.00 0.0037 0.0024 0.0059 0.0087
DlIG 13.21 0.0009 0.0024 0.0052 0.0063 DIIG 6.93 0.0030 0.0040 0.0047 0.0077
DRAO 10.36 0.0020 0.0035 0.0065 0.0078 DRAO 13.10 0.0013 0.0025 0.0055 0.0064
FFMI 7.50 0.0014 0.0017 0.0029 0.0041 FFMI 16.58 0.0023 0.0042 0.0032 0.0064
GLPS 12.00 0.0007 0.0013 0.0032 0.0047 GLPS 9.36 0.0014 0.0096 0.0024 0.0101
HKSL 18.21 0.0023 0.0012 0.0052 0.0063 HKSL 8.86 0.0036 0.0036 0.0042 0.0073
HOFN 8.14 0.0012 0.0009 0.0020 0.0028 HOFN 10.86 0.0012 0.0055 0.0092 0.0111
ISTA 28.36 0.0007 0.0016 0.0095 0.0097 ISTA 17.29 0.0014 0.0047 0.0066 0.0089
KOUR 34.36 0.0037 0.0031 0.0082 0.0100 KOUR 13.60 0.0054 0.0034 0.0066 0.0098
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PPPH Online — Performans Degerlendirmesi

CSRS PPPH Online
. Yakinsama Mutlak Ortalama Hata (Gin Sonu) . Yakinsama Mutlak Ortalama Hata (Gin Sonu)
ISTASYON ISTASYON
Siiresi K D Y 3B Siiresi K D Y 3B
LHAZ 17.79 0.0013 0.0016 0.0034 0.0042 LHAZ 22.00 0.0039 0.0073 0.0022 0.0091
MADR 30.36 0.0012 0.0014 0.0084 0.0088 MADR 21.75 0.0011 0.0041 0.0122 0.0133
MAL2 33.36 0.0010 0.0059 0.0032 0.0069 MAL2 11.80 0.0046 0.0038 0.0044 0.0086
MERS 11.71 0.0010 0.0032 0.0042 0.0055 MERS 16.79 0.0060 0.0091 0.0062 0.0127
NKLG 23.00 0.0031 0.0033 0.0059 0.0079 NKLG 15.38 0.0026 0.0080 0.0050 0.0103
NNOR 21.79 0.0013 0.0052 0.0022 0.0061 NNOR 11.43 0.0018 0.0040 0.0079 0.0095
OHI3 7.14 0.0012 0.0015 0.0043 0.0051 OHI3 16.14 0.0037 0.0057 0.0080 0.0108
PTGG 24.50 0.0014 0.0018 0.0052 0.0059 PTGG 12.38 0.0004 0.0055 0.0109 0.0122
RABT 10.29 0.0020 0.0024 0.0024 0.0044 RABT 32.17 0.0025 0.0022 0.0064 0.0077
REUN 14.00 0.0018 0.0017 0.0023 0.0038 REUN 14.29 0.0019 0.0030 0.0110 0.0117
S5TPM 17.50 0.0008 0.0020 0.0057 0.0066 STPM 15.50 0.0023 0.0038 0.0115% 0.0126
SUTM 11.93 0.0011 0.0008 0.0036 0.0041 SUTM 12.33 0.0030 0.0021 0.0085 0.0100
ULAB 8.21 0.0013 0.0043 0.0045 0.0074 ULAB 10.40 0.0018 0.0039 0.0020 0.0052
URAL 6.90 0.0008 0.0014 0.0065 0.0069 URAL 14.63 0.0041 0.0036 0.0067 0.0092
WROC 16.14 0.0026 0.0003 0.0032 0.0059 WROC 19.21 0.0022 0.0028 0.0044 0.0061
TUMU 15.57 0.0015 0.0021 0.0047 0.0060 TUMU 14.15 0.0028 0.0042 0.0059 0.0086
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PPPH Online — Yayinlar (Uluslararasi)

* B. Bahadur, M. Nohutcu (2021) Real-time single-frequency multi-GNSS positioning with ultra-rapid
products, Measurement Science and Technology, 32(1), 014003

e B. Bahadur, M. Nohutcu (2021) Integration of variance component estimation with robust Kalman filter
for single-frequency multi-GNSS positioning, Measurement, 173, 108596

e B. Bahadur, M. Nohutcu (2020) Galileo-based precise point positioning with different MGEX products,
Measurement Science and Technology, 31(9), 094009
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PPPH Online — Yayinlar (Ulusal)

B. Bahadur, M. Nohutcu (2020) Hassas Nokta Konumlama icin Robust Kalman Filtresi Yontemlerinin
Analizi, Harita Dergisi, 86(164), 29-42

B. Bahadur, M. Nohutcu (2019) GNSS alicilarindaki saat sicramalarinin hassas nokta konumlama (PPP)
performansina etkisinin arastirilmasi, Jeodezi ve Jeoinformasyon Dergisi, 6(2), 87-95

B. Bahadur, M. Nohutcu (2021) Coklu-GNSS Go6zlemlerinin Degerlendiriimesinde Yeni Bir Filtreleme
Yaklasimi, 18. Turkiye Harita Bilimsel ve Teknik Kurultayi, 26-29 Mayis, Ankara

B. Bahadur, M. Nohutcu (2019) Multi-GNSS Contribution to Single-Frequency Precise Point Positioning,
XXIX. International Symposium on Modern Technologies, Education and Professional Practice in
Geodesy and Related Fields, 5—6 Kasim, Istanbul, pp.34-50

B. Gokce, D. Dulger, B. Bahadur, M. Nohutcu, K. Teke (2019) Assessment of PPP Positioning Accuracy
with Different Meteorological Data Sources, XXIX. International Symposium on Modern Technologies,
Education and Professional Practice in Geodesy and Related Fields, 5—-6 Kasim, Istanbul
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Tesekkur

Bu calisma, Turkiye Bilimsel ve Teknolojik
Arastirma Kurumu (TUBITAK) tarafindan
118Y410 nolu proje kapsaminda
desteklenmektedir.
Sagladigi Ucretsiz veri ve Urlnler icin IGS ve ilgili analiz merkezlerine,
sagladigi Ucretsiz hizmet icin CSRS-PPP servisine
tesekkUr ederiz.
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