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(CSIS worveriorspapatinformation sdence o EEXE
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 APP: GnssLogger

GnssLogger GnssLogger GnssLogger GnssLogger
SET- POSI-
SET- POSI- AGNS SET- POSI- AGNS SET- POSI AGNS TINGS LOG TiIoN.  MAP  AGNSs  PLOT
TINGS LOG Tion..  MAP s PLOT TINGS LoG TioN..  MAP S PLOT TINGS LOG TION. MAP S PLOT
{ START CLEAR END ) p
Switch is ON Location . 1032 )
AccumulatedDeltaRangeState = 4
Switch is ON Measurements . AccumulatedDeltaRangeMeters = 17041.868
AccumulatedDeltaRangeUncertaintyMeters = 3.403E38
o o CarrierFrequencyHz = 1.57542003E9 All
Switch is ON Navigation Mess... Multipathindicator = 1
CarrierFreqHz = 1.57542003E9 3( GPS
Switch is ON GnssStatus o
GnssMeasurement:
_— Svid = 30 SBAS
Switch is ON Nmea . ConstellationType = 1
TimeOffsetNanos = 0.0 2
Switch is OFF Auto Scroll State =16 _ ol GLONASS I
ReceivedSvTimeNanos = 14861213 ' 4 i )
ReceivedSvTimeUncertaintyNanos = 1000000000 ""‘é “ 1
Switch is OFF Residual Plot CnODbHz = 7.000 | ' f Qzss
PseudorangeRateMetersPerSecond = 680.972 i M '
PseudorangeRateUncertaintyMetersPerSeconds = BEIDOU
299792458.000 | . !
AccumulatedDeltaRangeState = 4 0 ey i e TR e P o rpise 0 o g0
AccumulatedDeltaRangeMeters = 3461.599 —G28 _Ggo —E12—E19—E27—E7—C1—C3—C4 GALILEO ;?23 = C3624—%. 4 —R18— G20 —E19—R2—G16
AccumulatedDeltaRangeUncertaintyMeters = 3.403E38 =RI=EI=J13o=E4=El = RIS =E0 | —
CarrierFrequencyHz = 1.57542003E9 All v C/NO ~ All v C/NO ~
Multipathindicator = 0 : o History A f St t 4 Satellites: 27.8
; < History Average of Strongest 4 Satellites: 41.7 ISLOTY'VETage Of SUONGEest &oatelitestz 7.
CarrierFreqHz = 1.57542003E9 Current Average Of Strongest 4 Satellites: 42.6 ghlgr.egzgverage Of Strongest 4 Satellites: 30
HELP EXIT GnssMeasurement: 6245 45 G21:30.5
Y PP G15:42.9 £8:279
HW Year: 2018 v2.0.0.1 Time Remaining: N/A G5:42.7 E7-26.8
Platform: 8.1.0 Total Number of Visible Satellites: 36
Api Level: 27 STOP & SEND 'Total Number of Visible Satellites: 39 otal Rumber of visible Satetites
= (@] < = @] < = 0 < = @ <
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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,-
3649.9399078027736,3.4028234663852886E38,1.60143744E9,,,,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)

#
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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
221,0.003812001552432776,1,619849.6424447118,0.0019060007762163877,1.57542003E9,,,,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
,1543710720204
NMEA,SGPGSV,4,2,14,07,26,093,34,19,24,182,23,30,22,130,27,13,22,207,23*72
,1543710720204

NMEA,SGPGSV,4,3,14,29,11,323,22,23,04,042,,17,03,169,*4A

,1543710720204

NMEA,SGPGSV,4,4,14,06,,,39,09,,,30,30,,,36,8*68

,1543710720204
NMEA,SGLGSVY,2,1,07,83,80,264,26,68,65,326,32,82,37,165,23,69,32,254,33*6D
,1543710720204
NMEA,SGLGSV,2,2,07,67,28,037,24,84,26,329,19,77,08,073,11*5F
,1543710720204
NMEA,$QzGSV,2,1,05,01,83,285,31,03,41,201,33,02,07,171,22*53
,1543710720204

