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High-End Survey Grade Receivers

* Multi-frequency
« GPS
e GLONASS
« GALILEO
« BDS
* QZSS
« NAVIC

* Multi-system

GPS, GLONASS, GALILEO, BeiDou, QZSS, NAVIC, SBAS etc
* Price varies from $3,000 to $30,000 or more

(including antenna)
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Low-Cost Receivers

* Multi-System
* GPS, GLONASS, GALILEO, BeiDou, QZSS, SBAS etc

* Basically Single Frequency

 L1/E1/B1-Band

* Very soon: Multi-System, Multi Frequency, L1/L2 or L1/L5
* Future trend for Mass Market System will be L1/L5

2022/02/02 8:23 PM

* Some chip makers have already announced Multi-System, Multi-Frequency

GNSS Chips for Mass Market

* Low Cost:

e Less than $1,000
* Our Target: $100 including everything. (L1 band only receiver)

* But, currently about $300 including Antenna and all necessary Hardware, Software

e |In future, dual band low-cost receivers based on L1/L2 and L1/L5 will be available

* This is using Dual-Band Receiver and Antenna

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Low-Cost High-Accuracy Receiver Systems
RTKDROID, MADROID, MAD-WIN, MAD-t

2022/02/02 8:23 PM
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\ GNSS +
RaspberryPi 4 MADOCA

Device

Receiver
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Objectives

Map.
* Develop Low-Cost High-Accuracy Positioning Systems (L-CHAPS) RT\(DRO\D &
* System Integration of commercially available receiver or module RTKLIB
* For RTK and MADOCA
* Avoid use of computer to minimize the cost MADROID N\AD‘\N\N

* Use Single Board Computer (SBC)
* RaspberryPi, Arduino, Spresense
* Use Tablet or Smart-Phone
* Android devices are quite flexible and easier to use

* Develop Easy to Use System in Field
* A user without GNSS knowledge shall be able to use
e Self-understanding interface
 Suitable for remote operation and data logging
e Operate with mobile power-banks

* Promote GNSS and MADOCA Technologies Abroad through

* Lectures, Trainings, Seminars, Workshops and Events
* Joint Research and Joint Projects 5 @viox

\ ZED-F9P

mosaic

We have no intention to prefer any brand names mentioned in these slides. They are used only for reference.
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Low-Cost High-Accuracy Receiver system

Development Cycle
\

DEC, 2016

RaspberryPi B

o .

Android Device
RTK / MADOCA / EWS / SAR
System
2022

What type of smart-phone
will emerge by 2025 ?

2022/02/02 8:23 PM

MAY, 2017 Low-Cost RTK

MAR, 2018

GNSS
Antenna
GNSS
Antenna
/' Tablet
GNSS RTKDROID
GNSS Raspberry Pi3B Fesshrer Ve':\P'Pl i ‘\
R |¢H“’1 T Internet
Internet ~ NTRIP
NTRIP Caster
Caster
Low-Cost MADOCA
17 MainWindow o X
g\ MADROID MADROID Comecionl) Swti: BREcxd

Time 2020-01-21 12:32:11
Latitude  35.80304075°
Longitude 139.93930585°
Altitude  93.466m
Solution  PPP
LatError 0.009m 1
Lon Error 0.003m -
AltError  0.003m ’ -

Enhancement of
474719457 34 34 39 35 42 41 39 26 3o AT Q. 44 AT 49

MADOCA Syste m G7 E G9 H!EEGZG%GZ?R?GRSGRBTGW G1 RBI&R?Q G22

2 0 2 1 Comected |

2 5 N

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Type — Al: GNSS Receiver with Android Device

GNSS Antenna Rover

RTCM for
Android .
GNSS Real-time
Receiver
Type Al:
Rover Mode

Real-Time and Post-Processing RTK
Based on RTKLIB Engine
Real-time processing in Android Device
APP: RTKDroid

GNSS Receiver Module

2022/02/02 8:23 PM Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 7
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Screen Shots of RTKDROID and MADROID

