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Objectives

= Investigating on the quality of smartphones’” GNSS measurements.

= Providing preliminary performance with consolidated positioning

algorithms.

= Introducing the wvariometric 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

Source: GSA White Paper
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Access to GNSS Raw

Measurements using ANDROID APlIs

&« C (Y | @ https://developer.android.com/reference/android/location/GnssMeasurement.htm b4

e
|'| Developers DESICN DEVELOP DISTRIBUTE

& Reference Summary: Constants | Inher

GnssMeasurement T e e

\ndroid APls APl level: 24 ¢ Selected Public methods

public final class GnssMeasurement

:::3;Z:j::;E::g:thodsemce extends Object implements Parcelable g etACCU m u |ated De |ta Ra n g e M ete rS()

Overview java.lang.Object

Interfaces . B
v L android.location.GnssMeasurement
~ Classes

s getCarrierCycles()

Criteria
Geocoder

GnssClock A class representing a GNSS satellite measurement, containing raw and computed information H
getCarrierFrequencyHz()

int describeContents() getcar”erphase()

Describe the kinds of special objects contained in this Parcelable instance's marshaled representation.

doudle  getAccumulatedDellaRangeMeters() getC nODbHZ()

Gets the accumulated delta range since the last channel reset, in meters.

int getAccumulatedDeltaRangeState() -

Gets '‘Accumulated Delta Range' state g etC On Ste | | atl OnType ( )
double getAccumulatedDeltaRangeUncertaintyMeters()

Gets the accumulated delta range's uncertainty (1-Sigma) in meters. g etP Se u d O ra n g e Rate Mete rS P e rS econ d ( )
long getCarrierCycles()

Tha numhar af full rarriar rurlae hahwaan the eatallite and tha rarairar

getReceivedSvTimeNanos()
getSnrinDb()
_ getSvid()

Source: developer.android.com



Access to GNSS Raw

Measurements using ANDROID APIs

Android 7 Location - Clock and Measurements

ANDROID CLASS FIELD DESCRIPTION
GNSSClock TimeNanos GNSS receiver’s internal hardware clock value in
nanoseconds
GNSSClock BiasNanos Clock’s sub-nanosecond bias
Difference between TimeNanos inside the GPS receiver
cc ;
EE e Bl and the true GPS time since 0000Z, 6 January 1980
GNSSClock DriftNanosPerSecond Clock’s drift
GNSSClock HardwareClockDiscontinuityCount Count of hardware clock discontinuities
GNSSClock LeapSecond Leap second associated with the clock’s time
GNSSMeasurement ConstellationType Constellation type
GNSSMeasurement Svid Satellite ID
GNSSMeasurement State Current state of the GNSS engine
GNSSMeasurement ReceivedSvTimeNanos Received GNSS satellite time at the measurement time
GNSSMeasurement AccumulatedDeltaRangeMeters Accumulated delta range since the last channel reset
GNSSMeasurement CnODbHz Carrier-to-noise density
Time offset at which the measurement was taken in
GNSSMeasurement TimeOffsetNanos
- nanoseconds
GNSSMeasurement CarrierCycles Number.of full carrier cycles between the satellite and
v the receiver
Carrier frequency at which codes and messages are
GNSSMeasurement CarrierFrequencyHz st .
Y modulated
GNSSMeasurement PseudorangeRatemetersperSecond Gets the Pseudorange rate at the timestamp

Source: GSA White Paper



Smartphones’ Configurations

-~

ui - Rinex Converter

- Data Processing
v RTKIlib
v VADASE
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RINEX Example

Live data - Static

QCOMZRINEX Gabriele Pirazzi 20170817 205211 EGM / RUMN BY / DATE
Pualcomm MARKEE NAME
MLREKER NUMEER
MARKER TYPE
CESERVER / AGENCY