NMEA,$QzZGSV,2,2,05,01,,,34,03,,,33,8*%71

,1543710720205

NMEA,SBDGSV,1,1,02,203,38,224,23,202,20,250,*60

,1543710720205

e

NMEA,SGPGSA,A,3,02,05,06,07,09,13,19,29,30,,,,1.6,0.7,1.4*3A
,1543710720205
NMEA,SGNGSA,A,3,02,05,06,07,09,13,19,29,30,,,,1.6,0.7,1.4*24
,1543710720205
NMEA,SGNGSA,A,3,67,68,69,82,83,84,,,,,,1.6,0.7,1.4*24
,1543710720205

NMEA,SQZGSA A,3,01,02,03,,,,,,,,,,1.6,0.7,1.4*2B
,1543710720206

NMEA,SIMGSA,A,3,,,,,,1,,,,1.6,0.7,1.4*24
,1543710720206
NMEA,SBDGSA,A,3,203,,,,,,,,,,,,1.6,0.7,1.4*%17
,1543710720206

NMEA,SGAGSA A,3,104,109,112,119,,,,,,,,,1.6,0.7,1.4*¥20
,1543710720206

NMEA,SGPRMC,003159.00,A,3551.013922,N,13951.736758,E,000.0,337.0,02121

8,,A*51
,1543710720206

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
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Android Raw Data Logging APP Geo++ RINEX Logger

15:32 = 7, @»

Geo++®t,A

RINEX Logger

2.0.0

Now supporting dual-frequency!

[ Stop ] Start

Signal States

Cycle Slips (L1+E1): 15/30 50% eos—
Cycle Slips (L5+E5A): 4/9 44% e———
Multipath (L1+E1): 5/30 16% m—
Multipath (L5+E5A): 2/9  22% —
Visible Synced Trackable
L1/L5 L1/L5 L1/L5
GPS: 8/2 6/2 6/2
QZSss: 3/3 2/3 2/3
E1B/E1C/ESA E1B/E1C/E5A E1B/E1C/ESA
GALILEO: 1/6/4 0/1/4 0/1/4
L1 L1 L1
GLONASS: 9 4 4
BDS: 3 3 3

BDS/QZSS logging is only supported in RINEX 3.03 format.
Approximate Position

Ellipsoidal Cartesian
Latitude: 35.8944309 X: -3959920.54
Longitude: 139.9522123 Y: 3328400.04
Height: 69.16 Z: 3718749.27

Receiver Clock

= Ei ]

Settings Files Info

= O <

10:58

Geo++°

RINEX Logger

2.0.0

il =, (D

N

Now supporting dual-frequency!

Stop

[

Start J

Marker Name:

Marker Type:

Observer Name:

Observer Agency
Name:

Receiver Number.

Receiver Type:

Receiver Version:

Antenna Number:

Antenna Type:

Monitor

Header Entries

kashiwanoha

dinesh

dinesh

aa30d35f

Xiaomi

Mi8

aa30d35f

Mi 8

Files

Change

4

Geodetic

Change

Change

Change

Change

Change

Change

Change

e

=1
=
5]

GNSS Compare

NMEA

GPS L1

GPS L1

Pedestrian EKF

Relativistic path range correction
Tropospheric correction
Klobuchar lono Correction
NMEA

GPS L5

GPS L5

Pedestrian EKF

Relativistic path range correction
Tropospheric correction
Klobuchar leno Cerrection
NMEA

GPS IF

GPSIF

Pedestrian EKF

Relativistic path range correction
Tropospheric correction

NMEA

1
@)

MODIFY

DELETE

Activate: .
Save log: .

MODIFY

DELETE

Activate: .
Save log: .

MODIFY

DELETE

Activate: .
Save log: .

