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1. Project Outline
(1)  Project background

Continuously Operating Reference Station (CORS) refers to a reference point that continuously receives
radio signals that contain positional information from the Global Navigation Satellite System (GNSS). If a
CORS network is managed and operated in an integrated manner, and accurate position and correction data
from the CORS network are appropriately analyzed and distributed by the National CORS Data Center
(NCDC), you can determine three dimensional positions on the Earth accurately (i.e., precise positioning).
Using these precise positioning data from NCDC, the efficient infrastructure development using ICT (i-
Construction), automatic operation of agricultural machinery, as well as industrial promotion through
autonomous driving technologies are expected.

In Thailand, several government agencies have set up CORS across the country. However, since each
agency has set up its own CORS according to its purpose of use, the specifications are not always unified,
and the acquired information could not be shared and utilized effectively.

Giving consideration to this situation, in March 2017, with the aim of utilization of precise positioning
data by private sectors through disclosing it to the public in a unified way, the Government of Thailand
decided to form a network of approx. 240 CORSs across the country constructed by government agencies
and to establish NCDC. NCDC integrates, analyzes, and distributes data from the CORS network. The
Government of Thailand asked the Government of Japan to carry out this project (hereinafter, “the Project”)
on technical support for capacity development of operation and maintenance of NCDC for stable distribution
of precise positioning data from NCDC and promotion of utilization of the distributed precise positioning
data.

(2) Project Name

The project for capacity development and promotion of utilization of national CORS data center

(3) Goals of the Project and its expected outputs

Keeping in mind that development of CORS and its utilization are closely related to the realization of
Thailand 4.0, the implementing agency, Thailand Project Team (TPT), together with JICA Project Team
(JPT) will aim to produce the project outputs and achieve the project goals by implementing activities based

on Record of Discussions R/D).
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E Contribution for Realization of the Vision “Thailand 4.0”

Overall Goal
To promote the utilization of precise positioning data distributed by NCDC in
public and private sectors and to contribute business development and
innovation utilizing the precise positioning data in Thailand.

Project Purpose
Capacity development for NCDC operation and maintenance for stable and

effective distribution of precise positioning data and promotion of its
utilization in various fields.

Outputl: ————_ Output2:
Stable and effective —_ Promotion of utilization of
distribution of precise :=_< precise positioning data
positioning data from NCDC, I in various fields.

Figure 1-1 Goals of the project and expected outputs

(4) Target area
All over Thailand

(5) Implementing agency and main counterparts (C/P)
[Implementing agency]
NCDC Management Working Group
Chairperson: RTSD Director General
Secretary: RTSD
Assistant Secretary: GISTDA
Members: DOL, DPT, DGA, GISTDA, HII, MOT, NIMT, RTSD and Thai advisors
[Main counterparts]
For Output 1: Chairperson of NCDC Management Working Group or his/her designated person (RTSD)
For Output 2: Executive Director of GISTDA or his/her designated person (GISTDA)

(6) Joint Working Group on the Project for Capacity Development and Promotion of Utilization
of National CORS Data Center

Joint Working Group on the Project for Capacity Development and Promotion of Utilization of National
CORS Data Center (hereinafter “Joint WG on NCDC”) set up by GNSS Sub-Committee will play vital roles
in implementing the Project as follows:

1) to approve an annual work plan

2) to evaluate the Project

3) to decide key issues related to the framework of the Project including modifications of PDM
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4) toreview the progress and share the current status among stakeholders

5) to support the execution of the Project

6) to make a decision on the Project issues that arise during the implementation of the Project

Chairperson: Professor Dr. Chalermchon Satirapod

Co-chair: Chief Representative of JICA Thailand Office

Co-Secretary: RTSD and GISTDA

Members: RTSD, GISTDA, DOL, DPT, HII, NIMT, DOF, NSTDA, and experts from academic

institutions

(7)  Project period and terms

Project period (The 1st term to the 3rd term)

From November 2020 to February 2024 (The 2nd term started from November 2022)

Classification of project period into three terms

This project consists of three terms as shown in Table 1-1: the 1st term was from start of the project
to launch of trial data distribution from NCDC, the 2nd term was from launch of trial data distribution

from NCDC to before launch of pilot projects, and the 3rd term was from launch of the pilot projects to

completion of the project. In the 1st term, the project focused on the activities 1-1, 1-2, 1-3, and 2-1
described in chapter 3 and the term ended in October 2021.
The 2nd term started in the middle of November 2021. Although the budget for the full scale NCDC

had not been approved, the project moved into its 3rd term when NCDC launched its service to the

public in March 2022. This report reports the activities carried out during the 2nd term and 3rd term and

overall achievement of the project.

Table 1-1 Main activities and period of each term

Term

Period

Main activities

1st term

From start of the
project to October
2021

Establishment of NCDC, establishment of organizational structure for
operation and maintenance, preparation of operation plan / quality
requirements draft / manual, unification of geodetic reference systems
of the existing CORS, data distribution test, proposal of framework for
promotion of utilization, implementation of 1st seminar, formulation of a
pilot project plan, and so forth.

2nd term

From November
2021 to March
2022

Trial data distribution, improvement of the organizational structure for
operation and maintenance that meets quality requirements, building of
data distribution monitoring and user support system, 1st training in
Japan, determination of pilot projects and contractors, implementation
of 2nd seminar and so forth.

3rd term

From April 2022 to
February 2024

Data distribution start, update of manual, implementation of pilot
projects / business matching / regional workshop / 3rd seminar / market
research / 2nd training in Japan, and so forth.
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2. NCDC operation and maintenance status
The requested budget of TPT was partially allocated in October 2020 (about 28 million baht), and the
interim NCDC was established in August 2021 accordingly. After the trial data distribution in the 2nd term,
the precise positioning service from the interim NCDC has become available for general use in Thailand in
the 3rd term from March 2022.
G @ hupss/ncdeinth/portal/zpps/sites/#/ncdc-eng @ A S Q10 ¢ @ B/

NCDC Portal I

AUSTDYAADIBVWAQLUUCIDLUDOLHOBIA
((National CORS Data’Center) -

-~

By integrating data from CORS: Continuously Operating Reference Stations of various government
agencies across the country, the National CORS Data Center can provide unified high-accuracy coordinates to
government agencies, private sector and general public.

The service includes:

Figure 2-1 Top page of the NCDC website (in English)

The interim NCDC is RTSD's data center (located at the 3rd floor of annex building, Ladprao office) with
enhanced servers, networking equipment, data storage (200TB), GIS software, and so on, and in the future,
the data center will be completely shaped as NCDC. The data center has been using Spider software from
Leica Company to generate the correction data. As of December 2023, it collects GNSS data from 238 CORS
stations in Thailand, of which 171 stations are used to generate correction data. RTSD staff are in charge of
NCDC, but equipment maintenance and daily operation are outsourced to Leica's local distributor, GIS
Company.

In general, correction data from NCDC includes GPS, Quasi-Zenith Satellite System (QZSS), GLONASS,
Galileo, and BeiDou, but some of CORS operated by DOL use a slightly dated receiver (CHCNAV N72),
which is not compatible with QZSS. DOL has established 53 new CORS stations after 2021, whose receivers
(CHCNAV P5E-Net) are compatible with QZSS.
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Figure 2-2 Operation room of Interim NCDC, Monitoring screen of Spider software, the entrance of
server room (source: RTSD)

Current status of NCDC service

B |nterim Mational CORS Data Center (MCDC)

® 2dd a server and storage to increass the capabilities of RTS0 Data Center in Seatembeer 2021

® Open tor public since March 2022

® Collects real-time GNSS data from 236 CORS in Thailand
(DL {132), DPT (15), HIMIMT (6], GISTDA (2), RTSD (20), and universities [1]]

® Provides real-time correction data for precise GNSS positioning in cm level
{i.e. Network RTE correction such as VRS, FEP, MAX, i-MAX) generated by Leica's Spider
software with 171 CORS (as of & Februany 2023)

® Also provldes abservation data In B NEY for wide users

® Referenced with ITAFZ0L4@2021.53 Coordinates = N 9

B Performance indicators (["- T T
® Data availability in the past 30 days: 96% as of 6 February 2023 {; s g |

® Number of registered users: 1,395 as of & February 2023 o e J |
oo iR ]

Figure 2-3 Current status of interim NCDC (6" Joint WG on NCDC meeting material, February 2023)

Overview of NCDC and service guideline are introduced in the NCDC website (https:/www.ncdc.in.th).

Acquisition rate of observation data (RINEX format) is about 95%, with some room for improvement (Figure
2-4). The service is currently provided free of charge, and the number of registered users has steadily
increased to 1,395 as of February 2023 and 1,756 as of July 2023 (Table 2-1). The number reached 2,123 as
of December 2023.

@ Data acquisition rate of RINEX at NCDC =95.75% @ The total number of the registered NCDC users
| | Private user
*
- . S ; O Honth Unexpired | NODC users users qonl
: Paid users (free of charge)
On this page, an overview of the RINEX Data availability over the Aupg 2022 62 216 a31 1,208
gwd | i:?‘.’;f'.“.ﬁ.i‘.:";?;i:."ﬂ'.;“" Sep 2022 64 245 934 1,243
gy Oct 2022 69 277 934 1,280
g
't;‘ﬁ, | Nov 2022 53 330 937 1,320
\%ﬁ ‘ Dec 2022 70 354 037 1,361
.f' 1 ENENEEE Jan 2023 65 368 937 1,370
5 '.'{. Feb 2023 68 390 037 1,395
L TN Mar 2023 68 454 964 1,486
RINEX Data Availability Indicator : Apr 2023 58 557 977 1,592
Data basic is all reference sites activa B May 2023 60 578 977 1,615
for
the X-pos services over a period of past Jun 2023 50 652 iy 1679 oy
30 days. Jul 2023 66 711 979 1,756
Figure 2-4 Web page of NCDC Table 2-1 Number of registered users

(7t Joint WG on NCDC meeting material, July 2023)
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Field VRS surveys by RTSD with NCDC corrections in Bangkok, Lumpang, Chonburi yielded the desired
cm precision. On the other hand, there are several reports from pilot project users working on the control of
agricultural and construction machinery that the precision has deteriorated during observation (Figure 2-5
Left). In addition, according to the "deemed rover method" (i.e. a method of treating CORS as a rover and
performing VRS positioning and evaluating the accuracy of correction data based on its accuracy), the FIXed
solution cannot be obtained depending on the region and time (Figure 2-5 Right). The members have made
possible improvements in consultation with manufacturers. However, since ionospheric disturbances due to
solar activity will increase in the future, it is important to continue monitoring the precision.

Unfortunately, the interim NCDC cannot generate correction data using all CORS in Thailand due to
restrictions such as Spider's license option and server capacity. It is known that the higher the density of used
CORS, the better the stability and accuracy of network RTK positioning. For this reason, TPT has been
requesting a budget for full-scale NCDC development, but due to the influence of COVID-19, the budget

has not been approved yet as of in December 2023.

o I, ST )
S ol it A il

= s 7, T s ¢ o | ¢

= i =

s
e T T 1 N Calrey 11| A g ™Y 1T
= g = il

Figure 2-5 Left: Example of reduced precision: meandering of agricultural machinery, Right: Example
of deemed rover results (6" Joint WG on NCDC meeting material, February 2023)
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3. Activities conducted
3.1. How this project was implemented

During the 1st term, the project activities were mainly carried out online due to the travel restrictions from
COVID-19. With the relaxation of these restrictions, project activities were conducted both face-to-face and
online in the 2nd and 3rd terms. As shown in Table 3-1, the progress of the entire project were discussed and
confirmed at Monthly Meeting attended by the chairman of the Joint WG on NCDC, JPT members, and TPT
members, and in the meantime, Outputl and Output2 meetings were held at least once a month, while the
activities were implemented accordingly. Also, the Technical Transfer Sessions related to Outputl and

Output2 were conducted.

Table 3-1 Project implementation

Meeting Main contents I\./I:.=1|n Remarks
participants
Confirm the progress of the entire project (such as Once a month
Monthly report of Output1 and Output2 Meeting) Chairperson, . o
. ) : . in principle.
Meeting Confirm agreement of meeting members or discuss | TPT, JPT :
. . 30 sessions
about topics related to the project
1) Introduce case studies from Japan (such as
coordinates system, SLA, user supports, MADOCA,
private CORS, accuracy evaluation by deemed
rover method etc.) Person in | Once a month
Output1 2) Introduce case studies from the world (such as N
) . ; : charge of TPT | in principle.
Meeting IGS, ITRF2020, international meetings, etc.) and JPT 34 sessions
3) Questions and discussion (Evaluation of NCDC
precision, Data delay, lonospheric disturbance,
Radio Interference, Pilot users’ comments, etc.), 4)
Activity plan of Output1 and others
Discuss topics related to Output2 (such as drafting
utilization  promotion plan, considering the .
; . . . . Person in | Once a month
Output2 framework, implementing pilot project, organizing . .
) . - H : charge of TPT | in principle.
Meeting site tours, providing GNSS training, creating PR :
. ; . and JPT 41 sessions
tools, hosting seminars), confirm work progress,
share information and others
. . JPT and person | JPT members
Output1 DISCUS.S the necessary t.echnologle.s for NCQC in charge of | visit NCDC in
. operation (plan, monitoring, security, analysis, | . . , o
Technical . - . interim NCDC'’s | principle.
services, facility management, PR), case studies of . .
Transfer LS : . operation 56 sessions
Session Japan, and current situation in Thailand, in order to (RTSD staff | and 8 online
support TPT to create the draft manual for NCDC :
etc.) sessions
Output2
Technical Explain and discuss the methods for economic .JPT and person | 4 fgce-to—face
Transfer impact analysis in charge of | sessions and
. GISTDA online sessions
Session
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The project members nicknamed the project "TIGORS," meaning "Tie GNSS CORS in Thailand, and

used in documents and events related to the project. TIGORS" is also used in this report.

Tie GNSS CORS in Thailand TIGORS

3.2. Flow Chart of the Project

Figure 3-1 shows the overall flow of the Project.
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Figure 3-1 Flow chart of the Project
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3.3. Project schedule

The Project has been implemented as shown in Table 3-2.

Table 3-2 Project schedule

Activities [ Year | 2020 | 2021 [ 2022 [ 2023 [ 2024
[Sub-Activities [Month[10 [1 [4 [7 [10 [1 [4 [7 [10 [1 [4 [7 [10 [1
Output 1: Stable distribution of precise positioning data from NCDC
1.1To review and improve the operation and maintenance of | Plan LIRS SR SR SR RE RE AR OE OF ] n ] ] ]
CORS and Data Center owned by each governmental
organization and integrated operation of CORS. Actuall| m m|mm Ejmm E|s s Ee e E|e e EE e EE e EE e N
1.2 To update NCDC implementation plan and develop Plan [ RE AL BE SR AU BE BN A0 OO OO [ [ [] [ »
operation and maintenance manual of NCDC based on NCDC
operation policy. Actual Eim|m [ ] [ B | [ IR B AR B B R B SR R B R RN BR RE RE BE BR B B BE BN BRI M1
Plan LA BE SE AL BE B AL BN | [ ] [ ] [ ] [ ]
1.3 To maintain the reference frame of each CORS.
Actual ALY AR RE SR AU RE RE AR RE B RN RE BE AN RE BE AU RE U AU RU BE NV BE BU AU BU BU AU BE BU AL BY Y AN
Plan
1.4 To define the quality requirement for real time data and il el ot el el el el el . . . . . . .
establish and improve the quality management method.
Actual| mm|jmm s s E|s s s s e e S e E|en S0 eS|
Plan
1.5 To establish and enhance monitoring system for the il el ot el el ol ot ol ol ol el el el el Bl el
distribution of precise positioning data.
Actual [ BL T AR RE BT AL RE BT U RURE AL R BT U RUBU AL B R BE RE B AU B RUBE BE BB BY BU B BE BY |
. Plan [ SLALRLRY AU BT B RE BT Y | [ B RL BT R AL BT RE AU BT BT AU BT RE R BT BT AU BT BE AU BU BT AL I B |
1.6 To establish and enhance user support system to improve
the data distribution system.
Actual R R AL R R AL R R R R R AL BT R AL BT R AL BT BT AL BT BT AL BT BT AL BT BT AL BT BT AL B B |

Output 2: Promotion of utilization of precise positioning data in various fields
2.1 To establish framework to promote the utilization of
precise positioning data distributed by NCDC and create the Plan EE(EEEEE RN EjEEEE N EEEE NN NN NN NN
activity plans.

Planning was completed at the end of Der  Execution started from Jan. 2022.

(1) Planning mm
(2) Framework Actual [ ] LB B0 BN | ]
(3) Pilot Project Planning and selection was completed at the end of Dec. 2021. ML
. . y - Plan LI S R A L R A S R A R R A B R AL RE O AN BN
2.2 To execute pilot projects utilizing precise positioning data
distributed by NCDC in Thailand.
Actual LR RN AR RE R AU RE S RN MU SR RU R BN AU BE BN AU OO BU RN B OO BN
2.3 To conduct business matching and seminars for business | Plan L] [ B4 | L ] [ ] [ ] [ ] n
development related to the utilization of the precise positioning
data. Actual 1st seminar| m 2nd seminar| m [ ] m ;3rd seminar
2.4 To conduct seminars and regional workshop with Plan Agri DEMO DAY| ''m
neighboring countries to promote the utilization of precise
positioning data. Actual ] L ]
Plan LIS SR AR S ST AR B BN 00 BN |
2.5 To summarize and share GNSS utilization and promotion
activities and its expected impact in Thailand.
Actual [ RE R AN BN BU AN BN BN AN BN OO B0 B4

10
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3.4. Assignment of JPT members

JPT members have been assigned in the Project as shown in Table 3-3.

Table 3-3 Assignment of JPT members

Year | 2021 2022 2023 2024
Name/ Role
wonn| 11]12[ 1234567 [8]of1o]n[r2]1[2]3][a]s][e]7][8]oft0o]n]r2]1]2
TSUJI Hiromichi, Team leader/ Plan . q - . - - -
NCDC and CORS management
plan/utilization promotion support | Actual O [ L O U L
SEIMIYA Nami, Deputy team pian ] | ] ] ] ]
leader/ NCDC and CORS
management plan/utilization Actual 1 1 [ [ ] [ ]
promotion support
CHIBA Zenichi, NCDC operation | 7" . \ - - F . = .
and maintenance Aotual ] | on [ [ ] )] O
TSUJI Hiromichi, Reference system | 7" - ! - -
management Actual [ q En ]
5 —
= |HOSOYA Motoyuki, Quality Plan - u - . e
i |control/data distribution support Actual .
c
ISOBE Kohei, Pilot pian | I . q | | | |
project/business development
support (1) rwa| | H | Em [ I | [ ] | [ ]
SEIMIYA Nami, Pilot Plan . | | | |
project/business development
support (2) Actua [ [ [T [ | Cl
NAKATANI Ryusuke, Training in | 7" u - u -
Japan/seminar plan Actual * =] O o o
YAJIMA Makoto, Market Plan ! = . u u
research/economic analysis Actual F O F
TSUJI Hiromichi, Team leader/ Plan |
NCDC and CORS management
plan/utilization promotion support | Actual I na
SEIMIYA Nami, Deputy team plan 1
leader/ NCDC and CORS
management plan/utilization awatl T H B/BHERE [ | il [ | 1 111 11
promotion support
CHIBA Zenichi, NCDC operation | 7&"
and maintenance Actual
TSUJI Hiromichi, Reference system | 72"
management aca| |0 [HEN ]
c
[} . . Plan
< |HOSOYA Motoyuki, Quality
2 |control/data distribution support [ |[ENENENENENENENEN 0| 0| 0| 0| 0| 0| H|H I ojan o nlopnln
ISOBE Kohei, Pilot pian |l 1 | 1
project/business development
support (1) acteal | I I 1NN in|n i il I
SEIMIYA Nami, Pilot pian |l 1
project/business development
support (2) acwal| HEEEBNEEEN [T I L] |
NAKATANI Ryusuke, Training in | 7" 1
Japan/seminar plan Actual 11 [] |
YAJIMA Makoto, Market Pran .
research/economic analysis Actual ! [] H [] H []

11
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3.5. Activities related to overall project

[1] Preparation of Draft Work Plan

JPT reviewed the existing relevant materials, information, and data, and examine basic policies, methods,
items, contents, implementation systems, schedules, and so forth regarding the implementation of the
Projects. Based on these, JPT prepared the draft Work Plan for the 2nd and 3rd terms and obtained JICA's

consent for the contents.

[2] Discussion of Work Plan (draft) and confirmation of PDM

The draft Work Plan mentioned above was reached agreement at the 4% Joint WG on NCDC meeting.

[3] Implementation of trainings in Japan

The 1% Training in Japan
This was held from 13™ February 2023 (arrival to Japan) to 25" February 2023 (departure from Japan)

aiming the goals below.
Outputl: Learn how to solve the problems in operation management of NCDC as well as each agency’s
CORS from the cases of Japan.
Output2: Learn many examples of utilization of CORS as a reference for planning and implementation of

promotion activities in Thailand.

JPT coordinated with the training host organizations listed below regarding the training contents and
schedule. JPT also prepared the training materials. When making the training program, JPT took the flow of
"CORS operation and maintenance (Outputl)” - "CORS utilization (Output2)" - "touching new
technologies" into consideration. As for the utilization, the technologies related to the pilot projects, as well
as those which have been put into practical use and used commercially in Japan. The program and the

participants are as follows.
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Table 3-4 Outline of the 15t training in Japan

Date Time Contents Host Organization -E::'r:g]*g
13t (Mon) | 7:40 Arrival in Japan (at Narita, TG642) -
14 (Tue) 9:30-12:00 Briefing JICA Tsukuba -
13:15-16:00 | Courtesy visit, overview of the GSI GSI [1112]
Lecture on quality control of GNSS Japan Association
9:30-12:00 data, equipment certification, and P [1112] [3]
. of Surveyors (JAS)
h explanation of PCRG
15t (Wed) :
Lectures and observations on
13:45-16:45 | operation and inspection of GNSS | GSI [1112] [3]
CORSs
160 (Thu) | 13:30-16:00 Obsgwatlon Pf CORS data utilization YAMAHA [4]
[Agricultural field]
Lecture on GNSS survey and CORS
10:00-12:00 | 93t@ quality enebe 1] [3] [4]
17 (Fri) ' ' Lecture on CORS data utilization Tobcon
[Surveying field] P
. ) Lecture and observation on CORS I
13:00-16:00 data utilization [Construction field] Nishio Rent Al [31 14]
18t (Sat) Japanese culture tour
19t (Sun)
200 (Mon) | 10:00-12:00 Lecture on data center operation and Jenoba (1] [3]
user management
] ] Lecture on training for users of GNSS
10:00-12:00 CORSs JAS [5]
21st (Tue) Lecture on CORS data utilization Dvnamic Ma
14:00-16:00 | [Precise 3D data and snow removal y P [4]
Platform (DMP)
support system]
10:00-12:00 Obser\{atpn of ex.amples of utilization SECOM [6]
of spatial information [Advanced case]
National Institute of
nd
227 (Wed) 13:30-16:00 A lecture on space weather and a tour | Information and (11 [3]
' ' of the NICT exhibition room Communications
Technology (NICT)
23 (Thu) National holiday
9:30-12:00 Summarize of training report Pasco -
th (Ev — — .
24" (Fri) 14:00-17:00 Trgmmg debrllefmg session and JICA HQ )
training evaluation session
250 (Sat) 11:45 Departure from Japan (from Narita, )

TG643)

* Training items: [1] Operation of CORS, [2] Maintenance and management of CORS, [3] Stable delivery of CORS data, [4]
Utilization of CORS data, [5] Education of CORS users, [6] New technology on CORS

Table 3-5 The participants of the 15t Training in Japan

No Name Position Organization
1 Mr. Phuritat Sansuttawijit Civil Engineer Practitioner Level DPT

2 Ms. Kanyuta Jekchantuek Civil Engineer Officer DPT

3 Dr. Peera Yomwan Acting Specialist in Surveying for Mapping DOL

13
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No Name Position Organization
4 Mr. Norasi Nilphetploy Senior Professional Survey Engineer DOL
5 Mr. Pongsak Jindasee Researcher HIl
6 Mr. Ratchanon Naksomboon Geoinformatics Specialist HIl
7 Mr. Suwat Sreesawet Engineer GISTDA
8 Mr. Pranatpol Thaicharoen Innovation Development Officer GISTDA
9 Col. Rungkrai Kraimark Deputy Director RTSD
10 Col. Parinya Thaweewat Chief of Geodesy Section RTSD
11 Prof. Dr. Chalermchon Satirapod Professor and Head of Survey Engineering Ch}JIan.ngkorn
Department University
12 Asst. Prof. Nuksit Noomwongs ASS|.stant.Professor of Mechanical Ch}JIan.ngkorn
Engineering Department University
13 Asst. Prof. Dr. Soravis Supavetch Assistant Professor of Civil Engineering Kagatsgrt
Department University
s Assoc. Prof. Chattichai | Associate Professor of Civil Engineering Khon Kaen
14 & . . . .
= Waisurasingha Department University

At the reporting session held on the last day of the training, the participants expressed that they gained

plenty of knowledge and awareness about the operation and maintenance of CORS, the quality control of

distributed data, efforts for and practical cases of utilization of CORS in various fields, and the technologies
behind through this training.

GSI (14" Feb)

GSI (14" Feb)

14
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Jenoba (20t Feb) JAS (215t Feb)

DMP (21t Feb)

15
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JICA (24 Feb) JICA (24 Feb)
Figure 3-2 Photos of the 15! Training in Japan

The 2™ Training in Japan
This was held from 27" November 2023 (arrival to Japan) to 9" December 2023 (departure from Japan)

aiming the goals below.
Outputl: Learn how to solve the problems in operation and data distribution of NCDC from the cases of

Japan.
Output2: Learn many examples of utilization of CORS as a reference for planning and implementation of

promotion activities in Thailand.

JPT coordinated with the training host organizations listed below regarding the training contents and
schedule. JPT also prepared the training materials. When making the training program, JPT took the flow of
"CORS operation and maintenance (Outputl)” - "CORS utilization (Output2)" - "touching other CORS
related technologies as well as new technologies" into consideration. As for the utilization, the technologies
related to the pilot projects, as well as those which have been put into practical use and used commercially

in Japan. The program and the participants are as follows.

16
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Table 3-6 Outline of the 2" training in Japan

Date Time Contents Host Organization Tralnln*g
ltems
27t (Mon) 13:05 Arrival in Japan (at Narita, NH806)
28" (Tue) 10:00-12:00 | Briefing _ ' JICA Tsukuba
14:00-16:00 | Courtesy visit, overview of the GSI GSI [1112] [3]
9:30-12:00 Lectures on overview of CORS and GS| (1] [2] [3]
20t (Wed) GEONET
) ] Lectures and observations on operation,
13:30-15:45 inspection, and O&M of GNSS CORSs GS| (12l
_ _ Lecture on Very Long Baseline
30t (Thu) 9:30-10:30 Interferometry (VLBI) GS| 41
13:30-14:30 | Site visit of VLBI facility in Ishioka-city GSI [4]
9:30-12-00 L.ecture on quality control of GNSS real JAS 2] [3]
15t (Fri) time data
13:30-15:00 Lect.Lfres. and observations on equipment JAS 4]
certification
2nd (Sat)
3 (Sun) 6:30 2 participants arrival in Japan
9:30-11:30 | Lecture on CORS data distribution Jenoba [1112]
4t (M P
(Mon) 14:00-16-00 Lecture. on CORS d.ata. utilization Nikon Trimble (3] [4]
[Surveying and other applications]
Observation of CORS data utilization | Yanmar Agri
(T 11:15-15:1 4
5" (Tue) >1515 | A gricultural field] Business 31 4]
9:30-11:30 Lecture on CORS data utilization [UAV Pasco (3] [4]
6 (Wed) and laser survey]
A lecture on space weather and a tour of
13:30-16: NICT 4
3:30-16:00 the NICT exhibition room c [314]
Observation of CORS data utilization
7th (Th 10:00-16: T
(Thu) 0:00-16:00 [Surveying and construction field] opeon 31
, 9:30-12:00 | Summarize of training report
th(F ICA Tok
8% (Fri) 14:00-17:00 | Training reporting session JICA Tokyo
9™ (Sat) 11:45 Departure from Japan (from Haneda,

NH805)

* Training items: [1] Maintenance and management of CORS, [2] Stable delivery of CORS data, [3] Utilization of CORS data,

[5] CORS related technologies and new technologies on CORS

17
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Table 3-7 The participants of the 2" Training in Japan

No | Photo Name Position Organization
1 @ Prof. Dr. Chalermchon Satirapod Professor and Head of Survey Chylalo.ngkorn
& Engineering Department University
2 Mr. Miti Nuntatikul Survey Engineer, Senior Professional DOL
Level
3 Mr. Thunpravee Tuntreeboon Survey Engineer, Practitioner Level DOL
4 Mr. Nakarin Plangpongpan Expert on Survey and Map DPT
5 Mr. Chaiwat Panachat Surveyor, Experienced Level DPT
6 Loing. Mr. Chinnatat Keawkaew Dlrector of Aerospace Industry GISTDA
A Promotion Center
7 ‘; Ms. Nimnoi Anothai Innovation Development Officer GISTDA
L
8 Mr. Jirapaht Thieankhwan Innovation Development Officer GISTDA
9 Mr. Manorot Tangseveephan D!rt_ec_tor of Technology and Digital HIl
Division
10 Mr. Amnat Sompan Research Associate HIl
11 e Dr. Sompoch Puntavungkoon Deputy Director of Map Information RTSD
Center
(-8
12 .""fl- Mr. Thaweechai Choocherd Geophysicist RTSD
[ =9
13 e Mr. Chanachon Paijitprapaporn Officer RTSD
14 Q Dr. Thayathip Thongtan Senior Electrical Metrologist NIMT

The participants gained plenty of knowledge and awareness about the operation and maintenance of CORS,

the quality control of distributed data, practical cases of utilization of CORS in various fields, and the

technologies behind through this training.

