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Overview

e GNSS Trainings, Workshops and Seminars * Installation of GNSS CORS
e Basically in Asian countries * Install GNSS CORS in the Universities around the
* Indonesia, India, Laos, Malaysia, Myanmar, Nepal, world fqr joint resear(}h; GNSS technology
Thailand, The Philippines, Singapore, Vietnam promotion and capacity building
. |° Ba”g'adesfh.(p'a””ecj in 2020), Egypt (FEB 2020) * RPD (Rapid Prototype Development) Challenge
Also, Some African Countries during MGA (Multi-GNSS Asia)
* Mozambique, Rwanda * Encourage students and researchers to bring
e \Webinars solutions and business values by solving real-life
* Conduct webinars under MGA (Multi-GNSS Asia) problems , ,
* The 1t RPD Challenge was done during MGA 2018 in
* Global Access, Anybody can attend and free Melbourne, Australia on 24t OCT 2018
e Up to 100 participants online webinar at a time * The 2" RPD Challenge was done during MGA 2019 in
* Please register at http://gnss.peatix.com Bangkok, Thailand on 27 — 29 AUG 2019
. . . * The 3%t RPD Challenge will be held during MGA 2020 in
* Joint Research and Pilot Projects Bangkok, Thailand AUG 2020
* Low-Cost H'gthCC“raCV GNSS Systems * Develop Low-Cost High-Accuracy Positioning
* Traffic Congestion Management Systems (L-CHAPS)
* Traffic Monitoring * Integrate low-cost receivers for RTK, PPK or PPP
e GNSS Signal Authentication processing
* Supply-Chain Value Analysis e Android or Raspberry Pi versions

* Based on QZSS MADOCA Signals

e RTKDROID : An android APP for RTK with external
GNSS receiver

* lllegal Fishing Monitoring
* Any GNSS-based Application of your interest
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6—10JAN 2020, AIT Con

- v > . 3, Ui -

t —e g ° S ! .3 ‘¥ - 8
— LD - .- o3 o h s N
;,. ‘\ - ¢ = . \ _::.:4(.;:‘._ t ‘ ‘ . A v v ;;&4 -. J~
~ " ’ - = .' L d

p
» septentrio

L

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 3



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

X R International Committee on &
4 ~ . .
‘ S IS b IC G Global Navigation Satellite Systems ® AI I G IC Geoinformatics Center
/0

GNSS Training, Course T-151 and
GNSS for Policy and Decision Makers, Course T-131

14 - 18 January 2019
AIT Conference Center, AIT, Thailand
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GNSS Training at GIC/AIT, Thailand, 23 — 26 JAN 2018

e TR T

AT A RS TN R (Y
Afghanistan, Australia, Austria, Bangladesh, Bhutan, Cambodia, India, Indonesia, Japan,
Maldives, Mongolia, Nepal, The Philippines, Sri Lanka, Tajikistan, Thailand,
The United States of America, Vietnam
64 Participants from 15 Countries

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 5



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

H K ¢

( : S i Center for Spatial Information Science

The University of Tokyo (; ’ THE UNIVERSITY OF TOKYO

GNSS Training 2020 : Participants Statistics

Number of Participants JAN 2021 JAN 2021 m JAN 2019 JAN 2018

19 - 21 JAN 28 JAN T-151 T-115311/ T T-141
(B) Other Funding (travel only) X 4F X
(C) Self Funded International 34 40 11

(D) Self-Funded Thailand 18 27 42 (24 +18)
Total (A +B +C + D) 160 thc 71 94 67

Applicants 160+ 180+ 80+

20
16 13
15 11 (Int) +9
-- R CC R A
3

Resource Persons Countries 4 7 4
E : Funded by ESCAP Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp slide : 6
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The University of Tokyo THE UNIVERSITY OF TOKYO

GNSS Training 2020 : Participants Statistics

Countries of GNSS Training Participants
Red: Trainees / Yellow: Resource Persons
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Csis NS Training 2020 : Participants Statistics s