MODIFY

DELETE

GNSS Compare

Galileo E1

Galileo E1

Pedestrian EKF

Relativistic path range correction
Tropospheric correction
Klobuchar lono Correction
NMEA

Galileo E5a

Galileo E5a

Pedestrian EKF

Relativistic path range correction
Tropospheric correction
Klobuchar lono Correction
NMEA

Galileo IF

Galileo IF

Pedestrian EKF

Relativistic path range correction
Tropospheric correction

NMEA

GPS L1

GPS L1
Pedestrian EKF

1
0

Activate: .
Save log: .

MODIFY

DELETE

Activate: .
Save log: .

MODIFY

DELETE

Activate: .
Save log: .

MODIFY

DELETE

Activate: .
Save log: .
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Geo++ RINEX Logger

any issues,

3.03

Geo++ RINEX Logger

OB
Ge

(Version 2.0.0).
please send an email to android@geopp.de

: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

SERVATICN DATA
o++

M: Mixed
20181022

This file was generated by the Geo++ RINEX Logger App
for Android devices

If you encounter

nesh
aomi MI 8

=
(=]

2896217.5%681 -3888491.9451

park
GECDETIC
dinesh di
aa30d3st Xi
aa30d3st MI
—-4131685.6432
0.0000
G & C1C L1C Di1C 51C
21 4 CI1C L1C D1C 51C
E 12 C1B L1EB D1BE 51B
C 4 C2I L2I D2I 521
J & Ci1C Li1C D1C 5i1C
2018 10 22
4 R01 1 RO2Z2 -4 RO3
ROS -2 R10 -7 RI11
R17 4 R18 -3 RI19
G L1C
G L5Q -0.25000
R LAC
E L1BE
E L1C +4+0.50000
E LS5O -0.25000
C L2I
J LiC
J LEQ -0.25000
cic 0.000 C1P 0

0.0000 0.0000
C5g L5G D5Q 55¢

£i1C Li1C D1C 51C C5Q L5Q D5Q S5Q

£5g L5Q D5Q 554

7 15 0.0001146 GES

2 R04 & RO> 1 RO6 -4 RO7T 5 RO8
0 R12 -1 R13 -2 R14 -7 R15 0O Rle
3 R20 2 R2l 4 RZ22Z2 -3 RZ3 3 RZ24

Supports both L1 & L5

000 C2C 0.000 C2F 0.000

(%]

RINEX VERSICON / TYPE

071442 UTC PGEM / EUN 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

COMMENT
COMMENT
COMMENT

MARKER NAME

MARKER TYPE

CESERVER / AGENCY
REC # / TYPE / VERS
LNT % / TYPE

LPPROX POSITICHN XYZ
ANTENNE: DELTA H/E/N

5¥5 / # / 0BS5S TYPES
5¥5 / # / 0BS5S TYPES
5¥5 / # / 0BS5S TYPES
5¥Y5 / % / OBS TYPES
5¥Y5 / # / OBS TYPES
TIME OF FIRST COES
GLOMASS SLOT / FRO #
GLOMASS SLOT / FRO #
GLOMASS SLOT / FRO #
5YS / PHASE SHIFTS
5YS / PHASE SHIFTS
5YS / PHASE SHIFTS
SYS / PHASE SHIFTS
5Y5 / PHASE SHIFTS
5Y5 / PHASE SHIFTS
5YS / PHASE SHIFTS
5YS5 / PHASE SHIFTS
5YS / PHASE SHIFTS

GLOHNASS COD/PHS/BIS
END OF HEADER

ergency callsonly ¢ ¢ @ @ & O R0t T [D82% B8 19:58

», Geo++
RINEX Logger

World's first and free Android RINEX logging app

5K

THE UNIVERSITY OF TOKYO

e

Emergency calls only® @ b & § © RQ130¢ = [D74% @) 00:01

», Geo++
RINEX Logger

World's first and free Android RINEX logging app

[ Stop

] Start

Stop [ Start
Ready 0:00:00
Satellite States
Visible Trackable Synced

pS:: 1.2 1
LONASS : 10 8
ALILEO: 5

DS: 3

BDS logging is only supported in RINEX 3.03 format.
Approximate Position

Geodetic Carthesic
Longitude: 9.6085138 X: 3834385.3203
Latitude: 52.4312062 Y: 4984664.5866
Altitude: 173.473 Z: 1064637.3404

