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Outline of the Lecture

* Module A: GNSS Signal Security

* Introduction to GNSS Vulnerabilities
* Interference
* Jamming
* Spoofing

 Module B: Spoofing and GNSS Signal Authentication
* Detail discussions on Spoofing
* Demonstration of Spoofing
e Anti-Spoofing Methods
* Demonstration of Anti-Spoofing Method

* Module C: Android GNSS Raw Data Processing
* Introduction
* Android Devices
* Data Logging Tools
* Data Processing Tools
* Data Processing Outputs
* Innovative and Challenging Applications
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Background Information : GPS Signal Structure
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Architecture of a GNSS Receiver

Position Output

Ref. Clock 10.23MHz

Pre-Amp Down Baseband Signal
> » A/D Converter .
(LNA) Converter / Y Processing
A} \
|
Replica Signal - L
Generator Acquisition
A
oo
Frequency c_ = |
T n
Generator 259
— Q9 O i
4 Sgs Tracking
53t
&
Oscillator v

Navigation Data

\ 4

(PVT)

To find out visible satellites,

approximate Doppler

and Code-phase
To continuously demodulate the signal
to extract the navigation data bits
Done by using DLL, FLL and PLL.
Outputs from Acquisition
are used as input for Tracking

Generate Pseudorange, Doppler etc
Extract Ephemeris or
Satellite Orbit related Data
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EQEE Architecture of a GNSS Receiver

P RF < / - Convert to R Position Output
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1575.42MHz SV by ! (PVT)
J Sampling Frequency and IF
Antenna et Digital Signal Output
RAW Data
* | Data necessary to compute
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(LNA) Converter Processing
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Frequency £ @ 4 To continuously demodulate the signal
Generator L § § T to extract the navigation data bits
4 e O .
i 594 racxing Done by using DLL, FLL and PLL.
3 @ % Outputs from Acquisition
] are used as input for Tracking
Oscillator v
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Acquisiti f GPS L1C/A Signal ‘
File: LS1.dat, SV: QZSSCA, PRN ID:193, Data Location at: Omsec File: LS2 dat, 5% GPS, PRM ID:1
CodePhase: 18746, Doppler: -2200Hz, DopFreqRes: 100, Cohint.: 2, NonCohlnt: 3 CodePhase: 10060, DDFJFJ|EI'Z -EQDDHZ, Cahlnt.: 2. ManCohlnt: 5
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Acquisition Output shown for Doppler Frequency

Signal Power, dB
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File: LS2.dat, SV: GPS, PRN ID:8

CodePhase: 2339, Doppler -5100Hz, Cohint.: 2, NonCohlint: 5
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Acquisition Output shown for Code Phase (PRN Code Ch|p Delay)

Signal Power, dB
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File: LS2.dat, SV: GPS, PRN ID:8
CodePhase: 2339, Doppler: -5100Hz, Cohint.: 2, NonCohlnt: 5
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GPS Signal Tracking

* Tracking Loops (PLL & DLL) are used to continuously lock the
incoming signal and demodulate it by using the carrier frequency
and code phase values detected in Acquisition.

* PLL

* Phase Lock Loop
* To Track the Carrier Frequency

* DLL
* Delay Lock Loop
* To Track the Code Phase (PRN Code Delays)
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Navigation Data Bits
1’'s and O’s
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GPS Signal Tracking Output
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SNR & C/No
* SNR
e Signal to Noise Ratio, unit is dB
 S: Signal Power in dBm or dBW
* N: Noise power in a given bandwidth in dBm or dBW
* C/No
e Carrier to Noise Density, unit is dB-Hz
e C: Carrier power in dBm or dBW
* No: Noise power density in dBm-Hz or dBW-Hz
* SNR = C/No-BW (BW = bandwidth of the Front End)
e If BW =4Mhz = 10*log10(4000000) = 66dB
* If C/No = 48dB-Hz
* SNR =C/No-BW = 45-66 =-21dB
* Noise Density (No) at Room Temperature (290K): -204dBW/Hz
* Received Power (GPS L1C/A Signal) at Antenna: -158.5dBW
« C/No = -158.5-(-204) = 45.5dB-Hz
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Android GNSS Raw Data Processing
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* Provide updates related with Android GNSS Raw Data

* Results from Raw Data Processing
* Tokyo, Japan
* Suva, Fiji
* Melbourne, Australia
* Florida, USA

* Sharing of Raw Data to practice

* Please refer MGA Webinar #8 for additional information
e https://home.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm
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Android Device for GNSS Raw Data