Qualcomm Prototype GEN3C REC # / TYPE / VERS
Unknown Unknown ANT ¥ / TYPE
0.0000 0.0000 0.0000 LPPROX POSITICHN XYZ
0.0000 0.0000 0.0000 LNTEWNHA: DELTA H/E/N
G 4 ClC L1C D1C 51C S¥5 f # / COBS TYPES
E 4 C1X L1X D1X 51X 5¥5 f # / OBS TYPES
CARRIER PHALSES HNOT ALIGHED COMMENT
G L1C 5¥5 / PHASE SHIFT
E L1X 5¥5 / PHASE SHIFT
1.000 INTERVAL

1 - 1.000 INTERVAL
Ca 'rier p h ase 2016 . 4 11 35  24.3950000 GES TIME OF FIRST CES
2016 4 17 43 4.3920001 GES TIME CF LAST OBES
SIGNAL STRENGTH UNIT D (0] p p I er

DEHZ
END OF HEALDER

OMISSIS
4 15 35 40.3950000 0O 17 ( NO

oo

Code-phase

. =19 71U7ol, 1S SUZL,

G 8 20485989.] -26T763234.862 249,7
10 21352610.68! 23700721.931 -1419.

Z18T2368.978  -—2033QE29.530 2813.851 47.500
G14 2 9157.998 —3812978.755 3188.551 39,300 |
Gl 25022879.826 15892348,327 -3881.299 40,400
G18 23850858.300 -5068656.665 -2813.649 42,700 -
522 24580371.770 -4£49776.702 3608.601 42.200 12 GPS Satellltes
527 21225545.459  -14892683.567 -2197.5599 47,700
G28 24752881.337 —7044161.808 2673.551 44,400
G30 25465884.640 —532597.453 -2204,899 34,700
332 23856984.259  -10561157.132 2855.601 427,800
E 9 25045501.562 -12599064.211 3076.601 41,900
E11 23271265.633 1602356.816 -934,249 43,000 - .
E12 27792245.324 2942067.559 -2525,399 36.700
E19 26591875.427 4330506.011 -1925.049 40,200 5 Gallleo Satellltes
E30 27347563.770 —5297485.449 409,401 41.000
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Scenarios’ description

Device Scenario Antenna | Duration GI.\ISS Algorithm
available
- Carrier Phase
T-1 Static Embedded | 5min | GPs+GaL | Differential (Static),
Baseline~5Km
- Variometric
T-2 Pedestrian Embedded 5 min GPS+GAL | - Variometric
T-3 Huawel P10 Live Gesture Embedded 5 min GPS+GAL | - Variometric
- Carrier Phase
5 min Differential
T-4 Vehicle sub-urban | Embedded 3 : GPS+GAL (Kinematic),
sessions .
Baseline~4Km
- Variometric
T-5 | Samsung S8 Aircraft Embedded 1 hr GPS+GAL |- Variometric
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Device

Huawei P10

Scenario

Live

Static

T-1 scenario
Huawei P10 2D accuracy in live Carrier-Phase static scenario

Antenna

Embedded

Duration

5 min

GNSS
available

GPS+GAL

Algorithm

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

- VVariometric
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T-1 scenario
Huaweil P10 2D accuracy in live Carrier-Phase static scenario

HUAWEI P10 - Static
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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)

The Model

= Velocity Estimation
5 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
. J

= The direct outputs of the VADASE are velocities

o 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

Simplified GPS L1 4 Galileo E1 functional model

s s s 5 5
DA = [Bp]lor — DSt + AT + AF
- '
time single difference observation known term
- (e; @ A&, + cAdt,) + €
~ - s -~
terms containing the 4 unknown parameters  noise

» All GPS and Galileo equations are stacked

» AT’ and Al? variations are computed by Saastamoinen and Klobuchar
models for both systems

» a single Adt, unknown is estimated for both systems (the receiver clock
variations, in short intervals, can be assumed equal)
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T-1 scenario
Huawei P10 and static displacements with VADASE
Carrier Phase only - L1
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T-2 scenario
Huawei P10 and pedestrian displacements with VADASE kinematic

Device Scenario Antenna | Duration GI.\ISS Algorithm
available

T-2 Pedestrian Embedded 5 min GPS+GAL |- Variometric
Huawei P10

Live
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T-2 scenario
Huawei P10 and pedestrian displacements with VADASE kinematic
Carrier Phase only - L1