Pacrticipants' Country
20

Gender Balance

3 3
1 2
= 1 01 &
X ) D> X AN
@’t} @% & L@ P
N m Male = Female

Organization Type
NPO/NGO, 4

Resource Persons by Country

USA, 1

= Japan = Austria = Nepal = USA

vate Company,

13 Academy /

Education, 39 Nepal, 1

Austria, 1

Government, 16

ducation = Government = Private Company
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GNSS Training 2020 : Participants Statistics
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Number of Participants mm JAN 2018

T-151
(A) ICG Funded International (travel only) 18 (22)
(B) ESCAP Funded International (travel only) X
(C) Self Funded International 40
(D) Self-Funded Thailand 20
Total (A+ B+ C+ D) 81
Applicants 160+
Number of Resource Persons 17(16)

7 (Int) + 10 (GIC)
Number of Countries 18

Resource Persons Countries 5

T-151/T-131

23
4
40
27
94
180+

20
11 (Int) + 9 (GIC)

15
7

T-141
14

X
11
42 (24 + 18)
67
80+

13
7 (Int) + 6 (GIC)

15
4
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The University of Tokyo THE UNIVERSITY OF TOKYO
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GNSS Training Lectures : 2020
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THE UNIVERSITY OF TOKYO

CSi Center for Spatial Information Science C,ﬁ;‘ﬁj{%
Sponsor Lecture and Demo : 2020

The University of Tokyo
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GNSS Field Survey :
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The University of Tokyo THE UNIVERSITY OF TOKYO
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GNSS Data Processing : 2020
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The University of Tokyo

GNSS Field Survey and Data Processing, 2019
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The University of Tokyo

GNSS Field Survey and Data Processing, 2019
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GNSS Training at GIC/AIT Thailand, 23 — 26 JAN 2018

L R

Day 1 Online Presentatlon
GPS Introduction  : David Turner, State Dept. of the USA
GPS Signal Structure : Tom Stansell, Stansell Consulting, USA

No v b~ wN e

8.

5K

( ’ THE UNIVERSITY OF TOKYO

’ 1 -

. Sharafat Gadimova, UNOOSA/ICG, Austria

. Dinesh Manandhar, Associate Professor, The University of Tokyo, Japan
. Yuichi Hayakawa, Associate Professor, The University of Tokyo, Japan

. Nobuaki Kubo, Associate Professor, TUMST, Japan

. Suelynn Choy, Associate Professor, RMIT University, Australia

. David Turner, State Department, USA (online lecture)

. Thomas Stansell, Stansell Consulting, USA (online lecture)

GIC/AIT resource persons and staffs

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 17
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MGA GNSS Webinar
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Upcoming Webinars: (1) RTK from Android GNSS Raw Data

(3) GNSS Signal Authentication (4) PNT from Micro/Cube Satellites and many more
Webinar Registration : http://gnss.peatix.com
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THE UNIVERSITY OF TOKYO

o e/ racy
de Only | Time and PDS[ Pmcsﬁi ing, Rover Mode Only

GHSS Antenna Rover

Indian RNSS: NavIC and GAGAN — Expe

o0 Dr Anindya soss
TGRR  GNSS Laboratory, Department of Physics
% % The University of Burdwan, INDIA

and Potentials

Web: http://bugnss.webs.com

NAV'C/

(2) Early Warning System

Past Webinar Reference: https://home.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm
We need YOU as a Resource Person. Please contact us.....

