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Objectives

Map.
* Develop Low-Cost High-Accuracy Positioning Systems (L-CHAPS) RT\(DRO\D T

* System Integration of commercially available receiver or module RTKLIB
* For RTK and MADOCA
* Avoid use of computer to minimize the cost
* Use Single Board Computer (SBC)
e 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
* Self-understanding interface
* Suitable for remote operation and data logging
* QOperate with mobile power-banks

* Promote GNSS and MADOCA Technologies Abroad through

* Lectures, Trainings, Seminars, Workshops and Events
* Joint Research and Joint Projects

| @blox

‘ ZED-F9P
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MADOCA System: Direct from QZSS or Online Correction Data

GNSS Receiver + MADOCA Decoder
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Low-Cost MADOCA Receiver Systems: Product Types
| wewn | wen | Meoe

Platform / OS

GNSS Receiver

MADOCA Receiver

GNSS Receiver Data
Format

MADOCA Correction Data
Format (Satellite)

MADOCA Correction Data
Format (Online)

System Architecture

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
(Windows)

+ MADOCA Decoder

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 aspberry Pi 3B or 4B
+ MADOCA Decoder D N

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
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System Architecture

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
MADOCA DECODER " » Baud Rate: 57,600 +«—  MADOCA Data
(QZSS, Le6) (MADOQOCA Data)
T ,4\ Antenna - N
% FIP GNSS Receiver .
A e
. \ y,
MADOCA Decoder COM Port: 2
QZSS L6 " MADOCA Data
|\ J
— Size: W: 55 x B: 55 x D: 15
GNSS Antenna
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MAD-WIN / MAD-PI User Interface

' MADOCA Demo 2020 — m] * ' MADOCA Demo 2020 (m] x
Connection  Status “Record/ About Bt Connection  Status “Recorg/ About [Edt |
Rover Rover
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
ORX @ Oriline Setup O RX @ Online 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

MADOCA Correction

Selection Setting

Data in the Program

Connect MADOCA

Receiver Directly SSETCIRN

Get MADOCA
correction data
through NTRIP

RX and

Online (MADOCA)

Get MADOCA
correction data
through NTRIP

Online and

Online (MADOCA)

Connect MADOCA

Receiver Directly SAilllIEElTe e

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

Slide : 6



CSi Center for Spatial Information Science C ’ % ;'.}L{‘ j( %

The University of Tokyo THE UNIVERSITY OF TOKYO

MAD-WIN / MAD-PI User Interface

® | MADOCA Demo 2020 — ] X ® | MADOCA Demo 2020 — ] X ® | MADOCA Demo 2020 — [] X

Connection Status Record Akout il Connection Status Reoord Akout =il Connection Status Record About =il
Rover Time 2020-09-30 0112:24 33— 30 Device Windows i
(® RX O Online E— ::atit.“tdz ?ggﬁggggg;g A Solution  2020-09-30 010212 nrmea(365568)

| OnEItuce 1o Rowver 2020-09-30 010212 uknd 2855936
Corraction g't;ttt{de E)L%53m Correction 2020-09-30.010212.ubx(345088)

, i olution

(@ DX () Orline (MADOTA) Setun Lat Eror 0.074m Record On/Off

Lon Enor 0.132m
Alt BEnor 0.075m

Frocessing Mode

(®) PPP-Static () PPP-Kinematic

Start/Stop ﬁﬂﬁﬂ

G2 G6 (9 G12G17G19R6

Connected - l Connected _ Connected i |

LN

Log Files:

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
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MAD-WIN Data Observation

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

B MADOCA Dermo 2020 - o x
Cormection  Status  Recomd  About Bt
Rover B MainWi
B MainWindow _ w
o ®Cnine — After three hours observation
Correch Connection Status Record Exit
Ti 2020-01-21 13:13:26 ,
L T O Orline (MADOCA) | Setp me o
Latitude  35.90304075°
Processing Moda B Mairind v Longitude 139,93930597¢
- . ! 1 aimn Incow —_ . i
® FPP-Static O PPP-Kinematic After two hours observation Altiude  53.464m
. Solution  PPP
: Statu Exit
Start/Stop Connection = | Record | LatError  0.008m
Time 2020-01-21 12:32:11 — Lon Error  0.003m
Mot Connected Latitude  35.90304075° 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  2020-01-21 10:32:02 L : G7 G& GO 51151652052152352

Latitude  35.30304319° AltError  0.003m

Longitude 139,93931172°
Altitude  92.955m

Connected

Selution  PPP AT 4T 39 46 37 5 39 35 42 41 39 46 39 AT 43 44 47 40
LatError 0.703m --- [
Lon Error 0.556m G7_G& GO G11G16G20G216G23G26G27 R76 R86 RE7 G10 G1_Re1 G30 R79 G22