Connect GNSS receiver to
Android device

(1) RTKDROID :
For RTK or PPK

(2) MADROID:

for MADOCA-PPP,
MADOCA-PPP/AR (future)

2022/02/02 8:23 PM

10:35

\:0\ RtkDroid

Connection USB
Device o
Format ubx -

Processing Settings
Rover Mode Kinematic
Elevation Mask 10

ambiguity Res.  Fix and Hold

a Height (m)

0.0

NTRIP Settings
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16:16

\,

&\ MADROID
UTC Time: 07:16:19

Latitude: 35.68971662° N
Longitude: 139.75281501° E
Ellipsoidal Height: 56.785m
Orthometric Height: 18.995m
Speed: 0.15 km/hr

Fix type: Fix RTK

Satellites in view: 15
Satellites in use: 15

PDOP: 1.9
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& MADROID

Date: Sep 15, 2020

Time: 07:16:23

Latitude: 35.68971663°
Longitude: 139.75281501°
X: 54N 387152.640m E

Y: 54N 3950250.977m N
Ellipsoidal Height: 56.780m
Orthometric Height: 18.990m
Fix Type: Fix RTK

Speed: 0.09 km/hr

HDOP: 1.1

VDOP: 1.6

PDOP: 1.9

Satellites in View: 15
Satellites in Use: 15
Latitude Error: 0.065m
Longitude Error: 0.055m
Altitude Error: 0.028m

NMEA: 2020_09_15_16_08_35.txt(279KB)
RAW: 2020_09_15_16_08_35.ubx(2MB)

STOP RECORDING
o -
Setup Status
= ®

\,
RN
Skyplot
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MADOCA System: Direct from QZSS or Online Correction Data

GNSS Receiver + MADOCA Decoder

GNSS Receiver Only

QZSS
RN l EEE
11
P
G
"0’0(0/1’4
N “‘ * (J i
OF A 2/\z 0
® Y S \z N .’0’
e 20 |9
O , nl |\O O
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e 2 2 X

h 2 — S
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% | |"

0)6 (9
y
Antenna

GNSS / MADOCA PPP Position GNSS MADOCA PPP Position
MADOCA .
Receiver Processor Output Receiver Processor Output

Online MADOCA
Correction Data
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Platform / OS
GNSS Receiver

MADOCA Receiver

GNSS Receiver Data
Format

MADOCA Correction Data
Format (Satellite)

MADOCA Correction Data
Format (Online)

System Architecture

2022/02/02 8:23 PM

Center for Spatial Information Science

Windows

Default : u-blox FOP
Other: Any dual-frequency Receiver

U-blox D9 only

UBX, SBF, RTCM3

UBX only

Online Services
from GPAS, UTokyo (Test Level)
UBX or RTCM3

Antenna

L1/L2 GNSS

Computer

+ MADOCA Decoder (Windows)

RaspberryPi 3B or 4B
Default : u-blox F9P only

U-blox D9 only

UBX
SBF, RTCM3 (For online GNSS data)

UBX only
Online Services
from GPAS, UTokyo (Test Level)

Online Services
UBX or RTCM3

Antenna

L1/L2 GNSS Raspberry Pi 3B or 4B
+ MADOCA Decoder 2

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Low-Cost MADOCA Receiver Systems: Product Types
| wewn ] wes | MeeD

Android Device

Default : u-blox FOP
Other: Any dual-frequency Receiver

NA (MADOCA Online Correction Data only)

UBX

NA

GPAS Services,
RTCM3
UTokyo Online Service in the next release

Antenna

L1/L2 GNSS
+ MADQCA Decoder

Android
Device

Slide : 10
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MADOCA PPP Receiver System

GNSS Antenna
L1,12,15,16 FOP Receiver
GNSS Receiver
L1/L2/E5B Use this baud-rate to receiver