Receiver Clock
UTC time: 17:59:16
UTC date: 2017/10/12 (Thu)

= & |

Settings Files Info

Logging: - 0:02:59

Newest File: GEOP285W.170

Project Directory:
v Manage Projects

Open

RINEX Version:
3.03 v

i BIKE257Q.170

Main

‘ BIKE257R.170
Share

‘ GEOP237K.170

Rename

‘ GEOP2851.170

Delete

‘ GEOP285L.170

Move to Project

‘

Za = H

Settings

‘ GEOP285V.170

Monitor Info

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

il 4G, ()

GNSS Compare

~ GNSS Compare

Research lab in your pocket

N

Constellation status

Visible

Used

Calculation results

Galileo E1
GPSLS
Galileo IF
GPSL1
Galileo E5a
GPS IF

Lat
-37.80648
-37.80602
-37.80668
-37.80624
-37.80636
-37.80614

Lon
144.97084
14497052
144.97044
14497027
144.97119
144.97032

Alt
72.0
102.0
66.0
64.0
812
947

C. bias
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26
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34

Carrier-to-noise density [dB-Hz|

GNSS Compare
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Compares Position Output from GPS L1, GPS L5, GALILEO E1 and GALILEO E5A
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THE UNIVERSITY OF TOKYO

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp
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Sample Output Data from GNSS Compare: Galileo E1

%% Timestamp: timestamp of the logged information

%% satID: ID of the used satellited - satID[constellationSize]

%% Elev: elevation of the used satellited

%% CNO: signal strength of the used satellited

%% PR: pseudoranges of the used satellites - pseudoranges[constellationSize]
%% Inno: Kalman Filter innovation vector - gammal[constellationSize]

%% Covlnno: Covariance of the innovation vector -
S[constellationSize,constellationSize]

%% EstimPos: Estimated position - x_meas[numStates]

%% CovEstimPos: Covariance of estimated position -
P_meas[numStates,numStates]

%% E: Error of the estimated position w.r.t the FINE location

%% Fl, fineLocation.Latitude, fineLocation.Longitude, fineLocation.Altitude

Timestamp,151802.965

satID,E2_E1,E3_E1,E8 E1
Elev,31.610655657172565,79.62218334355671,26.434511304778855
CNO0,24.7218017578125,9.973297119140625,16.62681007385254
PR,2.5750447126294035E7,2.3339095558620986E7,2.42679284542776E7
Inno,-91.24294137954712,18.01171224936843,64.18829656392336
Covinno,12.22970286249292,14.444868432192381,12.690663461967336
EstimPos,-1538772.0345251851,6187985.963390375,147515.7288238819,-
74.3935243591933,0.5047784960376713
CovEstimPos,2.9416686630197995,15.169400083974876,0.10437474374131087
,7.460593341167593,0.16107177414031879

FL, 1.334501, 103.963689, 69.899166

Timestamp,151803.984

satID,E2_E1,E3 E1,E8 E1
Elev,31.60793506699695,79.62530160159848,26.4394654099114
CNO0,24.383716583251953,9.113094329833984,18.569250106811523
PR,2.5750681578115076E7,2.3339045816195916E7,2.4267482347606793E7
Inno,-85.14420802891254,14.95177936181426,64.21592565998435
Covinno,12.229701651449918,12.83295614164091,12.69720039697161
EstimPos,-1538774.9123953995,6187978.210011118,147515.98560067688, -
79.99688261846154,0.10867092664722788
CovEstimPos,3.24440551434881,12.963002889258968,0.10430843724528373,7.
4033699984902706,0.1646876458097381
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Sample Output Data from GNSS Compare: Galileo E5a

%% Timestamp: timestamp of the logged information

%% satID: ID of the used satellited - satID[constellationSize]

