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Some slides in this presentation are based on the presentation document
: from Dr. Frank van Diggelen. Taken here with Dr. Frank’s permission

Some information in this presentation file are old. Please refer Galileo GNSS Raw Data
working group homepage for latest updates. References are also given in the relevant slides.
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Raw Measurement : Lecture Notes by Dr. Frank van Diggelen, Google Inc.

1.RawGNSS 2 logging Tools 3.Pseudorange 4. Analysis Tools 5. Hands-onExercises 6. Future: Apps and Research

Location APls, Measurement APls

aka Google Play Services aka Google Mobile Service
Most Android phones have this (not China)

Location APIs, android.gms_location
e Places
Geofencing
Fused Location Provider (FLP)
Fit
Activity Recognition
Nearby

All Android phones have this
4

Measurement/Sensor APIs, in android_location
e Location
e (GnssMeasurement
e GnssClock }’

GNSS Raw Measurements

All phones with:
GNSS chips build date = 2016
OS = Android N (Nougat)

© Google 2018 4

Download the Lecture Notes from https://home.csis.u-tokyo.ac.ip/~dinesh/GNSS Raw.htm
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OVERVIEW GUIDES REFERENCE
AL o VIgE
Background tasks
App data & files
User data & identity
User location
Touch &input
CameraX
Camera
Sensors
Overview
Sensors overview
Meotion sensors
Fosition sensors
Environment sensors
Raw GNSS measurements
Connectivity
Renderscript
Web-based content

Android App Bundles

Center for Spatial Information Science
The University of Tokyo

Android Studio Google Play Jetpack Kotlin Docs News Q, Search

SAMPLES DESIGN & QUALITY

WHWWWW

Android Developers » Docs > Guides

Raw GNSS Measurements

The Android Framewaork provides access to raw GNSS measurements on several Android devices.

* Mote: Google has released version 2.6.3.0 of the GNSS Analysis App. For more information, see the GNSS Analysis app
v2.6.3.0 release notes.

This article lists Android devices that support raw GNSS measurements as well as tools to log and analyze GNSS data.
You can find the tools in the GPS Measurement Tools repo on GitHub, which includes the GNSS Logger APK and the
GNSS Analysis app for Linux, Windows, mac0S, and the Installation and User Manual.

Original equipment manufacturers (0EMs), developers, and researchers can make use of the tools in this page to test

new phone designs, validate functionality, develop new algorithms, evaluate improvements to the GNSS system

https://developer.android.com/guide/topics/sensors/gnss
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Contents

Android devices that suppert raw
GMNSS measurements

Legging raw measurements

Analyzing raw measurements
GMSS Analysis Contrel Pane|
GMNSS Analysis interactive plots
GMSS Analysis test report

GMNSS Analysis app v2.6.3.0
release notes

Provide feedback
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GNSS Raw Data Compatible Smart-Phones
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Raw Data output used in System Score

Satellite Systems used in System

Score
System|Functio Accumul
Android g’core n Score Total NAV | ated | HW LS
S. No. Model . Score | AGC Suppor| GPS | GLO | GAL | BDS |QZSS/SBAS
version |Max: 6| Max: 5 MSG | delta | clock
(D +E) t
(D) (E) range
4 Xiaomi Mi 8 8.1 5 4 9 no yes yes yes yes yes | yes | yes | yes | yes | no
31 Samsung S8 7 5 3 8 no yes yes yes no yes | yes | yes | yes | yes | no
33 Huawei P10 7 5 3 8 no yes yes yes no yes | yes | yes | yes | yes | no
42 Huawei Mate 20 X 9 4 4 8 no yes yes yes yes yes | yes | yes | no | yes | no
19 Google Pixel 2 XL 8 5 2 7 yes no no yes no yes | yes | yes | yes | yes | no
20 Google Pixel 2 8 5 2 7 yes no no yes no yes | yes | yes | yes | yes | no
22 Samsung Note 8 7.1 4 3 7 no yes yes yes no yes | yes | yes | yes | no | no
1 Pixel 3 XL 9 4 3 7 yes no yes yes no yes | yes | yes | yes | no | no
2 Pixel 3 9 4 3 7 yes no yes yes no yes | yes | yes | yes | no | no
43 Huawei Mate 20 RS 9 4 3 7 no no yes yes yes yes | yes | yes | yes | no | no
44 Huawei Mate 20 Pro 9 4 3 7 no no yes yes yes yes | yes | yes | yes | no | no
45 Huawei Mate 20 9 4 3 7 no no yes yes yes yes | yes | yes | yes | no | no
10 Huawei P20 8.1 3 3 6 no yes yes yes no yes | yes | no | no | yes | no
11 Samsung Galaxy S9 8 3 3 6 no yes yes yes no yes | yes | no | no | yes | no
18 Huawei Mate 10 Pro 8 3 3 6 no yes yes yes no yes | yes | no | no | yes | no
Check = https://developer.android.com/guide/topics/sensors/gnss for Latest Updates Slide : 5
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Android Raw Data Logging APPs