COM Port: 1
GNSS Raw Dat
~» BaudRate : 115,200 — awbata

. l (GNSS Data)
>

Splitter Micro-USB COM Port : 2 Use this baud-rate to receiver
1A OIE) DREORIER ~»  Baud Rate: 57,600 MADOCA Data
(QZSS, L6) (MADOCA Data)
— (c—>
T /—éJ Antenna p N
R
% FIP GNSS Receiver .
T = /2/esB NS5 Data
\ . \_ J
l 4 \ —
MADOCA Decoder COM Port: 2
QZsSs Le MADOCA Data
. J
Size: W:55x B: 55x D: 15

GNSS Antenna
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MAD-WIN / MAD-PI User Interface

B MADOCA Demo 2020

- m] o
Recond/| About LBt |

B’ MADOCA Demo 2020

Record/ About (Bt |

Connection  Status Connection  Status
Rowver Rowver
ORX O Orline Setup ORX O Online Setup
Correction Cormrection
@®Dx O Online (MADOCA) | Setup O DX @0nline (MADOCA) Setup
Processing Mode Processing Mode
® PPP-Static O PPP-Kinematic ® PPP-Static O PPP-Kinematic
Start/Stop Start/Stop
Not Connected Not Connected
' MADOCA Demo 2020 - ] w B MADOCA Derno 2020 - ] b4
Connection  Status \Qecorg/ About Bt | Cornnection  Status \Record/ About [Edt |
Rover Rover
O RX @ Orline EeiuE O RX @ Onlire Setup
Correction Cormrection
O DX @ Online (MADOCA) | Setup @®Dx O Online (MADOCA) Setup
Processing Mode Processing Mode
® PPP-Static O PPP-Kinematic ® PPP-Static O PPP—-Kinematic
Start/Stop Start/Stop
Not Connected Not Connected

GNSS Receiver

Connect Receiver
Directly

Connect Receiver
Directly

Connect Receiver
though NTRIP

Connect Receiver
though NTRIP

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

MADOCA Correction
Data

Connect MADOCA
Receiver Directly

Get MADOCA
correction data
through NTRIP

Get MADOCA
correction data
through NTRIP

Connect MADOCA
Receiver Directly

5K F

THE UNIVERSITY OF TOKYO

Selection Setting

in the Program

RX and DX

RX and

Online (MADOCA)

Online and

Online (MADOCA)

Online and DX

Slide : 12
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MAD-WIN / MAD-PI User Interface

B ' MADOCA Demo 2020 — Ul B | MADOCA Demo 2020 — Ul B | MADOCA Demo 2020 — ] X
Caonnection Status Fecord Akout Exit Connection otatus Reoord Akout Exit Connection Status Record About Exit
Rover Time 2020-09-300112:24 13— 30 Device Windows M
® RX O Online Sotuo '[atitltidz ?gg?g;gg;gv Solution  2020-09-30.010212 nmea(365568)
. orlwg| Mo : Rowver 2020-09-30 010212 ub{ 2800936
Correction g't;t;{de E;§53m Correction 2020-09-30 010212 ubx(345038)
. i alution
(@ DX () Orline (MADOTA) Setun Lat Eror 0.074m Record O n/OfF
Processing Mode Lon Enor 0.132m
, , , Alt BError 0.075m
(® PPP-Static () PPP-Kinematic
Start/Stop ﬂﬁﬂ
G2 G6 GI G12G17G19R65
Connected - . Connected _ Connected
Log Files:

2022/02/02 8:23 PM

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

1. Solution: MADOCA PPP Solution in NEMA format

2. Rover: Rover RAW Data in receiver’s proprietary format
Can be used for PPK (Post-Processing Kinematic) Solution or
Post-Processing PPP

3. Correction: MADOCA PPP Correction Data in receiver’s
proprietary format

Can be used for Post-Processing MADOCA

Slide : 13




CSi Center for Spatial Information Science % :E'l: j( %

The University of Tokyo (; ’ THE UNIVERSITY OF TOKYO

MAD-WIN Data Observation

Receiver: Online receiver access in Kashiwa / Correction Data: MADOCA Receiver in Bali