%% Elev: elevation of the used satellited

%% CNO: signal strength of the used satellited

%% PR: pseudoranges of the used satellites - pseudoranges[constellationSize]
%% Inno: Kalman Filter innovation vector - gamma[constellationSize]

%% Covlnno: Covariance of the innovation vector -
S[constellationSize,constellationSize]

%% EstimPos: Estimated position - x_meas[numStates]

%% CovEstimPos: Covariance of estimated position -
P_meas[numStates,numStates]

%% E: Error of the estimated position w.r.t the FINE location

%% Fl, fineLocation.Latitude, fineLocation.Longitude, fineLocation.Altitude

Timestamp,151804.991

satID,E2_E5a,E3_E5a,E8 E5a
Elev,31.605128403307823,79.62832157886312,26.444315270751627
CNO0,16.289081573486328,7.0,28.23590087890625
PR,2.5750934904783495E7,2.333896305167067E7,2.4267041365011785E7
Inno,-68.4693889580667,-14.273256249725819,56.99723841249943
Covinno,12.30689118032241,12.225310385509559,12.748825664173747
EstimPos,-1538794.0330434479,6188007.218084622,147517.95980434964,-
60.513005881266054,-0.07650599828580251
CovEstimPos,3.5650609146416046,11.651952822729175,0.10983037794901221
,7.378173837050027,0.1659039590573222

Timestamp,151805.977

satIiD,E2_E5a,E3 E5a,E8 E5a
Elev,31.60238360235476,79.63143857156221,26.449246469580316
CNO0,17.97366714477539,7.0,27.811687469482422
PR,2.5751162124187972E7,2.333894837615684E7,2.426659615772588E7
Inno,-67.31305849552155,26.573294311761856,59.239081893116236
Covinno,12.370071507207472,11.959563366594725,12.779523598584273
EstimPos,-1538796.767972425,6187998.305269976,147518.18976800854,-
64.50305773219014,0.15052998519679206
CovEstimPos,3.8782551550625617,10.76695595400356,0.10976875106489989,
7.323381205504991,0.1655885136785262
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Sample Output Data from GNSS Compare: Galileo IF

%% Timestamp: timestamp of the logged information Timestamp,151806.986

%% satID: ID of the used satellited - satID[constellationSize] satID,E2_IFE8 IF

%% Elev: elevation of the used satellited Elev,31.600331705012515,26.45394837865013

%% CNO: signal strength of the used satellited CNO0,20.635687828063965,21.006871700286865

%% PR: pseudoranges of the used satellites - pseudoranges[constellationSize] PR,2.5751356947610945E7,2.4266128689324044E7

%% Inno: Kalman Filter innovation vector - gamma([constellationSize] Inno,-36.301258727908134,23.8418588899076

%% Covlnno: Covariance of the innovation vector - Covlnno,12.414912096895595,12.790598347487595
S[constellationSize,constellationSize] EstimPos,-1539135.6021293134,6187907.330222905,147761.15851517566, -
%% EstimPos: Estimated position - x_meas[numStates] 76.98333755833747,-1.2545498177828343

%% CovEstimPos: Covariance of estimated position - CovEstimPos,4.979483485938693,10.91566072767782,0.37545965944208776,7.
P_meas[numStates,numStates] 2979096935249945,0.17124149072750489

%% E: Error of the estimated position w.r.t the FINE location Timestamp,151807.982

%% Fl, fineLocation.Latitude, fineLocation.Longitude, fineLocation.Altitude satID,E2_IFE8 IF

Elev,31.597603150492983,26.458894718625388
CNO,21.129629135131836,21.195557594299316
PR,2.5751580918449465E7,2.426566429794532E7
Inno,-37.94618817418814,7.6518113650381565
Covinno,12.627661334201402,12.921886508639407
EstimPos,-1539137.4731742432,6187905.216814774,147761.45753847074,-
85.06007273199538,-2.3242130689062286
CovEstimPos,5.321390125893703,11.175310803298517,0.3746353550231154,7.
242554375687705,0.17305188580421096