 Many Android devices with OS 7.0 or higher can output GNSS Raw
Data

* These data can be used for RTK post-processing

* Some devices have Multi-Frequency (L1/L5) GNSS receiver
* Multi-System (GPS, GLONASS, GALILEO, BEIDOU, QZSS)
* Multi-Frequency (L1/E1/B1, L5/E5)
* Outputs more than 40 channels
* Some devices output NAV BIT Data and/or AGC values
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Raw Data output used in System Score

Satellite Systems used in System

Score
System|Functio Accumul
Android ;Icore n Score Total NAV | ated | HW LS
S. No. Model . Score | AGC Suppor| GPS | GLO | GAL | BDS \QZSS/SBAS
version |Max: 6| Max: 5 (D +E) MSG | delta | clock h
(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
Slide : 17
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Android Raw Data Logging Tool — 1: GnssLogger

GnssLogger GnssLogger GnssLogger GnssLogger
SET- POSI-
SET- POSI- AGNS SET- POSI- AGNS SET- POSI AGNS TINGS LOG TION .. MAP  AGNSs  PLOT
TINGS LOG Tion..  MAP S PLOT TINGS LoG Tion..  MAP s PLOT TINGS LoG TION. MAP S PLOT
{ START CLEAR END } 4
Switch is ON Location . 1032 )
AccumulatedDeltaRangeState = 4 g
Switch is ON Measurements . AccumulatedDeltaRangeMeters = 17041.868
AccumulatedDeltaRangeUncertaintyMeters = 3.403E38
- . CarrierFrequencyHz = 1.57542003E9 All
Switch is ON Navigation Mess... Multipathindicator = 1
CarrierFreqHz = 1.57542003E9 30 GPS
Switch is ON GnssStatus o
GnssMeasurement:
o Svid = 30 SBAS
Switch is ON Nmea o ConstellationType = 1
TimeOffsetNanos = 0.0 2(
Switch is OFF Auto Scroll State =16 GLONASS
ReceivedSvTimeNanos = 14861213 ‘
ReceivedSvTimeUncertaintyNanos = 1000000000 1
Switch is OFF Residual Plot CnODbHz = 7.000 qzss Iy
PseudorangeRateMetersPerSecond = 680.972 VH‘
PseudorangeRateUncertaintyMetersPerSeconds = 1 BEIDOU s
299792458.000 | .
AccumulatedDeltaRangeState = 4 0 i —R11—J104 e e e 27t —G15 & s —R1—s14"
AccumulatedDeltaRangeMeters = 3461.599 —G28 —G30 —E12—E19<F27-—E7—01—63.<C4 GALILEO -‘?23 = CEGZ4—1<‘. t —R18—G20—E19—R2—G16
AccumulatedDeltaRangeUncertaintyMeters = 3.403E38 —RI=EI=J135=E4=El=RI0S=E0 -
CarrierFrequencyHz = 1.57542003E9 All v C/NO ~ All v C/NO ~
Multipathindicator = 0 ; Firmg History A f St t 4 Satellites: 27.8
] - History Average of Strongest 4 Satellites: 41.7 IStory’//\verage or strongest 4. catetites: 2 7.
CETIEIEIRE S AT i 2 Current Average Of Strongest 4 Satellites: 42.6 Current Average Of Strongest 4 Satellites: 30
HELP EXIT _ G24: 45 G15:34.6
GnssMeasurement: i G21:30.5
Fefi) = DA i i E8:27.9
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 umber ot visible sateflites
= a < = a < = 0O < = @ <
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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: Ml 8