* GNSS Logger

* Logs Raw Data
* Some devices also output AGC and Navigation Bit Data
* Multi Band Compatible

* Geo++ RINEX Logger

* APP to generate RINEX Observation File

* https://play.google.com/store/apps/details?id=de.geopp.rinexlogger&hl=en US
e Dual Frequency Compatible

* GNSS Compare

 Compares position accuracy from each type of GPS and GALILEO Signal

 https://play.google.com/store/apps/details?id=com.galfins.gnss_compare&hl=en
US
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Android Raw Data Logging Tool — 1: GnssLogger

GnssLogger
SET- POSI- AGNS
TINGS LOG TION... MAP S
Switch is ON Location
Switch is ON Measurements
Switch is ON Navigation Mess...
Switch is ON GnssStatus
Switch is ON Nmea
Switch is OFF Auto Scroll
Switch is OFF Residual Plot

HELP EXIT
HW Year: 2018
Platform: 8.1.0
Api Level: 27

= @] <

PLOT

v2.0.0.1

GnssLogger
SET- POSI- AGNS
TINGS LoG TION... MAP S pPLOT
{ START CLEAR END )
1.032

AccumulatedDeltaRangeState = 4
AccumulatedDeltaRangeMeters = 17041.868
AccumulatedDeltaRangeUncertaintyMeters = 3.403E38
CarrierFrequencyHz = 1.57542003E9
Multipathindicator = 1

CarrierFreqHz = 1.57542003E9

GnssMeasurement:
Svid = 30
ConstellationType = 1
TimeOffsetNanos = 0.0
State=16
ReceivedSvTimeNanos = 14861213
ReceivedSvTimeUncertaintyNanos = 1000000000
CnODbHz = 7.000
PseudorangeRateMetersPerSecond = 680.972
PseudorangeRateUncertaintyMetersPerSeconds =
299792458.000
AccumulatedDeltaRangeState = 4
AccumulatedDeltaRangeMeters = 3461.599
AccumulatedDeltaRangeUncertaintyMeters = 3.403E38
CarrierFrequencyHz = 1.57542003E9
Multipathindicator =0
CarrierFreqHz = 1.57542003E9

GnssMeasurement:
Cuid = 24

Time Remaining: N/A

STOP & SEND

1l
O
~

GnsslLogger
SET- POSI AGNS
TINGS LOG TION. MAP S

ﬁ‘ '>

é'l |
JIM

—G15 —R11— R12 —G’)LI—GS

—G28 —630 —E12—F19—E27—E/—Cl —
—R10—C9—J195—E4 —E1—R103 —E30
All v C/NO ~

History Average of Strongest 4 Satellites: 41.7
Current Average Of Strongest 4 Satellites: 42.6
G24: 45

G15:42.9

G5:42.7

'Total Number of Visible Satellites: 39

1

O <

C3—C4

3(

60

GnsslLogger

SET- POSI-

TINGS LOG TION .. MAP AGNSS PLOT

GPS

SBAS
GLONASS ‘
QZSSs

BEIDOU

460
—G15 —E7 —E8 —R1
R24 —R18— G20 —E19—R2—G16

27t
GALILEO R23
31—C2—C3

All v C/NO ~

History Average of Strongest 4 Satellites: 27.8
Current Average Of Strongest 4 Satellites: 30
G15:34.6

G21:30.5

E8:27.9

E7:26.8

Total Number of Visible Satellites: 36

Il
O
A
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GNSS Raw Data Output Format from Smart Phone Device

e #
# Header Description:
# Version: v2.0.0.1 Platform: 9 Manufacturer: Xiaomi Model: MI 8

# Raw,
* ElapsedRealtimeMillis,TimeNanos,LeapSecond,TimeUncertaintyNanos,FullBiasNanos,
e BiasNanos,BiasUncertaintyNanos,DriftNanosPerSecond,DriftUncertaintyNanosPerSecond,
e HardwareClockDiscontinuityCount,Svid,TimeOffsetNanos,State,ReceivedSvTimeNanos,
* ReceivedSvTimeUncertaintyNanos,CnODbHz,PseudorangeRateMetersPerSecond,
* PseudorangeRateUncertaintyMetersPerSecond,AccumulatedDeltaRangeState,
e AccumulatedDeltaRangeMeters,AccumulatedDeltaRangeUncertaintyMeters,CarrierFrequencyHz,
e CarrierCycles,CarrierPhase,CarrierPhaseUncertainty,Multipathindicator,
* SnrinDb,ConstellationType,AgcDb,CarrierFrequencyHz