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

Csi

MGA Webinar # 08
by GNSS

Tokyo
Dec 6, 2018 (Thu}

Invitation Ticket (Free)

Q00906200
2008

33 ATTENDING

Center for Spatial Information Science

MGA Webinars

MGA Webinar #09
by GNSS

-+

Tokyo
Jul 16, 2019 (Tue)

By Reagistration Only

08, 800000:
00@33@0003

37 ATTENDING

H K ¢

(; ’ THE UNIVERSITY OF TOKYO

MGA WEBINAR # 12
by GNSS

Surat, Gujarat, India
Dec 6, 2019 (Fri)

Free Invitation

2035003€2€
6@@@2@‘@99

30 ATTENDING

MGA WEBINAR # 13

by GNSS

Invited Participants

Invited Participants - 2

QLsCHOBLC
_ [B2voliapat suwong ° 9 [Z20. Nantawan

[#-cChattichai Waisurasingha [#R. Nakatani [#2Na

P08 1

122 ATTENDING

)

mi

Please Refer the following sites for details (Past presentation files, video files and data are available):
https://gnss.peatix.com/
https://home.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm

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

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

Asian Base-Station Network
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The University of Tokyo

Installation of Base-Stations in Universities for Capacity Building
Asian Base-Station Network (ABN) Locations

45 N

45 S

Slide : 21
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Csi

Center for Spatial Information Science

neunvehystallation of Base-Stations in Universities for Capauty Building“#

Indonesia
Japan
Japan
Japan
Laos*

Malaysia
Myanmar*
Thailand
Thailand

Philippines

Vietnam

Mozambique*

Singapore

Australia

Jakarta
Tokyo-A
Tokyo-B
Tokyo-C
Vientiane
Kuala Lumpur
Yangon
Bangkok
Pathumthani
Manila

Ho Chi Minh
City

Maputo
Singapore

Perth

University of Indonesia
The University of Tokyo
Tokyo University of Marine Science & Tech.
KEIO University
National University of Laos
Malaysia Japan International Institute of Tech.
Yangon Technological University
Chulalongkorn University
Asian Institute of Technology
University of the Philippines

International University
Vietnam National University

Universidade Eduardo Mondlane
Singapore Land Authority

Curtin University

GNSS (1) / GNSS + MADOCA (1)

GNSS (1) / GNSS + MADOCA (1)

GNSS (1) / GNSS + MADOCA (1)
GNSS (1)
GNSS (1)*

GNSS (1) / GNSS + MADOCA (1)
GNSS (1)*

GNSS (1) / GNSS + MADOCA (1)
GNSS(1)

GNSS (1) / GNSS + MADOCA (1)

GNSS (1)
GNSS + MADOCA (Sep 2020)

GNSS (1)*
GNSS + MADOCA (Sep 2020)
GNSS + MADOCA (1)

ﬁf?:k%%

THE UNIVERSITY OF TOKYO

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Low-Cost High-Accuracy
Receiver System Development
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Center for Spatial Information Science

Low-Cost High-Accuracy Receiver System Development

* Based on RTK/PPK
* Requires Base-Station
* Accuracy: few cm to 20cm
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* Based on QZSS MADOCA PPP
* Does not require Base-Station

* Accuracy: 10 —20cm

Qzss

GPS Gog

Correction data for other
satellites will also be provided

\ Base-Station not required

Correction Data:
Satellite Orbit Error of GPS and Other Satellites
/
ver

Send Correction Data to Rover

Base-Station
Antenna is installed at a
known-position

(XJerror = [XIknown = [Xlmeasured

For Real-Time Position ,
Rover
Satellite Clock Error of GPS and Other Satellites

Userin the Field

(Either fixed or moving)
Note: QZSS CLAS service provides few cm accuracy

For RTK, both rover and base receivers need to
But, this service is only for Japan

use the same satellites

Base-station Antenna position shall be known in advance

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Our Definition of Low-Cost Receiver

* Price : $100 or less 1003
* Accuracy : Better than 100cm

* Weight  : 100g or less S]_OO X 100cm X 100g

(Without Battery)

Will it be possible?