18
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Nikon Trimble (4" Dec)

Yanmar Agri (51 Dec)

19
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Pasco (6™ Dec) NICT (6" Dec)

JICA Tokyo (8" Dec) JICA Tokyo (8" Dec)
Figure 3-3 Photos of the 2" training in Japan

[4] Holding of Joint WG on NCDC meetings

TPT and JPT jointly held the 4™ - 8" Joint WG on NCDC meetings. (The 1% - 3" meetings were held in
the 1st term.)

20



Project Completion Report (2nd and 3rd terms)

Table 3-8 Outline of Joint WG on NCDC meetings

No. Date Agenda
23 December 2021 - Confirmation of work plan (2nd term and 3rd term)
4th (In the middle of the 2nd | - Confirmation of the persons subject to technology transfer
term) - Report on the result of the selection of the pilot projects
- Confirmation of progress of each activity / Confirmation of
th preparation status of pilot projects
5th (2:fte\|j'utnhee2(s)f:rt of the 3rd | ~ tSel;zmarizing of the 2nd term activities, and planning of the 3rd
term) - Setting of Key Performance indicators (*)
- Confirmation and agreement on the monitoring sheet Ver.3
- Confirmation of progress of each activity
7" February 2023 - Confirmation of t?e p!an of the_z 1st training in Japan
6th (Middle of the 3rd term) - Report on the 2" project seminar
- Setting of the PDM indicators
- Confirmation and agreement on the monitoring sheet Ver.4
- Confirmation of progress of each activity
241 July 2023 - Report of the training 1st training in Japan/ Plan for the 2 training
7th | (Middle of the 3rd term) in Japan
- Plan for the regional workshop/ the 3" project seminar
- Confirmation and agreement on the monitoring sheet Ver.5
- Report of the activities conducted after 7t meeting (including 3rd
Seminar / Regional Workshop / 2" training in Japan, etc.)
8th 251 January 2024 - Confirmation of the points of project completion report and

(Late stage of the 3rd term)

conclusion of the project (including project evaluation /
confirmation of issues to be addressed to achieve the overall goal
/ exchange opinions and plans for the coming 3 years, etc.)

* Key Performance indicators

The following indicators were set and monitored on monthly basis.
Data acquisition rate of RINEX at NCDC

The total number of the registered NCDC users

The total number of visitors to the NCDC website

The number of participants in NCDC related promotion events

The 5t Joint WG on NCDC meeting (24t une 2022)

FTes

21
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The 8™ Joint WG on NCDC meeting (25" January 2024)
Figure 3-4 Photos of the Joint WG on NCDC meetings

3.6. Output1: Stable and effective distribution of precise positioning
data from NCDC

3.6.1. Common subject matter

Activities were performed through online Output]l meetings, Technical Transfer sessions at NCDC, and
other individual meetings.

Representatives from 5 CORS operating agencies which are TPT members, including RTSD which is the
C/P of Outputl, attended in Outputl meetings. The duration of each session was about 1 to 1.5 hours.

The technical transfer sessions were held at NCDC in principle when JPT members traveled from Japan,
and 5 - 6 RTSD staff members who operate NCDC participated. Other CORS operating agencies were visited

as necessary, and companies outsourced by each agency also participated when appropriate. The duration of

22
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each session was approximately 2 to 3 hours.

—_—
The project for capacity development and —
promction of utilization of —
National CORS Data Center (NCDC) -
s s &
Output 1 Onllne Meetlng #4 iss, cORS, and
10 MAR, 2021, 13:00~14:00 [ Thai time) el in the worlds are
AP £ + ¢ . . 0 Introduction 2 min
Operation of Network RTK Service . 1 T e B yos T
Gl e - Additional info on radio interference i Japan (Tsuj eITEREenTE
Cn daily, monthly, and annuzl bzsis — Advica O SLA Wit cLstomers (Hosova iphone carrier started
2. Discussions 30 min
B = Questions on NCCC (Chiba)
Jenoba - - What we have t do before intarim NCDC operation (Tsuji
HOSOVA Motoyuki 3 Others 3 min

showing the user agresment document by Jer

R IKLm 5a ::n» analysis software Seveioped by M

2 Fake pmun wmmo vertical uupmml
nJuNII “Hakod u n after \‘h 27,2013,
rel change of Signa u Meisa Ratio on that day

Figure 3-5 Photos of the Output1 meetings

Table 3-9 Output1 meetings in 2nd and 3rd terms

No. Date Main contents

1. Topics from Japan: Peera-san’s report on his participation to JICA online
Output1- | 9"  Dec | training course at GSI Japan
11 2021 2. Status and actions for the improvement of NCDC service

3. Preparation for the next Joint WG on NCDC

1. Topics from the world : A report on Geospatial Capacity Development
Output1- | 24t Jan | Conference on GNSS applications and Disaster Risk Reduction
12 2022 2. Results of NCDC tuning in Dec. 2021 and Jan. 2022

3. Current status of NCDC service

1. Topics from the world: Pilot Project on CORS Ultilization: UAV Photogrammetry
Output1- | 17t Feb | Using CORS for Construction Survey in the Philippines
13 2022 2. Report of NRTK surveys in the field (Bangkok, Lumpang)

3. Towards the improvement of NCDC service (focusing on Spider)

1. Topics from Japan: Realization of semi dynamic reference frame in Japan
Output1- | 17t Mar | 2. Towards the improvement of NCDC service (focusing on data gap)
14 2022 3. Confirmation of homework on NCDC O&M

4. Review of our activity in accordance with TIGORS work plan

1. Topics from Japan:Performance standards and registration procedures for
Output1- | 20"  Apr | private CORS in Japan
15 2022 2. Follow up of NCDC action plan (Deemed rover analysis at NCDC)

3. Recent results of Deemed Rover analysis by JPT

1. Topics from Japan:Requirement of GNSS precision for ICT construction in
Output1- | 19" May | Japan
16 2022 2. Results of deemed rover analysis at NCDC

3. Postmortem on a recent NCDC pilot result at ATTRIC (Nishio Rent All)
Output1- | 160 Jun 1.Topics_ from ?he wor!d:Notes on ITRF2020
17 2022 2. Planning of increasing the number of Deemed Rovers

3. Preparation for the next Joint WG on NCDC meeting

1.Topics from Japan:How GSI Japan maintains sky photographs over CORS

ot 2.Topics from Japan: Note on a MIRAI project by CAO Japan

1Oé1tput1- 3822 Jul 3. Report of Key Performance Indicators

4. 2" result of ATTRIC test

5. Hosoya's notes on his recent visit to NCDC

1.Topics from Japan: TKY2JGD: The coordinate transformation tool in Japan
Output1- | 22"  Aug | 2. Report of Key Performance Indicators
19 2022 3. Report from the pilot project by Yanmar Agri

4. Analysis of RINEX data at Master stations of Spider
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No. Date Main contents

Outputi- | 21t Se . Topics from the world: Brief review of IGS 2022 virtual workshop
20 P 2022 ) Topics from the world: Switch to ITRF2020 of IGS products
. Report of Key Performance Indicators and NCDC activities

. Topics from world: Review of IGS 2022 virtual workshop (continued)

. Topics from Japan:Research Consortium for using Private CORS in Japan
. Topics from Japan:Development of QC software “RINGO” by GSI Japan

. Feedback from a pilot project user (Yanmar Agri)

. Availability of Bernese ver.5.4

Output1- | 21t Oct
21 2022

. Topics from the world: Review of the United Nations ICG 16" meeting
. Feedback from a pilot project user (Topcon)

. Analysis of data delay and signal using DOL account

. Report of KPl and NCDC action items (with survey report at Chonburi)

Output1- | 215t Nov
22 2022

. Topics from Japan: Advancement of Space Weather Forecasting in Japan
. Examples of lonospheric disturbance on NRTK

. Data suspension and delay in NCDC network

. Report of KPl and NCDC action items

Output1- | 21t Dec
23 2022

1
2
3
1
2
3
4
5
6. Report of KPI and NCDC activities (including firmware version)
1
2
3
4
1
2
3
4
1

. Topics from Japan: Recent news on GEONET - Good and Bad news —
(Application of REGARD, Correction of CORS coordinates)
2. Feedback from users: Yamaha
3. Plan of NCDC data delay test from 16t -31st Jan. 2023
4. Recommendation on RTKLIB setting, KPI and NCDC action items (including
report to National Geo-informatics Board)
5. Review and discussion on Output1 activities so far

Output1- | 19" Jan
24 2023

. Topics from Japan: Review of 1st Training in Japan
. KPI report
. Issues of interim NCDC, and NCDC action plans

Output1- | 26 Mar
25 2023

. Topics from the world: The Tour de I'lGS 5" Stop: GNSS for Natural Hazards
the South Pacific

. KPI report with draft Action items of NCDC

. Story of our next JICA project

Output1- | 24t Apr
26 2023

. Topics from Japan: Release of RINGO software from GSI
. Report of KPI and NCDC Action items

. Report of JPT visit to NCDC

. Radio Interference test at SBKK

. Feedback to the last month discussion

Output1- | 18" May
27 2023

. Topics from the world: Technical news on GNSS software
. Report of KPl and NCDC Action items

. Initial look at RINGO results

. More discussions on Radio Interference test

. What's new in TIGORS2

Output1- | 151 Jun
28 2023

. Topics from Japan/the world:New IGS Analysis Center Candidate JGX
. Report of KPl and NCDC Action items

. Discussion on SLA and guidelines for outsourcing

. Preparation to 7t Joint WG on NCDC

Output1- | 141 Jul
29 2023

. Topics from the world: Brief look at IUGG 2023

. Report of KPl and NCDC Action items

. Follow up of discussions on SLA, Outsourcing, and Rl
. Jenoba's reporting system for CORS operation

Output1- | 21st  Aug
30 2023

. Topics from the world: UNGGIM 13th session in August 2023
. Report of KPl and NCDC Action items

. Follow up of discussions on NCDC

. Jenoba's comment on Deemed rover analysis

. Preparation to the regional workshop

Output1- | 14" Sep
31 2023

21O WON=2UAPRON_2APON_2OPRPON_2OROON=_2XWONTF 20N -

Output1- | 12"  Oct | 1. Topics from the world: ION GNSS+ 2023 meeting
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No. Date Main contents

32 2023 2. Report of KPI and NCDC Action items
3. Understanding issues and countermeasures for stable distribution
1. Topics from the world : Brief look at 17" meeting of ICG

Output1- | 9" Nov | 2. Report of KPl and NCDC Action items

33 2023 3. Review of RTSD/DOL/JPT meeting on 15t Nov.
4. To clarify NCDC problem using JENOBA's Server and Spider
1. Topics from Japan:Review of 2" training in Japan

Output1- | 19" Dec | 2. Report of KPl and NCDC Action items

34 2023 3. Discussion on the effects of technology transfer
4. Concluding remarks from JPT

Table 3-10 Technical transfer in 2nd and 3rd terms. 56 sessions at NCDC, 8 sessions online in total.

Month Target group, number of sessions (Topics)
Dec RTSD: 4, online 3 (NCDC precision evaluation and improvement)
2021 DOT: 1, DOL:1, HIl 1 (Information exchange and site visit)
Jan RTSD:3 (Operation and maintenance, Equipment update plan, Trouble shooting)
2022 RTSD and DOL online 2 (Data delay at DOL)
gggz RTSD and Hll online 2 (Data delay at HIl)
Mar RTSD 4 (Activity plan, Deemed rover method, Coordinate system, Manual, User support)
2022 DPT, DOL, HIl, and GISTDA online 1 (Individual discussion)
May RTSD 3 (Operation and maintenance, Rinex data application in Japan)
2022 RTSD 3 (Coordinate system in Japan, ITRF2020, Quality control of NCDC)
%ggz RTSD 4 (KPI, Advice on transfer to ITRF2014, Quality control of NCDC, Spider setting)
Jul RTSD 3 (Spier setting, CORS site visit)
2022 DOL 1, DPT 1, HIl 1 (Information exchange and site visit)
Au RTSD 4 (Japan's CORS regular inspection, security measures, system redundancy, work
2032 regulations case study)
DOL 1 (Precision improvement)
Oct RTSD 3 (Briefing to new director, Case study of Japan, NCDC evaluation, feedback from pilot
2022 project)
DOL 1 (Precision improvement)
Dec RTSD 4 (Budget/procurement, Equipment inspection/registration, Confirmation of manuals
2022 and progress)
Seas | RTSD 2(Progress of NCDC, NCDC Manual)
Apr RTSD 3(NCDC activity plan, Observation and analysis of radio interference, SLA, Update of
2023 Bernese software)
Jul RTSD 2(Spectrum analysis, Indication of precision in SLA, Improvement of deemed rover
2023 method, Note on outsourcing etc.)
2(‘)‘33 RTSD 3(Feedback to NCDC manual)
Nov RTSD 1(Quality control, Data delay, Spider setting, Plasma bubble, Radio interference,
2023 Unification of observation signal, Manual, Response to the user meeting etc.)
206203 RTSD 3(Feedback to NCDC manual, Advise to RTSD)
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Figure 3-6 Photos of the technical transfer sessions

3.6.2. Details of each activity and results

[1-1] To review and improve the operation and maintenance of CORS and Data Center owned by

each governmental organization and integrated operation of CORS

Activity 1-1 was conducted primarily in 1st term (November 2020 - October 2021). The activities of 1st
term are described in the Project Completion Report (1st term), but in order to determine the level of
achievement over the entire period, the activities of 1st term are also described here, along with 2nd and 3rd
terms (November 2021 - March 2022, and April 2022 - February 2024 respectively).

The interim NCDC was limited by the inability to generate correction data using all CORS in Thailand,
and the early development of a full-scale NCDC that can use all CORS was a challenge to ensure stable
accuracy even during ionospheric disturbances. Unfortunately, the interim NCDC was not expanded during
the project period due to government budget constraints caused by COVID-19, but related organizations will
continue to make budget requests for the realization of the full-scale NCDC.

Table 3-11 Activity 1-1

NO. ltems Activities

- The current status and plans of each CORS/DC were
confirmed for the 5 CORS agencies.

- Operation policies of each DC after the establishment of
NCDC are as follows.

Review of policies on the operation - RTSD, the hosting agency of NCDC, will use NCDC as
1) and maintenance of CORS and data RTSD’s DC.
center in each agency - DOL and DPT will continue their precise positioning

services in their own fields.
- GISTDA and Hll will operate for research purpose only.

- Since private use will be integrated into NCDC, it can be
evaluated that the philosophy of NCDC has been realized.

- The policy was confirmed through interviews with the 5
agencies.

- Interim NCDC uses a method in which CORS data from
each agency is collected at each agency’s data center
(DC) and then transferred to NCDC from each DC.
Although this is a cost-effective method that allows the
use of existing facilities, the analysis by the "deemed rover
method" and network analysis tools revealed
simultaneous delays occurring in the Government
Information Network (GIN) connecting each DC to NCDC,
and sporadic delays in the commercial Internet lines
connecting each CORS to DC.

- In the implementation of a full-scale NCDC, it is important

Review of policies on integrated
operation of CORS data (including
data collection and distribution
schemes)

2)
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NO. ltems Activities

to consult and coordinate with GIN experts and Internet
service providers in order to minimize these delays and
achieve stable service.

Improvement of operation and
maintenance policy from the

. . . S - JPT explained the importance of stable service
viewpoint of promoting utilization of

3) ; e implementation and clarification of service levels to users
precise positioning data, and . . e
. . in promoting utilization.
meeting the service level to be
presented to users
- Matters that need to be agreed upon by the TPT as a
whole, such as the management policy of NCDC and
unification of coordinate systems, are discussed
. I technically in the NCDC Management WG, one of the Thai
Review of roles and responsibilities ; . . .
of relevant agencies and various side councils, and then decided by the Sub-Committee on
4) Management of GNSS Infrastructure of Thailand.

councils to promote the above, and

. . . - Project implementation and progress management are
operation of the various councils.

conducted by the Thai-Japan Joint WG on NCDC. The
status of NCDC is also reported in the National Geo-
informatics Board, the upper body of the Sub-Committee.
- These councils are still in operation in 2nd and 3rd terms.

For example, at the online meeting of the National Geo-informatics Board on 9" January 2023, RTSD
reported on the current status of the NCDC as shown in Figure 3-7. According to the NCDC logs for
December 2022, users' GNSS receivers (rovers) performed 35,334 precise real-time positioning using NCDC

corrections, or 1,139 times per day.

| National Geo-informatics Board |
Online Meeting # 1/2023 9 January 2023, 14:00~16:00 (Thai time)

rct Network RTK

. . Raw
RTSD report to NCDC Service : 1- 31 Dtcrmb«: 2023

1) NCDC has connected the 236 CORS stations (Data center to
Data center) of various agencies.
-RTSD (80), DOL (132), DPT (15), HII (6), GISTDA (2), CU (1) | oy
2) 170 CORS used in network calculations. (ITRF 2014) tog_2022_11_12_sgder s ' o Ve erage = 1135 tmeridey
3) Open for service as of March 2022.

Network RTK
-RINEX Download ey
- Post Processing -
4) According to usage statistics in December 2022, there are Rovers | ‘ | ’
123456789
h Fr Sa 5uMoTuweTh Fr

14

Lm
™
| ‘ | .....
0111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Fr 5a SuMoTuweTh Fr 5a SuMoTuWeTh Fr Sa SuMoTuWeTh Fr 5a

connected to the NCDC system to use Network RTK 35,334 times
an average of 1,139 times per day to carry out mission tasks.

oo

Figure 3-7 The status of NCDC reported at National Geo-informatics Board (Output1 meeting,
January 2023)

[1-2] To update NCDC implementation plan and develop operation and maintenance manual of

NCDC based on NCDC operation policy

In Activity 1-2, the NCDC Operation and Maintenance Manual (in Thai) has been prepared and updated
through technology transfer sessions for RTSD staff in charge of NCDC planning, operation and
maintenance, where the current status of NCDC was discussed using Japanese case studies as material.

During the project period, the manager in charge of NCDC (Director of Geodesy and Geophysics Division
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of RTSD) was replaced twice, but about 5 to 6 staff members, including the 3 core technical officers,

participated in the technology transfer sessions each time.

Table 3-12 Activity 1-2

NO. ltems Activities

- The draft NCDC Service Guidelines (in Thai), which were
discussed by TPT at NCDC Management WG in

Formulation/update NCDC November 2020 regardlng' NCDC's operational policies
. . . and plans, were shared with JPT for comment, and an
0) operation policy and operation plan ; . . .
. English translation was provided for reference (Appendix
(maintenance management plan) 1)

- The revised service guidelines (in Thai) are posted on the
NCDC web page*.

- The interim NCDC specifications were prepared by TPT in

Formulation of NCDC equipment 1st term and shared with JPT after the bidding. JPT
specifications commented on them based on the Japanese case study
-CORS and NCDC quality for reference in the next round.

1) requirements - In 2nd and 3rd terms, JPT was to advise on the specific
- CORS and NCDC equipment specifications for the full-fledged NCDC, but since the
specifications that meet the service budget for the full-scale NCDC was not approved, JPT
level advised on the issues of interim NCDC based on the
operational status.

- In the technology transfer session of 1st term, the
expected functions and roles of NCDC** (A: Planning
Management / Cooperation, B: Monitoring /

. . Troubleshooting, C: Security, D: Analysis / Data
Review of functions and roles . ) I . i
. Processing, E: Positioning Service / User Management, F:
required for NCDC . . . g .
. U Equipment Maintenance, G: Public Relations) were
- Preparation and finalization of . . .
. explained. JPT advised to construct NCDC in accordance
2) NCDC functions and roles for . L :
N with the actual situation in Thailand.
stable data distribution by NCDC . .
) - The concept of SLA was explained at Output1 meeting, as
that meet the service level e .
well as the need of statistical information to support the
agreement (SLA) . -~
numerical description of SLA.

- JPT explained trouble shooting, information security, and
equipment maintenance at the technology transfer
sessions in 2nd and 3rd terms.

- During technology transfer sessions in 1st term, JPT

NCDC operation and maintenance explained examples of manuals in Japan and emphasized

- Technologies in regard to the the importance of having the staff members themselves
NCDC operation and maintenance prepare the manual and update it through their work. TPT
(including technologies for prepared the framework of the manual (in English),
outsourcing) referring to the Japanese case study.

3) - Formulation of manuals and | - In2nd and 3rd terms, TPT prepared a draft manual in Thai
guidelines for NCDC operation and with comprehensive contents including operation and
maintenance  (including  user maintenance management, coordinate reference system,
support system) and quality control, and updated it based on advice from

- Maintenance of reports/record JPT and operational experience in Thailand. In 3rd term,
forms, etc. the draft manual was updated with reference to feedback
from the pilot project users (Appendix 2).

* https://ncdc.in.th/portal/apps/sites/#/ncdc-eng/datasets/6f3d1e2b9ec14d19a749f315dadb1df1
** Table 3-10, Project completion report (1st term)

28




Project Completion Report (2nd and 3rd terms)

Matioral CORS Dats Cenber Operation and Waissenance Manual

MTRODUCTION
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REDC Service Guideline DrafiService Level Agresment (1o be updated)

HEDEC infrastracturs o il Suaasming Seanatio

ot s Alan1sUUAY
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REFERENCE FRAME Determination Mational CO

SERVICES for usaraicustomars
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Troubleshooting FAs

Pubiic Relation

Cantact infermation of sach agency

Framework of NCDC Manual NCDC manual version 5 Revised
(1 page in English) (92 pages in Thai)

Figure 3-8 Progress of NCDC manual

Table 3-13 Content of NCDC Manual Version 5 Revised

1. Basic information (about this manual)
1.1 Geodetic Reference System in Thailand
Surveys for the National Horizontal Reference Point Network 1
Surveys for the National Vertical Reference Point Network 4
1.2 CORS Network 6
1.3 National CORS Data Center (NCDC) 8
2 NCDC Draft Standards for the Provision of Precise Positioning Services
(NCDC Service Level Agreement)
2.1 Definition of Terms 11
2.2 Terms of Service Provision 12
2.3 Scope of Service 12
2.4 Service Request Procedures 13
2.5 Terms and Conditions of Service Use 14
2.6 Disclaimer 14
2.7 Confidentiality of Service 15
2.8 Service Fees 15
2.9 Others 16
3. Configuration of NCDC 17
3.1 System Structure (Server) 18
3.2 CORS Station Structure 22
3.3 Web page 28
4. CORS Network Structure 41
4.1 Creating a Cluster on a Network Server 42
4.2 Procedure for Creating a Cluster on a Network Server 43
5. Calculation of reference coordinates of CORS stations 46
6. Service monitoring and troubleshooting 51
6.1 Automatic Checking of CORS Station Operation Status 51
6.2 Checking the Access Status of User's GNSS Receiver (Rover) 54
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6.3 Checking and Resolving Troubles When Using NCDC Services 55
6.4 Checking the Received Signal Quality at CORS 56
6.5 Checking the status of GNSS receiver at CORS station via the Internet 60
6.6 In case of NCDC server problems 62
6.7 In case of CORS station problems 62
7. Maintenance of equipment
7.1 Perform physical inspection of CORS stations and equipment 63
7.2 Inspecting the surrounding environment 64
7.3 Update GNSS receivers and firmware 66
7.4 Update servers and workstations, firmware updates 66
7.5 Replace spare batteries at CORS stations every two years 67
8. Public Relations
8.1 LINE official account administrator 68
8.2 PR through Conferences, Exhibitions, Various Educational Institutions, etc. 69
9. Contact information for coordination among NCDC agencies 70
Appendix: Reference Coordinates for NCDC CORS 71
Trouble shooting of Leica Spider 81

[1-3] To maintain the reference system of each CORS

In Activity 1-3, JPT shared the examples of reference coordinate system management in Japan and around
the world in Outputl meetings. RTSD staff with experience in GNSS baseline analysis took the lead in
learning the analysis software "Bernese" to obtain the reference coordinate values. Based on the joint
research with Chulalongkorn University and others (Project Completion Report (1st term), Figure 3-7) and
advice from JPT, RTSD determined the reference coordinate values for CORS (ITRF2014, reference epoch:
2021.93) and used those values in the NCDC service from March 2022.

For conversion from the conventionally used reference coordinate values (ITRF2005 and ITRF2008), it
was decided to use a simple 3-parameter (the amount of shift in each axis direction in a 3-dimensional
Cartesian coordinate system), and the method is provided to users on the NCDC website (Figure 3-7). It can
be applied for mapping tasks that do not require mm-level accuracy. The transformation parameters to
TRF2014@2021.93 are as follows:

From ITRF2005@2008.43 Tx=-0.328 m, Ty=-0.062 m, Tz=-0.002 m,
From ITRF2008@2013.81 Tx=-0.210 m, Ty=-0.029 m, Tz=-0.076 m.

Table 3-14 Activity 1-3

NO. ltems Activities

Technologies required to unify the | - JPT introduced Japan's geodetic standards and GSl's

geodetic reference system of each method for reference coordinate system management in

CORS 1st term.

- CORS daily coordinate calculation | - A license for the precise GNSS analysis software
based on the international standards Bernese ver. 5.2, which can calculate ITRF coordinates
(ITRF2014) (assuming the use of for CORS, was procured along with a laptop PC, and

1) Bernese software) provided to NCDC for training purposes. The software

- Accuracy verification of coordinates and PC were loaned in advance to DOL interested in
of each agency’s CORS (compare Bernese analysis, and NCDC staff with Bernese skills
with calculation results of the same provided guidance on the ITRF 2014 analysis using
data by Bernese) tutorial data.

- Understand Japanese geodetic | - Through joint research between Chulalongkorn
reference system and its University, DOL, RTSD and others, the ITRF2014
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NO.

ltems

Activities

management methods of the
Geospatial Information Authority of
Japan

2)

Technologies for transformation of

coordinates due to changes in

geodetic reference system

- ITRF coordinate transformation
method

- Method for estimating coordinate
transformation parameters due to
change of geodetic reference
system

- Estimating coordinate
transformation parameters using
Bernese utility program

coordinate values for CORS in Thailand and the
transformation parameters from the conventional
coordinate system were determined on a trial basis, and
shared at the Output1 meeting.

Based on this result, the coordinate values for CORS in
Thailand were to be unified to ITRF2014 (epoch:
2020.17) from January 2022. However, RTSD found a
mistake in the above coordinate values after a close
examination, and the coordinate values for NCDC were
changed to ITRF2014 (epoch: 2021.93). This value is
used for NCDC services from March 2022. ITRF2014 in
Thailand is realized by fixing 12 IGS stations around
Thailand.

In 2nd and 3rd terms, technical information was shared
on ITRF2020, the latest ITRF coordinate system that is
expected to be used in the future. In addition, Bernese
software is updated to ver. 5.4, which allows ITRF2020
calculations to be easily performed.

RTSD estimated coordinate transformation parameters
from the previously used ITRF2005 and ITRF2008 to
ITRF2014, and after sharing the results at the Output1
meeting, RTSD decided to use a simple 3-parameter,
and the method was published on the NCDC website.

3)

Technologies for maintenance of the

CORS coordinates

- CORS daily coordinate monitoring
method (time series data
monitoring)

- Presentation on cases in Japan
regarding the timing of coordinate
revision.