* # Fix,
* Provider,Latitude,Longitude,Altitude,Speed,Accuracy,(UTC)TimelnMs

* # Nav,
e Svid,Type,Status,Messageld,Sub-messageld,Data(Bytes)

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 8
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GnssLogger: Sample GNSS Raw Data

Raw,148210058,6108000000,,-1224572056418544947,0.0,1011000.0,,,0,24,0.0,51,16023402,13,38.61924362182617,-448.32047602682997,0.0021302644163370132,1,-
2484.2876523853806,0.09621196860735094,1.57542003E9,,,,0,,1,,1.57542003E9
Raw,148210058,6108000000,,-1224572056418544947,0.0,1011000.0,,,0,24,0.0,16,16023363,1000000000,22.01333236694336,-448.7947882361932,2.99792458ES8,6,-
54362.39162390184,3.4028234663852886E38,1.17645005E9,,,,0,,1,,1.17645005E9
Raw,148210059,6108000000,,-1224572056418544947,0.0,1011000.0,,,0,2,0.0,99,448838468,42,33.2121467590332,-514.7820368047455,0.4567280495416781,4,-
2821.165958154149,3.4028234663852886E38,1.59975002E9,,,,0,,3,,1.59975002E9
Raw,148210059,6108000000,,,-1224572056418544947,0.0,1011000.0,,,0,12,0.0,99,451783264,33,36.38795852661133,-789.8168953823033,0.31444507671593813 4,-
3649.9399078027736,3.4028234663852886E38,1.60143744ES,,,,0,,3,,1.60143744E9
Raw,148210060,6108000000,,,-1224572056418544947,0.0,1011000.0,,,0,11,0.0,99,459913670,33,36.715248107910156, -
352.6647914612738,0.0026083579286932945,1,-2248.5336107033927,0.0013041789643466473,1.602E9,,,,0,,3,,1.602E9
Raw,148210060,6108000000,,-1224572056418544947,0.0,1011000.0,,,0,1,0.0,17,720287,71,26.745431900024414,-150.53345126992713,0.749486332694286,4,-
982.5725209813795,3.4028234663852886E38,1.60256256E9,,,,1,,3,,1.60256256E9

Raw,148210060,6108000000,,,-
1224572056418544947,0.0,1011000.0,,,0,24,0.0,99,451325376,47,31.866626739501953,540.7229232612153,0.004294544458389282,1,2792.0530589872405,0.0021472
72229194641,1.60312499E9,,,,0,,3,,1.60312499E9

Raw,148210061,6108000000,,,-
1224572056418544947,0.0,1011000.0,,,0,23,0.0,17,163750,51,30.871082305908203,751.2325553423079,0.561522050942072,4,3454.136294113628,3.40282346638528
86E38,1.60368755E9,,,,0,,3,,1.60368755E9

Raw,148210061,6108000000,,,-
1224572056418544947,0.0,1011000.0,,,0,17,0.0,99,450599950,39,34.2637939453125,6.408111582737082,0.4097535710026252,4,42.03919027799001,3.402823466385
2886E38,1.60424998E9,,,,0,,3,,1.60424998E9

Raw,148210061,6108000000,,,-
1224572056418544947,0.0,1011000.0,,,0,8,0.0,17,490263,73,26.511377334594727,305.8143842387426,0.7594304219231991,6,1528.659101239677,3.40282346638528
86E38,1.60537498E9,,,,0,,3,,1.60537498E9

Raw,148210062,6108000000,,,-
1224572056418544947,0.0,1011000.0,,,0,194,0.0,17,631661,13,38.51543045043945,39.9065635909258,0.002155878348276019,1,221.32303678571114,0.09622477557
332045,1.57542003E9,,,,0,,4,,1.57542003E9

Raw,148210062,6108000000,,,-
1224572056418544947,0.0,1011000.0,,,0,195,0.0,17,934792,27,29.99894905090332,63.56321905450875,0.6032179424598567,4,356.8051378882135,3.4028234663852
886E38,1.57542003E9,,,,0,,4,,1.57542003E9
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GnssLogger: Sample GNSS Raw Data, Header

# # Header Description:
# # Version: v2.0.0.1 Platform: 8.1.0 Manufacturer: Xiaomi Model: M| 8

##Raw,ElapsedRealtimeMillis,TimeNanos,LeapSecond,TimeUncertaintyNanos,FullBiasNanos,BiasNanos,BiasUncertainty
Nanos,DriftNanosPerSecond,DriftUncertaintyNanosPerSecond,HardwareClockDiscontinuityCount,Svid,TimeOffsetNano

s,State,ReceivedSvTimeNanos,ReceivedSvTimeUncertaintyNanos,CnODbHz,PseudorangeRateMetersPerSecond,Pseudor
angeRateUncertaintyMetersPerSecond,AccumulatedDeltaRangeState,AccumulatedDeltaRangeMeters,AccumulatedDelt
aRangeUncertaintyMeters,CarrierFrequencyHz,CarrierCycles,CarrierPhase,CarrierPhaseUncertainty,Multipathindicator,