# Raw,
* ElapsedRealtimeMillis,TimeNanos,LeapSecond,TimeUncertaintyNanos,FullBiasNanos,
* BiasNanos,BiasUncertaintyNanos,DriftNanosPerSecond,DriftUncertaintyNanosPerSecond,
* HardwareClockDiscontinuityCount,Svid,TimeOffsetNanos,State,ReceivedSvTimeNanos,
* ReceivedSvTimeUncertaintyNanos,CnODbHz,PseudorangeRateMetersPerSecond,
* PseudorangeRateUncertaintyMetersPerSecond,AccumulatedDeltaRangeState,
* AccumulatedDeltaRangeMeters,AccumulatedDeltaRangeUncertaintyMeters,CarrierFrequencyHz,
e 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, The University of Tokyo, Japan, dinesh@iis.u-tokyo.ac.jp Slide : 19
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13 £ Nav,Svid, Type, Status, Messageld, Sub-messageld, Data (Bytes)
14
15 Nav,96,769,1,-1,13,110,121,9,658,-100,116,-65,-32,-96,100, 32
lé
17 Raw,K 86394315,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,1,0.0,16431,303193919524422,20,33.8
18 Raw, 86394315, 73386000000, ,,-1238933520614358644,0.0,6.103678716954078,,,0,3,0.0,16431,303193916939667,33,27.5
129 Raw,86394315,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,10,0.0,1&431,303193928480980,27,29.
20 Raw, 86394315, 73386000000, ,,-1238933520614358644,0.0,6.103678716954078,,,0,11,0.0,16392,303193914305357, 100000
Z1 Raw, 86394315,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,12,0.0,16431,303193918153504, 44, 23.
22 Raw, 86394316,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,14,0.0,1&431,303193929357084, 15, 37.
23 Raw, 86394316,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,16,0.0,16392,303193914613478,100000
4 Raw,K86394316,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,20,0.0,1&431,303193920851248,58,20.
25 Raw, 86394316,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,22,0.0,16431,303193921837227, 16, 36.
26 Raw,86394316,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,25,0.0,1&431,303193926177270, 14, 38.
Z7 Raw, 86394316,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,26,0.0,1&6431,303193924152390, 31, 28.
28 Raw,K 86394316,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,31,0.0,16431,303193932611146,17,35.
25 Raw, 86394316,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,1,0.0,16393,303193919524421,9,29.58
30 Raw,K 86394317, 73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,3,0.0,16393,303193916939680,11,31.8
31 Raw, 86394317,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,10,0.0,16393,303193928480980,8,34.7
32 Raw,K 86394317,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,25,0.0,16393,303193926177261,8,33.5
33 Raw, 86394317,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,26,0.0,1&393,303193924152389, 24, 24.
34 Raw, 86394317,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,2,0.0,16491,1935193735,54,30.159427
35 Raw, 86394317,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,13,0.0,32995,54775933527780, 100, 22.
& Raw, B86394317,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,12,0.0,32995,54775933826674,71,26.8
37 Raw, 86394318,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,11,0.0,32995,54775922474022,58,29.3
38 Raw, 86394318,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,1,0.0,16491,1927826124,73,26.477994
39 Raw,K 86394318,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,3,0.0,32995,54775925694722, 46,31.99
40 Raw, 86394318,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,23,0.0,1&431,303179924679079,11,32.
41 Raw,K 86394318,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,24,0.0,16431,303179914451366,11,32.
42 Raw,K 86394318,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,25,0.0,16431,303179927268594,9,34.3
43 Raw,K 86394318,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,2,0.0,19498,303193919524625,31,28.4
44 Raw,K 86394319,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,3,0.0,19498,303193912298358,25,30.8
45 Raw,K 86394319,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,7,0.0,19498,303193916212787,14,37.9
46 Raw,K 86394319,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,8,0.0,19498,303193927835139,26,32.6
47 Raw,k86394319,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,13,0.0,16392,303193906638380, 100000
48 Raw,K 86394319,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,25,0.0,16392,303193907109729, 100000
49 Raw, 86394319,73386000000,,,-1238933520614358644,0.0,6.103678716954078,,,0,26,0.0,19498,303193910514372, 39, 25.
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GNSS Raw Data Analysis Tool for GnssLogger

[ ] G N SS A n a Iys i S A P P ‘.‘_ C?W'i?-"l- :P?l:-:!- . Android GHSS Analysis w2300 _ o w

+ Matlab-based Tool e o e T - sl PR
* Linux, Windows, MacOS Anaizs and Pl me
 Version 2.6.3.0 N e

* Release Notes: e e

https://developer.android.com/guide/topics/sensors/ | . .z Click for KML File

. Black ] Vitina
gnssHreleaseGNSS Analysis app v2.6.3.0 release notes.
GMES Measunemeants
Log File 155 _bog_2017_08_30 10 23
: Leg Direckory
—_— : . Start UTS | 2047 09 2017 41 220 End UTC | 2017 0% 2017 64 40.0
o v II - : WG Raferense PUT
A Stationary Recaiver. Lat (deg) 47422019 Lon (deg) a2 086118 | AR(m) 22 Kanual
- e TR " NLE
v Vil : Mowing Recaiver:  MMEA File:  “nmea, * it HMEA