JPT explained in the technology transfer sessions in 2nd
and 3rd terms that 1) the relative accuracy of CORS
coordinate values for generating NCDC corrections
should be kept within 1 cm, 2) daily monitoring of
coordinate values by Bernese or others are desirable to
confirm this, and 3) examples of crustal deformation
monitoring in Japan.

However, daily monitoring requires some resources and
has not yet been implemented at NCDC.

The timing of coordinate revision in Japan (during
normal times and earthquakes) was explained at the
Output1 meeting and the training in Japan in 3rd term.

4)

Technologies related to the operation

of new geodetic reference system

- Understanding the concept of semi-
dynamic correction and study of its
introduction in Thailand

- Transformation parameters

- Creation of operational guidelines

JPT explained "semi-dynamic correction" and "dynamic
correction," which are coordinate system management
methods in Japan, where crustal movement is
remarkable, at the Output1 meetings and the training in
Japan in 3rd term. Although the coordinate values in
Thailand also change by several cm per year due to
plate motions, the relative changes are small, so there is
no problem for the time being in using the reference
epoch’s coordinate values. However, after more than 10
years since the coordinate values were determined, the
discrepancy between the physical location and the
coordinate values may become a problem.
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Figure 3-9 Coordinate transformation parameters for CORS published on the NCDC website
(RTSD, September 2023)

(https://ncdc.in.th/portal/apps/sites/#/ncdc-eng/datasets/7f303b180b914fadb29a5b68e6414fd9)

[1-4] To define the quality requirement for precise positioning data distribution and establish

and improve the quality management method

Activities 1-4 through 1-6 were related to services for real-time precise positioning data provided by
NCDC, and were led by JPT experts who have been working on similar services in Japan for many years. In
addition to sharing Japan's experience, knowledge, and case studies at the Outputl meeting, various analyses
were conducted using real-time data from NCDC by JPT, and based on the results, the quality and latency
of data observed at CORS and precise positioning data (network RTK correction data) generated by NCDC
were evaluated, and discussed with RTSD staff in charge of NCDC operations and operators to whom RTSD
outsources NCDC operations, in order to resolve issues. When necessary, staff members in charge of non-

RTSD agencies such as DOL and their outsourced operators also participated.
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Table 3-15 Activity 1-4

NO.

ltems

Activities

1)

Level
precise

Formulation of  Service
Agreement  (SLA) for

positioning data distribution

(Positioning accuracy, area, available
time, delay time, problem response
time, etc.) and understanding
necessity of SLA

The draft NCDC service guideline prepared by the Thai
side at the beginning of the project is evaluated as
equivalent to SLAs for free services.

In 1st term, JPT introduced ISO quality control, general
SLA concepts, and membership rules of Japanese
distributors, explaining that liability must be taken into
account in the case of paid services, to deepen
understanding of quality requirements of TPT. However,
it was noted that Japanese distributors do not guarantee
positioning accuracy.

In 3rd term, RTSD conducted a daytime VRS survey
using NCDC service on reference points with known
coordinates, and confirmed that the results are generally
accurate to 3 cm horizontally and 10 cm vertically. This
is considered typical accuracy obtained from daytime
surveys and will be posted on the NCDC web as a
reference value for the SLA.

2)

Creation of a manual for

troubleshooting

In 1st term, various examples of trouble shooting in
Japan (e.g., signal reception problems due to tree
growing, equipment failure due to lightning, data delay
due to additional satellite systems, and radio
interference from cellular phone base stations) were
introduced.

In 2nd and 3rd terms, TPT prepared a comprehensive
draft manual in Thai, including trouble shooting, and
updated it based on advice from JPT and operational
experience in Thailand.

3)

Formulation and improvement of
quality control measures
(maintenance and update of quality
control manuals and guidelines)

In 1st term, the contents of quality control in Japan,
examples of manuals, and software that can be used for
quality control were introduced.

In order to obtain statistical information on the precision
obtained from the service, JPT transferred technology
on how to evaluate precision using the "deemed rover
method" (JPT also provided a batch file that runs on
Windows).

In 2nd and 3rd terms, TPT prepared a comprehensive
draft manual in Thai, including quality control, and
updated it based on advice from JPT and operational
experience in Thailand.

4)

Creation of outsourcing guidelines
(Selection of outsourced tasks, Terms
of Reference (TOR),
instruction/supervision methods, etc.)

Inquiry was made to TPT regarding the existing
documents on quality in 1st term, but nothing other than
the general specifications for outsourcing could be
confirmed.

JPT confirmed that the outsourced work at NCDC was
based on the specifications for the interim NCDC
procurement. While the contents of the outsourced work
were generally appropriate, JPT advised that rules and
regulations regarding the preparation of reports would
be required.

33



Project Completion Report (2nd and 3rd terms)

HTENAW vee2 4240 TRE w243 =
. =
28OS DESTOND S [T o : RTK-LIB Test observation 1 ,\&)
Q_) : Frem Tom __ Optond e *Observing the CORS as Rover: Tsukuba3, Base: VRS
R = : ! e WEpOe - Him
N 3610363519 “I Il | 2 & &  wows T L@ o A STRSVR e
B HO08631523° psaaveca e, ©®® e - Use the " STRSVR ", connected to STRSVR —
He: 62710 m - % the observation data of "Tsukuba 3" Use the " STRSVR "
IIIIII i I % e E connected to the ey yeo
st = o RS ephemeris data of "EPHO1"
TR e 24 g e
S o r
E e o [t ez 7
G I | == | . @
e o (00 P Sarew 1 o s = = d = = I il
e 1 < <l e e 4o, ® I8 Ot (8 & . s . 2
R L ° =2 : Rover : CORS : Tsukuba3 -
X e b . B i 2 R ammon
w4 b -
P PO ey a1 200 0.1 Le 0.000 &
«1» " E - ] Use the " STRSVR ™, connected to ¥ o
=
the VRS data of "Tsukuba 1"
o TRIVE, e o
nin A =
B s Toe  couomd [ bos @’J e . i S
iE. B s NP oew TR B ~H
Dl
(o) : : iDrtknavi Main Screen
oy S = e (ZRover (3 Base @ Ephemeris
S r (| [r———— : |
(R0 88/03/05 00 540000 GPST 1 36, HOEI5136° 140 06ILIIE" 9. Thm Qm LN = ] Base  CORS: VRS

Figure 3-10 The "deemed rover method”. This is a precision verification method transferred from
Japan, in which CORS is regarded as a rover for VRS positioning and the precision of NCDC
corrections is evaluated based on the precision of VRS positioning. It uses RTKLIB, an open-source
software developed in Japan. (Output1 meeting August 2021, prepared by Jenboa)

PPRM (wsuuinsu)

CHMA
L)

Figure 3-11 Results of the "deemed rover method" by NCDC (December 13, 2023, for 24 hours).

Precision is greatly reduced during the nighttime. This is considered to be caused by ionospheric

disturbances by plasma bubbles (regions of low electron density) formed in the evening near the
equator and moving over Thailand (Output1 meeting, December 2023).
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2) L1 00:40:07 (0:57 UT) Peak in 1573-1574MHz for 4) L1 01:48:20 (2:05 UT) Rise of 1568-1584 MHz
40 sec y signal_s for 2 minutes

Figure 3-12 Example of radio interference observed at CORS in Bangkok. The interference occurred
only for a short time, but it is at a level that could affect VRS positioning, so care should be taken.
Leica Interference Tool was used. (Output1 meeting, August 2023).

[1-5] To establish and enhance monitoring system for the distribution of precise positioning

data

Activities 1-5 were proceeded mainly in the 2nd and 3rd terms after the test distribution of precise

positioning data started.
Table 3-16 Activity 1-5

NO. ltems Activities
Establishment of monitoring system, | - In 2nd term, TPT prepared a comprehensive draft
1) creation of shift table for the staff of manual including monitoring system of precise
each position positioning data distribution, with the support of JPT.

Implementation of monitoring work | - Based on the comprehensive manual, NCDC staff
2) based on the quality control manual conducted daily operations, including information
(OJT) disclosure to users, and continued to report on the data
acquisition rate and accuracy of the "deemed rover
method" at the project monthly meetings.

Based on feedback from pilot project users, NCDC staff
worked with JPT to resolve issues in data distribution
and reflected them in the manual as necessary.

In 1st term, the precision verification method using the
"deemed rover method" was introduced, and the
technology was transferred in 2nd and 3rd terms. The
Thai side continued the precision verification using the
"deemed rover method" every month from April 2023. It
was found that the precision decreased at night due to
Accuracy verification of precise increased solar activity.

4) e - In 2nd term, RTSD repeated VRS survey using NCDC
positioning data correction data at the same location, and confirmed that
the precision (repeatability) was generally about 3 cm
horizontally and 10 cm vertically.

In 3rd term, RTSD conducted VRS surveying on
reference points with known coordinates and confirmed
that it could obtain a precision (accuracy) of
approximately 3 cm horizontally and 10 cm in height.

Implementation of information

3) disclosure for users (OJT)
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Onsite VRS survey with NCDC data

PID JDN NRTK Reference AE AN AElev RMSE
¥ ~ |Easting (m) - Northing (m) | ~ |Ellipsoidal height (m) | - |Easting (m) Northing (m} Ellipsoidal height (m) Horizontal (m) Vertical (m) Horizontal (m) Vertical (m)
CHTB '320 197934.133 1378450.342 -16.947 197934.136 1378450.337 -16.942 -0.003 0.005 -0.005 0.016 0.015 0.036 0.070
B2 197934.115  1378450.348 -16.937 -0.021 0.011 0.005
322 197934.118  1378450.352 -16.943 -0.019 0.015 -0.001
323 197934.129  1378450.338 -16.942 -0.008 0.001 0.000
324 197934.129  1378450.334 -16.957 -0.007 -0.003 -0.015
'325 197934.131 1378450.342 -16.973 -0.005 0.006 -0.032
NKPH '320 445083.476  1949590.119 120.372 445083.401 1949590.004 120.549 0.075 0.115 -0.177 0.078 0.141
'321 445083.376  1949589.993 120.613 -0.026 -0.010 0.064
322 445083.371  1949589.997 120.583 -0.030 -0.007 0.034
R23 445083.470  1949589.950 120.812 0.069 -0.054 0.263
324 445083.371  1949589.983 120.559 -0.030 -0.021 0.009
325 445083.385  1949589.978 120.664 -0.016 -0.026 0.115
sris 320 437180.235 1647472.559 115.076 437180.221 1647472.576 115.051 0.014 -0.017 0.025 0.025 0.052
'321 437180.234 1647472.554 115.076 0.013 -0.022 0.025
1322 437180.230 1647472.558 115.116 0.009 -0.018 0.064
23 437180.229  1647472.551 115.105 0.008 -0.025 0.054
'324 437180.225 1647472.553 115.109 0.004 -0.023 0.058
325 437180.232  1647472.560 115.118 0.011 -0.016 0.066
HUAH '32[} 605962.547 1383861.837 -27.465 605962.554 1383861.850 -27.490 -0.008 -0.013 0.025 0.022 0.025
%21 bUSYEZ.563  13838b1.836 -27.489 0.009 -0.014 0.0U1
122 605962.542 1383861.830 -27.494 -0.013 -0.020 -0.004
'313 605962.532 1383861.834 -27.456 -0.022 -0.016 0.034
324 605962.546  1383861.831 -27.463 -0.009 -0.019 0.027
'325 605962.547 1383861.849 -27.454 -0.007 -0.001 0.036
OTRI 320 539223.356  2027326.797 240.091 539223.357 2027326.807 240.057 -0.001 -0.010 0.034 0.013 0.028
I'321 539223.370  2027326.792 240.094 0.013 -0.015 0.037
1322 539223.364 2027326.794 240.099 0.007 -0.012 0.042
1323 539223.356  2027326.802 240.067 -0.001 -0.005 0.010
324 539223.363  2027326.807 240.057 0.006 0.000 0.000
325 539223.361  2027326.801 240.076 0.004 -0.006 0.019

Figure 3-13 Field VRS survey results by RTSD in November 16-21, 2023.
RMSE is 3.6 cm in horizontal and 7.0 cm in height (Output1 meeting, December 2023).

[1-6] To establish and enhance user support system to improve the data distribution system

Activities 1-6 are as follows.

Table 3-17 Activity 1-6

NO.

ltems

Activities

1)

Formulation of user support contents
(such as responses to inquiries from
users, notifications/communication to
users, posting of FAQs, etc.)

Creation of user support manual

- Inquiry was made to RTSD in 1st term regarding existing
documents and activities related to user support, but it
was found that no specific manual was available.

- JPT introduced the contents and examples of user
support in Japan at Output1 meetings and advised the

2) (including matters related to user importance of creating a manual
(NCDC user) management) '
3) Building a user support system - A comprehensive draft manual, including user support,
4) Implementation of user support has been developed and updated in 2nd and 3rd terms.
services (OJT) - Services, including user support, are in place.
- For technical problems reported by users, the staff
directly advises and tries to solve them. When problems
. . S cannot be resolved by staff alone, they are handled with
Creation of outsourcing guidelines the assistance of outsourced service providers
5) (selection of outsourced tasks, TOR, )

instruction/supervision methods, etc.)

- While the content of the outsourced services is generally
appropriate, JPT advised that rules and regulations
regarding the preparation of reports are needed in future
update.
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JPT’s recommendations on NCDC improvement

4. Increase the number of CORS for higher density
Ideally within 50 km or less, considering budget and
improvement plan
+ Priarity for areas with large number of customers
2. Reduce multipath, shielding and radio interference expected plan.
+ Aiming for soundness of all CORS, take measures based 3. Implement the final design considering the above
on the test results. Tt will take long continued efforts. + Why not create a “medical records” of each CORS for

+ As to radio interference, the best way is to cooperate sorting out the situation and planning the improvement

with a radio control authority. aM”dkmamtenanGe’ an? q t plan t d
+ As a preliminary study, why not obtain an inexpensive e an Improvement and management pian to expan

) CORS, relocate existing CORS, cut down surrounding
spectrum analyzer and use it

) ) trees, and replace cables for maintenance, etc.
* You can consult to the authority with the results of 6. Confirmation of coordinate change
spectrum analyzer for improvement. R

Since the coordinates of CORS will change due to

» I think the authority has a highly accurate spectrum deformation of ground, buildings and pillars, as well as

analyzer. shielding and radio interference*, you should calculate
them at least once in 2 month through a year using
Bernese or similar software in ITRF.
When you calculate ITRF by a regional analysis, please
use the same set of IGS stations as far as possible.
Global analysis is recommended.
Spider requires 1 ecm accuracy of CORS coordinates. If
the difference exceeds 2 cm, enter new coordinates
Thus, you need to periodically calculate CORS
coordinates and evaluate the coordinate change.

* Factors to change coordinates: Thermal expansion of pillars, ground deformation due to groundwater pumping or rainfall during the
rainy season, subsidence of buildings, or deformation from constant traffic of heavy vehicles, elc.

1. Reduce data missing and delay
+ Aim for 2 data acquisition rate of 95% to 100%
+ Take measures based on the results of our current tests

-

3. Reduce master station switching
+ Reconsider your clusters in Spider software, either to
have small number of CORS in many clusters, or to have  *
large number of CORS in big clusters.
+ Please do so carefully, because switching of master
stations itself is normal and necessary for Spider software. .
+ You need at least 3 CORS, or may have over 7 CORS, in
a fixed cell with a master station. Please carefully choose
a stable and high quality CORS for your master station.

20

Figure 3-14 Summary of advice from JPT regarding Output1. Although JPT supported the
improvement of NCDC services through activities 1-1 to 1-6, there is still room for improvement for
NCDC service compared to the quality obtained in Japanese services. These are items that NCDC

should focus on in the future (6" Joint WG on NCDC meeting material, February 2023).

3.6.3. Achievements

This section describes the status of achievement of the evaluation items and targets for each activity related
to Outputl, including 1st term. As shown in Table 3-18, with the exception of Activity 1-2, the development
of equipment specifications for a full-scale NCDC, the indicators and objectives set for all activities are

considered to have been achieved.

Table 3-18 Evaluation method for each activity related to Output1 and results

Activities | NO. Evaluation item Indicator/objective Results
ng::;inment of at:g Publication of the operation | Achieved
1-1 1 m?aintenance olicy of and maintenance policy of | - The NCDC web describes
each insﬁituti}cl)n’s each institution’s CORS data | the collaborative efforts of the
CORS data center center agencies
Improvement of the Achieved
2 %F;Ei}r:?;lggnce of e:?:g Rate of missing observation | - NCDC's overall data
agency’s CORS data data of CORS of each agency | acquisition rate is monitored
center monthly
Improvement of CORS . . Achieved
; . Documenting policy  for |~ . o
3 data integration unified CORS data operation Service guidelines
operation policy P published on the NCDC web
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Activities | NO. Evaluation item Indicator/objective Results
Achieved
Promotion to utilize Number of NCDC users - Number of NCDC users:
4 precise positioning |+ Sufficiency of positioning | 2,123 (996 public, 1,127
data and sufficiency of | accuracy, area, available | private) (December 2023)
SLA for users time, etc. - Accuracy is indicated on the
NCDC web
Formulation of NCDC | Publication of NCDC | Achieved
1-2 1 management policy | management policy and | - Service guidelines
and management plan | management plan published on the NCDC web
. Thai government’s | Partially achieved
2 EOLTl;:Zt::n of NCDC procurement will be carried | - Interim NCDC completed
sqecri)fications out based on the | - Full-scale NCDC not yet
P specifications on the left completed (no Budget so far)
Review of NCDC Pupl|cat|on of a document Achle\(ed o
3 functions and roles stating the functions and roles | - Service guidelines
of NCDC published on the NCDC web
Preparation of Achieved
manuals, guidelines, . - NCDC staff prepared a draft
Preparation of manuals, .
4 and forms related to uidelines. and forms comprehensive manual,
the operation and 9 ’ being updated based on
maintenance operational experience
. . Number of NCDC staff who
Coordinate calculation .
can perform global analysis .
based on the . Achieved
1-3 1 . . with Bernese and calculate
international standards . - Increased from 1 to 4
(ITRF) for CORS the coordinate values of
ITRF2014
Achieved
- RTSD determined the
Unification of CORS | Unification of CORS geodetic | CORS reference coordinate
2 geodetic reference | reference systems used in | values ITRF2014 (epoch:
systems NCDC 2021.93) and used them in
the service starting March
2022
Transformation arameters Achieved
Calculation of P - RTSD determined and
3 coordinate Ia'IE(Ia?FZO 1flre:r:<e;|dthe r:; tx/;]ig published 3-parameters from
transformation svstem of each agency's ITRF2005 and ITRF2008
parameters y 9eNCY'S | coordinates to ITRF2014
CORS. :
coordinates
Operation of new Achieved
peratl Formulation of operational | - RTSD published the
4 geodetic reference s . .
guidelines coordinate transformation
systems
method
Formulation of service Achieved
1-4 1 level agreement (_SITA) SLA is formulated - Sgrw_ce gwdelln_e_s and
for precision indication of precision
positioning data published on the NCDC web
Achieved
. - NCDC staff prepared a draft
A quality control . .
2 Manual is created comprehensive manual,
manual .
being updated based on
operational experience
1-5 1 A manu_al for Manual is created ditto
troubleshooting
2 Outsourcing guidelines | Outsourcing guidelines are | ditto
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Activities | NO. Evaluation item Indicator/objective Results
created
Formulation of user | User support components are | .
1-6 1 ditto
support created
A manual for inquiry
2 responses, notification | Manual is created ditto
and communication
3 Outsourcing guidelines Outsourcing - guidelines  are ditto
created
Achieved
4 Implementation status | Number of inquiries, user | - Number and summary of
of user support satisfaction, response time inquiries are recorded at
NCDC
Staff in charge feel that the
Overall 1 Technical level of staff Technical level is improved technical level has improved
in charge - NCDC staff confirmed self-
assessment of skill sheets

Table 3-19 shows a self-assessment of skill level by NCDC staff (i.e., 4 RTSD and 1 HII person) before

and after the Outputl activities. Although the evaluation criteria differ from person to person, it is clear that

the staff members in charge of NCDC feel that their technical skills have improved.
Table 3-19 Review of skill sheets by NCDC staff

1. SKill sheet for NCDC officer (ver.1) Before/After

Date: Dec 2023

Planning and Making NCDC plans / Budget planning and execution 1/2 | 3/4 | 0/4 | 3/4 | 1/3

management / — - - ‘ P - -

Cooperation with Liaison with supervisors and other agencies 2/3|13/4|4/4|3/4]|2/4

related agencies

Monitering / Manitoring of CORS and DC operations 2/4 | 4/4 | 0/4 | 2/4 | 2/4

Trouble shooting - - — — - = — ==
Quality check of correction data (precision of NRTK positioning) 2/4 | 3/4 | 0/4 | 1/3 | 2/3
Detaction of traubles 2/4 | 3/4 | 0/4 | 1/3 | 1/3
Interaction with contractors and agencies in case of trouble 2/4 | 4/4 | 0/4 | 2/4 | 2/4

Information Protecting DC from hacking 1/3(2/4 | 0/4 | 1/3 | 1/1

security

Data analysis ITRF coordinates calculation using Bernese software 3/512/3|0/4|1/3]2/3

NRTK service / User dztabase management / Interaction with users / FAQ forusers | 2/4 | 3/4 | 0/4 | 2/4 | 2/3

User management

Equipment Regular maintenance of DC (and CORS) 2/3 | 4/4 | 0/4 /3| 2/4

int

maintenance Update and repair of DC (and CORS) 2/3(3/3|0/4|1/3]|2/4
Administration of land occupancy and relocation of CORS 2/3(3/4(0/4(1/4] 1/4
Interaction with contractors and agencies in case of trouble 2/4 | 4/4 | 0/4 | 1/4 | 2/4

Public relations / FAQ for non-users / Introductory Web Cantents 2/3 | 4/5 | 0/4 | 2/4 | 2/2

Awareness rising

Please fill in your skill levels based on your feeling when
you joined NCDC, and compare how they change after the

series of Tigors

lhe

project for capacity development and promotion of utilization of National CURS Data Center

Output-1 sessions. Thank you.

S5 I SN OV SO

Have no knowledge

Have knowledge, but can not do
Can do with a supervisor

Can do

Can teach 1

Table 3-20 shows a result of questionnaire for those who participated in Outputl activities about the
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change in their technical skills, and it is clear that all rated the change positively.

Table 3-20 Results of a questionnaire for those who participated in Output1 activities

2. Questionnaire on Output-1 activities 2. Questionnaire on Output-1 activities
3. Has your collaboration and relationship with NCDC (RTSD) improved?
PR i i . 7 Improved greatly 3 Improved
Name: Organization: RTSD 4, DPT 3, DOL 3, HII 1 No change — Could you tell me why?
Working for Qutput-1 8 from beginning (Sep 2020) to end (Dec 2023) 4, Do you think we have achieved our project purpose for Output-1, i. e,
3 from middle (May 23, --, Oct 23) 3 to (Dec 2023) “Capacity development for NCDC operation and maintenance for stable and

Participation to Training in Japan 3 1% 5 2md 3 None ingé"se distribution of precise positioning data”?
1. How have your technical skills and knowledge changed through Output-1 Mot yet — Could you tell m

activities (monthly meetings, on-s ns, etc.) I thi

4 Improved greatly 6 Improved

1 No change — Could you tell me why? I just joined the project not long ago

5. Ifyou find any
act

od poir

eel free to w

2. Did you find any useful insights into your institution’s CORS/DC operations?
11 Yes No — Could you tell me why?
» In which areas ?
10 Planning and management / Cooperation with related agencies
8 Monitoring/Trouble shooting (Deemed rover, Radio Interference, lonosphere)
4 Information security 7 Data analysis (ITRF)
8 NRTK service / User management 8 Equipment maintenance (Manuals)
6 Public relations / Awareness rising 1 Others (

The "deemed rover method" transferred from Japan was used in a study conducted by Chulalongkorn
University, and the results were published in Survey Review in October 2023 as "Performance assessment
of continuously operating reference stations Using the deemed rover analysis approach with NRTK GNSS
technique in Thailand" was published in Survey Review in October 2023 (Survey Review, DOI:
10.1080/00396265.2023.2268411).

Judging from the above, although the detailed specifications of equipment of the full-scale NCDC was
not developed because the budgeting of the Thai side has not been achieved, each of the activity in Outputl,
which aimed to improve the technical capacity of the Thai side, has largely been achieved and has been
effective.

As aresult, the acquisition rate of observation data, which is the indicator used to evaluate the achievement
level of Outputl, as described in Chapter 4, has reached more than 95%, and thus, it can be concluded that
Outputl "Stable and effective distribution of precise positioning data by NCDC" has been achieved, and
among the project goals, "NCDC's operation and maintenance management capacity for stable and effective

distribution of precise positioning data has been strengthened" has also been achieved.

3.7. Output2: Promotion of utilization of precise positioning data in
various fields

3.7.1. Common subject matter
In accordance with the plan for utilization promotion plan formulated during the 1st term, TPT and JPT

made a detailed plan for each promotion activity and carried them out.

40



Project Completion Report (2nd and 3rd terms)

Table 3-21 Output2 meetings

No. Date Main contents
1.Preparation of the selection of the pilot projects
- Progress and current status
Output2- - Receipt of the application forms
16 25t Nov 2021 2.Progress of the data receiving test and its outcomes
3.Time schedule for selection
4. Appointment of the selection board members
5.Guidance for the selection board members
0.Overall plan of promotion of utilization of NCDC data
Output2- 1.Creation_of NCDC leaflet .
17 17t Jan 2022 2.Preparation for the _other apt|V|t|es
3.Progress of JICA Pilot Project
4.0thers
0.Overall plan of promotion of utilization of NCDC data
Output2- 1.Creation_of NCDC leaflet .
18 14t Feb 2022 2.Preparation for the GNSS training and workshop
3.Progress of JICA Pilot Project
4.0thers
0.Overall plan of promotion of utilization of NCDC data
Output2- 1.Creation_of NCDC leaflet .
19 14t Mar 2022 2.Preparation for the GNSS training and workshop
3.Progress of JICA Pilot Project
4.0thers
0.Overall plan of promotion of utilization of NCDC data
Output2- 1.Creation of NCDC leaflet
20 30" Mar 2022 2.Preparation for the GNSS training and workshop
3.0thers
h 1.Review of the rehearsal and discussion for improvement
201utput2- 3?30':‘2;_2]:2%2 2.Discussion on the overall plan of GNSS training and WS
3.Report on the progress of creation of the NCDC leaflet
1.Creation of NCDC leaflet
th 2.0btainment of NBTC letters
Ad hoc 24" May 2022 3.Invitation to the construction site tour to be held on 22" June
4.Preparation for the 1st GNSS training
Output2- 1.Preparation for the 1st GNSS training
22 26" May 2022 2.Discussion on the overall plan of GNSS training and WS
Output2- 1.Preparat?on for the 5th Joint WG on NCDC
23 10t Jun 2022 2.Preparation for the 1st GNSS Training
3.Preparation for the 5th Joint WG on NCDC meeting
1.Finalization and distribution of the NCDC leaflet
Output2- 18t Jul 2022 2.Preparat?on for the 1st GNSS Training
24 3.Preparation for the 1st GNSS Workshop
4.Progress of the JICA Pilot Project
1.Distribution of the NCDC leaflet
Output2- 17t Aug 2022 2.Preparation for the 1st GNSS Training and the 1st GNSS Workshop
25 3.Progress of the JICA Pilot Project
4.Discussion on LINE Stickers
1.Distribution of the NCDC leaflet
Output2- 16 Sep 2022 2.Preparation for the 1st GNSS Training and the 1st GNSS Workshop
26 3.Progress of the JICA Pilot Project
4.Discussion on LINE Stickers
Output2- 19t Oct 2022 1.Distribution of the NCDC Iegﬂgt
27 2.Review of the 1st GNSS training and the 1st GNSS workshop
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No.