SnrinDb,ConstellationType,AgcDb,CarrierFrequencyHz

# # Fix,Provider,Latitude,Longitude,Altitude,Speed,Accuracy,(UTC)TimelnMs
# # Nav,Svid,Type,Status,Messageld,Sub-messageld,Data(Bytes)

#

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 10
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GnssLogger: Sample GNSS Raw Data, Raw Data

Raw,678357857,828940000000,,,-1227744676059580169,0.0,5.135445098385752,,,0,2,0.0,16431,1504929579420,11,42.886016845703125-
253.99448677373584,0.0013739581918343902,1,-230928.61821755476,6.869790959171951E-4,1.57542003¢E9,,,,0,,1,,1.57542003E9

Raw,678357858,828940000000,,,-1227744676059580169,0.0,5.135445098385752,,,0,5,0.0,16431,1504926917641,12,42.140777587890625 -
299.9095448909793,0.0014970472548156977,1,-262724.97200484236,7.485236274078488E-4,1.57542003E9,,,,0,,1,,1.57542003E9

Raw,678357858,828940000000,,,1227744676059580169,0.0,5.135445098385752,,,0,6,0.0,16,828010596684,1000000000,36.201961517333984,275.322190
7272733,2.99792458E8,2,1144.5147370874038,3.4028234663852886E38,1.57542003E9,,,,0,,1,,1.57542003E9

Raw,678357858,828940000000,,,-1227744676059580169,0.0,5.135445098385752,,,0,7,0.0,16431,1504921150324,19,34.20191192626953 -
228.16970128013054,0.003542420221492648,1,213920.67928652398,0.09691804650992876,1.57542003E9,,,,0,,1,,1.57542003E9

Raw,678357858,828940000000,,,1227744676059580169,0.0,5.135445098385752,,,0,9,0.0,16431,1504924621121,19,34.36507797241211,587.10396663023
86,0.0034764972515404224,1,468139.7243548873,0.0017382486257702112,1.57542003E9,,,,0,,1,,1.57542003E9

Raw,678357858,828940000000,,,1227744676059580169,0.0,5.135445098385752,,,0,13,0.0,16431,1504920021810,19,34.32540512084961,666.6443721854
594,0.0032926779240369797,1,561690.3480669406,0.0016463389620184898,1.57542003E9,,,,1,,1,,1.57542003E9

Raw,678357858,828940000000,,,1227744676059580169,0.0,5.135445098385752,,,0,17,0.0,16431,1504916630146,20,33.56485366821289,744.6819117466
221,0.003812001552432776,1,619849.6424447118,0.0019060007762163877,1.57542003€E9,,,,1,,1,,1.57542003E9

Raw,678357858,828940000000,,,1227744676059580169,0.0,5.135445098385752,,,0,19,0.0,16431,1504921921584,23,31.828954696655273,735.126564052
538,0.004389062523841858,1,599416.7818672012,0.09734136766110336,1.57542003E9,,,,0,,1,,1.57542003E9
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GnssLogger: Sample GNSS Raw Data, Position and NMEA

Fix,gps,35.850232,139.862279,37.854518,0.008482,4.000000,1543710718999
NMEA,SGPGSV,4,1,14,02,71,324,32,06,60,115,39,05,43,288,35,09,29,045,25*74 NMEA,SGPGSA,A,3,02,05,06,07,09,13,19,29,30,,,,1.6,0.7,1.4*3A

,1543710720204 ,1543710720205
NMEA,SGPGSV,4,2,14,07,26,093,34,19,24,182,23,30,22,130,27,13,22,207,23*72 NMEA,SGNGSA A,3,02,05,06,07,09,13,19,29,30,,,1.6,0.7,1.4%24
,1543710720204 ,1543710720205
NMEA,SGPGSV,4,3,14,29,11,323,22,23,04,042,,17,03,169,*4A NMEA,SGNGSA,A,3,67,68,69,82,83,84,,,,,,1.6,0.7,1.4*24
,1543710720204 ,1543710720205
NMEA,SGPGSV,4,4,14,06,,,39,09,,,30,30,,,36,8*68 NMEA,SQZGSA A,3,01,02,03,,,,,,,,,,1.6,0.7,1.4*2B
,1543710720204 ,1543710720206
NMEA,SGLGSVY,2,1,07,83,80,264,26,68,65,326,32,82,37,165,23,69,32,254,33*6D NMEA,SIMGSA,A,3,,,,,,,,,,,1.6,0.7,1.4%¥24
,1543710720204 ,1543710720206
NMEA,SGLGSV,2,2,07,67,28,037,24,84,26,329,19,77,08,073,11*5F NMEA,SBDGSA,A,3,203,,,,,,,,,,,,1.6,0.7,1.4*%17
,1543710720204 ,1543710720206
NMEA,$QzGSV,2,1,05,01,83,285,31,03,41,201,33,02,07,171,22*53 NMEA,SGAGSA A,3,104,109,112,119,,,,,,,,,1.6,0.7,1.4*¥20
,1543710720204 ,1543710720206
NMEA,$QzZGSV,2,2,05,01,,,34,03,,,33,8*%71 NMEA,SGPRMC,003159.00,A,3551.013922,N,13951.736758,E,000.0,337.0,02121
,1543710720205 8,,A*51
NMEA,SBDGSV,1,1,02,203,38,224,23,202,20,250,*60 ,1543710720206