L. R ey |
Total Length = 100mt @ 1Hz

Accumulated Error < 1 %
- I r .

o §martphone displacements with
VADASE Kinematic
Carrier Phase Only - L1
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T-3 scenario
Huaweil P10 and gestures with VADASE kinematic

Device Scenario Antenna | Duration GI.\ISS Algorithm
available

T-3 Huawei P10 Live Gesture Embedded 5 min GPS+GAL |- Variometric
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T-3 scenario

Huaweil P10 and gestures with VADASE kinematic
Carrier Phase only - L1

Smartphone displacements
Carrier Phase Only - L1
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T-4 scenario
Huawei P10 in live vehicle sub-urban scenario

Device Scenario Antenna Duration GI.\ISS
available

Algorithm

Huawei P10
Live
- Carrier Phase
5 min Differential
T-4 Vehicle sub-urban | Embedded 3 : GPS+GAL (Kinematic),
sessions .
Baseline~4Km
- Variometric
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T-4 scenario
Huawei P10 in live vehicle sub-urban scenario

WAy

GNSS receiver’s —
antenna =& Fixed distance (d~30 cm)

— = ;:;_—‘?:21;; = /- Huawei P10

: P
Leica N 2N
I professional AN N
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T-4 scenario

Huawei P10 in live vehicle sub-urban scenario
Carrier-phase Kinematic - L1

“on *1 \
Smartphone

,0_‘-{
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T-4 scenario

Huawei P10 in live vehicle sub-urban scenario

LEICA vs

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 Smartphone Carrier-phase Kinematic - L1

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
Ground Track Performance (includes the fixed distance btw antennas)

Variometric - Carrierphase only - L1\E1 GPS+Galileo
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T-5 scenario
Samsung S8 in live aircraft scenario

Device Scenario Antenna | Duration GI.\ISS Algorithm
available

Live

T-5 | Samsung S8 Aircraft Embedded 1 hr GPS+GAL |- Variometric
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T-5 scenario
Samsung S8 in live aircraft scenario

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

@ © S8

MentorAge GNSS

onProviderEnabled
onProviderDisabled

onlLocationChanged

onLocationStatusCh
anged

location=Location[gps 42¥%***¥*,
12¥%kxkx goc=8 et=+2d0h57m30s185ms
alt=141.818729823 vel=0.0]

provider=gps
status=2

extras=Bundle[mParcelledData.dataSize=4

0]

onGnssMeasuremen -

tsReceived

onGnssMeasuremen
tsStatusChanged

onGnssNavigationM
essageReceived

onGnssNavigationM
essageStatusChange
d

onGnssStatusChang
ed

Anl intanarDamintrati

g

status=1

event=GnssNavigationMessage:

Type = Glonass L1 C/A
Svid =99
Status = ParityPassed

Messageld =3
Submessageld =9
Data = {
72, 85,-29,-106, -66, 52, -64, 123, -95,
-13,16}

status=1

gnssStatus=android.location
.GnssStatus@a292285

lintAannar— Mennn

O d

@ © 8

MentorAge GNSS

onProviderEnabled
onProviderDisabled

onlLocationChanged

onlLocationStatusCh
anged

location=Location[gps 42%*****
12¥***%* goc=8 et=+2d0h57m37s185ms
alt=141.372052507 vel=0.0]

provider=gps
status=2

extras=Bundle[mParcelledData.dataSize=4

0]

onGnssMeasuremen -

tsReceived

onGnssMeasuremen
tsStatusChanged

onGnssNavigationM
essageReceived

onGnssNavigationM
essageStatusChange
d

onGnssStatusChang
ed

Anl intanarDanintrati

status=1

event=GnssNavigationMessage:

Type =GPSL1C/A
Svid =17

Status = ParityPassed
Messageld =-1
Submessageld =2

Data ={

34,-61,-45,47,16,31,42, 108 (& \ ¥4

100,9,-11, 29, 53, 60, -32, 11, 87,8 ¥ A0uf

status=1

gnssStatus=android.location
.GnssStatus@a845039

lintAamar— Nnnn
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= 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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