Date

Main contents

3.Discussion on creation of leaflets of use cases
4.Progress of the Pilot Project

5.Discussion on LINE stickers

6.Preparation for Activity 2-5

Ad hoc

315t Oct 2022

Discussion and preparation for Activity 2-5

Output2-
28

29t Nov 2022

1.Progress of Activity 2-5

2.Progress of the Pilot Project

3.Preparation for the 2nd project seminar in MGA
4.0pinion exchange regarding further promotion

Ad hoc

20" Dec 2022

Discussion and preparation for web-questionnaire

Output2-
29

23 Dec 2022

1.Progress of Activity 2-5
2.Progress of the Pilot Project
3.About further promotion of utilization of NCDC

Output2-
30

23 Jan 2023

1.Progress of Activity 2-5

2.Progress of the Pilot Project

3.Review and discussion on Output2 activities so far/ Preparation for the
6th Joint WG on NCDC

4.About further promotion of utilization of NCDC

Output2-
31

28t Feb 2023

1.Distribution of NCDC utilization leaflet

2.Progress of Activity 2-5

3.Progress of the Pilot Project

4.Preparation for the Agriculture DEMO DAY

5.Plan for the next GNSS trainings

6.About “Economic Driving Workshop”

7.About further promotion of utilization of NCDC and after TIGORS

Output2-
32

28t Mar 2023

1.Progress of Activity 2-5

2.Progress of the pilot projects
3.Preparation for the Agri DEMO DAY
4.Preparation for the next GNSS trainings
5.Creation of use case leaflets

Output2-
33

271 Apr 2023

1.Progress of Activity 2-5

2.Progress of the pilot projects
3.Preparation for the Agri DEMO DAY
4.Preparation for the next GNSS trainings
5.Creation of use case leaflets

Output2-
34

23 May 2023

1.Progress of Activity 2-5

2.Progress of the pilot projects
3.Preparation for the Agri DEMO DAY
4.Preparation for the next GNSS trainings
5.Creation of use case leaflets

Output2-
35

16t Jun 2023

1.Progress of Activity 2-5

2.Progress of the pilot projects
3.Preparation for the Agri DEMO DAY
4.Creation of use case leaflets
5.Preparation for the next GNSS trainings

Output2-
36

18 Jul 2023

1.Progress of Activity 2-5

2.Progress of the pilot projects

3.Review of the Agri DEMO DAY

4.Creation of use case leaflets

5.Preparation for the next GNSS training

6.Preparation for the regional workshop

7.Preparation for the final JICA seminar

8.Preparation for the NCDC user meeting

9.Review of the monitoring sheet and presentation material for the 7t
Joint WG on NCDC meeting

Output2-

215t Aug 2023

1.Progress of Activity 2-5
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No. Date Main contents
37 2.Progress of the pilot projects
3.Creation of the use case leaflets
4.Preparation for the regional workshop
5.Preparation for the final JICA seminar
6.Preparation for the NCDC user meeting
7.Preparation for the next GNSS training
8.LINE stickers
1.Progress of Activity 2-5
2.Progress of the pilot projects
3.Preparation for the regional workshop
4.Preparation for the final JICA seminar and the NCDC user meeting
5.Preparation for the next GNSS training
6.LINE stickers
1.Report of Activity 2-5
2.Progress of the pilot projects
Output2- 20 Oct 2023 3.Preparation for the session in Thailand Space Week
39 4.Preparation for the final JICA seminar and the NCDC user meeting
5.Preparation for the next GNSS training
6.LINE stickers
1.Progress of the pilot projects
2.Review of the presentations Thailand Space Week

Output2-

th
38 14th Sep 2023

%‘tpum' 170 Nov 2023 | 3.Review of the final JICA seminar and the NCDC user meeting
4.Preparation for the next GNSS training
5.LINE stickers
1.Progress of the pilot projects

Output2- 2.Discussion on the future GNSS trainings

th
41 19" Dec 2023 | 5 |NE stickers

4.Review of the Output2 activities

3.7.2. Details of each activity and results

[2-1] To establish framework to promote the utilization of precise positioning data distributed

by NCDC and create the activity plans

(1) Confirmation of roles and responsibilities of each government agency in relation to the
promotion of utilization and formulation of a utilization promotion activity plan of each
agency

Based on the utilization promotion activity plan developed in the 1st term, the members implemented the

activities to raise awareness, acquire users, and promote utilization of NCDC.
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User Meeting: To exchange

Site tours, demonstrations, seminars, information and opinions with
exhibitions: To show what NCDC is and users for improvement of
how it works for. NCDC.

GNSS Workshops: To
assist NCDC users to utilize

Use Case Leaflets: To NCDC more effectively.

increase potential users’
interests in NCDC.

GNSS Trainings: To
encourage people to ‘
become NCDC users.

Becoming
a heavy

NCDC Utilization Leaflet: Keep user
To let people know and - using
learn about NCDC. Willing to
Interested use
Unaware
“Recognition” and - -
e “Retention/Expansion”
“Acquisition” etention/Expansio
A I S C S
attention interest search comparison share

Figure 3-15 Steps from recognition to becoming a heavy user

Table 3-22 shows the plan (Purpose, expected outcome, and timing of each activity), the actual
performance of the activities, and the self-evaluations of TPT members (a total of 10 people from the 5
organizations responded). The self-evaluations were made in response to the question "Do you think that the
following promotion activities contributed to increase awareness of GNSS/NCDC and to increase the
number of NCDC users? (Members who did not participate in the activities may chose "Not sure"). The

answer choices and the legend of the graph are as follows.

= Very much "Yes" = Yes Notsure = No = Very much "No"
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Table 3-22 Activity plan of promotion utilization of NCDC and actual performance

Main Target
AR Wh
Activities S % w = Purpose and expected outcome (Plae;wr; Actual performance Self-evaluation
S | =|&8 |2
§|5|7 3
[A] Distribution of a [Purpose] Start
leaflet for mm To raise awareness about NCDC distribution | Created the leaflet and a banner and
introduction of [Expected outcome] from Mar. presented them at several events.
NCDC The public have interests about NCDC 2022.
. [Purpose] Presented NCDC at the project
[B] Introduction of To raise awareness about NCDC In Sep. seminars, site tours, Agri DEMO DAY,
NCDC at 1stand | H | B 2021 and .
2nd JICA seminar [Expected outcome] Aug. 2022 TSW, KU, and the regional
The public have interests about NCDC 9 workshop.
[Purpose] In Au N/A
[C] GNSS trial at To provide opportunities to try GNSS g Provided the GNSS trial session at
X [ | 2022 and .
JICA seminars [Expected outcome] the GNSS training [H].
. . Aug. 2023
The potential users decide to become a user
[Purpose]
To raise awareness about NCDC From Feb Thai-Japanese companies
[D] JICA Pilot P R I [Expected outcome] 2022 to Jul. performed 8 pilot projects and held
Project The potential users decide to become a user. 2023 " | site tours 3 times. TIGORS organized
The users get hints to use NCDC more Agri DEMO DAY.
effectively.
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Main Target
g18|2|3 Wh
Activities 8 g 0 o Purpose and expected outcome (Plae;g Actual performance Self-evaluation
S |=|8 |2
5|1S|° |8
=}
[Purpose]
[E] Distribution of To introduce the benefits of use of NCDC TPT agencies created 5 and the
From Aug. .
leaflets of wuse |l | W | B | B | [Expected outcome] 2022 companies created 8 uses case
cases of NCDC The potential users decide to become a user. The leaflets (webpages).
users get hints to use NCDC more effectively.
[F] Introduction of DOL and HIl introduced their use of
use cases of In Aug. | NCDC at 2nd seminar and the
NCDC at 3rd Jica | ™ | ™ | ® | W | Same as the above 2023 companies and DPT did it at 3rd
seminar seminar.
[Purpose] N/A
To make a place where NCDC service provider
[G] Establishment (TPT), GNSS manufactures, and the users can . .
. . . . Decided not to establish a new
of a council for communicate and discuss for improvement of By Aug. .
. H  n framework but organized the NCDC
promotion of NCDC 2023 User Meeting instead
utilization of NCDC [Expected outcome] 9 ’
The NCDC service will be improved, and users’
satisfaction will be increased.
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Main Target
g § g -%n Wh
Activities 8 g 0 o Purpose and expected outcome (Plae;g Actual performance Self-evaluation
S |=|8 |2
51578
=}
[Purpose]
To introduce the benefits of use of NCDC ri\:)en?;]s 3 Provided the GNSS training for
[HIGNSS training | @ | B | B | B | [Expected outcome] . 9
. . from Jan. | beginners.
The potential users decide to become a user. The 2022
users get hints to use NCDC more effectively.
[Purpose]
To provide useful information to encourage the Every3to4
m GNSS NCDC users to use more. months Provided the GNSS workshop for
H N .
workshop [Expected outcome] from  Apr. | construction.
The participants get hints to use NCDC more | 2022
effectively.
[J] Introduction of [Purpose] N/A
NCDC on 5 To raise awareness about NCDC . The agencies introduce NCDC when
. . H N Anytime o
agencies' website/ [Expected outcome] they have opportunities.
SNS The public have interests about NCDC
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Although there were some delays and revisions to some activities, they were generally implemented as

originally planned. The following is a summary of the main activities.
1) Creation of NCDC Utilization Leaflet

The members created NCDC utilization leaflet. The 5 agencies provided ideas and materials, and
GISTDA did the design work. The leaflet exhibited at National Science and Technology Fair, DPT’s
training, Economic Driving with NCDC seminar, the ICT construction lecture at Kasetsert University,

and the 3 project seminar. The leaflet will be updated by TPT when appropriate.

2) Provision of GNSS Training and GNSS Workshop

The members provided a GNSS Training for beginners and a GNSS Workshop for construction on
28™ September 2022. Over 40 people from various organizations participated. TPT members from 5
agencies as well as some invited speakers gave lectures and presentations. In the Output2 meeting held
after the training and workshop, the members reviewed them and discussed things to be improved for

future trainings and workshops.
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Table 3-23 The program of the GNSS Training

Time Activity

8.30 — Reception

9.00

9.00 — Welcome / Introduction

9.05 By Prof. Dr. Chalermchon Satirapod, Department of Survey Engineering, Chulalongkorn
University and Chief of Thailand-Japan working Group on Development of CORS
Infrastructure of Thailand

9.05 - What is the GPS - GNSS system and operation.

9.30 By Dr. Chaiyut Charoenphon, Department of Survey Engineering, Chulalongkorn
University

9.30 - What is the NCDC and How to utilize NCDC

10.00 By Lt. Col. Parinya Thaweewat, Royal Thai Survey Department

10.00 — Break

10.15

10.15 - Use cases-01: NCDC for Land Surveying Operation

10.25 By Dr. Peera Yomwan, Department of Land

10.25 - Use cases-02: NCDC for Surveying and Mapping for Urban Planning

10.35 By Mr. Chaiwat Panachat, Department of Public Works and Town & Country Planning

10.35 - Use cases-03: NCDC for UAV Mapping in the Kok Nhong na model

10.45 By Mr. Rattawat Wasuhiranyrith, GISTDA

10.45 - Use cases-04: NCDC for Hydrographic Survey for Water Management

10.55 By Ms. Nuantip Chaladlert, Hydro Informatics Institute

10.55 - GNSS Trial (In the rooftop)

11.50

11.50 — Closing

12.00

Table 3-24 The agenda of the GNSS Workshop
Time Activity

13.30 Reception

14.00

14.00 Welcome / Introduction

14.05

14.05 Presentation-01: Digital Transformation for i-Construction and i-Agriculture

14.20 By Mr. Kroekits leewongcharoen, Adviser to Minister of Digital Economy and Society,
Ministry of Digital Economy and Society

14.20 Presentation-02: Current situations of construction in Thailand

14.35 By Mr. Terdsak Prasenmool, CH. Karnchang Public Company Limited

14.35 Presentation-03: Introduction of ICT construction and its benefits

15.00 By Nishio Rent All (Thailand) Co., Ltd., Topcon Instruments (Thailand), NISHIO RENT ALL
CO., LTD., Topcon Corporation

15.00 Break

15.15

15.15 Discussion: Benefits and challenges of use of NCDC and introducing ICT

15.50 construction in the construction field in Thailand
Facilitated by Prof. Dr. Chalermchon Satirapod

15.50 Conclusion

16.00
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e ektARENTS TRABSRNG

Greeting from Prof. Dr. Chalermchon
Satirapod

Rehearsal held in Apri
Figure 3-17 Photos of the GNSS Training and GNSS Workshop

When the utilization promotion plan was formulated, GNSS trainings and GNSS workshops were
planned to be held on a regular basis, but due to difficulties in arranging personnel and budget, they
were not held. However, since there is a high need for training for beginners, Prof. Dr. Chalermchon
Satirapod and TPT members discussed the matter, and as a result, it was decided that GISTDA will take
the lead in holding training sessions on a continuous and regular basis after the completion of this project,
in cooperation with the 5 agencies. In the future, GISTDA is considering making this a part of its annual

training menu.

3) Creation of NCDC use case leaflets

The 5 agencies created use case leaflets showing how they are utilizing NCDC data for their projects
and daily work. The companies who performed the 8 pilot projects also created leaflets explaining how
NCDC can be used based on the activities and results of their pilot projects. All the leaflets are published
on the NCDC website.
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Figure 3-18 Use case leaflets on the NCDC website

4) Others (Additional activities)

In addition to the pre-planned activities, the members participated in events whenever there was an
opportunity that was considered good for promoting NCDC and its utilization. Although it is difficult to
measure the effects of individual activities, the members believe that the continuation of these steady
activities contributed to the increase in the number of registered users as described below. The following is
a list of major activities.

Table 3-25 Examples of additional PR activities

Date Activity
Introduction of NCDC in the international conference of Geospatial
18t Jan 2022 Capacity Development Conference on GNSS applications and DRR

(hosted by GSI) (GISTDA)

Introduction of NCDC and JICA Pilot Project in Multi GNSS Asia Annual

Conference in 2022 (DOL, GISTDA etc.)

Introduction of NCDC in i-Construction seminar (hosted by MLIT)

(RTSD)

Aug 2022 Introduction of NCDC, JICA Pilot Project, and the construction pilot
project in NST 2022

Nov 2022 Introduction of NCDC at the SDGs seminar (organized by a JICA project)

11t Mar 2022

14 Mar 2022
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Date Activity
(GISTDA)
Nov 2022 Introduction of NCDC at a FOSS4G event (GISTDA)
Introduction of NCDC at Economic Driving with NCDC seminar (RTSD,
t
21% Apr 2023 GISTDA, and JPT)
Introduction of NCDC in a lecture on i-Construction at Kasetsart
th
8" Sep 2023 University (RTSD)
26t Oct 2023 Introduction of NCDC in Thailand Space Week (RTSD, JPT)
From Oct 2023- ISr}’t(rgductlon of NCDC and JICA Pilot Project in Japan Pavilion in GISTDA
Nov 2023 Introduction of NCDC and JICA Pilot Project in Geo Activity Contest
(organized by GSl in Japan) (JPT)

Thailand Space Week Thailand Space Week

Figure 3-19 Photos of PR activities of NCDC

52



Project Completion Report (2nd and 3rd terms)

(2) Establishment of a framework for utilization promotion

The point of having a framework was to provide a place where stakeholders of NCDC (e.g., the 5 agencies,
users, GNSS manufactures, academics, and so on) can discuss the issues and ideas for improvement of
NCDC. Having considered that Japan's "Promotion Council of Real Time Positioning using GPS-based
Control Stations (PCRG)" as a model case, JPT and TPT received online and face-to-face lectures regarding
the history of establishment, structure, and activities from the council.

JPT and TPT discussed several times and decided to organize a meeting where TPT members, NCDC uses,
and other GNSS related companies discuss and exchange opinions regarding improvement and further
utilization of NCDC before the Project ends instead of establishing a new framework (and actually organized
“NCDC User Meeting” later). The reasons were; 1) Thailand already has several working groups related to
GNSS, 2) a new organization would be a long-time burden for TPT, especially for the secretariat, and 3) on
the other hand, everybody in Thai-Japan Joint WG is open enough to allow users and others to join seminars
or activities. Thai-Japan Joint WG will continue working as it is and move step by step to be like the council
in future.

[2-2] To execute pilot projects utilizing precise positioning data distributed by NCDC in

Thailand

(1)  Selection of pilot projects

According to the selection method (Table 3-26), application requirements and conditions, and selection
criteria determined in the pilot project plan, JPT and TPT together with the cooperation of the selection
committee evaluated the submitted proposals. As a result, the 8 pilot projects listed in Table 3-27 were
selected and then approved at the 4™ Joint WG on NCDC meeting held on 23" December 2021.

Table 3-26 Evaluation process of the pilot project

Date Activity
30t Nov 2021 Deadline for submission of proposal
Start evaluation
1st Dec 2021 Selection members: Check the proposals and list up questions.

Secretariat members: Check all the submitted documents.

8" and 9" Dec 2021 | Hearing

15t Dec 2021 Deadline for scoring by the selection board members

16t Dec 2021 Aggregate the score and make ranking for each sector

Selection board meeting: confirm the result of evaluation and agree on
the selection

23 Dec 2021

Table 3-27 Result of the selection of the pilot project

Field Title and Company
Title: Accuracy verification from N-RTK / STATIC survey
Survey Company: Topcon Corporation, TOPCON Positioning Asia, Topcon Instruments
(Thailand)*
Title: Road construction using ICT construction machineries
Construction Company: NISHIO RENT ALL, Nishio Rent All (Thailand) Co., Ltd., Topcon
Corporation, TOPCON Positioning Asia, Topcon Positioning Asia (Malaysia),
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Field Title and Company
Topcon Instruments (Thailand)*
Title: Smart Farm in BIO Hub EEC Area
Company: Impress Green Energy Co., Ltd.**
Title: Utilization of NCDC Data Application in Agriculture
Company: QUANTUM MOTUS
Title: Benefits of Autosteering for Rice Production in Thailand
Company: Topcon Corporation, Topcon Instruments (Thailand)*
Agriculture Title: Development of Precision pesticide spray method by using auto piloted
Yamaha Unmanned Helicopter
Company: Siam Yamaha Motor Robotics Co., Ltd., Thai Yamaha Motor Co., Ltd.,
Yamaha Motor Co., Ltd.,
Title: Smart Agriculture utilizing Autonomous and Telematics Technology in
Thailand
Company: YANMAR AGRIBUSINESS Co., Ltd, YANMAR S.P. Co., Ltd
AUtoNomous Title: Intelligenlt driving vehicle in Thailand ' '
driving Company: Asia Technology Industry Co., Ltd., Tokai Clarion. LTD, CORE
CORPORATION, Chulalongkorn University

* Topcon Instruments (Thailand) changed its name to Topcon Positioning Asia (Thailand) later.

** Impress Green Energy changed its name to Bio Mat Link Co., Ltd. later.

(2)

Performance of the pilot projects

1) Progress monitoring and implementation assistance

PASCO Corporation and the selected companies mentioned above signed the contracts and the pilot

projects started one by one. JPT and TPT monitored the progress the progress of the pilot projects on a

monthly basis and assisted in their smooth implementation. A summary of the implementation of each

project is provided below (for details, see the Pilot Project Implementation Reports in the appendix).

Table 3-28 Summary of the pilot projects

NO. : NS Ee Summary
implementor
The accuracy and stability of Network RTK using NCDC data at 6
locations across Thailand were verified at different distances between
. observation points and CORS.
[Survey] Evaluation . . e .
Observation points were set up and verified at locations where the
of N-RTK Survey . e .
1 Results Compared distance to CORS was within (less than) 30 km and at locations where
. . the distance to CORS was more than 30 km. The results of the validation
to Static Survey in L . .
Thailand (Topcon) showed that no significant differences in the accuracy of Network RTK
P occurred due to differences in the distance. Positioning stability was
better when the distance between the observation points and CORS was
closer.
[Construction] Road | ICT construction using NCDC data and ICT construction machinery (e.g.,
construction using Machine Control (MC) and Machine Guidance (MG)) was carried out in
ICT construction ATTRIC, an actual construction site, in Thailand.
2 machineries It was confirmed that the use of NCDC data and ICT construction could
utilizing NCDC reduce the initial installation costs of the work and shorten the work time.
(Nishio Rent All & It was also found that safety could be improved by reducing the manual
Topcon) work required in conventional construction.
3 [Agriculture] Using Equipment capable of using NCDC data was attached to farm machinery

NCDC to increase

at each stage of the cassava process, from planting to harvesting and
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NO. . NETID N Summary
implementor
the product yield in | transportation, and a comparison of work efficiency and productivity
supply chain between farming methods that utilize this data and conventional farming

management in the
cassava industry
(Bio Mat Link)

methods was conducted.

The use of NCDC data enabled farm machinery and planting positions to
be determined with precise, resulting in higher yields with fewer man-
hours than the conventional method.

[Agriculture]
Utilization of
National CORS
Data Center
Application in
Agriculture
(Quantum Motus)

The work efficiency, cost and productivity of farming methods using
agricultural drones with NCDC data and sensors to monitor growth
conditions were compared with commonly practiced farming methods on
rice farms in Thailand.

It was confirmed that the use of agricultural drones and sensors using
NCDC data enabled more efficient fertilizer application and pest control
than conventional methods, which resulted in reduced costs, improved
work efficiency and increased yields.

[Agriculture] AUTO
PILOT system by
network RTK
provided by NCDC
(SYMR)

Fertilizer was applied using an unmanned agricultural helicopter and
NCDC data, and a comparison was made with a normal GNSS-only flight
and fertilizer application.

It was confirmed that while the conventional method can fly 200 meters
and apply 100 rai of fertilizer per day, using NCDC data can fly 400
meters and apply 150 rai per day, thereby improving productivity. It was
also confirmed that using NCDC data contributed to improved safety by
enabling highly accurate autonomous flight and reducing the pilot's
workload.

[Agriculture]
Benefits of
Autosteering for
Rice Production in
Thailand (Topcon)

Rice planting operations were carried out in rice paddies at the Thai Rice
Science Institute (TRSI) using the conventional method (manual
operation) and the automatic steering method using NCDC data, and a
comparison was made in terms of productivity.

Using automatic steering, rice planting operations could be carried out
with higher accuracy (straightness) than manual operation. In addition,
the time required for rice planting could be reduced by 25% compared to
the conventional method, due to factors such as the fact that the operator
was freed from the tractor steering work and could concentrate on other
tasks in parallel with the rice planting work. These facts confirm the
significance of the automatic steering method using NCDC data in terms
of productivity.

[Agriculture] Smart
Agriculture utilizing
Telematics and
Autonomous
Technology in
Thailand (Yanmar
Agri Business)

The applicability and effectiveness of the introduction of 2 smart farming
technologies, “manpower and labour saving by automatic farm
machinery” and ‘“visualization of harvesting and operation track
information”, were evaluated for several major crops in Thailand.

As for evaluation of manpower and labour saving by automated farm
machinery, it was confirmed that significant labour saving (about 1.6
times of work efficiency) could be achieved through co-operative work by
robot tractors and straight-assist tractors. It was also found that even an
inexperienced operator can work at high speed (about 1.4 times) while
maintaining the same accuracy as a skilled operator by using a straight-
assist tractor. Interviews with farmers about the use of the labour-saving
and visualized information from the automatic steering of the auto rice
transplanter and straight-assist combine harvester confirmed that the
introduction of the technologies was effective in reducing workload,
monitoring work progress in real time and providing yield results at a
glance.

[Autonomous
Driving] Intelligent

An autonomous driving system using a micro-vehicle was demonstrated
using NCDC data and a multi-GNSS satellite system.
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NO.

Name and
implementor

Summary

driving vehicle in
Thailand (Asia
Technology
Industry)

It was confirmed that the use of NCDC data enables autonomous driving
of micro-vehicles even in poor satellite signal reception conditions.

e

Agriculture (Bio Mat Link)
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B e e S

Agriculture (Yanmar Agribusiness)
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Autonomous driving (Asia Technology Industry)

Figure 3-20 Photos of performance of the pilot projects

2) Feedback to NCDC

NCDC was improved based on inquiries and suggestions given from the companies. Table 3-29 shows
some examples of the feedback and status of the improvement. Through the use of NCDC data at various
locations and times in Thailand, it became clear that the configuration of the CORS used for correction
data generation caused a degradation of positioning accuracy and that the stability deteriorated
depending on the time of day (mainly at night), which was recognized as a medium- to long-term issues

for consideration.
Table 3-29 Examples of the feedback to NCDC

Optimization of network configuration for VRS
correction

Nishio & Topcon compared results obtained from
RTK (local base) and RRS/VRS* (NCDC), finding
NO.1 | jumps in VRS solutions. NCDC added 3 CORS for
VRS calculation to have better network
configuration.

*RRS/VRS: Correction methods of NCDC using 1
CORS or several CORS, respectively

VRS (Horizonta )

Sid Dev
X 0023
Y 0019

Recognition of positioning error

One of the planting machines didn’t run straight
while other with IMU* run straight. Both using
NO.2 | NCDC correction. This taught us there is a room
for improvement of NCDC precision, and results
depend on the performance of total equipment.
*IMU: Inertial Measurement Unit Yanmar Agri and Topcon (Agriculture)

3] it B =
Without IMU
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Recognition of problem caused by switching
of a master station e PO 2 W
Yanmar Agri experienced degradation of NCDC = &
NO.3 | correction data associated with a switching of a
master station of VRS. NCDC solved this problem
by providing correction data with a fixed master

j F oy
. Yanmar Agri
station. (Agriculture) . __ [ _. . jf I/ = J =

Mumber |Station |DDistance [km]] N E H
[ SBEK 13.1 0.0 0.0 0.0
236 BPLE 38.7 9.9 -72.6 | 3.5
S
166 CMNBR 647 0.2 1.2 1.7
108 OKRK 674 0.0 0.8 2.9
150 PTER 906 -0.1 10 1.8

20 cm gap in BPLE coordinates!

Degradation occurred at the site

ke

Correction of CORS coordinates

Topcon noticed inconsistency between official
coordinates and estimated coordinates at “BPLE”.
NO.4 | NCDC confirmed that newly added 3 CORS
including “BPLE” were using ITRF2008 e
coordinates instead of ITRF2014, and corrected

e -1165298.128
It 1
them. (Surveying) fo69e

&

1545653 m
i 148914234

—ft?esam«m— ?n

(3) PR of the pilot projects
1) Construction site tour on 22" June 2022 by Nishio Rent All & Topcon

https://www.jica.go.jp/Resource/project/thailand/031/news/20220809.html
The construction site tour was held on 22" June at Automotive and Tyre Testing, Research and
Innovation Center (ATTRIC) in Chachoengsao Province by Nishio Rent All & Topcon with generous
cooperation of Nippon Road Co., Ltd., and Thai Nippon Road Co., Ltd. Thanks to collaboration between

TIGORS members and Nishio & Topcon, over 90 participants could see ICT construction and learned
about NCDC.

Figure 3-21 Photos of the construction site tour
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2) Agriculture site tour on 10" November 2022 by Yanmar Agri Business

https://lwww.jica.go.jp/Resource/project/thailand/031/news/20221128.html
The agricultural site tour was organized in Saraburi Province by Yanmar Agri Business. Around 60
participants including TIGORS members participated and experienced the 4 models of agricultural

——

machinery using NCDC data.

Y3 A Pliot Praject Sits Tour

- YANMAR

bt

Figure 3-22 Photos of the agriculture site tour

3) Agri DEMO DAY on 23 June 2023 by the companies who performed the 5 Agriculture pilot
projects
https://www.jica.go.jp/oda/project/1900527/news/20230622.html
[Video] https://fb.watch/IVymZLRjim/
[Photos] https://shorturl.asia’/hnBkU
JPT and TPT organized a joint demonstration event named "Agri DEMO DAY" at a farm in Samut
Prakan Province to promote the utilization of NCDC and to publicize the results of 5 agricultural pilot
projects. Approximately 160 people from Thai government agencies, Japanese and Thai private
companies, universities, media, and the Embassy of Japan in Thailand participated in the event.
At this event, the implementing companies demonstrated some of the farm machines and technologies
they are using in their own pilot projects. Participants were divided into 5 groups and toured the 5 sites
in turn. Test rides were also given of a straight-line assist farm machine and an auto steering farm

machine.
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Figure 3-23 Photos of Agri DEMO DAY

About 70 participants answered the questionnaire after the event. 97% of them were either “Very
satisfied” or “Satisfied” with the event, and 91% of them “Well understood” or “Understood” NCDC.
The participants gave a lot of positive comments; “I got ideas and knowledge to use NCDC data to apply
for benefits.”, “If possible, I would like to watch more demonstrations of applications in other fields.”,

and “There should be more publicity to reach more target groups”.

Satisfaction Understanding

44 8%

Satisfied

53.7%

Unde rst

Very satisfied

Figure 3-24 Results of the questionnaire
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Figure 3-25 Photos of the Agri DEMO DAY

Agri DEMO DAY news was published on two major Thai online news sites (MGR Online, Siamrath
Online) and one Japanese newspaper (The Daily NNA Thailand), and was also featured on two Japanese
TV programs of TV Asahi who described that the technologies demonstrated in the event could be
solutions for Thailand's serious problem of declining birthrate and aging population. This event became
a good opportunity for NCDC and precise positioning technology to be widely known in Japan and
Thailand.

It was a tough challenge, but the members worked hard and are satisfied with the results. The project
members took another big step forward together and were sincerely grateful for the support and

cooperation of all the companies that provided demonstrations and of all the participants.