,1543710720205

NMEA,SGAGSY,2,1,08,104,75,259,30,112,61,159,30,119,42,045,29,109,22,236,25*6F

,1543710720205

NMEA,SGAGSY,2,2,08,104,,,34,112,,,32,119,,,21,109,,,26,1*7A

,1543710720205
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GnssLogger: Sample GNSS Raw Data, Navigation Bit Data

Nav,101,769,1,5,9,76,34,58,55,7,116,-65,67,-77,-42,88Nav,102,769,1,5,9,76,34,58,55,7,116,-65,67,-77,-42,88
Nav,103,769,1,5,9,76,34,58,55,7,116,-65,67,-77,-42,88Nav,105,769,1,5,9,76,34,58,55,7,116,-65,67,-77,-42,88
Nav,106,769,1,5,9,76,34,58,55,7,116,-65,67,-77,-42,88

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 13
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GNSS Raw Data Analysis Tool for GnssLogger

* GNSS Analysis APP

GNSS Logger

.

Matlab-based Tool
Linux, Windows, MacOS
Version 2.6.3.0

Release Notes:
https://developer.android.com/guide/topics/sensors/g
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THE UNIVERSITY OF TOKYO

nss#releaseGNSS Analysis app v2.6.3.0 release notes.

| III
|
|

S
.

Click for Rep rt File

The GNSS Analysis app is built on MATLAB, but you don't need to have MATLAB to run

A ) H
It eappTs

compitedintoanmexecutabte thatinstattsatopy of the MATLAB Runtime:

4 COMTROL RAMEL
1 .

Caontrol
Intaractive Plots
Find Log Flle
Analyze and Plot
Tile Plots
Makié Repan
Menu Bars
Clear A Setlings .
Blaak | wihne
GMES Measuraments
Log File 158_bog 2017 09 20 10

Log Directory

Saf UTS 27092017 41220
Feterense PYT

Stationary Recelver. Lat [deg)

Mowing Recalvar:  NMEA Fila:

All status messages logged 1o file:

Ardroid GRSS Analysis

V2300 ] b3
Solect satsllites for plots
<GPS » GLD ' GAL «'| BOS w OF5
GiE LT AE L1 [ Gr4.LY TR
GO8LT ADE L1 EQHE1
GOE LT AT L1 Ex E1
G13,L1 AdaL1
a2L1 A1 L
G211 UL
G2aL1 ALY
G2EL1 A2 L1
GF1,L1 AZ1L1
A2z L1
Erd UTC 2007 09 2017 84 400
Lon (deg) J208E118| AN (M) 2 HAE
® WS
MMEA

22-param.mat

15 satellites
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https://developer.android.com/guide/topics/sensors/gnss#release
GNSSRawData_Orlando/GnssAnalysisReport.html
GNSSRawData_Orlando/GnssAnalysisReport.html
https://www.mathworks.com/products/matlab.html
GNSSRawData_Orlando/gnss_log_2019_04_10_08_12_55_rawPr.kml
GNSSRawData_Orlando/gnss_log_2019_04_10_08_12_55_rawPr.kml
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Output from GNSS Analysis Tool, Data Logged by GNSSLogger

Ervd point, Svid 0 ean(l1): GPS 33 1
® ool 45 |mesniLE-L1k: GPS -
#  GO3L1
*  G10L1 )

" 40t q M ey
Gzl (EFS L1 threshold
. G4l a5
*  G16.L1
" Gi8
® G20l 0
* GI2L b -

* G2sLY % .

