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Motivation

= Situation: Smartphones allow users to determine their position with an

accuracy of about 5 - 10 meters (standard PNT solution).
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= Goal: Precise sub-meter smartphone positioning enables new

applications in surveying, e.g., for infrastructure monitoring.

= Objective: Provide open-source positioning algorithms, based on PPP
and external correction data, for smartphones to enable research
institutions and industry partners to better integrate advanced

positioning algorithms into their research and services.
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Project RRAAS®

Precise Positioning for Mobile Devices
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=  Goal: Development of a mobile phone app (Posi App) that provides users

. with sub-meter position accuracy. This accuracy should be maintained

while in motion and in urban areas with dense city structures.

= |ntended applications:

— Locating infrastructure
— Guiding people with special needs

— Tracking walking routes as documentation/evidence
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Limitations of GNSS positioning with smartphones

Smartphone positioning in connection with a GNSS hardware simulator

Simulator settings

=  OHB Austria XPLORA Pro Real-Time
GNSS Signal Simulator

= Location: TU Wien (static), Precise orbits & clocks,
Duration: 30 min (1 Hz), No atmosphere

= Fine tuning of signal strength outputs

Mobile phones

=  Samsung Galaxy S23 & Xiaomi Mi 8
=  GNSS signal reception via the simulator RF output; recording of GNSS raw data with Google GNSSLogger App

Processing of GPS L1 raw data with raPPPid

= |nput: Simulator / smartphone obs. files + Precise orbits & clocks %

raPPPid

u Kalman'Filter COde / COde'l‘PhaSG SOlUtiOﬂ GNSS PROCESSING

SOFTWARE
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Limitations of GNSS positioning with smartphones

Smartphone positioning in connection with a GNSS hardware simulator

Positioning results based on Xiaomi C1C (Code) Positioning results based on Xiaomi L1C+C1C (Code+Phase)
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Strategy to further improve positioning

= Use of all satellite navigation signals (GPS, Galileo, GLONASS, BeiDou) available on the smartphone, on all
supported frequency bands

= Use of GNSS phase observations in a “Precise Point Positioning (PPP) approach”

= Use of the navigation message with appropriate orbit and clock corrections (Galileo High Accuracy Service,
real-time correction data streams from EPOSA or the International GNSS Service)

= Use of high-quality atmospheric models

o
w©

— IGS real-time ionospheric models 0957 . Ylls m
— GPT3 for the troposphere (developed at TU Wien) 0.04 m

Score (m)
(=)
oo
o
Score (m)l

o
o

= |ntegration of accelerometer sensors for detecting outlier
in GNSS measurements and constrain velocity estimation

o
-
o

=]
-

GNSS only +IMU  +StoptAltitude [source: Suzuki 2024]
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Strategy to further improve positioning

500 [Broadcom]:2022-03-17-20-16-us-ca-sjc-q/sm-g988b
T T T T T T L

= Measurement alignment oo - me-differanced Carriepnase
- Broadcom Doppler ‘

— Carrier phases, pseudo-ranges and IMU data are usually not aligned.

— Adjustment of IMU timestamps to minimize the RMS of the corrections
to position estimates.

i
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=  Qutlier detection based on Doppler measurements 2

LTI T
—&—Google Baseline Position:6.004

~&—Doppler-based Position Update:1.376
TDCP-based Position Update:0.852

— Doppler measurements do not suffer from cycle slips and are more
robust to multipath effects compared to carrier-phase measurements.

-
3]

— Method: Based on Doppler-based Position and Velocity, the expected
pseudo-range and time-differenced carrier-phase (TDCP)
measurements are computed and used to detect outliers in the
pseudo-range and carrier-phase measurements.
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[source: Yun et al., 2024]
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Initial results based on Galileo HAS

Test environment

Smartphone Google Pixel 7 Pro

Data April4, 2023, 60 min in total, recorded with GnssLogger

Satellite products Galileo HAS, quasi-real-time processing

Software raPPPid (uncombined G+E with iono constraint)
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Posi App

System architecture

Posi App -
Prototype Figma

([ ————

R

Translate raPPPid
MATLAB routines
in C++ code

Integrate
position
solution
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https://www.figma.com/proto/rRm80ldf2oUTU4bQcWkSGP/PPMD-Mini-Posi-App?node-id=2087-308&t=FUcsLOpzW5B1YfdN-1
https://www.figma.com/proto/rRm80ldf2oUTU4bQcWkSGP/PPMD-Mini-Posi-App?node-id=2087-308&t=FUcsLOpzW5B1YfdN-1
https://www.figma.com/proto/rRm80ldf2oUTU4bQcWkSGP/PPMD-Mini-Posi-App?node-id=2087-308&t=FUcsLOpzW5B1YfdN-1
https://www.figma.com/proto/rRm80ldf2oUTU4bQcWkSGP/PPMD-Mini-Posi-App?node-id=2087-308&t=FUcsLOpzW5B1YfdN-1

Posi App

Screenshots Prototype

Mini Posi App
|_

LOGIN

Username

Password
Input
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Summary and Outlook

Posi App — A smartphone app for sub-meter position accuracy

Initial release of the compiled GNSS positioning algorithm (integration with IMU data is under development)

Preparation of the Posi App for test groups (Scientists/students, Wiener Netze employees, City tourists, Users with disabilities)
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Contact

Gregor Moeller

TU Wien

Department of Geodesy and Geoinformation
Wiedner HauptstraBe 8-10

1040 Wien

Phone: +43 1 58801 12896
Email: gregor.moeller@geo.tuwien.ac.at
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