FL, 1.334548, 103.963698, 69.428651
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Sample Output Data from GNSS Compare: GPS IF

%% Timestamp: timestamp of the logged information Timestamp,151812.003
%% satID: ID of the used satellited - satID[constellationSize] satlD,G26_IF
%% Elev: elevation of the used satellited Elev,22.16309675251404
%% CNO: signal strength of the used satellited CNO0,27.370187759399414
%% PR: pseudoranges of the used satellites - pseudoranges[constellationSize] PR,2.3462714691430964E7
%% Inno: Kalman Filter innovation vector - gammal[constellationSize] Inno,26.649105709046125
%% Covinno: Covariance of the innovation vector - Covinno,14.612919219946784
S[constellationSize,constellationSize] EstimPos,-
%% EstimPos: Estimated position - x_meas[numStates] 1539171.4916997314,6187946.377235158,147649.29725059884,173.36701186
%% CovEstimPos: Covariance of estimated position - 45205,5.017057874788763
P_meas[numStates,numStates] CovEstimPos,42.02897126567105,107.28515377289504,0.44981468969140076,
%% E: Error of the estimated position w.r.t the FINE location 21.18905070597317,0.19791212585694115
%% Fl, fineLocation.Latitude, fineLocation.Longitude, fineLocation.Altitude Timestamp,151813.000
satlD,G26 _IF

Elev,22.15758607213537

CNO,27.257532119750977

PR,2.3463242909665097E7

Inno,14.858850326389074

Covinno,14.613104364130892

EstimPos,-
1539171.4908786018,6187946.3789502,147649.2972503797,182.83431188868
224,5.749231914786899
CovEstimPos,42.42897122104428,107.68515357821494,0.4498146896913976,2
1.266921424507053,0.1979121601578303
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Sample Output Data from GNSS Compare: GPS L5

%% Timestamp: timestamp of the logged information
%% satID: ID of the used satellited -
satID[constellationSize]

%% Elev: elevation of the used satellited

%% CNO: signal strength of the used satellited

%% PR: pseudoranges of the used satellites -
pseudoranges[constellationSize]

%% Inno: Kalman Filter innovation vector -
gamma(constellationSize]

%% Covlnno: Covariance of the innovation vector -
S[constellationSize,constellationSize]

%% EstimPos: Estimated position - x_meas[numStates]
%% CovEstimPos: Covariance of estimated position -
P_meas[numStates,numStates]

%% E: Error of the estimated position w.r.t the FINE
location

%% Fl, fineLocation.Latitude, fineLocation.Longitude,
fineLocation.Altitude

Timestamp,151809.994

satID,G3_L5,G8 L5,G26_L5,G27_L5
Elev,33.554008258553964,48.25266196872872,22.172884345386976,69.17191391228158
CNO,7.0,7.587594985961914,27.545879364013672,7.0
PR,2.2486976274135992E7,2.1399447049904224E7,2.3461578159287207E7,2.037386396972175
E7
Inno,-11.486417010426521,-185.52537051960826,11.411866538226604,-3.4237166941165924
Covinno,13.059042573981515,11.44264234398441,12.562314719364762,11.488008770518793
EstimPos,-1538709.1848842017,6187818.624650529,147586.2714535496,-179.64025496705435,-
3.23141724321601
CovEstimPos,1.9450529003611876,4.055592318489455,0.028066350060091515,2.698096149298
294,0.14778180419855916

Timestamp,151811.004

satID,G3_L5,G8 L5,G26_L5,G27_L5
Elev,33.555140950600425,48.26073313267819,22.16732824108486,69.17718627177668
CNO,7.0,7.698572158813477,27.744571685791016,8.866910934448242
PR,2.2486897137517832E7,2.1399212013040777E7,2.3462105801640287E7,2.037368739108773
E7

