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Agenda

 Objectives

 Access to GNSS Raw Measurements using ANDROID APIs

 Smartphones’ Configuration

 Scenarios’ description
 Static, Urban Pedestrian, Gesture, Sub-urban Vehicle and Aircraft.

 Results with
 Carrier-phase differential approach (static and Kinematic);

 Carrier-phase variometric approach: VADASE.

 Snapshot of the app MentorAge GNSS

 Conclusion and way ahead
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Objectives

 Investigating on the quality of smartphones’ GNSS measurements.

 Providing preliminary performance with consolidated positioning

algorithms.

 Introducing the variometric approach with VADASE applied to

smartphones.

 Identifying solutions and new applications with smartphones’ GNSS

measurements.

 Provide feedbacks.
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Access to GNSS Raw
Measurements using ANDROID APIs
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Source: GSA White Paper
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Access to GNSS Raw
Measurements using ANDROID APIs
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Source: developer.android.com
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Access to GNSS Raw
Measurements using ANDROID APIs
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Source: GSA White Paper
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Smartphones’ Configurations
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• Rinex Converter
• Data Processing

RTKlib
VADASE

Huawei P10

Samsung S8
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RINEX Example
Live data - Static
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5 Galileo satellites

12 GPS satellites

Code-phase

Carrier-phase
Doppler

CN0
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Scenarios’ description
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Ref. Device Scenario Type Antenna Duration
GNSS 

available
Algorithm

T-1

Huawei P10
Live

Static Embedded 5 min GPS+GAL

- Carrier Phase 
Differential (Static), 
Baseline~5Km

- Variometric

T-2 Pedestrian Embedded 5 min GPS+GAL - Variometric

T-3 Gesture Embedded 5 min GPS+GAL - Variometric

T-4 Vehicle sub-urban Embedded
5 min

3 sessions
GPS+GAL

- Carrier Phase 
Differential 
(Kinematic), 
Baseline~4Km

- Variometric

T-5 Samsung S8 Aircraft Embedded 1 hr GPS+GAL - Variometric
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T-1 scenario
Huawei P10 2D accuracy in live Carrier-Phase static scenario
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Ref. Device Scenario Type Antenna Duration
GNSS 

available
Algorithm

T-1

Huawei P10
Live

Static Embedded 5 min GPS+GAL

- Carrier Phase 
Differential (Static), 
Baseline~5Km

- Variometric

T-2 Pedestrian Embedded 5 min GPS+GAL - Variometric

T-3 Gesture Embedded 5 min GPS+GAL - Variometric

T-4 Vehicle sub-urban Embedded
5 min

3 sessions
GPS+GAL

- Carrier Phase 
Differential 
(Kinematic), 
Baseline~4Km

- Variometric

T-5 Samsung S8 Aircraft Embedded 1 hr GPS+GAL - Variometric
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T-1 scenario
Huawei P10 2D accuracy in live Carrier-Phase static scenario
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The Variometric Approach Idea

The approach is based on time single differences of carrier phase 

observations: 

 continuously collected at high rate (1 Hz or higher);

 using a standalone GNSS receiver; 

 using standard GNSS broadcast products (orbits and clocks) 
available in real-time ;

 Single and double frequency observations.

The approach is implemented in VADASE software, developed and 

patented by Sapienza University of Rome 
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Variometric Approach for Displacement Analysis Stand-
Alone Engine (VADASE)
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The Model

 Velocity Estimation

 Epoch-by-Epoch LSQ velocity estimation, high-rate data 

 Waveform or Displacement determination

 Integration of estimated velocities, leads to high-rate site motion waveform and displacements 

Outputs

 The direct outputs of the VADASE are velocities

 Few centimeters displacements accuracy level in real-time (over short periods) 

Since September 2015, on-board Leica Geosystems GNSS receivers 
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VADASE simplified functional model

1
4
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T-1 scenario
Huawei P10 and static displacements with VADASE

Carrier Phase only – L1 
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RMSEVest = 0.35 cm/sec 

RMSEVnord = 0.51 cm/sec 

RMSEVup = 1.0 cm/sec 

Up

Nord

East
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T-2 scenario
Huawei P10 and pedestrian displacements with VADASE kinematic
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Ref. Device Scenario Type Antenna Duration
GNSS 

available
Algorithm

T-1

Huawei P10
Live

Static Embedded 5 min GPS+GAL

- Carrier Phase 
Differential (Static), 
Baseline~5Km

- Variometric

T-2 Pedestrian Embedded 5 min GPS+GAL - Variometric

T-3 Gesture Embedded 5 min GPS+GAL - Variometric

T-4 Vehicle sub-urban Embedded
5 min

3 sessions
GPS+GAL

- Carrier Phase 
Differential 
(Kinematic), 
Baseline~4Km

- Variometric

T-5 Samsung S8 Aircraft Embedded 1 hr GPS+GAL - Variometric
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T-2 scenario
Huawei P10 and pedestrian displacements with VADASE kinematic

