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Smartphone + GNSS

m Since 2016, Android allows accessing the

raw GNSS measurements
m Self-developed PVT algorithms

= Application of correction data

— improve positioning performance
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Precise Point Positioning

PPP relies on:

= Precise satellite products:
orbits, clocks and biases

= Complex models and algorithms

Geodetic accuracy: cm, or even mm

Major drawback: convergence time

< EGU Wareyka-Glaner, 15/04/2024

HAS




)

TAT N v

Galileo High Accuracy Service

m Real-time corrections for GPS & Galileo

m Free-of-charge

m Dissemination over 3
m Signal in space (E6-B) \4

%

= The Internet (since January 24, 2023) J "{6
()

= @

HAS USER SEGMENT

©" ESA (2020), MODIFIED
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WIEN Galileo HAS
s PPP software
s GNSS equipment
© ESA (2020), MODIFIED Initial service Full service

(since January 2023) (planned for 2024)
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Challenges

= Observation generation geodetic

Code
Residuals [m]

= Android API provides time-stamps
m Generation of pseudorange is tricky?!

= Observation quality:
m Factor 10-100 worse

m C/NO: ~10 dBHz lower smartphone

Code
Residuals [m]

= Observation weighting

1 more details: (Zangenehnejad et al., 2023)
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Quality Checks
a Code Triple-Time Difference:  (C;—Ci_1) — (Ci— — Ci_3) <35m

s Observed-minus-computed: C— Chodel < 25m

L _Lmodel <5m

Wareyka-Glaner, 15/04/2024




Cycle-Slip Detection

Loig + dt \/DpowDora < 0.8 cy ... with Doppler-Shift
dLgq - dLge, < 0.05cm ... with phase difference
dLEl - dLESa
EO2 April 4, 2023 EO7
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Observation Model

P, = p + c(dt, + 6t9) + dTrop"et + dlono, + ¢
L, =p+c(dt, + 6t9) + dTrop"e — dlono, + ANy + €

dlonoyseyqo = dlono; + €

= Uncombined model with ionospheric constraint
= Maintains raw observation noise

m Flexibel, handles any number of frequencies
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Observation Model

P, = p + c(dt, + 6t9) + dTrop"et + dlono, + ¢
L, =p+c(dt, + 6t9) + dTrop"e — dlono, + ANy + €

dlonoyseyqo = dlono; + €

p—

2
P, = p+c(dt, + 6t9) — DCB, + dTrop™¢t + %dlonoz + €
2

2
L, =p+c(dt, + 6t9) — DCBy, + dTrop"et —%dlonoz + A,N, + €

auoydyuews
Aouanbauj-reng

——
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Test Environment

Smartphone Google Pixel 7 Pro

Data April 4, 2023 and December 12, 2023
60 min in total, recorded with GnssLogger

Satellite products Galileo HAS, quasi-real-time processing
Software raPPPid
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Processing Settings

Smartphone Google Pixel 7 Pro
Date and period April 4, 2023 and December 12, 2023; 60 minutes in total
Observation interval 1 second, reset of the solution every 6 minutes / no reset
Processed measurements GPS (C1C, L1C + C5Q, L5Q), Galileo (C1C, L1C + C5Q, L5Q)
Satellite products Galileo HAS, real-time correction stream
Processing mode Static / static-kinematic, quasi-real-time
Observation model Uncombined model with ionospheric constraint
Raw observation noise Code: 7m, phase: 0.01 m, ionosphere: 3m
max(0; 55—SNR)
Observation weighting 10 a , witha =10
lonosphere model IGS RT GIM, released after 1 min
Troposphere model GPT3, ZWD estimated
Correction models Solid Earth tides, relativistic effects, Phase Wind-Up
Satellite exclusion C/NO < 20 dB.Hz or elevation < 10°
Data quality checks Observed minus computed (code: 25 m, phase 5m), code triple-time difference
(thresholds) (35m), cycle-slip detection with dL;— dL; (5cm) and Doppler (0.8cy)
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raPPPid

= Open-source PPP software

m GitHub:
https://github.com/TUW-VieVS/raPPPid

s Documentation:

https://vievswiki.geo.tuwien.ac.at/en/raPPPid
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Results

2D 3D

Im

median 2D error: 62cm median 3D error: 138cm

mean convergence: 71s

static, reset every 6 minutes

convergence: 2D < 1m
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Results

April 4, 2023 Dec 12, 2023

(rms)

static-kinematic, no reset
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Summary

Gpogljle s good
Pixel 7 conditions 2D <1m
" + | raPPPid | >
Galileo 3D~1m
HAS

Future investigations:
= Refine observation model (e.g., observation weighting)
= Kinematic and challenging environments

= Include other sensors (e.g., accelerometer)
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Thank you
for your attention!

© Thomas Fabian (flickr)
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