Inno,19.807740181684494,98.11360029876232,30.837399903684855,22.741700060665607
Covinno,13.031395039905892,11.432938504587097,12.659255609347586,11.494742118975221
EstimPos,-1538708.1414774146,6187814.753371424,147586.37595550265,-
166.99368733602827,0.5669135448602654
CovEstimPos,1.9732213736391175,4.107242201226502,0.02802445735602994,2.7648003911385
923,0.14775082770243753
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Android Raw Data Logging APP: RTKDROID
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* External GNSS Receiver can be 2l B as o
connected to Android Device & Ridroid o [l 0, Rekdroid
* Base-Station is connected via NTRIP
Ad d re S S Rover Mode Kinematic (RTK) - E’E%?{i%gg%fg%%%ﬂ“
* VRS Correction also supported clevaionbiask 15 - | pers
[ Suppo rted File Format gmbig::JityResolution Fix and Hold = §§2£§{§§§E 41 3/30 7 30\ |
atellites a0y /N LN N e
° UbX (U'blOX) O 6Ps +QzSS + GAL | .‘.
e Other formats will be included if O @ B A L " B el
requested (® GPs + BEIDOU + QZSS + GAL SO O,
 SBF (Septentrio) will be included in g i N
near future NTRIP Settings
e Real-Time RTK ;d;rzeiee.zoe.mz
* Raw Data can be logged for Post- o0
Processing pic i
* Output from RTKDROID can be send
to other APKs in the device - - o

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp
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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
[ ]
S Project 1 @ReC
Projects GPS Connection i P
o 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@iis.u-tokyo.ac.jp
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Accumu LG G/ 8 no no no yes no GRS
Android NAV | lated [ HW L5 Global ThinQ GLONASS
Model : AGC . . GPS
version MSG delta | clock |Support| systems Xiaomi
e 9 no no no yes no GLONASS
range Mix 25 SBAS
GPS S
. ) - . b
Vivo X21 9 no no no yes no GLDINASS Huawel 8.1 o yes yes yes no GLONASS
BeiDou P20
07255
GPS Samsun GPS
OPPO GLONASS N -
) 9 no no no yes no g Galaxy 8 no yes yes yes no GLONASS
R15 Pro GALILEO o
) 59 QZS5
EIP'EU Samsun GPS
GLDN;SS g Galaxy 8 no no no yes no -
Xiaomi _ R R R S9+ GLONASS
Mi 8 8.1 no yes yes yes yes GAITILED Sony GPS
BeiDou Xperia 8 no no no yes no GLONASS
%ZI;SE XZ2 QZss
LG V40 = GPS
ThinQ 8.1 no no no yes no GLONASS OPPO GLONASS
Q7SS R15 9 no no no yes no GALILED
GPS .
OnePlust BeiDou
6T 9 no no no yes no GLONASS HTC U11 g GPS
0755 Plus no no no yes no GLONASS
GPS HTcut 8 no no no yes no GPS
Q o . =
Samsun 8.1 o o o yes no GLONASS Life GLONASS
g Note 9 QZSS
SBAS
See https://developer.android.com/guide/topics/sensors/gnss for detail list of compatible devices
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Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp


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

Csi

Center for Spatial Information Science
The University of Tokyo

5K

( ’ THE UNIVERSITY OF TOKYO

GNSS Raw Data Analysis Tool for GnssLogger

* GNSS Analysis APP
* Matlab-based Tool
* Linux, Windows, MacOS
* Version 2.6.3.0
» Release Notes:

https://developer.android.com/guide/topics/sensors/g

nss#releaseGNSS Analysis app v2.6.3.0 release notes.