B MADOCA Demno 2020 - o
Connection Status Facond  About Bt
Rowver — o
B MainWindow — 4
ORX ®0riins Setim After three hours observation
Comect Connection Status Record Exit
Ti 2020-01-21 13:13:26 "
oK © Orline (MADDCA) Setup me s T
Latitude  35.90304075%
Procsssing Mode T MainWing > Longitude 139.93930597
. L 1 aimn Incow — - )
® PPP-Static O PPP-Kinematic After two hours observatioh Aiide 93,464
. Solution  PPP
i Statw Exit
Start/Stop Connection 5 Record | LatError  0.006m
Time 2020-01-21 12:32:11 — Lon Error  0.003m
Not Connected Latitude  35.20304075° Alt Error 0.002m

Longitude 139.93930585%

"7 MainWindow A Altitude  93.458m

fter few minutes observation

Solution  PPP 46 44 46
Connection Status Record Exit Lat Error  0.009m 39 .ﬁ ﬁ -
M Lon Error  0,003m =
Tme 20200121 10:32:02 S : G7 G8 GO 51151652052152352

Latitude  35.30304319° AltError  0.003m

Longitude 139,93931172°
Altitude  92.955m

Connected

Solution  PPP 47 AT 39 46 37 - 39 35 42 41
LatError  0.703m --- -
Lon Error  0.556m G _GE G9 G11G16G20G21G23G26G27 R76 R86 R8T G10 G1_R81G30R79G22

Alt Error  0.448m

Connected I

47 -50 42 43 4 4 37 41 42 -50
7 G11 J G21 G26 G27
G20 G

Connected I

2022/02/02 8:23 PM Slide : 14
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MAD-PI:MADOCA with RaspberryPi Device
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MAD-Pi has been tested with RaspberryPi-3B device
* It also works with RaspberryPi-4B - B - vavocs
* If the device does not work, please try with a different USB port rouch Scrcen Disiay [

GNSS +

Do not remove and insert SD Card several times. It may get . e

A

damaged. =, =

Observation data can be logged to an external USB memory
disk. Memory drive of upto 64GB is supported.

* Files are created at 6-hour interval with Date/Time based filename.

Ras-Pi 4 device consumes more power than Ras-Pi 3 device.  Connection | Statk: | Re
Continuous operation of the device will generate heat. Keep Tme 2020005064310
the device in well ventilated area Latitude 3568971445

Longitude 139.75281602

* Do not keep the device in a closed box

Altitude  57.481

We have set both Ras-Pi 3 and Ras-Pi 4 devices with touch e
screens for easy operation.

* Mouse and External keyboard can be connected either via BT or USB ports

Ras-Pi device can be connected by an Android device using BT

Raspberry-Pi device with Touch Screen

2022/02/02 8:23 PM Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 15
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MADROID: MADOCA with Android Device
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22:59

\\\\ MADROID \\»\ MADROID t\.‘ MADROID
Connection USS8 v Connection USB v Connection USB -
Device Bluetooth (:) Device - o Device - (:,
Format ubx hd Format ubx - Format ubx hd
Processing Settings Processin sbf Processing Settings
Rover Mode PPP-Static v | Rover Mode rtcm3 v | Rover Mode Single v
Elevation Mask 10 v | Elevation Mask 10 v | Elevation Mask PPP-Kinematic -

25 25 PPP-Static
TWIVP6000 _||TWIVP6000 _||TWIVP6000
0.0 Q oo Q oo ©
NTRIP Settings NTRIP Settings NTRIP Settings
madoca.ntrip-mgm.net madoca.ntrip-mgm.net madoca.ntrip-mgm.net
2101 2101 2101
START ROVER START ROVER START ROVER
e H AN o ] A N o H AN
Setup Status Setup AFLA Setup SFL
a O 4 a @ < a @ <

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 16
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MADROID: MADOCA with Android Device