4) Demonstration of Autonomous Driving Vehicle on 26" September 2023 by Asia Technology
Industry
https://www.facebook.com/share/p/gwbc2vSisGzBdaeq/?mibextid=WC7FNe
Asia Technology Industry (ATI) conducted an autonomous driving demonstration of an electric golf
cart using NCDC data at GISTDA's Space Krenovation Park in Chonburi province. Participants in the

regional workshop watched the autonomous driving and had a test drive.
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Figure 3-26 Photos of the demonstration

5) Report, use case leaflet, and video introducing the pilot projects

In addition to the above activities, with the understanding and great cooperation of the implementing
companies, the content and results of the pilot project were publicized at the events inside and outside

the project shown in Table 3-30.
Table 3-30 PR of the pilot projects

Timing Place/contents

Aug 2022, Aug 2023 | Panel and video exhibits at National Science and Technology Fair

Presentations by the companies on overview, progress, and future
prospects of each pilot project at the 2" project seminar

21st Apr 2023 Panels and video exhibits at Economic Driving with NCDC seminar
Presentations by the companies at the regional workshop on the content and
results of each pilot project

From Oct 2023 Panel and video exhibits at the Japan Pavilion in GISTDA SKP
Presentations by the companies on the results of each pilot project at the 3
project seminar

Jan 2024- Published the user case leaflets and videos on the NCDC website

31st Jan 2023

25t Sep 2023

315t Oct 2023

In addition, the companies prepared an implementation report (Appendix 3), a leaflet introducing

case studies of the use of NCDC, and a video introducing the pilot project. The use case leaflets and
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videos are published on the NCDC website (https://ncdc.in.th/portal/apps/sites/#/ncdc).

(4)  Summary of pilot project

The pilot projects are summarized based on the implementation reports of the 8 pilot projects submitted
by each company.

First, the benefits of using NCDC suggest that the realization of precise positioning using NCDC in all
fields will boost further business development in the future. In addition, it was found that users can receive
a variety of benefits, as high accuracy positioning not only improves work accuracy, but also contributes to

reducing workload and improving work safety as a result.

Table 3-31 Benefits of using NCDC

- The fact that the NCDC enables precise network RTK surveying to be conducted
anytime, by anyone, anywhere is expected to be utilized in many fields in the

Survey future.

- The establishment of the NCDC is significant in that CORS will operate with a
unified coordinate system.

- The cost and work time required for the installation of fixed stations for RTK
surveying, which was necessary for conventional works, could be reduced.

- The radio equipment required for conventional RTK surveying is no longer
necessary, leading to a reduction in costs. The range of use of ICT construction
was expanded, as it was no longer necessary to consider buildings and terrain
that would be an obstacle to radio signals.

- It was confirmed that the NCDC could enable operations of automatic farm
machines, agricultural helicopters, and drones, which require precise positioning.
The results show promise for the spread of smart agriculture.

- It was confirmed that the NCDC's precise positioning also contributes to reducing

Agriculture the workload and improving safety.

- It was also confirmed that the NCDC can be used to monitor the growth of crops
and the operating status of farm machinery, contributing to improved productivity
and increased yields.

- The availability of NCDC data free of charge is appreciated.

- As the NCDC supports all necessary positioning satellites, it was confirmed that
autonomous driving is possible with highly accurate position information using
network RTK, even in locations where signal reception is difficult.

Construction

Autonomous
driving

On the other hand, a common issue faced by all fields in using the NCDC was that the data delivered by
the NCDC was unstable depending on the location or time of use. As the current NCDC is an interim version,
the number of CORS used to generate the correction data to be delivered is limited. As a result, data
instability and degradation of positioning accuracy have occurred, especially when the distance between the
location of use and the CORS is far away. In addition, as described in Chapter2. NCDC operation and
maintenance status, it was reported that there is a degradation of positioning accuracy at night due to
ionospheric disturbances, which poses a problem for the use of the NCDC. Furthermore, in agricultural
projects, it was reported that NCDC data could not be received in rural areas due to low mobile
communication signal strength and that it took time to connect. Although not directly related to NCDC, some
of the companies mentioned that import/export procedures for equipment took much longer time than

expected.
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Table 3-32 Issues faced during use of NCDC and concerns

- Network RTK became instable when using at some distances from CORS.

Survey - The number of satellites included in NCDC data tended to decrease significantly
at night.
- There were problems with positioning stability depending on the time of day.
Construction - Construction works are taking place in various locations, but at present the NCDC

CORS does not cover all of Thailand.

- Positioning accuracy sometimes decreased during the work. One of the reasons
for this is the poor signal strength of mobile communications.

- Temporary instability of Network RTK sometimes affects the accuracy of
automatic steering.

Agriculture - Connection to the NCDC sometimes takes a long time.
- Some rural areas where agriculture takes place are not well serviced by NCDC.
- The processing of documents such as import/export permits took much longer
than initially planned.
- During nighttime autonomous driving, the Network RTK sometimes did not
Autonomous L . "
driving become FIX, resulting in deteriorated position accuracy.

- Export/import procedures for equipment took more than six months.

As one of the solutions to the above-mentioned technical issues, the companies expressed their
expectations for installation of more CORS for stable delivery of NCDC data (increased density of CORS in
high-demand areas, such as large-scale infrastructure development, and expanded coverage in rural areas).
On the operational side, there is a need for improved user support, such as the establishment of a help desk
to promptly respond to user enquiries and consultations, and the provision of technical information and
related trainings. In addition, prior notification of NCDC maintenance and immediate communication in the
event of failures are also important for the use of NCDC in daily operations and businesses. Furthermore,
some companies suggested that the promotion of understanding of new technologies in government agencies

could help smooth procedures for importing and exporting equipment, etc.

As described above, the pilot project confirmed the usefulness of NCDC in various fields, solved some
technical issues based on feedback from the companies, and identified further technical and operational
issues. It was important to be able to evaluate NCDC from the user's perspective, and this pilot project was
significant. The project members would like to sincerely thank the companies and all stakeholders who

supported and cooperated with the activities.

[2-3] To conduct business matching and seminars for business development related to the

utilization of the precise positioning data

(1) Holding JICA project seminar
The 2" JICA Project Seminar

The 2™ JICA project seminar was held as one of the sessions on the first day of the 13" Multi-GNSS Asia
(MGA) Annual Conference held in Chiang Mai from 31 January to 2" February 2023. JPT and GISTDA

made preparations including coordinating with the conference organizer, making the agenda, and arranging

presenters, setting up the venue, and testing connections with online presenters. At the seminar, RTSD gave
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a presentation on the project and NCDC, and the companies participating in the pilot project and TPT

members explained how they were using NCDC to the participants of 39 on-site and 22 online.
Table 3-33 Overview of the 2" JICA Seminar

Title Applications of N-RTK provided by Thailand National CORS Data Center
Date/Time 318t January 2023, 16:15-18:00 (Thai time), 18:15-20:00 (Japan time)

13t Multi-GNSS Asia Annual Conference (held in Royal Park Ratchaphruek, Chiang
Place . !

Mai & Hybrid)

By introducing examples of utilization of precise positioning data, potential users will
recognize its usefulness, leading to the discovery and increase of new users.
By explaining and disseminating the current status of NCDC and the usefulness of
precise positioning data, the number of users of the distribution data will be increased.
1.  Opening remarks: Applications of N-RTK provided by Thailand National CORS
Data Center (Prof. Dr. Chalermchon Satirapod)
2. Introduction of NCDC and Data Distribution (Col. Kriengkrai Boonterm, RTSD)
3. Use cases of NCDC data
- JICA TIGORS Pilot Project [Survey] (Mr. Naoyuki Tamaki, Topcon)
- Road construction using ICT construction machineries utilizing NCDC (Mr.
Takashi Ogawa, Topcon)
- Collaborative Value Chain Management Platform from Farm to Factory (Dr.
Thanika Chintanapunt, Bio Mat Link)
- Utilization of National CORS Data Center Application in Agriculture (Dr.
Witaya Lerdpiriyakamol, Quantum Motus)
- Unmanned Helicopter "Fazer R RTK" by NCDC (Mr. Teerasak
Charoensettakul, Siam Yamaha Motor Robotics)
- TIGORS Pilot Project [Agriculture] (Mr. Naoyuki Tamaki, Topcon)
- YANMAR JICA Pilot Project details (Mr. Seungkyu Lee, Yanmar
Agribusiness)
- Intelligent driving vehicle in Thailand, Low-cost autonomous vehicle (Mr.
Kanin Kiataramgul, Asia Technology Industry)
- CORS Network for Cadastral Surveying (Dr. Peera Yomwan, DOL)
- Using the NCDC with Hydrographic Survey for Water Management (Ms.
Nuantip Chaladlert, HII)
4. Closing remarks Speech (Mr. Kenichiro Koiwa, JICA Thailand Office)
Participants On-site: 39 people, On-line: 22 people

Goals

Contents

Figure 3-27 Photos of the 2" seminar

The 3" JICA Project Seminar
[Video] https://www.facebook.com/skp.gistda/videos/883625566613428/
[Photos] https://www.facebook.com/share/viwMjxHfR87RfnSfuX/?mibextid=WC7FNe
The members organized the final seminar of the project to widely publicize the results of the project and
examples of use cases of NCDC on 31* October 2023 in Bangkok.
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Table 3-34 Overview of the 3™ /final JICA Seminar

Title TIGORS Final Seminar
Date/Time 313t October 2023, 9:10-12:00 (Thai time), 11:10-14:00 (Japan time)
Place Jasmine City Hotel in Bangkok
Goals To promote the achievements of the project and use cases of NCDC
1. Opening remark (Ms. Yuki Kitagawa, Senior Representative of JICA Thailand
Office)
2. Overview of TIGORS Project (Dr. Hiromichi Tsuji, JICA Project Team Leader)
3. National CORS Data Center (NCDC) (Col. Sompoch Puntavungkoon, RTSD)
4. Use cases of NCDC data
- Report of JICA TIGORS Pilot Project [Survey] (Mr. Naoyuki Tamaki, Topcon)
- Road construction using ICT construction machineries utilizing NCDC (Mr.
Takashi Ogawa, Topcon)
- Agriculture Solutions (Ms. Tanista Ketkaew, Topcon)
- Utilization of NCDC in Agriculture (Dr. Witaya Lerdpiriyakamol, Quantum
Motus)
- AUTO PILOT system by Network-RTK provided by NCDC (Mr. Teerasak
Charoensettakul, Siam Yamaha Motor Robotics)
Contents - Using NCDC to increase the product yield in supply chain management in the
cassava industry (Mr. Chaiwat Bootchai, Bio Mat Link)
- Smart Agriculture utilizing Autonomous and Telematics Technology in
Thailand (Mr. Seungkyu Lee, YANMAR AGRIBUSINESS)
- Low-cost autonomous driving vehicle using high-accuracy GNSS (Mr.
Sitthisak Khamkasem, Asia Technology Industry)
- Utilization of NCDC Data (Mr. Chaiwat Panachat, DPT)
5. Way Forward
Dr. Peera Yomwan (DOL)
- Mr. Chaiwat Panachat (DPT)
- Dr. Acharaporn Bumrungkit (GISTDA)
- Ms. Nuantip Chaladlert (HII)
- Mr. Sarayut Yousamran (RTSD)
6. Closing remarks (Prof. Dr. Chalermchon Satirapod)
Partici 122 from Thai government agencies, Thai and Japanese private companies, and
articipants
universities, etc.

At first JPT and RTSD reported on the achievements of this project, and then the implementing companies

of the 8 pilot projects and DPT presented use cases of NCDC applications in the fields of surveying,

construction, agriculture, and autonomous driving. Exhibition booths were set up where NCDC'’s services

and the results of each company’s pilot project, technologies, and products were presented. Through the

presentations and face-to-face communications at the booths, TPT and JPT believe that the usefulness and

potential of NCDC were conveyed to the participants.

In the “Way Forward” session at the end of the seminar, representatives from each of the 5 TPT agencies

spoke strongly about their aspirations for further improvement of NCDC services and promotion of

utilization of NCDC, while also describing how NCDC has become an integral part of their business and

providing specific examples of future developments using NCDC.

Topcon and Topcon Positioning Asia (Thailand) distributed bags of the rice grown and harvested through

their pilot project to everyone participated in the seminar, a wonderful memento of the results of NCDC’s

utilization.
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S CORS In Thailand 1

IGORS

Figure 3-28 Photos of the 3 seminar

(2) Holding the NCDC user meeting
The members organized the NCDC user meeting on the afternoon of 315 October 2023, the same day that

the above seminar was held. About 50 people, Prof. Dr. Chalermchon Satirapod, TPT, users (i.e., the

companies who performed the 8 pilot projects), and JPT attended the meeting and exchanged opinions and

ideas on further improvement and promotion of NCDC.

Table 3-35 Overview of the NCDC user meeting

Title NCDC User Meeting
Date/Time 315t October 2023, 13:30-16:00 (Thai time), 15:30-18:00 (Japan time)
Place Jasmine City Hotel in Bangkok
= To listen to the feedback from the users and exchange opinions and ideas with the
urpose :
users for improvement of NCDC
1. Opening remark (Col. Sarayut Yousamran, Director of Geodesy and Geophysics
Division, RTSD)
2.  Self-Introduction
3. Introduction of operation of NCDC (Col. Parinya Thaweewat Chief of Geodesy
Section, Geodesy and Geophysics Division, RTSD)
4. Comments from the NCDC users
- Survey field [Topcon]
- Construction field [Nishio Rent All & Topcon]
- Agriculture field [Topcon]
Comee - Agriculture field [Quantum Motus]
- Agriculture field [Siam Yamaha Motor Robotics]
- Agriculture field [Bio Mat Link]
- Agriculture field [YANMAR Agribusiness]
- Autonomous Driving field [Asia Technology Industry]
5. Opinion Exchange
Prof. Dr. Chalermchon Satirapod
6. Closing Remarks (Prof. Dr. Chalermchon Satirapod)
7. Group photo
Partici About 50; Prof. Dr. Chalermchon Satirapod, TPT, users (companies implementing pilot
articipants .
projects), and JPT

While the final seminar focused on sharing the achievements, this meeting provided an opportunity for

TPT members as service providers and the implementing companies in JICA pilot project as users to share
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information and exchange opinions on issues of the current NCDC and requests for future improvement.
First, RTSD, the organization responsible for NCDC, explained to the users the status of NCDC’s data
quality monitoring and the details of efforts for improvement. Following this, representatives from each
company shared their thoughts and opinions about the benefits, satisfaction level, issues, requests for
improvement, and expectations for the future based on their experience using NCDC'’s services for several
months to over a year. The satisfaction levels of the users were as shown below: “Very much satisfied” was

1 response, while “ok” was 3 responses, indicating that NCDC needs to continue its efforts for improvement.

Please tell us level of satisfaction on NCDC by writing “5", “4", “3", “2" or “1",

where

5:Very much satisfied, 4:Satisfied, 3:0k, 2:Dissatisfied, 1:Very much dissatisfied

4 [Survey (Topcon)]

3 [Nishio rentall & Topcon (Construction)]

. 4 [Topcon (Agriculture)]

. 5 [QUANTUM MOTUS (Agriculture)]

. 5 [Siam Yamaha Motor Robotics (Agriculture)]

) 4 [BioMatLink (Agriculture)]

. 3 [Yanmar Agri Business (Agriculture)]

. 3 [Asia Technology Industry (Autonomous Driving)]

In the latter half of the meeting, all participants exchanged opinions on common issues and requests of
users under the facilitation of Prof. Dr. Chalermchon Satirapod. TPT members had had very limited
opportunities for direct dialogue with users, but the face-to-face exchange provided an opportunity to hear

candid opinions that will serve as hints for future improvement of NCDC.

Figure 3-29 Photos of the NCDC User Meeting
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(3) Business matching
With a view to contributing to the development of businesses that utilize the precise positioning data
distributed from NCDC, the project members sought to create contact points between companies
implementing the pilot projects and their potential customers/ potential business partners through the
following activities.
- Support for implementation of site tours and demonstrations, and PR
- Holding and promoting Agri DEMO DAY
- Holding project seminars (presentations, exhibitions)
- Introduction of GNSS-related events
- Collaboration with universities
- Dissemination of information at GNSS-related events not organized by this project, websites (NCDC,
JICA, etc.), SNS, etc.
- Others
It is difficult to evaluate the results of the above efforts at this point, since full-scale business development
of services and products utilizing NCDC is yet to begin, but the companies that implemented the pilot
projects commented positively, “We were able to obtain opportunities and triggers that could not be obtained

through individual corporate efforts alone”.

(4) Presentations in the 14" Multi-GNSS Asia Annual Conference

In order to raise awareness and increase the number of users of NCDC, Prof. Dr. Chalermchon Satirapod,
TPT, JPT and NIMT hosted “Thailand-Japan Special Session” in the 14" MGA Annual Conference held in
Chiang Rai from 30" January to 2" February 2024, and presented the activities and achievements of the
project, the current status and future of NCDC, and the results of the pilot project (examples of NCDC
applications) to GNSS stakeholders in Thailand and other countries. The session was attended by about 40

participants face-to-face and 20 participants online.
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Table 3-36 Overview of the Thailand-Japan special session in MGA

Title Thailand-Japan Special Session
Date/Time 31st January 2024, 15:30-16:30 (Thai time), 17:30-18:30 (Japan time)
The 14t Multi-GNSS Asia Annual Conference at Mae Fah Luang University, Chiang

Place : )
Rai and online
To publicize the activities and achievements of the project to GNSS stakeholders in
Thailand and other countries.

Purpose

Explain and disseminate the current status, future prospects and examples of utilization
of NCDC, to increase the number of users.
Chair: Prof. Dr. Chalermchon Satirapod, Chulalongkorn University
Co-Chair: Mr. Chinnatat Keawkaew, GISTDA
1. Greeting *video message
(Mr. Kazuya Suzuki, the Chief Representative, JICA Thailand Office)
2. Overview and achievements of JICA TIGORS Project
(Dr. Hiromichi Tsuji, Team Leader of JICA Project Team (PASCO Corporation))
Contents 3.  Operation and Maintenance of NCDC
(Col. Dr. Sompoch Puntavungkoon, RTSD)
4. GNSS test and calibration facilities at NIMT
(Dr. Thayathip Thongtan, NIMT)
5. Results of the 8 Pilot Project
(Ms. Nami Seimiya, Deputy Team Leader of JICA Project Team (PASCO
Corporation))
Participants On-site: approx.40 people, On-line: approx.20 people

e « Meonitoring of Earthquakes
and Volcanic activities
« Tsunami early warmning

of ground water

Figure 3-30 Photos of the Thailand-Japan special session

[2-4] To conduct seminars and a regional workshop with neighboring countries to promote

the utilization of precise positioning data

(1) Regional Workshop in Bangkok

JPT and TPT organized the regional workshop inviting representatives from 6 Asian countries as described

below.
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Table 3-37 Outline of the regional workshop

Dates On 21st, 22nd 25t 26t and 27" September 2023
Venue Grande Centre Point Hotel in Bangkok and the pilot project sites in Thailand
e Government officials responsible for GNSS/CORS from Bangladesh, Cambodia,
Indonesia, Lao PDR, Philippines, Thailand, and Viet Nam
To encourage further utilization of GNSS/CORS in the Asian countries by
introducing key activities of JICA CORS project in Thailand (TIGORS), as well as
Purpose - . . .
providing an opportunity for the participants to share ideas and exchange
technologies in the field of GNSS/CORS among participating countries.
Table 3-38 Programme of the regional workshop
Day Details Location
- (Travel, from each country to Bangkok)
- Greetings and Self-introduction
- Introduction of JICA’s Cooperation on CORS in Asia
Day 1 | - Introduction of the current situation and issues regarding CORS in each | Bangkok
country
- Reception
- Introduction of NCDC and TIGORS project
Day 2 | - Summary and discussion on the current situation and issues Ditto
- Site visit #1: NCDC (RTSD)
- Overview of the pilot project and presentations from the participating
Day 3 companies Ditto
- Opinion exchange “What we will do to move forward” and wrap-up
Day 4 | Site visit #2: Autonomous Driving pilot project (Asia Technology Industry) | Chonburi
Day 5 | Site visit #3: Agriculture pilot project (Siam Yamaha Motor Robotics) Samut Prakan
- (Travel, from Bangkok to each country)

Table 3-39 List of participants of the regional workshop

Country Participants
Banaladesh Mr. M J Arif Begg (Ministry of Defence / Deputy Secretary)
9 Mr. Mohammed Abdur Rouf Howlader (Survey of Bangladesh / Director)
Mr. Sin Sotheany (General Department of Cadastre and Geography / Deputy Director
Cambodia General)
Mr. Chharom Chin (General Department of Cadastre and Geography / Geography Dept.,
Deputy Director) *Until 25" Sep.
Dr. Gatot Haryo Pramono (Geospatial Information Agency / Head of Center for Geodetic
Indonesia Control Network and Geodynamics)
Mr. Yuandhika Galih Wismaya (Geospatial Information Agency / Staff)
Dr. Ammala Keonuchan (National Geographic Department / Director General)
Lao PDR Mr. Daeng Phanhpheng (National Geographic Department / Deputy Director of Survey and
Border-Joining Zone Division)
Ms. Charisma Victoria D. Cayapan (National Mapping and Resource Information Authority /
Philippines | Geophysicist V)

Mr. Donnie T. Mancera (National Mapping and Resource Information Authority / Engineer I1)
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Country Participants

Chulalongkorn University: Prof. Dr. Chalermchon Satirapod

Royal Thai Survey Department: Col. Kriengkrai Boonterm, Col. Dr. Sompoch
Panthawangkun, Col. Rungkrai Kraimark, and some others

Department of Lands: Dr. Peera Yomwan, Mr. Norasi Nilphetploy, Mr. Miti Nuntatikul
Department of Public Works and Town & Country Planning: Mr. Nakarin Plangpongpan, Mr.
Chaiwat Panachat

Geo-Informatics and Space Technology Development Agency: Mr. Chinnatat Keawkaew, Mr.
Pranatpol Thaicharoen, Ms. Supasiri Reungthummawat

Hydro-Informatics Institute: Ms. Nuantip Chaladlert, Ms. Patsharawadee Chitsutti, Ms.
Jittraphon Yuthai, Mr. Phisitchai Hanpadungkit, Mr. Tullatorn Arak

Thailand

Mr. Nguyen Dai Dong (Department of Survey and Mapping of Vietnam / Deputy Director of
Technology of survey, mapping and geo-information Division)

Mr. Do Anh Tuan (Department of Survey and Mapping of Vietnam / Engineer, Technology of
survey, mapping and geo-information Division)

Viet Nam

JICA Thailand Office: Ms. Yuki Kitagawa, Mr. Yasuyuki Endo, Dr. Kobchai Songsrisanga
JICA project team: Dr. Hiromichi Tsuji, Ms. Nami Seimiya, Mr. Ryusuke Nakatani of PASCO
Corporation

Japan
*Organizer

Based on the presentations given by each country, the results of preliminary questionnaires, and the
information shared through the series of opinion exchange and discussions held during the regional workshop,
the participants confirmed that the participated countries are having the following common issues and
challenges.

- Damages caused by lightening, radio interference, deformation monitoring

- Integration of various CORS within a country

- Pricing, securing budget, HR capacity building, marketing and PR

Although the time was very limited, every participant gained valuable information and insights which can
be of great help in their countries from other participants.

The participants witnessed how CORS can contribute to solve social issues by assisting agriculture work
and through implementation of autonomous driving from the site visits on 26 and 27" September.

Since GNSS/CORS is a highly specialized technology, it is not very easy nor efficient for the agencies in
charge in each country to gain experience and find solutions to the issues on their own. As one of the most
important outcomes of this workshop, the participants recognized that information sharing and discussions
across countries is effective for improving and promoting the utilization of CORS in each country. During
the concluding discussion named “What can we do to move forward?”, they then came up with the idea of
holding a regular online meeting in every 3 months to continue information exchange of CORS of each

country (Appendix 4).
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Figure 3-31 Photos of the Regional Workshop
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11 participants responded to the questionnaire at the end of the workshop. The following comments were
given on the overall impression.
- The content and schedule of each day were well considered, managed, and implemented.
- Very useful information was obtained on how participating countries can develop in the CORS field.
- The content of this workshop would be useful for capacity building and promoting the use of CORS
in Asian countries.

- Ilook forward to implementing what I learnt here in my work in my country.

Among the presentations from each country that left a particularly strong impression were those on heat
management in Thailand, the integration of CORS of several institutions in Thailand, the design (appearance)
of CORS in Cambodia, and measures to secure support from the government in Indonesia. The following
comments were also made as ideas for technical assistance required in each country.

- Development of open-source CORS management software (Thailand)

- Operation and maintenance of NCDC (Thailand)

- Projects to expand the CORS network and acquire users (Philippines)

- Addressing issues of geodetic reference systems (e.g., strengthening of geodetic infrastructure,
coordinate transformation parameters, etc.) and integration of CORS network and utilization
(Philippines)

- Application of CORS to land subsidence (Vietnam)

- Technical cooperation on data utilization (Indonesia)

- Establishment of CORS-based geodetic networks and establishment of data centres (Lao PDR)

(2)  Follow-up/ reunion meeting

JPT, TPT and the participants in the regional workshops mentioned above held their first follow-up
meeting on 29" January 2024 at a venue in Chiang Rai and an online hybrid. The director of the international
division of Geospatial Information Authority of Japan (GSI) attended the meeting as an observer.

Table 3-40 Outline of the follow-up meeting

Date/ time On 29" January 2024 at 14:00-15:15 (Thai time), 16:00-17:15 (Japan time)
Venue Mae Fah Luang Univ. in Chiang Rai & online

Government officials responsible for GNSS/CORS from Bangladesh, Cambodia,
Participants Indonesia, Lao PDR, Philippines, Thailand, and Viet Nam

JPT members
Observer GSlI, Japan

To continue exchanging information on CORS operation, maintenance, and

Ul utilization in each country.
1. Introduction
2. Greeting/Presentation from each country
- Bangladesh: Greeting
Agenda - Cambodia: Greeting

- Indonesia: Online services based on CORS data

- Lao PDR: Work progress and proposal about CORS

- Philippines: Greeting

- Thailand: Greeting from DOL, NCDC manual from RTSD
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- Viet Nam: Greeting

- Japan: News from GSI website (Noto Peninsula earthquake)
3. Q& A, opinion/information exchange
4. Plan of next session

Table 3-41 List of participants

Country Participants
Bangladesh | Mr. Mohammed Abdur Rouf Howlader (Survey of Bangladesh / Director)
Mr. Sin Sotheany (General Department of Cadastre and Geography / Deputy Director
General)
Cambodia Mr. Chharom Chin (General Department of Cadastre and Geography / Geography Dept.,
Deputy Director)
Mr. So Vanna (General Department of Cadastre and Geography / Director)
. Dr. Gatot Haryo Pramono (Geospatial Information Agency / Head of Center for Geodetic
Indonesia ;
Control Network and Geodynamics)
Dr. Ammala Keonuchan (National Geographic Department / Director General)
Lao PDR Mr. Daeng Phanhpheng (National Geographic Department / Deputy Director of Survey and
Border-Joining Zone Division)
I Ms. Charisma Victoria D. Cayapan (National Mapping and Resource Information Authority
Philippines -
/ Geophysicist V)
Prof. Dr. Chalermchon Satirapod (Chulalongkorn University)
Thailand Col. Dr. Sompoch Panthawangkun (RTSD)
Mr. Miti Nuntatikul (DOL)
Ms. Patsharawadee Chitsutti (HII)
, Mr. Nguyen Dai Dong (Department of Survey and Mapping of Vietnam / Deputy Director of
Viet Nam . . : I
Technology of survey, mapping and geo-information Division)
ﬂapan Mr. Yudai Sato (International Division, GSI / Director)
Observer
fg‘;’;‘;‘nizer Dr. Hiromichi Tsuji, Ms. Nami Seimiya, Mr. Ryusuke Nakatani (JPT, PASCO Corporation)

Representatives from the participating countries shared information on their activities conducted since

October 2023, where Indonesia provided information on their online services using CORS data, Lao PDR

on the plan of integration of CORS, and Thailand on the development of operation and maintenance manuals,

each through a 10-minute presentation. JPT introduced GSI’s responses after the Noto Peninsula earthquake.

The participants discussed and agreed to continue the online information exchange meetings every 6

months. The next meeting will be chaired by the Philippines in July 2024, and the agenda and topics will be

decided around June, depending on progress and interests in each country.
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Figure 3-32 Photos of the follow-up meeting of regional workshop

[2-5] To summarize and share GNSS utilization and promotion activities and its expected

impact in Thailand

(1)  Review of activities related to the utilization of GNSS in Thailand
1) Interview surveys

Interview surveys were conducted with the related parties to collect information about their activities
for utilization of CORS and GNSS carried out so far in Thailand. The interviewees, schedule of the
interview survey, and comments/opinions obtained are summarized below.