Alt Error  0.448m

Connected I

42 o0 47 43
e .
G7 G8 G
Connected
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MAD-PI:MADOCA with RaspberryPl Device

MAD-Pi has been tested with RaspberryPi-3B device
* |t also works with RaspberryPi-4B

GNSS + DOC

. . . l‘laspbe‘rry—r’i 4 .wilh ", : ReceiV
* If the device does not work, please try with a different USB port Toueh SerspgRle
Do not remove and insert SD Card several times. It may get R e
damaged. oy, |

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 | Stk | Re
Continuous operation of the device will generate heat. Keep Tme 2020005064310 2
the device in well ventilated area Latitude 3568071445 *p" “‘\ N oo
. . Longitude 139.75281602 - £
* Do not keep the device in a closed box = A“ “i
. H . H Solution Y
We have set both Ras-Pi 3 and Ras-Pi 4 devices with touch e ¢4“.’ l
screens for easy operation. ' qu.__ﬂ
i-rf‘

* 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

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 9
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MADROID: MADOCA with Android Device

THE UNIVERSITY OF TOKYO

2259

Q% MADROID <& MADROID . MADROID
Connection USS8 - Connection USB v Connection USB -
Device Bluetooth (:) Device - o Device - (:)
Format ubx v Format ubx v Format ubx v
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 | levation Mask  PPP-Kinematic -

zs 2 PPP-Static
TWIVP6000 _||TWIVP6000 _|[TWIVP6000
0.0 © oo © oo o
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
Lo H AN o] L » o] L AN
Setup 3 Setup Status Setup
a O “ a @ < a @ <
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MADROID: MADOCA with Android Device

1434

\
% MADROID

Connection USB
Device u-blox GNSS receiver

Format ubx

Processing Settings

Rover Mode PPP-Static

Elevation Mask 10

TWIVP6000

NTRIP Settings

1427 - : 1434

.
»
<& MADROID % MADROID
| UTC Teme 052717
- ’ Latitude: 3590202657 N
| Rongitude: 139.93857286° €
" Elpsoidal Height: $9 349m
| Orthometnic Height: 21.385m
Speed: 015 ke
Fux type. PPP
Satelites in view: 13
Satelltes nuse 13
. | POOP. 3.4
| HOOP- 1.8
NDOP. 3.0

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
- s O’ . Laid  ; oy A Speed. 0.11 knvin
2 ° HOOP: 1.9
e VDOP:30
= w ™ M, A E AP PDOP:3.5
: Satelines in View: 13

e »

Satelites in Use: 13

o ° '~'1 Latitude Error: 0.19Tm
we x
o Longitude Error. 0.17Tm
2 >
S Altitude Error: 0.104m
o %

madoca.ntrip-mgm.net
2101
> NMEA' 2019_12_25_14_28_19.1xt(201K8)
MDCO UBX: 2019_12_25_14_28_19.ubx{1M8)
START ROVER ‘ STOP RECORDING
e -H b N o ]
Setup 3 kyplot Setup Status

n ® < o ®

e

H K ¢

THE UNIVERSITY OF TOKYO
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MADROID: PPP-RTK Test
[ ]
1516 1616 L - ) 16:16 2 16:16 Jll = &
%, : - . Y. MADROID Y. MADROID ABOUT
wh MADROID A OID ; wh, MADROID W (NN

UTC Time: 07:16:19
Latitude: 35.68971662° N

T T AT NTRIP SE“II"IQS Longitude: 139.75281501° E Date: Sep 15, 2020
e Ellipsoidal Height: 56.785m A et
Orthometric Height: 18.995m Time: 07:16:23
o1 Mam Epeed: 0.F1_5 k;_n/hr Latitude: 35.68971663°
I ix type: i'rf\‘fie‘;ﬁ o Longitude: 139.75281501°
Satellites in use: 15 X: 54N 387152.640m E
Fasmat PDOP: 1.9 1
o HDOP: 1.1 Y: 54N 3950250.977m N
IVDOP: 1.6 N Ellipsoidal Height: 56.780m
Processing Settings il s Orthometric Height: 18.990m

i 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

(4
/®

Fover Mode b
Local Correction Setlings

Elevation Mask

—————————— Local Correction Settings : —1
NTRIP Settings i

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

STOP ROVER STOP ROVER STOP ROVER STOP RECORDING
- e
o LH : | o L b 2 L5 AN & H AN 2 5 AN
Selup Staius Shyplot Setup At Siyplol Sstup Stabus Shyplot Setup Status Skyplot Setup Status Skyplot
u o - | - 4 ] - 4 ] @ < ] @ <
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MADQOCA Data Observation
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MADQOCA PPP Test Results

B | MADOCA Demo 2021

Cionnection Status

Fuover
() R
Cotrection

(@

Proceszing Mode

() PPP-Static

Mot Connected

Fecord About

@ COnline

(@ Online (MADOGA)

