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Introduction . . e
Precise Point Positioning

PPP — Mathematical model

Zumberge J.F., iin. (1997). Precise Point Positioning for the Efficient and Robust Analysis
of GPS Data from Large Networks. J.Geophys. Res., 102(B3), 5005-5017:

1
I, = fz 2 (fiP1 — f3P2) = p + c(6t, — 8t°) + 8T5 + €,
Ip = > (fiP1 — f3P2)| A3 = p + c(8t, — 8t°) + 8T5 + NAyz + €
fi f 1
where:
I,, —ionosphere-free combination of pseudorange measurements
Ip - ionosphere-free combination of carrier-phase measurements in metric units
p — geometric distance between satellite and receiver antenna phase centers
¢ — the speed of light
otS,6t, — the clock errors of satellite and receiver
TS  — troposphere delay,
N — ionosphere-free carrier-phase ambiguity parameter
Ay — ionosphere-free carrier-phase wavelength
€ Ep measurement noises of ionosphere-free pseudoranges and carrier-phase

Unknowns: receiver coordinates (X, Y, Z) involved into p, and: 6t,, 6T, N
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Introduction . . e
Precise Point Positioning

PPP — advantages and limitations

Advantages:

* single-receiver precise positioning,

» fast, simple and straightforward (no differencing) calculations
* world-wide positioning,

* independent positioning technique, a validation of RTK
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Introduction

IGS Real-Time Service

IGS Real-Time Service (IGS)

In April 2014, International GNSS Service (IGS) launched Real-time

Service (RTS) with official GPS and unofficial GLONASS products HN-N-EN

| G S INTERMATIOMNAL
GMNSS5 SERVICE

Target accuracy:

* satellite orbits: at the level of ultra-rapid products( 0.10m)
* clock corrections: 0.3ns (0.09m)

* maximum latency: 10 seconds

Stream DESBﬂPtiDﬁ Ref RTCM MESSHQES Provider Bandwidth Software

Mame Point Solution ID kbits
Orbit/Clock Correction, Single-Epoch / /

1GS01 Combination APC 1059 (5),1060 (%) 258 /1 1.8/zec ESA/ESOC
Orbit/Clock Carrection, Single-Epoch .

IGCO1 Combination Col 1059 (5),1060 () 238789 1.8/sec ESAESOC
Orbit/Clock Caorrection, Kalman Filter

1502 Combination APC 1057 (60), 1058 (10), 1059 (10) 25872 0.6isec BKG
Orbit/Clock Correction, Kalman Filter 1057(60). 1058(10), 1059(10), 1063(60). . .

1GS03 combination APC 1064(10). 1065(10) 29813 0.8isec BKG

APC: Antenna Phase Center CoM: Center of Mass, (not compliant with curmrent RTCM-55R standard). The figures in brackets next to each RTCM message |ID denote the message sample interval in

saconds.

Stream Name D‘ESBﬂPtiDﬁ RTCM MESSHQES SUPPDI'tEd GNSS Bandwidth kbits Software

RTCM3EPH Broadcast Ephemeris 1019(5), 1020(5), 1045(5) GPS, GLONASS, Galileo 6.0/sec BKG/BMNC

RTCM3EPHDA Broadcast Ephemeris 1019(3) GPS 4 0fsec DLR/RETICLE
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Introduction

IGS Real-Time Service

Verification of IGS RTS
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GNSS-WARP software Adjustment model and features

GNSS-WARP architecture

IGS RTS ATMOSPHERE
GNSS RECEIVER PRODUCTS PRODUCTS
Broadcast:
Observables: ) Troposphere:
. GPS orbits & clocks - apriori ZTD
«  GLONASS SSR corrections: *  mapping
 QGalileo * orbits & clocks functions
\ v biases
\ 4
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GNSS-WARP software Adjustment model and features

Data processing (1)

1. Initialize filters:
* receiver clock, ambiguities, full covariance matrix with initial variances
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GNSS-WARP software Adjustment model and features

Data processing (2)
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Adjustment model and features

GNSS-WARP software

GNSS-WARP features

*  Multi-GNSS ready (currently GPS and GLONASS)

*  Multi-station processing (under optimization process, now: @
3 stations / second on regular CPU) T - S - MR

* Data preprocessing and quality check @@@

* Empirical and external models of troposphere delay and NN
mapping functions (eg. GPT2, VMF) @@

e Last Squares Adjustment using code and phase =~ =====0 Z—— 4
measurements on iono-free combination with float I A H e |
ambiguities ' '

e Static and kinematic mode, real-time and post processing 0S————

* Data import and export from / into files |
(standard and original formats) 01

e Dynamic visualization of results and parameters _053 ____________________
(also in real-time) |

_1-‘;____0_5____0_____05_____‘1




GNSS-WARP software

Validation campaign

GNSS-WARP - validation (1)

Location of permanent stations
used in the experiments: a) 20
selected IGS core stations b) 10
selected EPN stations in Poland
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GNSS-WARP software ey . .
Validation campaign

GNSS-WARP - validation (2)

Static Kinematic
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Statistics of coordinate residuals after 1 hour of convergence time, using final IGS products.
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GPS or GPS+GLO?

Real-Time PPP

Real-time PPP in static mode

Residuals [m]
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18:00 24:00  00:00 06:00 _ 12:00 __ 18:00 24:00

Time series of residuals and estimated errors for GPS only with IGS01 stream (top) and GPS+GLONASS with
IGS03 stream (bottom) real-time positioning in static mode for station WROC, DOY 114, 2014
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GPS or GPS+GLO?

Real-Time PPP
Real-time PPP in kinematic mode

Residuals [m] Error [m]
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Time series of residuals and estimated errors for GPS only with 1GS02 stream (top) and GPS+GLONASS with
IGS03 stream (bottom) real-time positioning in kinematic mode for station WROC, DOY 114, 2014
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GPS or GPS+GLO?

Real-Time PPP

Real-time PPP accuracy and precision (summary)

Static Kinematic
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Real-Time PPP PPP-RTK approach

PPP-RTK with troposphere constraining

Common approach:
* ZHD from external model as fixed value
e« ZWD estimated as random walk process
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PPP-RTK approach

Real-Time PPP
Precise Point Positioning + NRT ZTD (1)

Common approach

J | = GNSS
- GPS
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Station WROC, 5° elevation cut-off angle, VMF, kinematic mode
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Summary

1. An original GNSS-WARP software for real-time PPP was developed and verified
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