Table 3-42 Schedule of interview survey

Date Organization and Company Respondents
315t Oct. 2022 | Chulalongkorn University Prof. Dr. Chalermchon Satirapod
15t Nov. 2022 Hydro Informatics Institute (HII) Ms. Nuantip, and 1 person

Department of Public Works and Town &
Country Planning (DPT)

aov. a0z Deperimentof Lancs (000 R
4 Nov. 2022 | Royal Thai Survey Department (RTSD) Sorsons gkral, r. poch,

Bio Mat Link Co., Ltd. (BML) Dr. Chintanapunt, and 2 persons

7t Nov. 2022 Geo-Informatics and Space Technology
Development Agency (GISTDA)

Ministry of Digital Economy and Society
st

31t Oct. 2022 (MDES)

1st Nov. 2022 Thai Nippon Road Mr. Katsuji Kawamura, President

. Mr. Samniang Suttara, Ms. Tanista
d b
2nd Nov. 2022 | Topcon Thailand Ketkaew, Mr. Takashi Ogawa

2 Nov. 2022 Mr. Chaiwat, and 5 persons

Dr. Nattawat (on-line), Mr. Thotsawat

Mr. Kroekits, Advisor to the minister

Table 3-43 Comments/opinions obtained from the interview survey

Interviewees Comments/Opinions
- He is satisfied with what the TIGORS has achieved so far. Al WG members are
Chulalongkorn actively participating in approaching potential users of NCDC.
University - Since about 80% of the rural population is engaged in agriculture, He personally
believes that agriculture is the number one target sector.
Hydro Informatics | - HIl held workshops in rural areas. Local government officials also participated in
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Interviewees

Comments/Opinions

Institute (HII)

the workshops. Since rural areas do not have the budget to purchase GNSS
receivers, they asked HlIl to introduce low-cost GNSS receivers.

HIl also introduce NCDC in their lectures and workshops.

HIl expressed that they would continue the CORS courses and workshops.

Department of
Public Works and
Town & Country
Planning (DPT)

DPT conducted trainings on the use of GNSS receivers as new equipment was
introduced. They were implemented for the staff members of DPT offices in 76
prefectures nationwide.

CORS density is not a big problem for 1/4,000 DPT mapping jobs. It is necessary
to make it denser for surveying.

Data may be unstable when using data from NCDC. DPT deals with it in post-
processing because DPT has technical capabilities. So, such responses would be
difficult for ordinary users which do not have such technical capabilities.

Department of
Lands (DOL)

It conducted trainings for government agencies and the private sector, with a
cumulative total of over 3,000 participants.

Since 2012, CORS has been installed on a pilot basis, and since 2017, the area
has been expanded in earnest. It is expected to cover the whole country in 2023.

Royal Thai Survey
Department (RTSD)

They are not satisfied with the current number of users. They do not think they
have been able to recover their investment, but recovery is not the primary
purpose of RTSD. Since NCDC is a national infrastructure, it is important that it is
used effectively for Thailand. They requested to continue the activity of the
Output2 of TIGORS to promote utilization.

Since Thailand is an agricultural country, they think that CORS will be mainly used
in agriculture, but because of the cost of installing GNSS receivers, it is likely that
agricultural corporations with financial resources will be users more and more
rather than general farmers.

Bio Mat Link Co.,
Ltd. (BML)

BML’s business is to connect among farmers, logistics companies, and food
processing companies (Collaborative Value Chain Management).

Maijor crops in Thailand are rice, cassava, and sugar cane. Among them, cassava
is the first target crop for IGE's business because of its potential and ease of
starting a business. In the future, they plan to expand the target crops to include
rice and corn.

Waste after cassava processing is collected and used as agricultural chemicals
and feeds (recycling). GNSS location information of transport vehicles is required
for waste traceability.

Currently, a pilot project is being implemented in Chachoengsao Province. In
addition, the business area is being expanded to eight prefectures. Ultimately (in
2025), it plans to expand to 54 prefectures. They plan to use GPS and NCDC data
in all areas. Precise positioning by NCDC is necessary for cross-checking of GPS
for explaining its advantages to investors.

Geo-Informatics
and Space
Technology
Development
Agency (GISTDA)

Domestic and international efforts are being made to promote the use of GNSS.
Activities in collaboration with Japan's JICA (this project) and the Cabinet Office
are included. They will also promote the utilization of CORS data from GISTDA.
In addition, as infrastructure development, CORS data is aggregated in SKP, and
data is provided from SKP.

They are holding an idea competition for university students in collaboration with
Japanese government partners. They are also collaborating with European
partners through MGA (Galileo related).

Several projects related to Japan are being implemented, but the directions are
various. It is expected that related organizations on the Japanese side (for
example, JICA and the Cabinet Office) would cooperate with each other if
possible. It would be nice if experts could work in the same direction.

Ministry of Digital
Economy and
Society (MDES)

Precise positioning using GNSS is a new technology for general Thai people, so
the benefits are not yet understood. Since Thailand is an agricultural country, cost
reduction and profit improvement in agriculture are important points. It would be
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Interviewees

Comments/Opinions

nice if it is presented that NCDC can help with that to the people.

Government interest is important. It is also important to persuade the politician
and to make the politician to think it will improve his/her approval rating. To that
end, it is necessary to show the effects of using NCDC not only in theory but also
in actual results.

There are only four major general contractors in Thailand. These four companies
will basically enjoy the benefits of NCDC in the construction sector. Therefore, it
is inferred that the government and politicians do not attach importance to the
diffusion of the construction sector due to the narrow scope of influence.

There are barriers to the current widespread use of GNSS/CORS, such as the
high cost of GNSS receivers and the lack of Internet access in some areas.

Thai Nippon Road

ICT construction using satellite data started four years ago. The first example is
the pavement of an automobile test course in Thailand in cooperation with Nikon-
Trimble. For this construction, precision in millimeters was required for flatness,
which was impossible without GNSS. The second example is JICA's pilot project.
At Thai Nippon Road, three Japanese engineers stayed for 6 months and provided
technical guidance to young local engineers for the first ICT construction. The
young engineers in Thailand were very understanding and mastered the
techniques well in a short period of time.

Precise positioning has not yet been fully recognized by the bureaucrats of the
Road Department of Thailand. It is important that they recognize that need. JICA's
pilot project was inspected by construction officials from the Road Department,
contributing to raising their awareness.

Topcon Thailand

Topcon is developing business in three sectors: surveying, construction (i-
Construction), and agriculture (Smart Agriculture). Regarding the spread of
GNSS/CORS, they are participating in JICA's pilot project in these three sectors.
Other than that, they dispatch instructors to GISTDA workshops.

If the spread is still insufficient, the government's backup that fulfills the
prerequisites such as increasing the number of CORS and improving the Internet
environment is necessary for further spread.

About 10 years ago, Chinese companies entered the field of surveying and
became a formidable competitor. The advantage of Chinese products is their low
prices. Topcon's strategy is not to be easily involved in price competition, but to
compete with the quality of the product package (durability of the product itself,
generous service such as maintenance).

Chulalongkorn University

- A
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Bio Mat Link

Figure 3-33 Photos of the interviews

2) Lessons Learned

The lessons learned from considerations on the results of past activities for the spread of GNSS/CORS

are summarized briefly as follows:

One of the keys to the diffusion of the latest technology is that its merits are fully understood not
only by specialists but also by the general public.

If the price of the necessary equipment such as GNSS receivers does not drop, it will be difficult
to see widespread use, but on the other hand, it is also true that manufacturing costs will not
decrease unless they become widespread. Therefore, it is important for the government and aid
partners to take the initiative in promoting investment.

Several organizations have pointed out that it takes time for the positioning results to stabilize
because an internet environment is still insufficient, especially in rural areas, and that the density
of CORS:s is low. Improvement on this point will be necessary for popularization of GNSS.
When it comes to precise positioning, the first thing that comes to mind is automatic driving of
heavy machinery and vehicles. It was presented that there are unexpected applications such as
identification of toll road vehicles, traceability of waste transportation, and high-precision road
paving. In the future, as it becomes more popular, it is highly possible that completely
unexpected uses will be developed that will lead to business. For this reason, it can be said that

the idea competition for students that GISTDA is conducting in collaboration with partners such
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as the Japanese government is a wonderful initiative.

- Most of interviewees expressed their expectation that the Japanese government and JICA to
provide technical support, such as expanding the usable area, improving accuracy, and ensuring

the stability of measurement results.

(2) Market research of businesses utilizing CORS and GNSS, and their economic effects

1) Market research of business utilizing CORS and GNSS

Make a market research plan

The market research plan was discussed at several Output 2 meetings based on the JPT's proposal,
and the following was agreed at the end of 2022. It was decided that the details would be worked out as

the project progresses.
[Web Survey Plan]
*This survey intends to gather personal opinions from various kinds of people
NOTE: We will set the target groups and prepare questions for each group. At the beginning of the
questionnaire, an answerer will select which group he/she belongs to, and then, answer the
questions prepared for the selected group.

No. Group Description

1 Policy group (the person who is | *Details will be discussed and decided together.
setting up the policy or the road map
in Thailand)

2 Technician or surveyor group (the | This group includes government officers (excluding TPT
person who used the GNSS in his | members), local government officers, engineers working
career way) for survey companies, and students.

*Details will be discussed and decided together.

3 Future group (the person who are | This group includes people working for agriculture and
interested and come to joint in the | construction companies.
future) *Details will be discussed and decided together.

4 End user group such as people who | This group includes people working for other companies
used the GNSS for car navigation and | than agriculture and construction companies.
anything in his life *Details will be decided after discussing with GISTDA.

5 Industry group -

How we distribute the URL
*Details will be discussed and decided together

- To send emails to the participants in the GNSS Training and the site tours
- To extract suitable people from GISTDA's emailing list and send emails?

- To send emails to the people who have registered to NCDC (Government officers 900, general users
300)

- To post the URL on Facebook etc.

<Implementation procedure>
- December to January: Prepare the questionnaire *Let's have online meetings,

- February to March: Open the questionnaire web page

- The end of March: Close the web page, aggregate and evaluate the results
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Design and formulate a questionnaire sheet

The questions to be asked in the questionnaire were drafted by GISTDA members and discussed

within TPT. The outline of the question items is as follows.

- GNSS/CORS usages
- Interest in GNSS/CORS training

- Expected spread of GNSS/CORS in Thailand

- Awareness of NCDC
- Interest in NCDC training

The survey was conducted using Google's web survey service (free of charge), and experienced

GISTDA members created the web page.

GNSS/CORS Questions

yaimail609@gmail.com Ffuyd Py

* srymliusaaiautiu

Firstly, please tell us about yourself / your organization f your compamy.

- : TR e o R ol Ll s
(amnd 1. Tsmsrudayaidusdasdoas IWid ordinmu niaassantiiudsda)

3) Do you use GNSS/ICORS ? |
(gt izsugalasal GNSS/CORS wialy

O A) Yes, | do. (Td fmaTdnugilnsal GNSS/CORS)

() B) Mo, 1 dont. (taitel e i 6T umlneal GNSS/CORS)

e daid Anuuudaii

Wrsdeh AN 1

zlogy Development Agency (Pubic

Google wasu

GNSS/CORS Questions

yaimai1609@gmail.com adfuiins &

*sruiniiudranaidudy

5) Do you use GNSSICORS by yourself ? »
(vimnoemzasiu gadasal GNSS/CORS srednasnsaly)

A) Mo, |/my agency/ my company hire private entities, both inside and outside the
= country. ('l thwidr /mibaowzastidt Hiemaenuy aluwarandsnd)

O B) Yes, I/my agency/ my company do it myself (13w mhonuihwe izt
guUnsel GNSS/CORS dandias)

C) Partially self-operated and hire private entities. Both inside and outside the

O country. (T mizauaastiwd Wnugdnsal GNSS/CORS sudlas uarhdg
aAanzuy aluuasuanlsand)

ndu Sl dauvumaiu

inudasarulu Google viadu

S
warasilignatofunaly GISTDA : Geol
Organiz

and Space Technology Development Agency (Public
DgINATEAEia

Google vlasu

Figure 3-34 Screenshot of web survey

Conduct a questionnaire survey (web)

The questionnaire survey was conducted with the activities and the schedule below.
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Title
1) Discussion ofthe web survey
2) Make the draftof web design
3) Draft survey questions
4) Testthe draft design
5) Send invitation emalils, Tst
6) Open web survey

7) Send invitation emails, Z2nd

P R

8) Discussion of the results
+ 9) Presentation of the interim report
+ 10) Completion of the draft final report

+ 11) The Final Report

2023 2023 2023
Dec Jan Feb Mar Apr May Jun Jul Aug

L 4

2023
Sep Oct Nov Dec J

Figure 3-35 Time schedule of the questionnaire survey

Summarize the questionnaire survey results

The results of the questionnaire survey are as follows.
- Website opening period: 24" March 2023 - 21° April 2023

- The number of email invitations to participate in the survey: 300 (The mailing list was created

based on the mailing lists of TPT and lists of participants in the project events. In addition to

emails, invitations were also sent from the LINE Group, and the website was opened to external

parties such as government agencies and universities.)

- The number of valid responses: 100

The main findings obtained from the questionnaire survey are as follows.

equipment (i.e., GNNS receiver).

More than 80% of who do not use GNSS/CORS now will use in future.
Presently, GNSS/CORS technology are being used mostly for surveying and mapping.

Almost all the users expect the millimeter or centimeter level accuracy.

and NCDC are requested by many respondents.

technology.

83% know NCDC but a third of them do not register to NCDC yet.
Majority of the respondents have an interest in the training on use of GNSS/CORS and NCDC

2) Economic effects of businesses utilizing CORS and GNSS

Almost a half of the respondents are technicians or surveyors working in a private company.
More than 80% use GNSS/CORS technology.

The most common reason cited by respondents who do not use is that they do not have necessary

More stability and wider coverage, and lower cost (free of charge) for the uses of GNSS/CORS

The research and analysis regarding economic effects was basically carried out using the following

steps.

1. Based on the results of “(1) Review of activities related to the utilization of GNSS in Thailand,”

we assumed agriculture, construction, and transportation as industries that would be significantly

affected.
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Identify what impacts are measurable in monetary terms and what are not by interviews to the
specialists of each sector.

Estimate what the direct impact (increase in production) will be that can be measured in
monetary terms with interviews to the experts of each sector and existing researches.

Based on the above, the spillover effect on the entire economy of Thailand will be estimated by

input-output analysis.

The research/analysis was conducted according to the schedule below.

Title Mar

+ 1) Planning of the research

s 2) Make appointments with specialists

+ 3) Discussion of the economic impact survey

s 4) Interviews with specialists in Thailand

+ 5) Interview with a specialistin Japan (r emote)
+ 6) Presentation of the interim report

+ 1) Gompletion of the draft final report

+ 8) The Final Report

2023 2023 2023

Apr May Jun Jul Aug Sep Oct Nowv Dec

¢

Figure 3-36 Time schedule of the research and analysis regarding economic effects

Preliminary survey and make a list of economic-related keypersons

The survey on “(1) Review of activities related to the utilization of GNSS in Thailand* was conducted

as a preliminary survey for this project, and the knowledge obtained there was utilized for the analysis.

The list of economic-related key persons was made as below with the assistance and recommendations

from Prof. Dr. Chalermchon Satirapod.

Table 3-44 The list of economic-related key persons

Keyperson

Purposes

Asst. Prof. Pacharasut Sujarittanonta of
Chulalongkorn University (Economics)

To ask about the methodology of economic effects. Author
of the economic impact report provided by Prof. Dr.
Chalermchon.

Ms. Kingkamon Lertthitinunkul of NESDC (I-O
table)

To ask about input-output tables, which are commonly
used to calculate economic effects. NESDC is the
government agency creating input-output tables in
Thailand.

Asst. Prof. Dr. Soravis Supavetch and Asst.
Prof. Dr. Poonphipop Kasemsub of Kasetsart
University (Agriculture)

To ask about the economic impact on the agricultural
sector, which is one of the industries expected to be
greatly affected.

Assoc. Prof. Dr. Saksit Chalermpong,
Department of Civil Engineering, Faculty of
Engineering and Deputy Director,
Transportation Institute, Chulalongkorn
University (Transportation)

To ask about the economic impact on the transportation
sector, which is one of the industries expected to be
greatly affected.

Dr. Damrongrit Niammuad, Deputy Executive
Director, GISTDA

To confirm the research content and methodology with
who have proposed conducting economic impact
research and analysis for this project.

Dr. Vanida Khumnirdpetch, Director, Bureau
of Foreign Agricultural Affairs, MOAC
(Agriculture)

To ask about the economic impact and the government
policy in the agricultural sector, which is one of the
industries expected to be greatly affected.

87




Project Completion Report (2nd and 3rd terms)

Keyperson

Purposes

Prof. Chattichai Waisurasingha of Khon Kaen
University (Construction)

To ask about the economic impact on the construction
sector, which is one of the industries expected to be
greatly affected.

Discuss with economic-related keypersons

The main points of the discussions are as follows.

Table 3-45 The main points of the discussions

Date

Interviewees

Summary of Interviews on Economic Impacts

29th
May

Asst. Prof. Pacharasut
Sujarittanonta of
Chulalongkorn
University (Economics)

The paper on economic impact provided by Prof. Dr. Chon to JPT is a much
earlier paper prepared by Asst. Prof. Pacharasut in 2016.

The paper used a model with I-O analysis. Popularization of technology
means that it becomes available to general consumers. Therefore, the idea
is to target final demand (demand including general consumers directly or
via companies).

With reference to overseas cases, adjustments were made to the economic
model, using various parameters (CPI, effective exchange rate, GDP) and
the model was applied to Thailand by extrapolation for each industry sector.

29th
May

Ms. Kingkamon
Lertthitinunkul of
NESDC (I-O table)

The current latest I-O table is the 2015 edition. Originally, they would have
been working on creating the 2020 version, but due to the impact of
COVID-19, they were unable to obtain sufficient data, so they started
creating the 2021 version. It is scheduled to be completed in 2025.

The budget for creating I-O tables may change depending on the intentions
of the current government, so if the budget is reduced, adjustments are
made by reducing the number of samples to be collected, etc. However,
the impact of budget cuts is being minimized by focusing on securing data
in the industrial and service sectors, which are subject to large fluctuations.

The Leontief inverse matrix table used for calculating the spillover effects
is not open to the public. It is available upon request. (JPT requested
Leontief’s inverse matrix for 16 sectors and obtained it.)

30th

Prof. Chalermchon
Satirapod of
Chulalongkorn
University

Prof. Chalermchon advised that the traveling cost of surveys for resolving
land boundary disputes can be reduced up to 80,000 Million Baht. (Detailed
explanation for this benefit was provided by DOL.)

31st

Asst. Prof. Dr. Soravis
Supavetch and Asst.
Prof. Dr. Poonphipop
Kasemsub of Kasetsart
University (Agriculture)

In 2022, they tried RTK using a GNSS receiver, but the receiver settings
and operations were difficult to understand. In this situation, they felt that it
would be difficult for farmers to use it, let alone for surveyors.

The price of GNSS receiver is important for future widespread use. There
is no problem if it costs tens of thousands of baht per unit, but if it costs
hundreds of thousands of baht, it will be difficult to popularize it. Looking at
the graph of the spread of GNSS guidance systems and straight-line assist
for agricultural machinery in Japan, interviewees impression is that they will
spread to the same extent in Thailand.

In Thailand, as in Japan, there are few young people who want to work in
the agricultural field, and the farmers currently engaged in the field are
aging. They have high hopes that the spread of GNSS/CORS technology
will help alleviate this labor shortage. However, the actual effects are still
unknown, so future research is desired, and they are also looking forward
to technical cooperation from Japan. (JPT requested them to introduce
research on the effects of labor shortages in the agricultural field.)
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Date

Interviewees

Summary of Interviews on Economic Impacts

18t June

Assoc. Prof. Dr. Saksit
Chalermpong,
Department of Civil
Engineering Faculty of
Engineering and
Deputy Director,
Transportation Institute,
Chulalongkorn
University
(Transportation)

In the tracking systems currently in general use, the accuracy of several
meters of GPS is sufficient. If the technology with an accuracy of several
tens of centimeters becomes widespread, it could be used for things such
as identifying parking areas for bicycles and motorcycles in micro-mobility,
and it is conceivable that the system would become even more efficient.
Also, if the price of GNSS receivers falls, it will lead to the introduction of
auto steering for Share Mobility (buses and ambulances).

As research on the economic aspect, the following items are being carried
out:

v' Consideration of ride-sharing pricing -> Setting appropriate income
for riders

v' Examining the effects of reducing time costs and driving costs (fuel,
consumables, and other maintenance and management costs)

(JPT asked for the introduction of research examples of economic effects.)

Looking at the current level of technology dissemination, it is hard to
imagine that the state of society from a transportation perspective will
change significantly within the next five years, but if you think about it in ten
years, it will likely change significantly.

2nd
June

Dr. Damrongrit
Niammuad, Deputy
Executive Director,
GISTDA

When evaluating government projects in Thailand, it is necessary to issue
a Social Return on Investment (SROI). If the effect can be shown with
concrete figures, the explanation of the evaluation results can be
persuasive. SROI also serves as explanatory material for future business
needs. NCDC is Thailand’s basic infrastructure. The results of the research
on economic impacts will also serve as a reference when considering future
activities related to NCDC.

(For the research on economic impacts, since the research period and
human resources invested are extremely limited, JPT would like to hear the
opinions of experts in each field after focusing the industrial fields that will
be affected. JPT asked for his understanding that JPT will update the
existing survey by calculating the approximate value including the spillover
effect.) He understands that the contents of this research are extremely
limited. In the results of the survey, he would like JPT to describe the input
items and models that will be necessary for further detailed surveys in the
future as Recommendations for the future.

Thailand’s GNSS efforts have just begun, so there is a lack of economic
knowledge. He would like to request the dispatch of economic experts.

9th
June

Dr. Vanida
Khumnirdpetch,
Director, Bureau of
Foreign Agricultural
Affairs, MOAC
(Agriculture)

It remains to be seen how much the improvement in positioning accuracy
from a few meters to a few centimeters will affect agriculture. The majority
of farmers in Thailand are small-scale and have low incomes. Therefore,
regarding the dissemination of GNSS/CORS technology, since the price of
receivers is high, the problem is how to inform farmers about the cost-
effectiveness and disseminate it, and who will make the investment.

The aging and decreasing number of agricultural workers is a serious
problem in Thailand as well. However, with the recent spread of IT
technology, there is a tendency for young people to engage in agriculture.
Therefore, it is highly anticipated that GNSS/CORS technology will lead to
the spread of Smart Agriculture and provide a clue to solving this problem.

MOAC believe that the introduction of GNSS/CORS is an important policy
item, but MOAC cannot yet predict its effects, and at this point there are
still many unknowns regarding future application development, and MOAC
has not yet decided how to do it specifically. It seems that a large amount
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Date

Interviewees

Summary of Interviews on Economic Impacts

of investment will be required.

18t
July

Prof. Chattichai
Waisurasingha of Khon
Kaen University
(Construction)

GNSS/CORS is already in use in Thailand for land surveying. It will also be
used for road construction and railway construction. It leads to work
efficiency. There is an example of use in railway construction.

GNSS/CORS improves work efficiency. According to an Italian company in
Thailand, the cost of road surveying is 20,000 baht/km with the
conventional method, but with GNSS, it is 2,000-3,000 baht/km, which can
greatly reduce the cost.

When it comes to high-precision construction, railway construction in
particular requires precision. According to the policy of the Thai
government, the railway construction is expected to increase in the future.
The construction of high-speed railways will also increase. Compared to
road construction, railway construction requires a larger budget scale.
Therefore, it is easy to secure the introduction cost of the new technology
for railway construction. On the other hand, road projects need discussions
with politicians, and it is not easy to have investment for introduction of new
technologies.

The results obtained from the discussions were summarized below. It should be noted that the

members in advance that agriculture, construction, and transportation would be the industries that would

be significantly affected, and this assumption can be said reasonable.

It was found that some studies have already been conducted on the economic effects of
GNSS/CORS technology diffusion.

None of the experts interviewed pointed out concerns about our methodology for economic

analysis, and the members believe that they have understood it.

The members received some ideas from the keypersons regarding future applications in each

industrial field and pointing out what kind of economic effects there are.

Unfortunately, none of the keypersons provided specifics on the quantifiable impact (such as

monetary value).

Chulalongkorn University (Economics) NESDC
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[ .. |

GISTDA MOAC
Figure 3-37 Photos of the discussions with the keypersons

Consider economic effects

At the start of the study, it was assumed that an input-output analysis would be conducted for the
survey and analysis of economic effects, but as specific figures regarding the direct impact on the
industry needed for this analysis could not be obtained, the method was reviewed and existing research
in Australia' was utilized. This research adopted the CGE (Computable General Equilibrium) model,
which is said to be able to calculate direct and indirect economic effects, remove the constraints of input-
output analysis, and obtain more sophisticated results.

The results of the above survey in Australia show how much the spread of GNSS/CORS technology
will ultimately have in increasing production (excluding intermediate inputs) in each industrial sector.
Based on this result, the table below calculates the percentage expansion effect that will ultimately have
on the total GDP in Thailand, taking into account differences in industrial structure (differences in the

share of each industrial sector) between Australia and Thailand.

! The Value of Augmented GNSS in Australia, June 2013 by ACIL Allen Consulting
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Table 3-46 Production value expansion effect in Thailand (relative to GDP)

| et Production increase
Low case High case
Crop 0.578% 1.050%
Construction 0.008% 0.013%
Land transport 0.014% 0.025%
Water transport 0.004% 0.006%
Air transport 0.002% 0.002%
Total 0.605% 1.095%

Note: It is assumed that GNSS/CORS technology will spread in Thailand at a level
equivalent to the level of GNSS/CORS technology expected to spread in Australia in
2020.

Source: Calculated by JPT based on the results of The Value of Augmented GNSS in
Australia, June 2013 by ACIL Allen.

The results of applying the above production value expansion effect to Thailand are as follows. If
GNSS/CORS technology spreads to the three industrial sectors of agriculture, construction, and
transportation to the extent expected in Australia in 2020, the production value of the entire Thai
economy (excluding intermediate inputs) will increase in the low case by 0.6% (For example, as the
GDP in 2021 is approximately 16,166.6 billion baht, it will increase by 97,829 million baht), and in high
case, it will increase by 1.1% (also 177,081 million baht).

Publicize the survey and research results
The results of the survey and analysis regarding the economic effects were discussed with TPT

members and it was decided that they would not be presented at seminars, etc. in order to avoid

misunderstandings caused by inadvertently citing specific figures such as increases in production value.

3) Technology transfer

Technology transfer was conducted 4 times as shown below.

Table 3-47 Technology transfer session regarding Activity2-5

NO. Date Contents Target # .Of
participants
1 gth Dec | Explanation and Q&A regarding web-based market | GISTDA 3
2022 research members
2 oth Dec | Explanation on creating questionnaires for questionnaire | GISTDA 2
2022 surveys, extraction of problems (brainstorming format) members
3 6t Jun 2023 | Analyzing method for questionnaire survey results GISTDA 2
members
4 7t Jun 2023 | Economic impact analysis method GISTDA 1
members
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Figure 3-38 Photos of the technology transfer sessions for market research and economic impact

3.7.3. Achievements
All the activities of Output2 were completed as shown on Table 3-48.

analysis

Table 3-48 Evaluation method for each activity related to Output2 and results

Activities | NO. Evaluation item Indicator Result
Achieved
2.1 1 Ut||_|z_at|on promotion A plan is created - The promotion activies
activity plan were conducted based
on the plan.
Achieved
- 13 (5 from TPT and 8
from the pilot projects)
2 Use case reports of Number of reports of use case Ileaflets
NCDC data
were created and
posted on the NCDC
website.
Achieved
Establishment of a | The framework (council) is | - The NCDC user
3 . ) .
framework (e.g., council) | established meeting was  held
instead.
. Achieved
2-2 1 Implemeptatlon of JICA Number of pilot projects - 8 pilot projects were
Pilot Project
completed.
5 Feedback to NCDC Number of feedpack items | Achieved
from the companies - 8 feedback
Achieved
. . . . . - The pilot project was
3 JICA Pilot Project plan Pilot project plan is created conducted based on
the plan
Achieved
4 JICA Pilot Project | Pilot project application | - 8 pilot project were
application guideline guideline selected based on the
guideline
st i .
Participants of each | Number of participants ! dseml_nar..100+
2-3 1 seminar including participants online 2"¢ seminar: approx. 40
g particlp 31 seminar: 122
2 Participants of GNSS | Number of participants in | Approx.40
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Activities | NO. Evaluation item Indicator Result

survey trial GNSS survey trial
Number of offered occasions

3 Business matching . : 3 face-to-face meetings
for business matching
Full updgrstandmg of NCDC Achieved
and distributed data .
) - 11 responces showing
Responses to a Technical exchange full understanding of
2-4 1 between participating

NCDC and
satisfactions on the
regional workshop

questionnaire s .
countries is carried out

Satisfied with attending the
workshop

Achieved

- The research was
conducted based on
the plan

Achieved

2 Market research report A report is created - The report is attached
(Appendix 5)

Achieved

A report is created - The report is attached

(Appendix 6)

2-5 1 Market research plan A plan is created

Economic analysis
consideration report

Number of NCDC registered

2,123 as of Dec 2023
users

Overall 2 NCDC registered users
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4. Evaluation of the project
4.1. Achievement level of project purpose

Contrary to the initial assumption at the beginning of the project, all activities were carried out using the
interim NCDC. However, as described below, the indicators for Outputl and Output2 were achieved, and
since the number of registered users of NCDC, which is the indicator for the project purpose, is on an

increasing trend, the members consider that the project purpose has been achieved.