(@ PPP-Kinematic

Start/Stop

Setup

Setup

Exit

B | MADOCA Dero 2021

Connection Status Record Sbout

Time 021-06-23 04:00:35
Latitude 2590302215
Loneitude 13993929545°
Altitude  93.296m

Solution  PPP

Lat Error  14.627m

Lon Error 16.226m

Al Error 13.192m

-42 -'” 36 33
G1 G3

G6 G&

Connected

Exit

44 40 30 43
I N
G17 G19 G21 G22

B | MADOCA Demo 2021 — O x

Connection Status Fecord About Exit

Time 2021-06-23 04:00:43
Latitude  3590302855°
Longitude 139939295827
Altitude  92825m

Solution  PPP

Lat Error  4881m

Lon Errot B3BTm

Alt Error 4603m

EE-—----ﬁ------

G6 GE G17 G19 G21 G22 R65 RG66 RG7T R7V9 REBO RE1 R82

Cionnected

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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[m 1 MADOCA Demo 2021 — O * B 7 MADOQCA Demo 2021 — O > |m7 MADOCA Demo 2021 — O x
Connection Status Record About Cionnection Statuz Record About Ciohhection Status Recard Bbout
Time 2021-06-23 04:00:35 Time 2021-06-23 040043 Time 2021-06-23 04:00:49
Latitude 35.90302215° Latitude  35.90302865° Latitude 35903026807
Longitude 13993929595 Longitude 139939295327 Lomgitude 13993929325
Altitude  93.296m Altitude  92825m Altitude  94.399m
Solution  PPP Solution  PPP Solution  PPP
Lat Error  14.627m Lat Error 4.881m Lat Error 3.52Bm
Lon Errar 16.225m Lon Error B.35Tm Lon Error 3.918m
Al Error 13.192m Alt Error 4.603m Alt Error 3.003m
42 AT 47 40 39

47 A7 16 13 44 A0 39 43
1 1 L ° 1 |
G1 G3 G6 G8 G17 G19 G21 G22

Connected

43 o, 46 43 44 39 46 44
1 1 1 1 111

19 G21 G22 R65 RG66 RET R7T9 RB0 R&1 Ra2

oy ]
=y
oy ]
L)
]
=F
]
(==
oy ]
=
-~
oy ]

Connected

37 33 44 40 39 43 4, 46 43 44 39 46 44
o O O e O O O O L

GE GE G17 G19 G21 G22 RG65 R66 RGT RV9 R8O R81 RE&2

47 A7
|
Gl G3

Connected

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

"1 MADOCA Derno 2021 - O X " | MADOCA Demo 2021 - | x "1 MADOCA Derno 2021 - O x

Connection Statuz Record Abaut Connection Status Record Abaout Connection Statuz Record Abaut

Time 2021-06-23 04:01:32
Latitude  3590302649°
Longitude 13993929767
Altitude 954 14m

Solution  PPP

Lat Errar  1.187m

Lon Error 1.383m

Alt Error 0.941m

Time 2021-06-23 04:05:25
Latitude 23590304438
Loneitude 1399392321157
Altitude  92.157m

Solution PPP

Lat Error  0.163m

Lon Error 0.197m

Alt Errar 0.142m

Time 2021-06-23 04:07:17
Latitude  3590304143°
Longitude 13993931480°
Altitude  92980m

Solution  PPP

Lat Errar  0.107m

Lon Error 0.129m

Alt Error 0.100m

42 3g 46 43 42 46 B 42 44 B 42 39 46
I- I o o i o -I “---- TTTTET -I o i e o o
GE G117 _G19 G21 G22 RG65 RG6G RGF R79 RBO R81 REB2 GE8 G117 _G19 G21 G22 RG65 RG66 RG67 R79 R0 RE1 RB2 G6  GE G17 G19 G21 G22 RG5 RG66 RG67 R79 REB0 R81 REB2
Caonnected _ Gannected _ Caonnected _

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide - 16
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MADOCA PPP Test Results (24 hours)

o

10:00

12:00

O x

14:00

'?% CaMadocaPiMMEA,2021-06-23_140837.nmea
File Edit VYiew Windows Help
- (1] (2] 12 Posifin v (AL v K - kT @ = o
{m)
1
i
+*
-1
2
{m)
1
a
-1
{m}
5
1]
15:00 13:00 20:00 22:00 00:00 02:00 04:00 0&:00 03:00
[1]2021/06/23 14:08:56 GPST-06/24 14:39:21 GPST : N=85425 B=0,0km Q=1: 1555412.5%,) £:58721(30.5%)
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MADQOCA PPP Test Results (24 hours)