1434

The University of Tokyo

\
% MADROID

Connection USB

1427

5
W, MADROID

| USTC Time: 052717

- ’ Latitude: 3590202657 N
| Rongitude: 139.93857286° €
" Elpsoidal Height: $9 349m

| Orthometnic Height: 21.385m

Device u-blox GNSS receiver v Q) | Seeed 015 kme
Fux type. PPP
Satelites n view: 13

| Satellites inuse 13
Format ubx v | POOP:3.4

| 00P- 1.8

NDOP. 3.0 &
Processing Settings e »
Rover Mode PPP-Static - o/ 0/ o e = N

L] °
4 .
Elevation Mask 10 > w ™ N, AT
e
o
TWIVP6000 s ° <
@ ! o
NTRIP Settings ° w
ne QS‘T
s
madoca.ntrip-mgm.net
2101 - ]
e II I
START ROVER | . S T .-
< LH X o LH AN
Setup ’ Xy Setup 1o Skyplot

n ® <

1434

% MADROID

Date: Dec 25, 2019

Time: 053417

Latitude: 35.90202310°
Longitude: 13993857932
X: 54N 404216.762m E

Y: 54N 3973601.765m N
Ellipsoidal Height: 59.848m
Orthometric Height: 21.884m
Fix Type: PPP

Speed. 0.11 knvin

HOOP: 1.9

VDOP: 30

PDOP: 35

Satelines in View: 13
Satelites in Use: 13
Latitude Error: 0.19Tm
Longitude Error: 0.17Tm

Altitude Error: 0.104m

NMEA: 2019_12.25.14_28_19.1xt(201KB)
UBX: 2019.12.25.14_28_19.0ubx(1M8)

STOP RECORDING
e =
Setuwp Status

a ®

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

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 18
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GNSS Data from Android Smart-Phone

* Android device can output GNSS only position data
* Since it uses multiple satellite systems and some device also uses L1 and L5 bands — Accuracy
is much better
 Many Android devices with OS 7.0 or higher can output Raw Data
* These data are used for High-Accuracy data processing such as RTK

* Some devices have Multi-Frequency (L1/L5) GNSS receiver
e Multi-System (GPS, GLONASS, GALILEO, BEIDOU, QZSS, NavIC)
e Multi-Frequency (L1/E1/B1, L5/E5)
e QOutputs more than 40 channels
* Some devices output NAV BIT Data, AGC values and Antenna Phase Center

* Google APIs are available to process GNSS raw data from a smart-phone

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 19
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GNSS Raw Data Compatible Smart-Phones

o
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eW st . :
Dlease check for N Raw Data output used in System Score Satellite Systesngzrl;sed In System
AlAd X e
This List 15~ System Functio| _ . Accumul s
Android| Score |n Score NAV | ated | HW
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
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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
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Center for Spatial Information Science
The University of Tokyo

Android Raw Data Logging Tool

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
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GnsslLogger
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TINGS LOG
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All v

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

* GNSS Analysis APP
* Matlab-based Tool

0V
* Linux, Windows, MacOS _o“\lo‘,()-o ve‘s\o“
* Version 2.6.3.0 NeW oo\N“\oa

 Release Notes:
https://developer.android.com/guide/topics/sensors/g
nss#releaseGNSS Analysis app v2.6.3.0 release notes.

A 8]
4 N

Click for Rep rt File

GNSS Logger

.

The GNSS Analysis app is built on MATLAB, but you don't need to have MATLAB to run
it. The app is compiled into an executable that installs a copy of the MATLAB Runtime.

5K 5
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Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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https://developer.android.com/guide/topics/sensors/gnss#release
GNSSRawData_Orlando/GnssAnalysisReport.html
https://www.mathworks.com/products/matlab.html
GNSSRawData_Orlando/gnss_log_2019_04_10_08_12_55_rawPr.kml

CSi Center for Spatial Information Science C ’ ﬁ E‘: j( ?

