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Research Group
The PArthenope Navigation Group (PANG) is a research group of the Parthenope
University of Naples focused on development and improvement of navigation
technologies.
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Introduction

In this study we will show the benefits of TDCP
(Time-Differenced Carrier Phase) technique on
velocity determination, with respect to Doppler
technique to emphasize the increasing accuracy on
velocity estimation in a smartphone.



Doppler technique

Doppler-based velocity is based on the
Doppler shift affecting the frequency of
the signal received from a GNSS satellite.
It is related to user-satellite relative
motion.



TDCP technique

TDCP technique processes differences of
consecutive carrier phase measurements.
It enables to reach velocity accuracies
one order of magnitude better than the
«raw» Doppler measurements output
from the receiver’s tracking loops.



TDCP 
functional scheme
1. Estimation of receiver positions at epochs 𝑡𝑗 and 𝑡𝑗−1;

2. Compensation of individual carrier phase measurements 
for atmospheric and satellite-related errors;

3. Estimation of satellite positions using the same 
broadcast ephemeris set at epochs 𝑡𝑗 and 𝑡𝑗−1;

4. TDCP measurements;

5. Adjustment for average Doppler shifts and geometry 
changes;

6. Residual Analysis (RAIM Techniques) of acquired 
measurements

7. Implementation of the WLS solution for the velocity 
estimation.



Smartphone
The smartphone used for this experiments is a Xiaomi
Mi8 Android smartphone equipped with a Broadcom
BCM47755 dual-frequency chipset, able to track
navigation messages, pseudorange observables, carrier
phases, Doppler shift. However, its antenna is highly
sensitive to low-quality GNSS signals and that implies
more noisy observations than those obtained by using
geodetic or patch antennas.

The application used to collect GPS raw data is “GEO++
RINEX Logger”



Instrumentation

The instrumentation used for the proposed experiment is:

1. Novatel Geodetic Receiver

2. U-blox low-cost multi-frequency receiver

3. Xiaomi Mi8 Android smartphone

Receivers simultaneously acquired GPS data for
approximately 30 minutes in static mode in order to have a
reference solution given by zero speed values.
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Results Novatel



Results U-blox



Results Xiaomi Mi8



Results

Device 
↓

Technique 
↓

MEAN ERROR 
[m/s]

RMSE [m/s] MAX [m/s] REL [%]

H U H U H U

NOVATEL
DOPPLER 0,022 0,0381 0,0254 0,0474 0,082 0,1671

TDCP 0,0022 0,0036 0,0026 0,0046 0,013 0,0288 94,83

U-BLOX
DOPPLER 0,0355 0,0484 0,0434 0,064 0,2827 0,3376

TDCP 0,0031 0,0041 0,0056 0,0073 0,1079 0,118 94,16

XIAOMI MI8
DOPPLER 0,0163 0,0739 0,0388 0,1157 0,7158 1,8031

TDCP 0,0063 0,0097 0,0075 0,0128 0,0358 0,0605 87,05%



Conclusions

Compared to other devices, the smartphone reported lowest
performances.

However, the velocity values determined with the TDCP technique are
much closer to the real values than those determined with the Doppler
technique. In fact, in all devices, accuracies in the order of mm / s are
achieved.

This makes clear that for inaccurate devices, such as smartphones,
TDCP can be an optimal technique to significantly increase their
performance in speed calculation.
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