Project Purpose
Capacity development for NCDC operation and maintenance for stable
and effective distribution of precise positioning data and promotion of its
utilization in various fields.

Objectively Verifiable Indicators :
Increase rate of registered users in NCDC
Means of Verification :

NCDC Users List and Log

Output 1: O Output 2:
Stable and effective ‘><><:::~< Promotion of utilization of
distribution of precise l=——< precise positioning data
positioning data from NCDC, — in various fields.
NCDC Operation NCDC promotion

Figure 4-1 The project purpose and 2 outputs

(1) Achievement level of Output1

The indicators and means of verification for Outputl (Stable and effective distribution of precise
positioning data from NCDC) are as follows.
Indicators: The number of troubles related to the distribution of precise positioning data from
NCDC and required time for the troubleshooting
Means of verification: Acquisition and failure rate of precise positioning data

Among the indicators, “time required for resolution” is difficult to clearly define, and since there is no
specific record of this indicator except for the pilot projects, it was decided at the 6 Joint WG on NCDC
meeting held in February 2023 to use the “number of complaints received from NCDC registered users” as
an indicator.

NCDC has been recording the inquiries received by phone or email from registered users since the service
was launched in March 2022. In response to requests from the companies who performed the pilot projects,
a help desk on LINE was also established in November 2023.

Table 4-1 summarizes the number of inquiries received per month based on the logs stored at NCDC. The
number of inquiries was small at the beginning of the operation, but now exceeds 10 per month, indicating
that NCDC staff members are responding well to users as the use of NCDC becomes popular and the number

of users increases.
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According to the staff member in charge, most of the inquiries are about how to use the NCDC’s correction
data rather than complaints, and there are not many inquiries from the same person afterwards. This suggests

that there are few users who have major problems in using the NCDC.

Table 4-1 Number of inquiries from users to NCDC (source: RTSD)

3/2022
4/2022
9/2022
10/2022
2/2023
3/2023
4/2023
5/2023
6/2023
7/2023
8/2023
9/2023
10/2023
11/2023
12/2023

Number of inquiries from NCDC users

18

16

14

12

10

OO |k |= Wkl === ]—
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On the other hand, the indicator verification method is “Acquisition and failure rate of precise positioning
data”. At the Joint WG on NCDC meeting in February 2023, this was decided to be monitored by “monthly
average acquisition rate of CORS observation data (RINEX format) provided from NCDC”, and a numerical
target of “95% or more” was set. Although precise positioning data strictly refers to the correction data
generated from CORS observation data, not the observation data itself, it is considered to be an appropriate
verification method because the acquisition rate of observation data provided from NCDC also drops when
a problem occurs at CORS or NCDC. A similar indicator is used as a Key Performance Indicator (KPI) for
CORS in Japan, and GSI has set 99.5% as its numerical target. Figure 4-2 shows the results reported by
RTSD at monthly Outputl meetings and others.

At the end of the project, the target of 95% has been met, and it can be said that Outputl (i.e., stable and

effective delivery of precise positioning data) has been achieved.
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Figure 4-2 The acquisition rate of observation data (RINEX) for CORS in Thailand provided from
NCDC. Generally, it is above the target of 95%. The drop to 92% in May 2023 occurred due to
overhaul of NCDC server carried out from May 8 to 15, 2023. At that time, RTSD alerted users on the
NCDC website.

(2)  Achievement level of Output2

The indicators and means of verification for Output2 (promotion of utilization of precise positioning data

in various fields) are as follows.

Indicators: The number of companies or organizations utilizing the precise positioning data
from NCDC
Means of verification: The number of registered users

TPT and JPT discussed setting of the specific target values and concluded as follows, which was approved
at the 6" Joint WG on NCDC meeting held in February 2023.

- “The number of companies or organizations utilizing the precise positioning data from NCDC”
shall be verified from “The number of registered users” is one of the KPIs which is monitored

every month and the result from the web questionnaire which is going to be conducted.
- Since NCDC is still on “the introduction stage of the service life cycle”, TPT and JPT found it
unreasonable to set the target value during the project and agreed that our target will be to make

steady increase and have as many registered uses as possible until the end of the project.

Although no target was set for the number of registered users as mentioned above, TPT and JPT made
efforts to raise awareness of NCDC and acquire users through the events inside and outside the project during
the project period. As a result, as shown in Figure 4-3, the number of registered users as of December 2023

had doubled to 2,123 in a year and a half since June 2022, when this indicator was set as a KPI. Therefore,
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it can be said that Output2 (promotion of utilization of precise positioning data in various fields) has been

achieved.
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Figure 4-3 The numbers of registered users of NCDC

4.2. Self-evaluation based on the 6 DAC Evaluation Criteria by the
project members

The project members evaluated the project results based on the 6 DAC Evaluation Criteria, the
international ODA evaluation perspective of the Organization for Economic Co-operation and

Development/Development Assistance Committee (OECD-DAC), as follows.

B Relevance

The NCDC's precise positioning services were launched through close collaboration between 5 CORS-
holding organizations in Thailand, which assist businesses that require precise positioning, such as surveying
and mapping, smart agriculture, ICT construction and autonomous vehicle driving. This contributes to the

realization of Thailand 4.0 and can be regarded as highly relevant.

B Coherence

Five-Year Joint Action Plan on Japan-Thailand Strategic Economic Partnership (2022-2026) includes the
cooperation in the field of the GNSS. In addition, NCDC is a national infrastructure to realize Global
Geodetic Reference Frame in Thailand recommended by the United Nations General Assembly in 2015.
Moreover, this project is in line with SDG Goal 9 “to build resilient infrastructure, promote sustainable
industrialization and foster innovation”.

As described above, the project is in line with the cooperation policy and international initiatives of Japan
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and Thailand.

B Effectiveness

NCDC service is operational and open to the public since March 2022 with the acquisition rate of precise
positioning data above 95% as of December 2023. The number of registered users as of December 2023 has
doubled to 2,123 in the recent 1.5 year. In the meantime, the 8 pilot projects using NCDC service were
implemented in the fields of survey, construction, agriculture, and autonomous vehicle driving, which
strongly showed the benefits of use of NCDC to the public.

B Impact
NCDC will contribute to implementation of smart agriculture and ICT construction, which will be one of
the counter measures to the declining birthrate and aging population in Thailand. On the other hand, it has

no adverse effects on human rights, gender, or the environment.

B Efficiency
Although JPT members’ visits to Thailand and trainings in Japan were later than initially planned due to
the impact of COVID-19, the project was implemented without increasing the project duration and cost

through effective use of online discussions as well as technology transfer sessions.

B Sustainability

NCDC staffs’ capacity and collaboration mindset of the 5 agencies obtained in this project will enable
stable operation of NCDC provided that Thai Government will secure budget allocation for CORS and
NCDC.

4.3. Other evaluations

B JPT and GISTDA members awarded “Honorary Aerial Photo Navigator Badge” from RTSD
(October 2022)
https://www.jica.go.jp/Resource/project/ Thailand/031/news/20221122.html
In October 2022, 6 JPT members and 2 GISTDA members received the “Honorary Aerial Photo Navigator
Badge” from RTSD. This badge is awarded annually to those who have provided outstanding cooperation
and support to RTSD’s surveying projects. The JPT and GISTDA members received the badge in recognition
of their activities since November 2020 through the project to provide technical support for the stable

operation of NCDC and to promote its utilization.
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Figure 4-4 Award of “Honorary Aerial Photo Navigator Badge”

B The project received “International Cooperation Award” at Geo Activity Contest hosted by GSI
(November 2023)

The Geo Activity Contest is an event that aims to promote the use of geospatial information by fostering
and disseminating good practices, creating new services, etc., through the introduction of various
"initiatives," "ideas," and "services" related to the utilization of geospatial information through exhibitions
and presentations, and through interaction with participants and visitors. (Adapted from 'https://www.g-
expo.jp/2023/geocon/")

Pasco Corporation and JICA jointly applied to the 2023 contest as the "TIGORS Project Team" with the
concept of "contributing to the development of society through geospatial information by utilizing Japan's
long-cultivated CORS technology overseas," and received the "International Cooperation Award" after the

screening process.
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Figure 4-5 "International Cooperation Award" in Geo Activity Contest
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5. Towards achievement of the overall goal
5.1. Issues and countermeasures

= Contribution for Realization of “Thailand 4.0”
 —

Overall Goal
To promote the utilization of precise positioning data distributed by NCDC
in public and private sectors and to contribute business development and
innovation utilizing the precise positioning data in Thailand.

Objectively Verifiable Indicators :

The number of new businesses and innovations utilizing the precise positioning
data in Thailand

Means of Verification :

"Registered users' reports related to the precise positioning data

Figure 5-1 Overall goal of the project
As reported above, this project has achieved the expected outputs by effectively combining online and on-
site activities. However, there are issues that have emerged as the project has progressed. These issues, which
need to be resolved in order to achieve the overall project goal, and the measures to address them are

described below.

Issue 1: Issues related to the stability of precise positioning services and NCDC's
processing capacity

NCDC launched its precise positioning service in March 2022, and the pilot projects using the service
have been implemented smoothly. However, according to monitoring results, centimeter-level accuracy
cannot be ensured 24 hours a day, 7 days a week.
(i) Service Instability

GNSS radio waves are delayed as they pass through the Earth's ionosphere, but this effect can usually be
compensated by using nearby CORS. However, in low-latitude areas such as Thailand, it has been found that
even with the use of nearby CORS, positioning accuracy can be degraded for several hours on days when
the ionosphere is disturbed by active solar activity. Since solar activity will reach its next peak around 2025,
this will be a serious obstacle to the utilization of NCDC. In order to provide appropriate advice to users, it
is necessary to transfer technology related to ionospheric monitoring and impact mitigation measures using
CORS networks.

(i) Constraints on NCDC's processing capacity

The processing capacity of the interim NCDC, which was developed by the Thai side under the austerity
budget associated with the COVID-19, is limited, and it is not possible to provide services using all the
CORS installed in Thailand. This also leads to service instability. In light of the settlement of the COVID-
19, the Thai side has requested a budget for the expansion of NCDC, and it is necessary to transfer technology

related to the formulation of its specifications and system tuning after the development of full-scale NCDC.
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(iii) Problems with the environment surrounding each CORS

The quality of observation data is changing due to the aging of equipment and changes in the environment
at each CORS station, leading to service instability. It is necessary to thoroughly control the quality of
observation data, which is the basis of precise positioning services, such as the presence or absence of radio

wave interference.

Issue 2: Issues related to raising the visibility of NCDC and expanding the number of users
Based on the activity plan of promotion utilization of NCDC formulated in Activity 2-1, efforts have been
made to improve the recognition of NCDC and increase the number of users by communicating the content
and benefits of the services provided by NCDC through the websites, leaflets, seminars, pilot project site
tours, etc. This has contributed to more than 23,000 accesses to the NCDC website (as of December 2023)
and the number of registered users (2,123 users, as of December 2023). However, NCDC has not yet reached
all of targets, in other words its potential users targets, as there is still a wide range of both public and private
sectors to which the NCDC should appeal. In addition, the following issues were identified through the
implementation of the utilization promotion activities.
- Itis difficult to overcome the technical concerns of potential users and to encourage them to "actually
use" the NCDC by providing only documents and simple explanations.
- In order for new technologies to be implemented in Thailand, it is necessary to show the expected
benefits based on actual cases.
- There are potential users who have a need for NCDC but have not yet used it because they cannot afford
expensive GNSS receivers or because they lack the technical knowledge and ability.
- Governmental support and promotion (e.g., formulation of guidelines) is needed, as has been done in
Japan.
In the future, it will be necessary to further increase awareness and expand the number of users in
cooperation with Thai government agencies, experts, and Japanese and Thai companies with experience in

GNSS utilization that are closely related to the utilization of NCDC, while addressing the above issues.

Issue 3: Issues related to GNSS surveying instruments used by NCDC users

The NCDC's precise positioning service is realized by providing correction data generated from the
surrounding CORS network to observation data acquired by users' GNSS surveying instruments. Therefore,
proper use of the service requires that the user's equipment is in good working order. In Japan, there is an
equipment certification system whereby certification bodies registered at GSI inspect and endorse equipment
used in official surveys.

Currently, there is no such certification system in Thailand, and this is not an environment where NCDC
users can use GNSS surveying equipment with confidence. TPT members learned about the Japanese
certification system through training in Japan, and is expected to establish such a system in the NCDC as a

measure to promote its use in the future.
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5.2. Recommendations from JPT to TPT

As mentioned above, the goals set for this project have mostly been achieved through TPT's diligent efforts
over the 3.5 years of the project. However, from the point of view of customers who pay for precise
positioning services in Japan, "stable and effective distribution of precise positioning data (Ouputl)" has not
been completed in Thailand as technical issues, the fact that observation data are lost albeit slightly
somewhere in the NCDC network, that there are concerns about the effects of radio interference to the CORS
located in urban areas, and that it is sometimes impossible to survey at night due to ionospheric disturbances
caused by increased solar activity, still remain. The “promotion of utilization of precise positioning data in
various fields (Output2)” is also a halfway point, as it is believed that there are apparently a substantial
number of potential users who have yet to be approached.

Now that full-fledged social implementation of NCDC has started with the implementation of this project,
the importance of stable operation of NCDC and promotion of its utilization has increased even further: the
NCDC, as an important national infrastructure, must always continue to provide high quality services and
develop according to the needs of its users. Therefore, the following recommendations are made in view of

the sustainability and development of NCDC after this project has been completed.

Commitment of the Thai Government

Firstly, it is important to note the continued commitment of the Thai Government to the NCDC. Based on
the considerations and decisions made by the National GIS Board and the GNSS Sub-Committee, all the
necessary budget and human resources for the operation and maintenance of the CORS and data centres
comprising the NCDC and the widespread use of precise positioning data must be properly allocated. The

carliest possible realization of a full-scale NCDC is also required in order to improve stability.

Continued spiral-up of NCDC
The next important thing is to continue the NCDC spiral-

up activities fostered in the project: it is important not to
stop monitoring, promoting utilization, and improving the

precise positioning services through close collaboration

‘N
A

among the TPT agencies, and to update the maintenance NCDC 4 __—NCDC
manual based on the results of daily operations and user o) pe ration B Promotion
responses. The monitoring of KPIs and the progress of

improvement activities, which were carried out monthly in Figure 5-2 Spiral-up of NCDC

the second half of the project, should also be continued

with the cooperation among TPT members. As long as NCDC and its users continue to exist, these efforts to
solve operational issues and promote utilization will probably never end. However, TPT members will find
that the NCDC's service standards are improving as it spirals up in operation and utilization promotion, and
will eventually see Thailand 4.0 realized, supported by the world's highest standard of precise positioning

environment.
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6. Ideas applied and lessons learned during project implementation
B What JPT tried to do and what JPT tried to keep in mind

At the start of the project, due to travel restrictions imposed by the expansion of COVID-19, JPT was
forced to use an online conference tool (Teams) for discussions and technology transfer with TPT. At the
beginning, there were some problems, such as a delay of the meeting waiting for members who have trouble
in connection, and a switch to another tool (Zoom) when the Teams system went down. However, as both
parties became familiar with the online conferencing, the advantages of online conferencing (e.g., easy
listening, easy viewing of screen-shared documents, and easy recording of meetings) were demonstrated,
and high-quality information exchange was possible. In addition, 3 types of meetings were held online on a
regular monthly basis, which kept both parties motivated and able to continue working on the project.
Because of these advantages, online meetings are continued at the same frequency even after travel resumed
and face-to-face meetings on-site became possible, contributing to the formation of a sense of “one team”
between the Thai and Japanese sides.

= LA

1.

ONE TEAM /"

r Aiming to contribute in making Thailand £
‘ /. better and happier through NCDC
B - -

Figure 6-1 TIGORS One Team

This project included the technical activity of operating NCDC (Outputl) and the social activity of
promoting NCDC (Output2), and two relatively independent teams for each activity were established.
Although the two teams included Japanese and Thai members each, as the project progressed, there was not
only a sense of Japan and Thailand side, but also a sense of the provider side (the agencies responsible of
CORS (i.e. RTSD, DOL, and etc.), Japanese GNSS/CORS experts (i.e. members from JPT), and outsourcing
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agents) and users side (the agencies in charge of PR (i.e. GISTDA and others), Japanese consultants (i.e.
members from JPT), and the companies who performed the pilot projects). The project was able to move
forward with both teams’ close collaboration while they were stimulated by each other's activities as if in
competition. This spiral-up structure (Figure 1-1) which was not a simple model of implementing Output2
using the NCDC released in Outputl, but feedback from Output2 improves Outputl and both teams aim
even higher, seems to have been effective. The concept of the spiral-up structure was shared by all members
as a basic policy for project implementation, and then constantly emphasized during the project. Of course,
for the activities inviting participants from outside the project such as GNSS training, Agri DEMO DAY, the

final seminar and user meetings, the members shared roles across teams and worked together as one team.

B Lessons Learned

One of the utilization promotion activities, the provision of GNSS training for beginners and GNSS
workshops, was intended to be provided once every 3 to 4 months when the plan was formulated during the
Ist term, but as a result, both were made once only. The reason for this was that the initial idea to use
GISTDA's facilities the same as the first training and workshop became difficult, and alternative ways of
conducting the training were considered but necessary arrangements could not be made in time. The
alternative was to invite corporate sponsors for the training and ask them to provide refreshments and water
for the participants, but the other project events (Agri DEMO DAY, regional workshops, final seminar, and
user meeting) were taking place at the same time and these events had to be prioritized. Therefore, the GNSS
training and GNSS workshops could not be provided again during the project period. In the future, it would
be desirable to have as many plans as possible for securing personnel and budget from the initial stage, and
to start coordination with related parties (e.g. within the 5 organizations and with potential sponsors) in a

timely manner when it becomes clear that reconsideration and rearrangements of the plan is needed.
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7. Others

7.1. Subcontracting work

JPT (PASCO CORPORATION) made contracts with the companies who performed the 8 selected pilot
projects (activity [2-2]) and confirmed that all work has been successfully completed by the end of December

2023 and reports from each project had been submitted.

7.2. Procurement of equipment
JPT (PASCO Corporation) procured the items listed in Table 7-1 and hand them over to TPT. The items

listed in Table 7-2 were not procured because it was found that TPT had enough equipment for these.

Table 7-1 Equipment procured and handed over

Equipment Quantity Specification Prcl')gsarﬁtr)nnent Applications, etc. Remarks
Dual-Frequency
Low-cost . 10 . RTK GNSS with Japan Used atg GNSS
NSS receiver | receivers . survey trial
centimeter accuracy
Peripheral Android
equipment smartphone,
for the Low- 10 sets battery, storage Thai Same as above
cost GNSS case, leveling
receivers instrument, pole
GNSS GPS, GLONASS, Used for accuracy | Compatible
. Galileo, QZSS . evaluation and with both fixed
receiver for 1 set : Thai . .
survevin compatible, 452 troubleshooting of | and mobile
ying channels delivered data stations
Sn'\;?Ss,is 1 license Precision analysis Third country | Long baseline
y for long baseline (Switzerland) | analysis
software
PC for Intel i7, 16GB RAM, . Long baseline
analysis 1 set 512GB SSD Thai analysis
processing processing
Antivirus, real-time
Security 1 license | protection, GPS Thai Daily information
software (4 years) | tracking, data security measures
erasure
Table 7-2 Equipment not procured
Equipment Quantity Specification Prcl):g:taignnent Applications, etc. Remarks
For showing
. Full HD, 3000 . presentation
Projector 1set lumens Thai materials during
meetings
For pointing at
. Green Laser, slide . presentation
Laser pointer | 1 set control Thai materials during
meeting
Web 1 set Intel i5, 16GB RAM, Thai Web conference, Including MS-
conferencing 512GB SSD, 14inch web broadcasting, | Office

107




Project Completion Report (2nd and 3rd terms)

Equipment Quantity Specification Prlogsarﬁtr)nnent Applications, etc. Remarks
PC document creation
360°
Microphone/s omnidirectional . Conducting a web
1 set . Thai
peaker microphone, conference
Bluetooth
\s\:/:bmera or 1 set HD 50 Mbps, Thai Z&Zﬁ:ﬁﬁ%ﬁ? ° Including tripod
: OPTICAL ZOOM .
broadcasting seminars, etc.
Video USB3.0, Bus
1 set Power, FullHD, 60p, | Thai Web broadcasting
capture box HDMI
Antivirus, real-time
Security 1 license | protection, GPS . Daily information For the . Web
. Thai . conferencing
software (4 years) | tracking, data security measures

erasure

PC

108




Appendix

1)
2)
3)
4)
5)
6)

7)

Draft NCDC Service Guidelines (English translation for reference)

NCDC Manual Ver. 5 Revised (in Thai)

Pilot Project Implementation Report (in English or in Thai and English)

Regional Workshop Summary (in English)

Market Research Report (in English)

Research Report on Economic Impact of Business Utilizing GNSS/CORS (in
English)

Project Monitoring Sheet (Project Design Matrix and Plan of Operation) (in English)






1) Draft NCDC Service Guidelines (English translation for reference)
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(Draft) Terms and Conditions of the National CORS Data Center’s Service
Charges
B.E. ...........

In order to make the provided CORS data from each government agency have the integrated
coordinates through the National CORS Data Center, to mutually use the data for the national
development and management, and to provide the service efficiently, by the authority of the Office
of the Prime Minister on the National Geospatial Committee Order 2015, the Terms and Conditions
the National CORS Data Center’s Service Charges was considered as follows.

1. In this Terms and Conditions

"Global Navigation Satellite System (GNSS)" refers to a satellite navigation system using an
electronic device as a receiver to perform positional processing at the point where the receiver is
located.

“‘Real Time Kinematics: RTK” refers to a technique to receive kinetic satellite signals and
obtaining the coordinates at the time of survey in real-time from the survey network system with
kinetic satellite.

“Continuously Operating Reference Stations; CORS” refers to the survey stations that
continuously store the Global Navigation Satellite System (GNSS) data and continuously link data
to the CORS stations.

“Providing services” refers to the services provided from Continuously Operating Reference
Stations (CORS) to the government agencies and general users either with or without charge
according to the Terms and Conditions that the participating agencies have jointly established.

“National CORS Data Center” refers to the data center that tracks, collects, links, stores,
processes and disseminates data as services for users.

“Government agencies” refers to ministries, bureaus, departments, offices or government
agencies known otherwise and having the status of department, provincial government, local
government, state enterprise, educational institution, organization or public organization
established by an act or royal decree, and it shall include other government agencies that have
royal decree defining as state agencies.

“Non-governmental users” refers to the private sector and people who receive the services of
the National CORS Data Center.

“Service provider” refers to the agency who owns the Continuously Operating Reference
Stations (CORS) and perform data streaming to the National CORS Data Center for the provision
of integrated services.

“Users” refers to government agencies, private sector and people who receive the services of
the National CORS Data Center.

“National CORS Data Center Service System” refers to CORS data services providing system
through website platform.

2. Conditions of Services Provision

Users can take data retrieved from CORS station to use in their missions such as surveying or
further analysis. However, users' activity must not cause any damages to the service provider, and
must refer the source of data to the service provider in the work that users have developed or
created, in order to identify the source of the information. Also, to copying information to third
parties or other entities is strictly prohibited.



3. Scope of Services

3.1 Service provider can provide services from CORS stations to users through National CORS
Data Center as follows.

3.1.1 Surveying service by Network Real Time Kinematics typed GNSS system

3.1.2 Satellite navigation data service for Continuously Operating Reference Stations
(CORS) in RINEX file format

3.1.3 Coordinates Post processing service

o.lb Accuracy levels of provided data for each usage are as follows.

Accuracy Usage
1 centimeter or less Tracking the tectonic movement and faults
1 — 10 centimeters Surveying (Ground survey, laser surveying, MMS), Smart

Agriculture (precision agriculture, autonomous operation of
agricultural machinery), Construction (i-Construction,3D
surveying, construction machine control), Autonomous driving
vehicle

10 centimeters — 1 meter | Mapping for autonomous driving vehicle

1 meter above Satellite-based Augmentation System (SBAS), Maritime
Surveying, Buoy Tracking, Public Transport Management

4. Service Request Process
In order to use CORS data from National CORS Data Center, the following steps are required.

4.1 Users log in to the services providing system of National CORS Data Center through online
system

4.2 Users submit the request form by specifying user’s details such as address, usage type, and
must accept the End User License Agreement (EULA) or Terms and Conditions of Services

4.3 In case the service charge is required, users must make payment of the service charge, and
attach the proof of payment into the system.

@.ec Service provider or system administrator review and consider the request, and when the
service provider or the system administrator approve, users will be consequently notified of the
approval result.

5. Terms of Use

5.1 Users shall provide their information such as the correct, true and up-to-date personal
identification or contact details to the National CORS Data Center as a part of the service
registration process or the continued use of the service.

5.2 Users shall be attentive when downloading large amounts of data for collection purposes, in
order to avoid excessive traffic.

5.3 Users shall use the services for the purposes permitted by the provisions of National CORS
Data Center, and must not violate laws, rules, regulations, or generally accepted practices.

5.4 Users shall not access or attempt to access to any services by using other methods including
the automated access (Script), unless the users are clearly authorized by National CORS Data
Center to do so.

5.5 Users shall not do or participate in interrupting or interfering the service of National CORS Data
Center, including the server and network connected to the service.



_c)_

5.6 Users shall not copy, duplicate, reproduce, sell, trade or re-sell the service for any purpose,
unless users have clearly obtained permission from National CORS Data Center to do so.

5.7 Users shall have responsibility to maintain the confidentiality of the password associated with
any accounts used to access the services.

5.8 In case there are any damages resulting from the violation of these terms, the user shall solely
responsible for the affected person, including the National CORS Data Center.

5.9 If the user has used the information and fails to comply to these terms and conditions, the
service provider can take legal action as necessary, o cease the data provision from here on.

6. Disclaimer

The National CORS Data Center shall not be liable for any damages of the users occurred from
the quality or the loss of data received from the National CORS Data Center, including damages,
losses, or expenses incurred, either directly or indirectly, as a result or a consequence of the user
accessing the service, or damages, losses, or expenses caused by operation failure, mistake,
omission, interruption, defect, system imperfection, or computer virus, even though the National
CORS Data Center may be notified that damages may be occurred. In addition, the National CORS
Data Center shall not be liable to website users or individuals for any claims regarding the website
or any contents, including any decisions or actions caused by the user's trust in the contents, or in
either direct or indirect damages that may occur. The user acknowledges and recognizes that the
National CORS Data Center shall not be liable for any actions of the user.

7. Eligibility of services and the classification of confidentiality/security

7.1 The National CORS Data Center or the licensors have the sole legal rights to own all rights,
including the intellectual property rights contained in the services created by the National CORS
Data Center or the licensors, whether those rights are registered or not.

7.2 The classification of the confidentiality and the security of CORS data services through the
National CORS Data Center is not considered as classified (Unclassified), except the National
CORS Data Center or the licensors consider the service may affect the national security or the
national interests, the service shall be suspended on a specific case basis.

7.3 The user must not disclose confidential information that the National CORS Data Center
imposes without prior written consent.

7.4 The user must not use a trade name, trademark, service mark, logo, or domain name of the
National CORS Data Center without prior written consent.

8. Service Charges
8.1 The CORS data services provided to the government agencies through the National CORS
Data Center are free of charge.

