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Background and Motivation
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• Large code noise and multipath levels
→ phase accuracy is essential for

ambiguity resolution

• Can Phase Center Variations (PCV) corrections
improve the performance?
→ antenna calibration

Is reliable smartphone-based
RTK-level positioning possible?

*1

*2

*1 Darugna et al. (2019)
*2 Sharma et al. (2019)



Smartphone Antenna Calibration (1/4)
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Geo++ Absolute Robot-Based Antenna Field Calibration
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Processing:
• GPS + Galileo
• L1 + L5
• Uncombined

observation model

Smartphone:
Huawei Mate20X

GNSS receiver:
Broadcom BCM47755



Smartphone Antenna Calibration (2/4)
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L1 frequency PCV
• Max PCV magnitude:

~ 2 cm
• Empirical STD:

7 mm 



Smartphone Antenna Calibration (3/4)
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L5 frequency PCV
• Max PCV magnitude:

~ 4 cm
• Empirical STD:

10 mm 



Smartphone Antenna Calibration (4/4)
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L1 PCV

L5 PCV

What is the impact of 
these PCV on positioning? 



Impact on Positioning: Setups
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1. Soccer field scenario:
Huawei Mate 20X 
placed on the ground

2.   Geo++ rooftop scenario:
Huawei Mate 20X 
placed on the pillar



Impact on Positioning: Setups
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Phase Double Difference (DD) :
• DD in 

short-baseline configuration
(~50 m)

• smoothed data with 10 s
moving average window



Impact on Positioning: Positioning Algorithm
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• Constellations: GPS + Galileo

• Frequencies: L1 + L5

• Observation model: uncombined

• Approach: state space modeling

• Configuration: short-baseline with a geodetic reference 
without estimation of atmospheric parameters 

• Software: Geo++ GNSMART 2

• Mode: static



Impact on Positioning: Results of Soccer Field Test (1/2)
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~ 50 m short-baseline
in the soccer field



Impact on Positioning: Results of Soccer Field Test (2/2)
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30 dBHz C/N0 mask
35 dBHz C/N0 mask for MX06

GPS Galileo



Impact on Positioning: Setups
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1. Soccer field scenario:
Huawei Mate 20X 
placed on the ground

2.   Geo++ rooftop scenario:
Huawei Mate 20X 
placed on the pillar



Impact on Positioning: Results of Rooftop Test
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35 one-hour samples: 54 % with successful AR (19 samples)

84 % in less than 3 min



Impact on Positioning: Summary
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Setup
TTSM

[s]

TTFA

with AC (average)

[s]

2D RMSE with AC 

[cm]

Soccer field

ref. station distance 

~ 50m 

~5 151 1.5 

Rooftop 

ref. station distance 

< 10m

~60 142 1.6

• Time to achieve sub-meter solution (TTSM)
• Time to fix ambiguities (TTFA) with antenna corrections (AC)
• 2D RMSE with AC



Conclusions
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• Huawei Mate20X antenna has been calibrated
for L1 and L5 frequencies in a common adjustment
of GPS and Galileo observations

• PCV magnitudes up to ~2 cm and ~4 cm
for L1 and L5, respectively

• PCV allows achieving cm-level performance
in less than 3 min using smartphone without 
any external antenna

Fourth annual GNSS Raw Measurements Taskforce Workshop
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Thanks for your Attention
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Contact: 
Francesco Darugna
francesco.darugna@geopp.de

The investigations were partly funded in the framework of 
the research program Training REsearch and Applications 
Network to Support the Ultimate Real-Time High Accuracy 
EGNSS Solution (TREASURE) project. TREASURE has 
received funding from the European Union’s Horizon 2020 
research and innovation program under the Marie 
Skłodowska-Curie grant agreement No 722023.
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