Click for Rep rtF|Ie —

valid ephm
valid aphemer

GNSS Logger

e

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

wald ephamearis for 2 OFSS salalliles

ag_ 2017 _00_20 10 _41_22-param_mat

All slabus messages loggad 1o file: Clear Status

it. The app is compiled into an executable that installs a copy of the MATLAB Runtime.
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Position Output from Android GNSS Receiver, Komaba

e 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

N % 'G?;Qcﬂ{_‘ar‘.'w
N = v

Imagery Date: 1711/1997% | lat 35.662143° lon 139.677528° elevn O m |‘eyealty 118 m
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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: 1711/1397 lat 35.713059° lon 139.761895° elev 0Om eyealt 101 m J Imagery Date: 111/1997 lat 35.713059° lon 139.761895° elev om eye alt 101 m

oogle Earth Google Earth

Dinesh Manandhar, The University of Tokyo, Japan, dinesh@iis.u-tokyo.ac.jp Slide : 23


mailto:dinesh@iis.u-tokyo.ac.jp

CSi Center for Spatial Information Science % ;I?E k %

The University of Tokyo ( ’ THE UNIVERSITY OF TOKYO

Position Output from Android GNSS Receiver

S

Smart-Phone is kept iR an Open Area
Red Circle Radius:'5m ‘\

; > N & ~ b
Imagery Date: 1/10/2018 - lat" 35:849757°Rlonj$139.861966° elev. 0. mY, -eyejlt™ 125:m
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Position Output from Android GNSS Receiver, Melbourne

§ma£t-Phone is kept on a Bench in the park

© 2018 Coogle

Red Circle R&dius: 5m

.

" [BEENext SLIDE

y 2 | 2000 Imagery Date: 10/18/2017  lat -37.805684° lon 144.970911° elev O0m eyealt 225m
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The University of Tokyo
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e.is-kept oha Bench in the park ¢ 2013 Goosls
S "1}1"" - 22019 Go
Radius: 5m

L AT VoY S
o0 11 Imagery Date: 8/201 lat*-37:806114° lon 144.970363° elev. O0m  eyealt 3'm

Google Earth
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Output from GNSS Analysis Tool, Data Logged by GNSSLogger

GMNSS availability C/Mo of strongest satellites CiMNo in dB.Hz
_0 End paint. Svid 0 Iean(L1): GPS 331, GLO 20.4, GAL 31.5, BDS 32.7 48 Hz 4= .
e e *  GO1LY 45 |MEAN(LE-L1 GPS 1B, GAL -5.7 08 a0 Svid Freq rmedan
AN T ?W’\GL o Go3Ld ' I
/A Y £ Iy N . * cioLi WEPS L1 1 s DS 35 ' o
/ /ﬂ}\f‘ - \(‘v- P BFS L1 threshold EAL E1 threshaldB DS thrash G10L1, 31.5
S it I o N * oo 5ot GLO threshold a0 GILL T
! S [T (5% \ L 35 [ — -
177~ )i ﬁ_—: ke \'”',\)‘\ Wb ®  GEL1 E g:ft:iﬁ:
[i I|I'I i = ; . '_{-' \ '|I'. . GiB 20  og L1, 30
) e . ; :}ly ¢ \ . 0Lt . o Gi6L1, 203
/ l| f |I H:.\""-\.\:: -'r..-"'- -'";|.!"'|'.; \ i\ | - G222 11 £ s 320,01, 231 |
an b1 = | ' | T T 95 20 cazL12e7 |
", 1 Ll
[y W1 l.\ F e N I B .'.‘ . GI6LT =2 G2B,L1, 31.9
\u ¥ g ST/ VI PR 20 15 ——— G261, 337
! ;J*’)‘\ ~——% v-'-'r,.-"l PR— E31,L1, 384
A\ ANy S _.‘-‘f_': / s g 15 10 601,05, 225
NN b PE a0 /1 ROT.L1 —GhaLsasa
R s e \ S RIZL 10 5 G105 300 [
”\LT}{ - ""-J'i\r‘g/ ROLT T T fak1%-and
e . LT L ¥, b T -
:-E“HJE-J- | — == R11LY - = EJ(
—l RAZL1 i f 3}1
R13L1 o == . . I I I ! ]
' e o 200 400 &0 800 1000 | 1200 gog 600
mierval = [201904/10 12:12:00] ;¢ +28 mins s A4 GPS GLO GAL BDS — RO3 04080 5
o = e RI1LY, 217
LLA =[ 28626, 80721, 24m ' D431 4 37 A

Data logged by Mi8 Smart-phone inside the car
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Output from GNSS Analysis Tool, Data Logged by GNSSLogger

Location:
Kennedy Space Center
Florida

Data: Idg.g*éd'bw\/lﬁ Smart-phone, m\i‘de the car
Drlvmg from Hgtel to Kennedy Space Cédter

£

. X G-"
Data-SlO NOAA\U S. Navy NGA ,@EBCO
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Output from GNSS Analysis Tool, Data Logged by GNSSLogger

Ke-hnedy Space Center
e

Co————

Data logged by Mi8 Smart-phone inside the car s R
Driving from Hotel to Kennedy Space Center '
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GNSS Position Data from Mi8 Android Device