& E26L1 =

s ool Al

® G311

& 332 15
R1,L1
ROZL1 10
RITIL1 N
R11,L1 5 [
A2l i
R13L1 0 o

nizrval = (201 $0410 12:12:00] | 1: +28 mins . A4 GPS
LLA = [ 2A.626, -A0.721. 24w E02.E1

Data logged by Mi8 Smart-phone inside the car

C/Mo of strongest satellites
GLD 23 .4, Gal 31.5 BDS 32.7 48 _Hz
1.8, &al -5 od

GAL E1 threshaldBDS thrash

GLO threshold

GLO GAL BDS

{dB.Hz)

CiNo in dB.Hz

Syvid Freg median

L1, 2340
L2440
| R
L1 7o
L1, 233
L1, 304
L1, 282
231
L1, 287
L1, 3.4
337
AR
G01,L5, 2285

——— GOALE, 283

E10.L5, 30,0
it LA R

400

[Seconds )

1000

1200 Rz 140805

R11,L1,21.7
D414 3T %

1600
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Position Output from Android GNSS Receiver, Komaba

* Standard Position Computation
* No DGPS or RTK Corrections
* All visible GNSS Satellites are used
* Frequency : L1/L5/E5
e Surrounding : Tall Buildings around

Gray Buildings ©,2008 ZENRIN

&
NG " Eartt

Imagery Date: 1%11/1997 lat  35.662143° lon 139.677528° elevv Om  “eyealty 118 m

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 16
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Position Output from Android GNSS Receiver, Hongo

Gray Buildings © 2008 ZENRIN

Smart-Phone is kept under the Tree Smart-Phone.is kept under the. Tree

Red Circle Radius : 5m

Imagery Date: 1711/199%8| lat 35.713059° lon 139.761895° elev O0m eyealt 101m Imagery Date: 1711/199%| lat 35.713059° lon 139.761895° elev. O0m . eyealt 101 m

oogle Earth Google Earth

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Position Output from Android GNSS Receiver

N =7

Smart-Phone is kept in an Open Area
Red Circle Radius:'5my R

Imagery Date: 1/10/2018 - lat" 35.849757°MIon139.861966° elev 0 v eyeélt “125:m £
d - »

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 18
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Position Output from Android GNSS Receiver, Me

bourne

—_—
D
AN 5
N

' o

R

S:magt-Phone is kept on a Bench in the park

3 1 % . ® 2018 Coogle
~/Red, Circle Radius: 5m
ext SLIDE _ :
f P 2000 Imagery Date: 10/18/2017  lat -37.805684° lon 144.970911° elev. Om  eyealt 225m (

4
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© 2018 Google
©:2019 Coggale

Google Earth

,
r
3

-37.:806114° lon 144.970363° elev. O0m eye alt 3 m
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Output from GNSS Analysis Tool, Data Logged by GNSSLogger

Location:
Kennedy Space Center
Florida

Data: Id’g.g)éd'b%{\/l@ Smart-phone, m\tde the car
Dr‘lvmg from Hgtel to Kennedy Space Ce ter

Yo

)
* O—!‘
NOAA\U S. Navy NGA ,@EBCO
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Output from GNSS Analysis Tool, Data Logged by GNSSLogger

Ke-hnedy Space Center

e,

Data logged by Mi8 Smart-phone inside the car D AT
Driving from Hotel to Kennedy Space Center ‘

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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GNSS Position Data from Mi8 Android Device
- wu - F :

Yellow Circles : Mi8 Device
White Circle :5m Radius

Location: SUVA, FUI

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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GNSS Position Data from P20 Android Device

Red Circles : P20 Device
White Circle : 5m Radius

Location: SUVA, FUI

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 24
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GNSS Position Data from Mi8 & PZO Android Devices

Red Circles : P20 Device
Yellow Circles : Mi8 Device
White Circle : 5m Radius

Location: SUVA, FUI

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 25
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Csi
Android Raw Data Logging APP Geo++ RINEX Logger