- T

P EPEe EL ]
4 N

GNSS Logger

e

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

it—Theappiscompitedintoanexecutabte thatinstattsatopy of the MATLAB Rumntime:

4 COMTROL RAMEL
- .

Ardroid GRSS Analysis

Contral
Interaclive Plots
Find Lag File W GRS
GOZL
Analyze and Plot GD&,L1
GDE,L1
G1ZL1
a
Tile Plats i
Make Repon [FANR]
G2aL1
G23L1
G3,L1
Menu Bars
Chear Al Sedlings =
Blaok . | Vihie

GMES Measuraments

Log File gnEs_kog_20

Log Directory

Start UTS | 207 092017 41 220

Referencs PUT

Stationary Recelver. Lat [deg)

Mowing Recalvar:  NMEA Fila:

All status messages logged 1o file:

Lon {deg)

w2 3.00

Solect satsllites for plots

v GLO
06 L1
RO6L1
ROTL1
R1OL
AL
AEZL1
L1
R20L1
RZ1 L1

AZ2L1

End UTC 2097 0% 20 17 54 400

~ GAL v BDS
EfLE [ITE
EC8.E1

E2fi E1

B ARy 2

08 20 10_41_22-param.mat

' 075
JEL

Manual
® WS
NMEA

Clear Stalus

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

A

" Location APls, ‘éndrdid.gméﬁlocation

e Places
e Geofencing
- e Fused Location Provider (FLP)
e Fit
e Activity Recognition
e 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

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp
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GNSS Raw Data I\/Ieasurement Task Force I\/Iembers
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EUROPEAN GNSS ABOUT OPPORTUNITIES ENSS APPLICATIONS NEWSROOM MEDIA LIBRARY

Linking space I CBLIG,
> H =

Home = GNSS Raw Measurements Task Force

CSIS, The University of Tokyo is also a Member of the Task Force
GNSS Raw Measurements Task Force

https://www.gsa.eu
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GNSS Raw Data Measurement Task Force Members

Airbus Defence & Space

Astri Polska Sp. z 0. o.

Beuth University

Blue Dot Solutions

BNB-Consulting

CGEOS - Creative Geosensing Sprl-s
Circular Devices

CNES
Consejo Superior de Investigaciones
Cientificas

Crowdloc

CS Systemes d’Information

Industrie- und Hnadelskammer
Reutlingen, Institut flr
Wissensmanagement und
Wissenstransfer (IHK-IWW)

ENAC

Ericsson Research

European Space Agency (ESA)
ESSP SAS

European GNSS Agency (GSA)

Feyman Technology Inc

Finnish Geospatial Research Institute
(FGI), Department of Navigation and
Positioning National Land Survey of
Finland

GeoNumerics S.L.

Global Infotech Corporation
Hochschule Karlsruhe (HSKA) -
University of Applied Sciences
Institute of Environmental Sciences
and Technology (IEST)

IFSTTAR

Ineco

Infinite Dimensions Integration
GmbH

Istituto Nazionale di Geofisica e
Vulcanologia

Joint Research Centre, European
Commission

Jomo Kenyatta University

Ordnance Survey
Politecnico di Torino

RHEA Group
RISE Research Institutes of
Sweden AB

Rockwell Collins UK
Rokubun

Rx Networks Inc.
SATAM2M
Septentrio

Sogei S.p.A.

Space Kinetics
SpaceEXE s.r.l

Spirent Communications plc

Syntony+A77A46A6A61:A75
Ordnance Survey+A61:A75
Technology Centre CAS Prague
TeleConsult Austria GmbH
Telespazio France

Telespazio Ibérica

Thales Services

International University of La Rioja
(UNIR)

Universitat der Bundeswehr, Miinchen
College & University Hrvatsko Zagorje
Krapina

University of Appl. Sciences Karlsruhe,
GNSS & Navigation Laboratory

University of Calgary

Centlre Tecnologic Telecomunicacions Flowscape K.N. Toosi University of Technology STMicroelectronics University of Coimbra
Catalunya (CTTC) GCE Kingston University Swift Navigation University of Liege
DDK Positioning Ltd GeneGIS Gl s.r.l. Magneti Marelli o B University of Nottingham

Ceort Grbh Nottingham Scientific Ltd Unlyer5|t\./ of Rome "La Sapienza" - Geodes.y and Geomat.lcs DIVI.SIOH

) University of Tokyo, Center for Spatial Information Science
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