The University of Tokyo THE UNIVERSITY OF TOKYO

Position Output from Android GNSS Receiver, Tokyo University, Komaba Campus

* Standard Position Computation
No DGPS or RTK Corrections

All visible GNSS Satellites are used
Frequency : L1/L5/E5

Surrounding : Tall Buildings around

Gray Buildings ©,2008 ZENRIN

S Q ‘G(‘);Qcﬂ{:)r'.'\
N - A w

Imagery Date: 1711/1997%| lat 35.662143° lon 139.677528° elevn O m |‘eyealty 118 m

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 23
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Output from GNSS Analysis Tool, Data Logged by GNSSLogger

Location: Data Id‘g.g*éd'bw\/IlS Smart-phone, m\tde the car
Kennedy Space Center Dr‘lvmg from Hgtel to Kennedy Space Conter

Yo

Florida

S i h & qgﬁ i |
(3 (. ~
O—!‘ = .:'-" . 2, Y, Al '. ‘W‘ O

‘Data SIO NOAA\U S. Navy NGA ,@EBCO

Ima.? e La°nod1ssa tGoCo(t);F!): mlc“?:‘ . A - et Gd&)gle Earth
.‘ "-,L Y :,._. e 5 1

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 24
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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 ‘
Slide : 25
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Xiaomi Mil1l Lite 5G Screen Shots
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Legend

Global Navigation Satellite Systems (GNSS)
- NAVSTAR GPS (USA)

- GLONASS (Russia)

- Galileo (European Union)

- BeiDou/COMPASS (China)

- QZSS (Japan)
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Legend

Global Navigation Satellite Systems (GNSS)
- NAVSTAR GPS (USA)

- GLONASS (Russia)

Galileo (European Union)

- BeiDou/COMPASS (China)

- QZSS (Japan)
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- IRNSS/NavIC (India)

Satellite-based Augmentation Systems (SBAS)
- - WAAS (USA)

- EGNOS (European Union)

- GAGAN (India)

- MSAS (Japan)

- SDCM (Russia)

- BDSBAS/SNAS (China)

¢4 000 00
OENNCHER

- SACCSA (ICAO)
Signal Availability

O - Not in view of device

@® - Inview
@ - Usedin fix
] @® 4

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Xiaomi Mil1l Lite 5G Screen Shots
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Sample GNSS Raw Data from Mil1 Lite 5G

The University of Tokyo

Sample GNSS raw data can be downloaded from the following website:

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

Data were taken at the same time by using 4 or 5 different types of devices.
This will help to compare accuracy from different devices as well.

Smart-Phone Data

. - . - . - . - . 0] R 3
Xiaomi Mi8 (a) | Xiaomi Mi8 (b) Xiaomi Mi8 (c) Xiaomi Mi11 Lite 5G pperno
Data 08
Day 1 Data 01 Data 02 Data 03 Data 09 Data 10
Data 05
Day 2 Data 04 Data 06 Data 07

GNSS Raw Data from android devices open new opportunities to develop location based applications

with high accuracy that were not possible before.

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Train.htm
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Raw_files/AndroidRawData/DataCompare/Mi8_01_A_20211230.zip
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Raw_files/AndroidRawData/DataCompare/Mi8_02_A_20211230.zip
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Raw_files/AndroidRawData/DataCompare/Mi8_03_A_20211230.zip
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Raw_files/AndroidRawData/DataCompare/Mi11Lite5G_20211230.zip
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Raw_files/AndroidRawData/DataCompare/Mi11Lite5G_20220101.zip
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Raw_files/AndroidRawData/DataCompare/OppoReno3A_20211230.zip
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Raw_files/AndroidRawData/DataCompare/Mi8_01_B_20220101.zip
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Raw_files/AndroidRawData/DataCompare/Mi8_02_B_20211230.zip
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Raw_files/AndroidRawData/DataCompare/Mi8_02_B_20220101.zip
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Raw_files/AndroidRawData/DataCompare/Mi8_03_B_20220101.zip