15:32 = 2 @ 10:58 all =, (WD
( eo | | ® t ( eo | | ® t GNSS Compare GNSS Compare
! ‘ NMEA MODIFY
RINEX Logger RINEX Logger .
2.0.0 2.0.0 Galileo E1 Activate: .
o o DELETE
. | . | Galileo E1
Now supporting dual-frequency! Now supporting dual-frequency! Pedestrian EKF Save log: .
Relativistic path range correction
. i Tropospheric correction
[ Stop ] Start Stop [ Start J GPS L1 Activate: . Klobuchar lone Correction MODIFY
GPS L1 ) . NMEA
Pedestrian EKF Save log: DELETE
Relativistic path range correction
Tropospheric correction
Klobuchar lono Correction MODIFY
Signal States Header Entries NMEA Galileo E5a Activate: .
Cycle Slips (L1+E1): 15/30 50% eo— DELETE .
Cycle Slips (L5+E5A): 479 44% e———— Marker Name: kashiwanoha gag‘eot I_ESa EKF Save log .
) . edestrian
Mu“fpa‘h (L1#E3) S/30. 6% Relativistic path range correction
Multipath (L5+E5A): 2/9  22% — Marker Type: Geodetic P GPS L5 . . Tropospheric correction
Visible Synced Trackable ) :llr\?'l?ji‘fhar lona Correction MOEIRY
L1/L5 L1/LS L1/L5 Observer Name: dinesh GPS L5, Save log: .
GPS: 8/2 6/2 6/2 Pedestrian EKF , DELETE
= Relativistic path range correction
QZss: 373 2/3 2/3 Observer Agency y Ny
Nevaas dinesh Change Tropospheric correction
E1B/E1C/ESA E1B/E1C/ESA E1B/E1C/ESA ' Klobuchar lono Correction MODIFY
GALILEO: 1/6/4 /174 0/1/4 NMEA - . )
= ? Receiver Number: aa30d35f Gallleo IF Activate: .
L1 L u DELETE Galileo IF
. 1 . alileo
i Galleo saveog G
; . Relativistic path range correction
BDS/QZSS logging is only supported in RINEX 3.03 format. Tropospheric correction
Approximate Position Receiver Version: Mi 8 GPS IF Activate: . NMEA MODIFY
Ellipsoidal Cartesian GPSIF .
Latitude:  35.8944309 X: -3959920.54 Antenna Number: 2a30035¢ Pedestrian EKF Save log: DELETE
Longitude: 139.9522123 Y: 3328400.04 Relativistic palh range correction
Height: 69.16 Z: 3718749.27 Tropospheric correction
Receiver Clock Antenna Type: Mi8 ' Change NMEA MODIFY
Co— GPS L1 Activate: .
] ‘ m ‘ DIELEE GPS L1
Settings Files Info Monitor Files Info Pedestrian EKF Save log: .
= @] < = @] < = a < = @] <

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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(CSIS oo o sy informrien scence o BENRE
Geo++ RINEX Logger

3.03 CESERVATICH DATR M: Mixed RINEX VERSION / TYPE ergency callsonly ¥ ¢ @@ & O N30t = [D82% BE119:58 | Emergency calls only®® ® b & § O R0t F [D74% @) 00:01
Geo++ RINEX Logger Geot++ 20181022 071442 UIC BGM / RUNW BY / DATE
:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(!l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(!l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(###################CD}H{_‘ENT ® ®
This file was generated by the Geo++ RINEX Logger App COMMENT Geo ++ Geo ++
for Android dewvices (Version 2.0.0). If vou encounter COMMENT Q Q
any issues, please send an email to android@geopp.de COMMENT RIN EX Logger RIN EX Logger
:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(!l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(!l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(:l(###################CD}MNT ; < _ ; < _
park MARKER HAME World's first and free Android RINEX logging app World's first and free Android RINEX logging app
GECDETIC MLEEER TYFE
dinesh dinesh CESERVER _."r LEENCY Stop [ Start ] [ Stop ] Start
aa30d3sf Xiaomi MI 8 EEC # / TYPE / VERS
aa30d3st MI 8 BNT % / TYPE
—4131685.6432 2896217.5961 -38884951.59491 LPPROCH POSITION XYZ .
0.0000 0.0000 0.0000 ANTENNL: DELTA H/E/N Ready 0:00:00 Logglng° «+ 0:02:59
G 8 C1C L1C D1C 51C Cof L5Q DSQ 550 5¥Y5 J # / OBS TYPES
R 4 C1C LiC DIC 351C 5Y5 / # / OBS TYPES Satellite States Newest File: GEOP285W.170
E 12 C1B L1E D1B S1B CIC L1C DIC S51C C5Q L5Q D5Q S55Q sYs / # / OBS TYPES Vicilie  Trackdiie Synced RINEXVersion:  Project Directory:
C 4 C2I 1L2I D2I 521 5Ys / # / OBS TYPES b . 12 | T Vi =
J 8 C1C L1C DIC 51C C5Q L5§ DSQ 55Q 5¥s / # / OBS TYPES | ONASS - 10
2018 10 232 7 15 0.0001146 GES TIME OF FIRST OBS ALTLEOQ: 5 ﬁB'KEZ‘WQ'WO Open
24 R01 1 ER0OZ2 -4 RO3 5 RO4 6 ROS 1 RO6 -4 RO7 5 RO8 & GLOWASS SLOT / FEQ # DS: 3 3 ‘BIKE257R.170
R0% -2 RI10 -7 R11 0O R12 -1 R13 -2 R14 -7 R15 0O Rleée -1 GLOWASS S5LOT / FEQ # BDS logging is only supported in RINEX 3.03 format. Share
R17 4 R18 -3 R19 3 R20 2 R21 4 R22 -3 R23 3 R24 2 GLONASS SLOT / FRQ # Approximate Position | Healeed
G L1C 5¥5 / PHASE SHIFTS Geodetic Carthesic ‘GEOP285I4170 Rename
G L5Q -0.25000 5YS5 / PHASE SHIFTIS Longitude: 9.6085138 X: 3834385.3203
R LiC S5¥YS / PHASE SHIFTS Latitude: 52.4312062 Y: 4984664.5866 ‘GEOP285L.170 Delete
E L1B S5Y¥YS5 / PHASE SHIF'IS:I Altitude: 173.473 Z: 1064637.3404
= = . GEOP285V.170 Move to Project
E L1C +0.50000 5Y5 / PHLSE SHIFTS Receiver Clock ‘ !
E L5Q -0.25000 Supports both L1 & L5 5YS / PHASE SHIFTS UTC time: 17:59:16 B
¢ L2l SYS / PHASE SHIFTS UTC date:  2017/10/12 (Thu)
J L1C 5¥Y5 / PHALSE SHIFTS
J LE5Q -0.25000 5¥Y5 / PHALSE SHIFTS ] ‘ m -{A ] m
cCicC 0.000 C1P 0.000 C2C 0.000 C2P 0.000 GLOWLASS COD/PHS/BIS _ . - _
FND OF HELDER Settings Files Info Monitor Settings Info