ﬁ. CoaMadocaP it WMER2021-06-23_140837.nmea — O > &. CoiMadocaPitWMEA,2021-06-23_140837.nmea — O >
Eile Edit View Windows Help Eile Edit View Windows Help

- (1] (2] 12 |GndTrk ~ | ALL ~ | 1 = X S | (10 (2] = GndTrk w [ALL v H ~ § @ = # « B & H B P «

*
ey
.
’.
*
50 cm 5cm
—A
|[1]2021J05,{23 14:08:56 GPST-06/24 14:39:21 GPST : N=85425 B=0.0km Q=1: 1522412 :'| 35.90304141°M 139.93932188°E + ||[1]2021,|"UE,|’23 14:08:56 GPST-06/24 14:39:21 GPST : M=85425 B=0.0km Q=1:15534/12.5| 35.90303934°N 139.93930816°E +

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide - 18
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MADOCA Receiver Systems are distributed to overseas universities for joint

research and pilot projects
* Includes HW and SW

Center for Spatial Information Science

Request for HW/SW

* Signing of MTA (Material Transfer Agreement) Document is necessary for HW

* If only SWis required, please send request through
* https://home.csis.u-tokyo.ac.jp/~dinesh/LCHAR.htm

* SW is provided under the
and some sample data

understanding that the recipients provide feedbacks

* Feedbacks are necessary to improve and debug the products

5K

(; ’ THE UNIVERSITY OF TOKYO

Go To MAIN PAGE

Low-Cost High-Accuracy Receiver Systems

Receiver Systems: Type A, Type B, Type C, Type D

Note: APKs can be downloaded from the following links:
Please send e-mail to dinesh{@}csis.u-tokyo.ac.jp for password.

Following information are necessary:

1. Name

2. Affiliation (Organization Name)
3. Purpose (Optional)

B MADOCA Deme 2021 - d x

Connection Status Record fibout Exit

Motes related with the use of zoftware:
1. Thig =oftware 1z developed bazed on GPASLIB APT and RTKLIB.

2. Thig software iz released az Beta Wergioh and there might be unexpected bugs or
BITors.

3. The software expires on 31zt DEC every wear. Pleaze contact dinesh@csisu-
tokyo ac jp to renew the license to uze after 31st DEG. We plan to update the verzion
by the end of 31zt Dec. If vou plan to uze for dedicated applications, pleaze contact
=3

{. The uze of the software 1= under the rezponzibility of the user. G315, The
University of Tokyao or the developers will not be liable or responzsible for any
damages or logzes of whatzoever by ugine thiz software. The software zhall be uged
at the uzer’ s own discretion.

Werzion 20210117
Licenze Walid Until 31 December 21

Mot Connected

(click to download)

Repgister fO_l‘ Password
and Updates

APK Name Description
RTK based on RTKLIB 2.4.3

Receiver Type:
RTKDROID Single or Dual Frequency Receiver

Receiver and Data Compatibility:
w-blox” MST. MSP, FOP in UBX Format
Septentrio in SBF Format
Other Receivers in RTCM3 Format
Connection’ (1) USB using OTG cable with
Android Device
(2) Bluetooth

MADROID

We will provide software for
joint research and pilot
projects based on
MADOCA.

Please contact me if your
institute or organization is
interested.
Register here for

MADOCA PPP

Software

PPP with MADOCA Correction Data
Receiver Type:

Dual Frequency Receiver

Receiver and Data Compatibility:
ublox: FOP in UBX Format
Septentrio in SBF Format

Other Receivers in RTCM3 Format

Connection: USB using OTG eable with Android
Device

Download Presentation File
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Summary and Future Plans

* Three types of Low-Cost MADOCA receiver systems are developed.
* MAD-WIN, MAD-PI and MADROID

 MAD-PI will be improved for remote data logging.
* MADROID will be improved for using MADOCA data directly.

* Integration of current system with other systems
* Traffic monitoring, EWS Application, GIS data collection too], ........

* Detail field tests will be conducted in this fiscal year.

* Trainings, Seminars, Workshops and Joint Projects with foreign
universities will be conducted

* With support from MELCO, GPAS, TUMSAT and CAO

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 20



S =  Center for Spatial Information Science
I The University of Tokyo

References

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

Request for Low-Cost Receiver System
* https://home.csis.u-tokyo.ac.jp/~dinesh/LCHAR.htm

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

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

Link to MADOCA Information at GPAS

* https://www.gpas.co.jp/service_madoca.php

QZSS Main Page
* https://qzss.go.ip/en/

o

5K

THE UNIVERSITY OF TOKYO

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

Slide : 21


https://home.csis.u-tokyo.ac.jp/~dinesh/
https://home.csis.u-tokyo.ac.jp/~dinesh/LCHAR.htm
https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS_Train.htm
https://home.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm
https://www.gpas.co.jp/service_madoca.php
https://qzss.go.jp/en/