Yellow Circles : Mi8 Device
White Circle :5m Radius

Location: SUVA, FlJI
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GNSS Position Data from P20 Android Device

Red Circles : P20 Device
White Circle : 5m Radius

Location: SUVA, FlJI
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GNSS Position Data from Mi8 & P20 Android Devices

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

Location: SUVA, FlJI

Dinesh Manandhar, The University of Tokyo, Japan, dinesh@iis.u-tokyo.ac.jp Slide : 32



mailto:dinesh@iis.u-tokyo.ac.jp

Si Center for Spatial Information Science ﬁ :I?{‘ k %
9 4

The University of Tokyo THE UNIVERSITY OF TOKYO

Al af

-- NEa
Position Output from Android I3
A

GNSS Receiver
HEKRKE (TUMSAT)

Base 1
52453400

* Mobile-phone is kept static for about 60min then
moved around the roof.

* A GNSS base-station (Trimble NetR9) on the roof is
used to collect correction data.

©2018 ZENRIN
. Clay.Buildings© 2008 ZENRIN
These data were logged at TUMST, Dr. Yize
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Android GNSS Raw Data Information

Base-Station File1 53013400.180 Trimble NetR9
2 Base-Station File 2 52453400.180 Trimble NetR9

3  Android GNSS Data GEOP3400 Device Mi8 Base 1
Logger: Geop++ 52453400
4  RINEX NAV File brdm3400.18p

H

= @ 2018 ZENRIN
G'ré.:';Bu}ldmgs-‘:' 2008 ZENRIN - -
|
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GPS L1 vs GPS L1/L5

Sm

5..2" % SN A

B T .
TS S ‘ ‘ - ¢ ]
i

SRR

Data logged by Mi8 Smart-phone
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Data logged by Mi8 Smart-phone

GPS L1 vs GPS +Q4S L1
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Data logged by Mi8 Smart-phone

GPS L1 vs GPS + QZS L1/L5
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Data logged by Mi8 Smart-phone

GPS L1 vs GPS + QZS + BDS L1
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GPS L1 vs GPS + BDS + QZS L1/L5

Data logged by Mi8 Smart-phone
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GPS L1 vs GPS + GAL+ BDS + QZS L1

Data logged by Mi8 Smart-phone
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GPS L1 vs GPS + GAL+ BDS + QZS L1/L2/L5

2m
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GPS L1 vs GPS + GLO + GAL+ BDS + QZS L1

Data logged by Mi8 Smart-phone
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GPS L1 vs GPS + GAL+ BDS + QZS L1/L5

2m - § 2m
—

Data logged by Mi8 Smart-phone
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(Possible) Applications of Android GNSS Raw Data

* High-Accuracy Positioning
* Multi-System, Multi-Frequency

* Interference and Jamming Detection
* Crowd Sourcing

* Spoofing Detection
* Signal Authentication

* Atmospheric Parameter Estimations
* lonosphere and Troposphere

e Space Weather
* Scientific Applications
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White Paper on GNSS Raw Data Measurement
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GNSS Raw Measurements
Taskforce Workshop

GNSS Raw Measurements Taskforce Workshop was held on
26th June 2019, Prague, GSA European Agency Headquarters

Refer https://www.gsa.europa.eu/gnss-raw-measurements-taskforce-workshop for more information
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References

 GNSS Raw Data Measurement Tutorial File by Dr, Frank Van Diggelen,
Google Inc.

* https://home.csis.u-
tokyo.ac.jp/~dinesh/GNSS Raw files/GNSS%20102%20Measurements%20from%?2

OPhones%20Short%20Course%20Slides.pdf

* GPS Receiver Signal Processing background information file:

* https://home.csis.u-
tokyo.ac.jp/~dinesh/WEBINAR files/MGA W08 RawDataMeasurement Backgrou

nd.pdf

* Video record of GNSS Raw Signal Measurement MGA WEBINAR held on
6t" DEC 2018.

* https://www.youtube.com/watch?v=S217xg--O Q&feature=youtu.be

 Sample Data

 Sample GNSS Raw Data from Android Device
e https://home.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm
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Additional Information

* Main Page
e http://www.csis.u-tokyo.ac.jp/~dinesh

 Webinar Page
* http://www.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm
* https://gnss.peatix.com

* GNSS Training Courses
e http://www.csis.u-tokyo.ac.jp/~dinesh/T141 30.htm

* MGA 2018 GNSS Conference
* http://www.csis.u-tokyo.ac.jp/~dinesh/mga2018.htm

* Contact : dinesh@iis.u-tokyo.ac.jp
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