http://www.geopp.de/logging-of-gnss-raw-data-on-android/
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Android Raw Data Logging APP: RTKDROID

* External GNSS Receiver can be
connected to Android Device

e Base-Station is connected via NTRIP

Address

* VRS Correction also supported
* Supported File Format

e ubx (u-blox)

e Other formats will be included if

requested

» SBF (Septentrio) will be included in

near future

e Real-Time RTK

* Raw Data can be logged for Post-

Processing

e Output from RTKDROID can be send
to other APKs in the device

11:18 all =, (W
\0 RtkDroid ABOUT
A\ 5
SETUP SKYPLOT

Rover Mode Kinematic (RTK) <
Elevation Mask 15 v
Ambiguity Resolution Fix and Hold -
Satellites

() 6Ps +QzSS + GAL
(O) GPS + GLONASS +QZSS + GAL

(® GPs + BEIDOU + QZSS + GAL

Rate: THz hd

NTRIP Settings
Address

202.166.206.142

Port
5000

Mount Point

START ROVER

= O <

11:19 aill = ()

;0‘ RtkDroid ABOUT

SETUP SKYPLOT

Latitude: 0.00000000°
Longitude: 0.00000000°
Elevation: 0.000m

Fix type: Invalid

Satellites: 0

PDOP: 0.0

HDOP: 0.0

VDOP: 0.0

SDX: 0.000m o — | 30°

SDY: 0.000m N TN

SDZ:0.000m 7 N I NN
a0y /N L NN e
I B Vs O P
240”_‘\ N T NS /_‘120“

2100 1 =

NMEA: Not Recording
UBX: Not Recording

START RECORDING

= @] <
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Android APP to Input GNSS Data for GIS: SW Maps

e Excellent APP to collect GIS Data in
the field

* Internal or External GNSS Receiver
can be used

* External Receiver can be connected
via BT or USB Cable

* Many Popular File Formats are
Supported

u-blox
* Topcon
* Trimble
* Septenetrio
* Garmin
* Or Any Receiver with NMEA output

* Output from RTKDROID can be send
to SW Maps

RTKDROID and SW MAPS run in many Android Devices that has 0S 5.0 o

SW Maps A
[ ]
J Project 1 @reC
Projects GPS Connection i P
(i@  Project Attributes Devices )
¢ Layers
N~
Q Search T
Zoom Extents . Topcon GR3/GR5
GPS Pentax G3100-R1/R2
3  Bluetooth GPS Septentrio
Y USB Serial GPS Garmin Glo
?‘ GPS Status Generic NMEA [] Log ToFile
@  skyplot u-blox - 2
Instrument Height(m) 0 (72
Record
Latitude:
Longitude:
“A Feature Elevation: CONNECT
Goo Fix type:
= O = 0 <
later

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp

Slide : 29



( :Si Center for Spatial Information Science i ;'?5 j( %

The University of Tokyo

(; ’ THE UNIVERSITY OF TOKYO

Contact and Additional Information

* Homepage
* Main Page
* Webinar Page

* Training Data etc.
* Low-Cost Receiver
* Facebook

* Contact
e E-mail
e Skype

. https://home.csis.u-tokyo.ac.jp/~dinesh/

: https://home.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm

https://gnss.peatix.com/

: https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS Train.htm

. https://home.csis.u-tokyo.ac.jp/~dinesh/LCHAR.htm

: https://www.facebook.com/gnss.lab/

: dinesh@csis.u-tokyo.ac.jp

: mobilemap

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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