Current Status:
Price: $200 - S 500 / Accuracy: 10— 70cm / Weight: 100 — 500gm

How to Reduce Cost? Improve Accuracy?
» Bulk Purchase / Manufacturing in Volume
» Find Good Quality Antenna
» System Design as per End-User Requirement:
» Bsse-Design + Top-On Systems : Design System Required by End-User Applications

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 25
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The University of Tokyo THE UNIVERSITY OF TOKYO

Low-Cost High-Accuracy Positioning System (L-CHAPS)

Our Definition of Low-Cost : $100 x 100cm x 100gm

DEC, 2016 I MAY, 2017

g g i) -8 % BT
Raspberrypl B _»;-‘ y A ) ' 3 : GNSS Raspberry Pi 3B v
. . ' L Receiver N r,‘—:ll‘:’l “~
- ,. ot L . Internet <~
1 O NTRIP
g / Caster
GNSS
Antenna

WiFi + BT GNSS Antenna
GNSS Tablet
> i GNSS RTKDROID
Receiver
- Receiver v APP “~
er.:1.0

SD Memory } Intern
C d aster
(D) L-CHAPS, Development Cycle MAR, 2018 Cast

A

(T

DEC, 2018
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Low-Cost High-Accuracy Receiver System (RTK/PPK) ™"

TYPE R1 Type A: Low-Cost, High-Accuracy Receiver System
Real-Time and Post-Processing, Base and Rover Mode

Tablet
RasPi
APP

GNSS Antenna Rover

e

Caster

TYPE R2 Type B: Low-Cost, High-Accuracy Receiver System
For Post-Processing & Rover Mode Only

GNSS Antenna Rover

Raspberry Pi Zero w/WIiFi&BT

TYPE Al Type C: Low-Cost, High-Accuracy Receiver System
Real-Time and Post-Processing, Rover Mode Only

GNSS Antenna Rover

Android
Device

RTCM for

‘\ RTK

Internet

NTRIP
Caster

Type D: Low-Cost, High-Accuracy Receiver System

TYPE MA . .
Real-Time and Post-Processing, Rover Mode Only
GNSS Antenna Rover RTCM and/or SSR
PPP-RTK
Android e.g. MADOCA Service
Device
MADROID
Ver.: 1.0 \
Internet -

MADOCA
Correction

Server

Dinesh Manandhar, CSIS, The Universi

Fy of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Low-Cost High-Accuracy Receiver System (MADOCA-PPP)
I R

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

+ 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

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

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

Low-Cost High-Accuracy Receiver System Development

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

« EOXMDMADOCAZIERES X T Ln

GNSS Antenna
L1, L2,L5,L6

FOP Receiver
GNSS Receiver

L1/L2/E5B COM Port: 1

-—» Baud Rate : 115,200

B (GNSS Data)
i B _,‘ %

Splitter Micro-USB COM Port: 2
MADQOCA DECODER » Baud Rate: 57,600
(QZss, Le) (MADOCA Data)
GNSS +
P > | RaSPbefrvPl 4=, MADOCA
T 65 \ Device Receiver
0
f \
l' | GNSS and MADOCA
| 3 Receiver
— L1, L2, ESb, L6
- o,
Mi8x1 & azss
NG/ g et :%
L o (R B B Size: W: 55 x B: 55 x D: 15
GNSS Antenna

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 29
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MAD-WIN and MAD-Tt Screen Shots

B MADOCA Derno 2020 - m| % B’ MADOCA Demo 2020 — O X B MADOCA Demo 2020 - O X
Connecti Bt - Exit : Exit
onnection  Status Record  Akout Connection  Status Reoord  About Connection  Status  Record  About
Fowver Time 20200923 020433 o Desvice Windows v
O B ® Online Setup tatitHdZ ?g;ggggg?g?u A RgY, Solution  2020-09-23 024844 nmea(229376)
orlwgltu = : 0 Raover 2020-09-23 024844 Lk 1944576
Correction g'tl'ﬂéde ieégzgm L Correction 2020-09-23 024844 ukx{ 198656
olution
O D ® Online (M;"—"\DOC:’:‘J Setup Lat Eror 0.164m B Fecord On/Off
Processing Mode Lon Error 0.166m
Alt BError D.087m s
® FFF-Static O PFF-Kinematic )
45 45 41 30
Start/Stop ------------ i
R66 RG67 R68 R81 RB2 RBB G30 G2 G5 Gb G9 G13 G17 G19
Mot Connected Connected _ Connected . -
Receiver and MADOCA Correction Data Setup Menu MADOCA PPP Output Display Log of MADOCA PPP Solution, Receiver Raw Data and