Carrier Phase only – L1
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• Total Length = 100mt @ 1Hz

• Accumulated Error < 1 %
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T-3 scenario
Huawei P10 and gestures with VADASE kinematic
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Ref. Device Scenario Type Antenna Duration
GNSS 

available
Algorithm

T-1

Huawei P10
Live

Static Embedded 5 min GPS+GAL

- Carrier Phase 
Differential (Static), 
Baseline~5Km

- Variometric

T-2 Pedestrian Embedded 5 min GPS+GAL - Variometric

T-3 Gesture Embedded 5 min GPS+GAL - Variometric

T-4 Vehicle sub-urban Embedded
5 min

3 sessions
GPS+GAL

- Carrier Phase 
Differential 
(Kinematic), 
Baseline~4Km

- Variometric

T-5 Samsung S8 Aircraft Embedded 1 hr GPS+GAL - Variometric
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T-3 scenario
Huawei P10 and gestures with VADASE kinematic

Carrier Phase only – L1
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A4 sheet
(21 cm × 29.7 cm)
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T-4 scenario
Huawei P10 in live vehicle sub-urban scenario
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Ref. Device Scenario Type Antenna Duration
GNSS 

available
Algorithm

T-1

Huawei P10
Live

Static Embedded 5 min GPS+GAL

- Carrier Phase 
Differential (Static), 
Baseline~5Km

- Variometric

T-2 Pedestrian Embedded 5 min GPS+GAL - Variometric

T-3 Gesture Embedded 5 min GPS+GAL - Variometric

T-4 Vehicle sub-urban Embedded
5 min

3 sessions
GPS+GAL

- Carrier Phase 
Differential 
(Kinematic), 
Baseline~4Km

- Variometric

T-5 Samsung S8 Aircraft Embedded 1 hr GPS+GAL - Variometric
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T-4 scenario
Huawei P10 in live vehicle sub-urban scenario
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Huawei P10

Leica 
professional 

GNSS receiver’s 
antenna Fixed distance (d~30 cm)
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T-4 scenario
Huawei P10 in live vehicle sub-urban scenario

Carrier-phase Kinematic – L1
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• Smartphone
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T-4 scenario
Huawei P10 in live vehicle sub-urban scenario

LEICA vs Smartphone internal solution (from NMEA)

Ground Track
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RMS 2D error ~ 4.27 mt

Performance (includes the fixed distance btw antennas)
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T-4 scenario
Huawei P10 in live vehicle sub-urban scenario

LEICA vs Smartphone Carrier-phase Kinematic – L1
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RMS 2D error ~ 0.88 mt

Ground Track Performance (includes the fixed distance btw antennas)
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T-4 scenario
Huawei P10 in live vehicle sub-urban scenario 
LEICA vs VADASE-carrier-phase only–GPS (L1) 

Ground Track
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Performance (includes the fixed distance btw antennas)

RMS 2D error ~ 1.67 mt
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T-5 scenario
Samsung S8 in live aircraft scenario
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Ref. Device Scenario Type Antenna Duration
GNSS 

available
Algorithm

T-1

Huawei P10
Live

Static Embedded 5 min GPS+GAL

- Carrier Phase 
Differential (Static), 
Baseline~5Km

- Variometric

T-2 Pedestrian Embedded 5 min GPS+GAL - Variometric

T-3 Gesture Embedded 5 min GPS+GAL - Variometric

T-4 Vehicle sub-urban Embedded
5 min

3 sessions
GPS+GAL

- Carrier Phase 
Differential 
(Kinematic), 
Baseline~4Km

- Variometric

T-5 Samsung S8 Aircraft Embedded 1 hr GPS+GAL - Variometric
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T-5 scenario
Samsung S8 in live aircraft scenario
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Experiment developed during M.Sc

Thesis by Eng. E. Fornaciari

Defended on 29 May 2018
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T-5 scenario
Samsung S8 in live aircraft scenario
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T-5 scenario
Samsung S8 in live aircraft scenario
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Snapshot of the app MentorAge GNSS
RINEX acquisition + Variometric approach live implementation
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Conclusions

 The preliminary results with the Variometric approach are very 

promising.

 Reliable solutions can be obtained when the User can:

 Select the type of GNSS;

 Disable/enable the duty-cycle of the power;

 Access to data estimated with a good clock.

 The use of raw measurements from smartphone opens the way to new 

interesting applications:

 IOT and LBS;

 Two ore more smartphones connected together;

 Gesture and images or video correlated (Virtual or Augmented Reality).
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