MADOCA Correction Data

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 30
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The University of Tokyo C_ ’ THE UNIVERSITY OF TOKYO

MADROID Screenshots
MADQOCA PPP based on Android Dual Frequency Receiver + Online MADOCA Data

1434

1434

\ ‘A
Q& MADROID & MADROID % MADROID

| UTC Tume: 0527.17
o uUs8 | Latitude: 35.90202657" N
| & nects -
I | Longitude: 139 93857286" € Date: Dec 25, 2019
| Eproidal Height 9 349m 4
i | Orthometric Height: 21.385m Time: 05:34:17
Device u-blox GNSS receiver o Q | POAes: 018 Jow/tu Latitude: 35.90202310"
| Fux ) :
iS.ﬂ?:‘.:snm 13 Longitude: 139.93857932"
| Satenites inuse: 13 X: 54N 404216.762m E
MM ¥ .34
Format ubx - :"°° ia Y: 54N 3973601.765m N
VDOP:3.0 N Ellipsoidal Height: 59 848m
Processing Settings 30 » Orthometric Height: 21.884m
2o Fix Type: PPP
Rover Mode PPP-Static - 0/ ®/ g e L NN Speed. 0.11 kv
L] ° HDOP: 1.9
~ VDOP: 3.0
Elevation Mask 10 - = -.-. e w4y e PDOP 3.5
" ovd Satelines in View: 13
b = Satelites in Use: 13
TWIVP6000 - o = Latitude Error: 0.191m
2ar x
b o Longitude Error; 0.171Tm
NTRIP Settings 2 y Altitude Error: 0.104m
ne* 'w

madoca.ntrip-mgm.net

2101

e

NMEA: 2019.12.25.14_28_19.1x1(201KB)
UBX: 2019_.12_25.14_28_19.ubx{1M8)

STOP RECORDING

o HH AN LH o] Lo AN
Setup Status Skyplot Setup Status Skyplot Setup Status A yphot
bl C < n ® < o ® “

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 31



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

CS i Center for Spatial Information Science ﬁ ;'?{- j( %

The University of Tokyo (; ’ THE UNIVERSITY OF TOKYO

GNSS Reference Station and Data at UT, Kashiwa

* Areference station is set at UT, Kashiwa, General Research Building
rooftop

* CSIS can provide GNSS data and GNSS services for high-accuracy
positioning for research purpose

* Based on RTK

e Real-Time and Post-Processing
* Based on MADOCA

e Real-Time and Post-Processing

* Even Global Service is possible where QZSS is not visible
* NTRIP Server is set at Kashiwa campus

* Different types of receivers, antenna, signal generating devices and
test equipment are available

* Receivers
«  Trimble NetR9 e
e Septentrio PolaRx5, M2a, MOSAIC
*  u-blox M8T, M8U, M9N, F9P, D9
e ASTRA Receiver for Scintillation and Space Weather Monitoring
° Signal generators ®
. Blade-RF SDR device O
* Spectrum Analyzer
*  Tektronix RSA306
* Oscilloscope
e Tektronix TBS1064
* Please feel free to use

y? 250

@ 2]
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Link for Reference Materials

* Lab Home Page
e https://home.csis.u-tokyo.ac.jp/~dinesh/

e Facebook : https://www.facebook.com/gnss.lab (GNSS Related)

e Contact : dinesh@csis.u-tokyo.ac.ip

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 33



mailto:dinesh@csis.u-tokyo.ac.jp
https://home.csis.u-tokyo.ac.jp/~dinesh/
https://www.facebook.com/gnss.lab
mailto:dinesh@iis.u-Tokyo.ac.jp