8.2 The service charges rate of the CORS data services provided to the non-governmental
agencies through the National CORS Data Center shall be in accordance with the announcement
of the National Geospatial Committee.

9. Transitional provision

9.1 The administrator of the National CORS Data Center is designated as the coordinator until any
changes are considered.

9.2 If there are any changes in services or the eligibility for services, it shall be processed under
the consideration of the National Geospatial Committee.



10. The Governing Law

Interpretation and enforcement of this terms and conditions must be complied with the Laws of
Thailand.

Revised: December 4th, 2020
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AUy 26
DIANITUSMTAIUATUA 5

U 80

A15199 1.1 anfSvindygnnniien GNSS wuudnluda (CORS) WUUABLIDY YDINTULNUNVIAG



dnydnwal

B nrswndimies nesdpaineneaiming

A9 1.5 @onfie9DaAinaLUUABLEDI(CORS) NTNLAUTANMIS neslayy1nsnasinlng 80 a@antl



1.3 guddayardrdeiiauvudaiilaswisni

Tuthgdumhenunesguaemheny liinsindeniddeiitauuudeiies w3e CORS
(Continuously Operating Reference Stations) @115 UTHUTN1TAIUTULADINAITTITAAIETZ U
anfieut1ses Global Navigation Satellite System (GNSS) Liielwanunsasainafifauuuiudifg
anugneesgalildlunsfivamgmheny uwidiliinsysannmssuiu

somAnEnsIINsTasaunALsd (nne.)? Jsldfuffureuliiinisdadaquddoyar
§r9dafifanuusieiioawsian@ (National CORS Data Center: NCDO) Liloysaunisdoyasanannlsil
arunduenamiuszuufiuiivsame wiewisliuimsauiuufifionsfeiadidadiiam
gnAasgaarilinnsgIufgdItuativayukAlsLYessLazionyy

navasmsiasaguidoyandrdsfitauuudeiowvisnnd agvilidnisliusnsdeyaedida
$1989nlasaeanil CORS Amnugniesgauaziiafiosnin dwalirfitaannsdsinsesyuy
paftentiges nie GNSS fimuandengndeunniy Tudeiduteyalassadeiugiuiiddylunis
Wauasegie dean uazinwiauduadiduussme wu eudnadedaiunuiiuazyd
asauma udeinuazdnvulasiiau susuimnssunazneaiisansisaulaa (-Construction)
udufeRiE nuduuimsianisd nuduemauruduersueudliaudy udunues
$3038% (Smart Farming) LaguUAIUAITNIIS

gy dosdnisnusaudosenitsuseimausiadyu Japan International Cooperation
Agency) 38 JICA Faifumirssuvesssuiadlu aelviAmuinwinaenaunutiomdosiunisg
Waudszmang 1 unansluuiuvesisuiaduunussimamdaiamn sanstauludu
Wiswgnakazaudeay saudsduasunisenseaumusndoseninelseine Wunddiusulunsly
ﬁwﬂ%mwwiunwiﬁmmmi%“@éfquuéﬁﬁa%aﬁhéj’mﬁqﬁﬁ@LLUUGi@LﬁmLWiqma AWM 1.6

2 anugnITuNs)IansaumaLiend (nay.) dmhidednidunisiuuleueaifgitunsdavingiasaume nsdaiuaui uay
msdrsdeyasverlng Julvegniinimsgu ananudrdou ysannsteyaliaunsawaniiou Ussauuavoulosioyad
wedesiuldegaudussuvamsaneuauessnnusosmsldnugliasaumelunmsuimsmsnmsedafivssansam
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navlinyoimisaavniwing
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5 amil
= Avdnnuwaunnalulagaama

uazndaisauina (avAmsurIzu)

havasaiukEnoas

+ 1ami

e me= g
darduuiasInekooin
/\ 1ami

AN 1.6 annfldBeiidanuusiellaa(CORS) Audtayamdndeiinauuusiaiiloaianf(NCDC)
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[

Auitoyardsdaifauuuseiasusind (NCDO) ysanmsdeyaain 8 miseau deil
1. ﬂ'ﬁmmuﬁwmi ﬂaqﬁ’ﬁgmmiﬂaﬁwlm (Royal Thai Survey Department)

2. n3ufiAy (Department of Lands)

3. nsulesinsuaziaiios (Department of Public Works and Town & Country Planning)
4. anduansEUmMANS NS (D9ANTUMTL) (@@u.)(Hydro Informatics Institute)

5. dtnauiauinalulageimanazglasaunea (83An15U11%U) GISTDA (Geo-Informatics
and Space Technology Development Agency)

6. a;maqmaiwﬁwmé’a (Chulalongkorn University)

7. anUumalulag wszrauna R AsNIaANTEUs (King Mongkut's Institute of Technology Ladkrabang)
8. anUuLINTINYLeF (National Institute of Metrology)

WUIWIUY 97U CORS

NTURHLTINNS 80

nsufinu 132
nsulesSnsuazAiles 15
a0 TuANSAUIANS NGNS (B3R SUMTL) 5
GISTDA 2
PRBINTUUNTINEEY 1
A0IUUNINTINY AR 1

39U 236

M13199 1.2 Mguiisiysannisteya



2. Sramdniaainsliuinisandred sidauuuneiissiudud doyanidad siifn
wuusaLiasuiewnd (NCDC service level agreement)

iielinsunsteyaridadsifnuuudeidosiiuguideyardrsdsiidauuudeid o
(National CORS Data Center) linn15ysa1n153iuiuvemilsauniasy lumshiusnisteyainannd
Ardredsfifauuusianion uagliusslovdsmfulumetauiwasuimsdansUssma sauialiuinisld
agilusEaAnEA M odeg uamuaNlude 10 (2)° wuelugsanmuysgIuAT TuNIAMUALEINIGNTT
UftRnusudeyagiiansaummreminsnuvesigiieliinisudmsianisszuutoyagiasaumelunn
fanAvtondulueaiussansamurssuiouddnuienizuuns Isenuznssunsgiiasaune
W@ na. 2558 Faldimuandninasinisliuinisdeya Anadefidauvuseidosinuguddeyad
SraBaidnuuusaiiiouvind fuwiolud

2.1 Tundnineusiis

“syuumaLieniiion151n19 (Global Naviation Satellite Systern: GNSS)” Maneds szuutinag
shoauiten Tngldgunsaididnnsedndidusiudyananiieussinanadsiumis a qaiigunsaisu
”zgﬁgwm(?]y’qagj

“A1559Tnd e IaIAILBNLUUaall (Real Time Kinematics: RTK)” %188l n1ssud el

(g
o‘\lvlqv v

ANMWBULUUAAY WANNNARINYIUN &4 1IANYIINTSIINAINTEUULASIVIENITSIIN A8A1TATEULUUIAL

v a

“@011UA191989NAALUUABLIUDY (Continuously Operating Reference Stations; CORS)” #1881

¥ [ )

anfiseinuazdnnutonadygiunafisniion1sinnie n3e Global Navigation Satellite System

Y

(GNSS) aghasiaiiles uazelestayaindigudvayaaaBaiinuuuselowies

6

“guiteyadedefifauuudeousisnd (National CORS Data Center: NCDC)” mangfis gud
Foyailvimini Aamu 530590 Wealles daLfu Uszanana uazimeuns Wisliuinisdeyadidnsdeiida
wuusteLlesludaldusnig

“syuuliuinsquideyardnsdenmfitauuudelouiani” mnefs szuvuimsteya
AensdefidauuudeilomesUszmaiuivleed

“M5IAUINIS” UNEDY mﬂﬁu‘%mﬁm&amﬂamﬁmé’w@aﬁﬁmLLUUGiaLﬁm %39 Continuously
Operating Reference Stations (CORS) wintheauvesiguaziltaunild lagliAnd ldae wiefn
Aldanemumdninasiivsaufisiysannsldtmuasiaiy

“Miheaueasy” Mnefls NTENTIE MU ATL dusvmsAiEendesnsdu wazdigezidunsy
svmIduiesiu 353amia aondunIfne aedng nieesdniTuIvy Adatu Inewsysrvdginge
wsgs1vnguin waglineanunuienhenuduvesssiidnsymenguinivualidumiseeuves

U A 1 d‘ U U a
3 K99 ﬂU’JEJQ’IUEJUSIJEJQ§§FLUNWEJUiﬂ’Ii

> g lude 10 @ muswRvgune 23 fuiou 2558 Goe saflendninuensguues Ndrenuznssumsgiiasaums

UHIHIA WA 2558
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“fldandilildmieanuvessy” mneia aalenvu waznalszavu Adwnlduinsvesgudte
yaAE9BefitauUUsellaILisvA (National CORS Data Center)
“f{luinns” mneils mhenudifudvesaaniadrsdaifauuuselies (CORS) uazideules
Yoy (data streaming) 1dsgudtoyamisdeifauuuseilonsiand Wetmysannslivinisdely
“HAuATEUY” MU Jununsunauiivms UURniiuIung nieldiansididedanisszuy
ABNTILNDT IWEJ({;]LLaﬂ’liamﬁgﬂLLﬁBﬂWEQ%ﬂH’]i%UUUﬁﬁamS nsfndasnsauag msam&gmazmsﬂ%’wqq
gonldng @i oonuuuuaztgsnunTRliuinsmddeiitauuudedosiuguiteyardidsiidn
wuusielileaus@ (National CORS Data Center) lumsiingdumesidnnielaunsainsedsiulag
Usznsdu Taesnumaszuuneninines
“tlvoyan” mneds mirsonufifudwosandidrdafifauuuseiies (CORS) niateyad
\Aeates Mlvougnaunmuddoyamssdeaitauuudeiiesuiand lidoyaieliuinsluszuuliing
Audteyadsderfifnuuuselilesurian
“fl¥uin1s” mnefa niieuvesiy aaenvy uazniadszyivy Mdunlduinisves
Audteyanssdefidnuuusieiilosursni
2.2 naninauainsiuIng
qliuinsazihdeyanannisrsdefidauvudeidoslulilunsfsvesliuing enfiwunns
drsaadein maliemeidenanmside auiuinnss wasUssandlideyadnansestumslinuvois
MEUT0ITF an1tun1sfne n1AeNIY LaznIAUsErITd lnenisaliunudinandeslineliin
amnudemele q udglruinsuasiliuinig wagdosdnadaumasiinunglvuinslusmiglduinnsle
fimudolddaituiodunisudumasinnvesdoya saudwimihdiundeyaliuiyanadiaunie
mhadu
2.3 YaulANTIAUINNS
2.3.1 {luinsfasanliuinstoyasinanidrededrfidnuuudoiies s
guddeyanidnedafidauuusioLiiosunarid (National CORS Data Center) urgfliu3nsssdl
(M) UT M35 9T AR w52uUlATI 1953 9T A queynednmld e GNSS uuaat! (Network Real Time
Kinematics)
() ﬁmiﬁﬁa%aé’zyiyﬂmmaLﬁ&mL‘ﬁ'amiﬁwmwaqamﬁﬂ'ﬂé’wﬁaﬁﬁ’mLLUU@'aLﬁ'm
(Continuously Operating Reference Stations; CORS) 1ugULLU‘U RINEX file
(M) USNTUsZIANAATNAALUUANI8YET (Post processing)
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[

2.3.2 Auuzihamugnieesoyailiuinig dmsulumsldaudssinneineg dall

J 14 ¥
ATAIUANADI sy

1 L URLLUATUIDLBENIN ASAARILNNSAABUM VB UABNlanLAL SRR

1 1 wuFng — 10 WURAS | N1581979 (ground survey, laser surveying, MMS), LN¥A5893R3 8%
(precision agriculture, autonomous operation of agricultural
machinery), N1519&a314 (i-Construction,3D surveying, construction
machine control), 81UgUADH LULR

10 LWURAIAT — 1 LUAT unufidmiunstuluuudnlua

11NN 1 wuns Juld Satellite-based Augmentation System (SBAS), N135d1533an19MzLa,
NMSANANI, NIIANTVUAIETRUY

M990 2.1 AAgnAesvestayailiiuinig

2.4 FunaunsvauLIns
Tunisvelduinsteyarrdredefidauvusoilesinuquiteyarsrsdsifnuuudeiousiana
(National CORS Data Center) fitumeu fsialul

241 flUsmsigsruuEnsuesuddeyarindafidauuuselesumiseniiuszuueoulay

2.4.2 nsenuvurlesuameiiouveliszuu Tneszyeavidonvelduins wu e
Uszuammsia sisfossousutennasnisldens (End User License Agreement : EULA) 38
VaNINATNITLAUINIG

2.4.3 nsdiifesiinistszAnuinns WldusnsdrseauinisTiiBouosndenuuuvdngu
ns9seRuadlusyuy

2.4.4 l¥uimavioauaszuu nrndeulazinsandve wasdloglvuimsviedauaszuy
farsaneyliRlvlddeyaud gliusnisazlasunismeundunanmseusinisveliveyasiely
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2.5 Reulvvasfldusnng
2.5.1 fliusmsazdiodliteyaifeitunuies Wy deyaszyfinuniensaziBonnisinsied
gndeafuais uanduiagiuaneunquédoyaddrsdeiidauuudelilosuisnd (National CORS
Data Center) sufudunilweanszurumsamadeouliuinsieiles
2.5.2 fliuinisagdessednse Ydumanaiinaadoyaduumnifissfionaifvasan Vel
Wevandsanisastastoyafiunniunuduiy
2.5.3 fliuinisasdodduinist e Tngusvasdiléfuougamudetuunves quide
yar1d9Bafidauuuseileaurisy@ (National CORS Data Center) uaglhitasangmuney ng
suilou dothdu ndnufuanduieensulaemly
2.5.4 glduinsazdediiliviengreutliuinmmisuinslalagisdu saudansly
F8n158mlugtd (n1sldaniud) uenandesnadl quéteyarisradsidnuuusieidosurni
(National CORS Data Center) 3aw3eulilyl duuadldusnisazlasueouninain audvoyann
$ruBefifauuusiaiiionuvisni (National CORS Data Center) Inednuddlsivimuthils
2.5.5 glduimsvgaedliiviedaisulumstanrnmsesuniunsusnisues audveayan
$reBefifuuuseLiounann@ (National CORS Data Center) s1uviainasusitnsuaziaiotiod
Weustorfuuinig
256 fliEmssteddsivindan dnaen vhen v uenudeu viemereuinafioTrUsasle 4 du
Wi melfSueyanen Audteyarsrdaddnuuradiouiani Tetaud divhmudul
2.5.7 ;ﬂ%u’%mi%éfaﬂ%’ﬂmmmé’waﬂsﬁamuﬁL%amiaﬂﬁuﬁzy%% q ldlunsdidausng
2.5.8 JliusnsvzdendulFuRemouns e iiemoyanala 9 59089 guddeyandnsddiin
wuusioiouranA (National CORS Data Center) Tursidevnesuinanmsazdinderimmn
2.5.9 mnglFuinsldindayalulfuarliufun sundninaeid gliuinisanunsndias
dumsmunguangldmuaruduiumnzay vissansliuimsdeyandadoly
2.6 NMIUEsANUTURHA
Auddeyardnsdaiidauuusieilousisnd (National CORS Data Center) aglisufinveusioniy
domela 9 veslduinsiiAnainganin viemsgaidevesdeyasnaniilidrdeiiauuusieiies
safennudons guydounzaliane Miaedubitilnonswdelnedon Mlunavieduidesannnsi
JlAusnadnliuinig ieseanudene guideviedlddofiAnainanudumadlunisidan Ay
Aawa1n N3agtiy Nsngavedn Jeunnsesnnulianysal reuiuneshisa fudinAuddeayadia198s
fifiauuusielilesuriannd (National CORS Data Center) agldfuudainervaziinnrmideme gapdenso
Aldedanantiu uenanil guddeyaddrsdsfifauuusoiiomisni lisuiasedldiuleivioyana
Mnmsdendada q Miatuanuuivled viedenls q fwudnisdaaulavienisnszsiile q Miie
Mnanudedeludomdinanvosdldiivled vislunudenisl 1 lddenaundemenianss vie
yedeu suienudsmedulafiorafinduld flivinissonsuunsnseninidn quideyardnsdiifn

[V

wuusteLilauriayn@ (National CORS Data Center) 3glsidinssuiingausianisnsziilavesliusniseduy
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3
a a

2.7 Msmuuaansnsliuins wazn1sivuaduaudu/anuliuag
2.7.1 Auddayar1819dinaluUneLilauayid (National CORS Data Center) #3ag{lut

s
a |

oy udiavimungmneutifiosdiforly nssuand nadsslovdiomn sufvansluningay
madgale 9 Aegluuinisdaquideyadnsdeidauuusioidesuviand viedlieygnungud
foyarrdrsdefituuuseiiosuisnd (National CORS Data Center) tlugdavinidu Taidnans
wiatuagldsunmsaansdeuliugelaifa

o

2N

2.7.2 matnuaturudu uazarusiuadunisuinmsdeyardisdeiitauuusioiiesin
Auidoyardrsdefitauuusioiiosusisn@ (National CORS Data Center) laidneglutuaiudu
(Unclassified) snifuguédeyaridnadsidauuusioiilosusni (National CORS Data Center)
viefflieygaiansaniundintinansynusemnusiunsdodmaldemesonaUstlovive i

szanbuinsiluamensdily

2.7.3 Jlvdnsasdosidamedeyaiiquideyardrdaifauuuseiiosuremnid (National
CORS Data Center) mualidupnuau tnglilisunnuguseniuaednualdnvsarmin

2.7.4 l¥u3nn59deslailidennan1sdn 13 eemunenisdn 1A3 eanuIBN1sUTNNG 07
dydnuaidelauves guddoyandrsdafitauuusioiousiand (National CORS Data Center)
Inglaildsuanudusenluanednvaldnys
2.8 BRFIAIUINTG

2.8.1 msliuimsdeyaridsdefifnuuusedosiuquidoyarsrsdefinauuusieiiios
WiewR (National CORS Data Center) winthsnuvessgidumsliusnisiaglianaildane

2.8.2 §nAuinsteyaridrdaifauuudeiesinuguiteyasrsdeifauuuselies
uiaw1@ (National CORS Data Center) wrgldsuitlalymitsaiuvessy Whdulumuuuusine
vaninaminisliuinsAdedsiinauuusieiieauguddeyaridnsdeidauuusieiiioaumian
(National CORS Data Center) w.f. 2565
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2.9 Buq

2.9.1 fguaszuuguideyarenadefitauuuseosuriand (National CORS Data Center)
Budufununandlunsiinseuszanunu auniasinisidsuuadag

2.9.2 windinmsiasuudasnmslivinig uagnisfmunansnisiuuinmsliansavildlag
HIUNSHRNTNNVDIAULNTTUNNTYHEN TAUN AL

2.9.3 nsdififgymilunisiay waznsteduldanudseniades ndnnaeinisTiudnisen
dreBafidauvusieideaugudtoyansnsdefinauuusieiiosuvisniid (National CORS Data
Center) w.a. 2564 atuil Wiidulumunguanelve

FIANUIYIUY 1ANNALINYU
518015 o
2933(U) ()
UINsSeinAiianessuulasseaniisyin laiAnA1uSAS
Fyanaua oy GNSS wuusmlui® s18 2 dUan
UINsSeinAiianessuulasseaniisyin laiAnA1uSAS
Fyenaunnisy GNSS Luusalulia seLnou
UINSSaInAnamessuulassganilsyin liAnA1USAS
dyaaanadisy GNSS wuusnlulia 919 6 1hou
UINSSaInAnamessuUlassganilsyin liAnA1USAS
dyaanuivy GNSS wuudnluils s1el

M990 2.2 ANUINISVRITRYATIIUINIS

VAENG)
- §asAUInnsveanAlen seezusnluIMstenars1sdefidauvusieileslngliAnalisne ile
duasumsltodoyamssdsifauusaideuarliumuuleuisnisiruinsteyauuulifayadinn
6 \fiou (MuuffivszrunmzoynssunsuImsianislassadreiugiussuuaufiontiims (GNSS) vas
Useina pafl 1/2563 ioudunsdl 6 unsau 2563)

- mawumuu‘iamamﬂﬁu'%mﬁ%’auauamé’wéqﬁﬁ’mu:uwiaLﬁaqmuﬁuéﬁﬁamamé’waqﬁﬁ’ﬂmeiaLﬁaq
wisgnd Liduldana mmmu auﬂﬁmmimmsﬁmms‘[maasw‘wu%quiwwmamwmma (GNSS)
YosUsEna 9 2/ 2560 1303 NTusIRInmE mmuusmmmmimaﬁuamammmwﬂmwumam'eN
(National CORS Data Center) Aaz¥aIuu3msdan1sauddoyaadrsdafidauuudeideaussd
(National CORS Data Center) §1uravnthil (1) Anwn uuvnsmsidnssguideyasrdefitanuudeiiios
W37 (National CORS Data Center) wumsmslvuinisdeyasrsdeidauuusetiloausnd uw
msnsidenlassigannd CORS vesmtsausneg Wgaudtoyasrederdnsdafidauvusieidos
Wi991@ (National CORS Data Center) wazdnvinduunuuun wionaninasiusznaun1saiiiuaiuaes
Audteyadsdefitauuuselousisni (National CORS Data Cent
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24

3. Taseadevasguddayamdnedaninuuusailosuvisyid (NCDC)

\
\

nguan

CB1 SURGE CB2 Fan

Connector

A 3.1 lassasivesaudveyardnedeiiiawuusoilowuswd (NCDC)
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3.1 519aLL9UALASIES19N151N9IUSLUU(server)

Ll

SANO1L
192.168.80.40

CLM
192.168.80.10

29 3.2 SgaziBunlaTIEsIaNsnusEUU(server) firewall firewall

QCO01 = SPIDER QC SERVER
SS01 = RTSD 80 CORS SITE SERVER (1%ausia CORS NSUWANUANMIT 371124 80 CORS)
SS02 = 90 CORS SITE SERVER (@Wauma CORS NSuUNAL 91171 90 CORS)

SS03 = 66 CORS SITE SERVER (ieusio CORS %29 udue $117u 66 CORS)
NWO1 = NETWORK SERVER

CS01,02,03 = CLUSTER SERVER (¥1N97u53UAUNWO1)
CLM = Customer License Manager

SBCO1 = Spider Business Center (¥t fidnnns U313 rtk user)
XPOS = X POS SERVER

(MNUSIAUSBCAIRUcoordinate online, download RINEX)
PS01 = PROXY SERVER
(IN1555849 internet RTK ROVER)
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% o .
3.1.1 laseas1en1svinenuaes NCDC (NCDC infrastructure)
) User ) RTSD 80 Base Stations RTSD Data Center
4 N\
[ e _— & ermemrarans .
fealTimeData .. tttimaraoduumntu Server o & -’ < National CORS =
o I .9-..1-_: IFela?TlmeDa.T.lalb ‘.“\; - . . Data Center :
Ty A L] L ]
"mm == H .
: ¢ Base Station = ::| . '
DOL/ DPT/ HAIl/ GISTDA/ CU Server Switch : Switch :
1170 Base Stations H -
....................................... - rimar : % . -
:er:::d‘;ry : ;z:;é?;:::“hns == : m :
SERVER = Server :
my : [ ]
— Internet —u] : .
_—— SeassdllneRulbe Firefall i i .
i A
i People ﬁ ﬁ Rover |
Government
— - \ /
N J/
2? 3.3 GNSS 80 Base + National CORS Data Center Phrase 1 Diagram
Hardware

\n3esmesTaLADSULiNY (Server) wdn 4o Dell §u PowerEdge R740 4 1A3oq
RsPeLTseSdMIUUUEINAHA (WorkStation) 8% Dell §u Precision Tower 3620 $1uu 8 %A
gunIninsEMedy LA aT UATEUIE S Juniper 3U EX3400 (Core Switch) 31u3u 2 3n
gunsaliesotedmiuuimadenlosmsdnuiudonya SAN Switch (Storage Area Network Switch)
§%e EMC u DS300B $1u2u 2 40

gunsaliesovnedmiuinfutoyauuuirietie (SAN Storage) B¥o EMC $u Unity 300 $1uu 1 9
gunsaldrsosliiin (UPS) vunm 20 kVA 8% APC $u SURT20KRMXLI $1uau 1 ¥
gunsaldrseslaidin (UPS) vunm 1 KVA 8% APC Ju BX1100LI-MS $1u2u 1 90

# Rack 1A 42U Bve Dell JuNetshelter SX 42U $1uau 1 ¥

gUnsai Firewall 8% Fortinet $u Fortigate 500E $1uau 1 40

Software

Tsunsuszuuuimsinmaiaiesaeufinsediaiiou dmsuinruuaiosmonfmosusine
Sve VMware JU VMware vSphere standard Edition 31u43u 1 49
TUsunsuszuuuinsdeyagfiansaumadmiuguiuszananadeyaniaiiion GNSS e ArcGIS
U ArcGIS GIS Server Standard Enterprise 3143U 1 4
TWsunsudanmsgudenagiiansaumadmiugudussananateyanauiion GNSS 8o ArcGIS
U ArcGIS Desktop Standard 31U 1 99

v

TUsUNTUTEUUINNSFIUURYABeAUNUS (RDBMS) %0 Microsoft 1 SQL Server 113U 1 4n
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3.1.2 NMSNN9UYRISEUU NCDC

wpereiare fuskoinfon = ety

S — | SBC Server - winisld download RINEX FILE sufufl
- Storage 200 TB Justuzem 53
FTP far ath ‘Web Map Server
m = oo baseline processing online

wisamnsgmed ahnsilsy -

L 5 na §

- 4 ; penrifuare ) ey

m u Rinex file w
. Tkt Brradegnuda sy

3
Backup fayn

ekt

s = ol B
whnarmufoendulin 3 wieReiRelic Al

teehndeya

m MNetwork Server Cluster Server 3 SRR Thu s T 1L RS TR

4 . rlspeufowefuunlisy
wlnnanfipefoho 4 Eabthfwer
ATy - ft l""_;.-‘l 20 Bases Station vensasafens
Site Server 1 QC Server - mrassdegeen Base Station wadirmlfuw
- dndetmyaluhlrannaataye

Database Server

.n'i-: smEsTIAe ety

i
Cuister.Swver: e

wlerenipeiusiEw 5

AN 3.4 N15VN9UYD95EUU NCDC



\3esnaLRImeTuTe 1

SBC* server
- U311 download RINEXE FILE $aufiufi storage 200TB uszesiian 5 U
- UTIN13AUIU baseline processing online
- USNIAUSULAEINSU RTK GNSS

FTP server for other \iudayadnsutinlulda

Web Map Server @usuliusnis Web Portal
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3.2 S19az19unlATea31980113(CORS)

3.2.1 lassasengluaanil

gunsalnnelud CORS Anaifeudeduduanslusuil 31 Jeamnsonsivaouaniuznnsg
vremuszuuliiluaansunilesed

- @ind CB1 CB2 uaz (B3 azdiosagflusiuviis ON fauansluguil 1.9

- Surge AC protection llsuvisgneile @@y Inauwa duas 13U novaris waglaidl

Tildmsu starbel

- Relay Wiensaaaussuu dgliannuuawnes Wesyuulil AC fu deafllnduas
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CB1 CB2 @qugs Temp control{Fan
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EEATLT] 0 —— >
el
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3.3 wii 1IUlYd (Web page)
3.3.1 SBC Login
SBC mianefis Spider Business Center fivtinii lunslius nslussuulassneaniseTa
FeNUAIEUGNSSLUUS LR ﬁm%wﬁ%muﬁaqmﬂsmﬁsm%faaué"; FafimadldanuLogin)
Usenaumegld 2 Ussunw
1. User ansnsaitls deyailvuinsundld (User service) 16
1U3M13 2 JULUU Ao
- RTSD User Wuuimswuuidsanldains@agiuliusnisiamzmienusy)
- NCDC User iuudmsuvuldidealadng
2. Admin asnsanaia n13uImsdnnsUnydgldan (User management)

Fogafilinmsungly (User service)

- nshfusnsAduiaIsAaIned suneiusdmsunsdnanfidadaenissain
dryeynaaIisy GNSS mum‘%aﬁdﬂa%umaiﬁmwé’q;ﬁsﬂé’aéwﬁuﬁﬁﬂmﬁq 4 735 laun VRS, FKP,
MAX, waz i-MAX Tagagliusnis 2 wase tawn 2101 wag 2105 ?fa%v‘iﬂﬁ;ﬂ%u’%mﬂﬁmﬂﬁmiu
N30UNNND1984 ITRF2008 wag ITRF2014 Auasu

- Mmslusnisanilnanteyaseindayginunniiion GNSS vesandstindyayiuniiey
GNSS wuugnlug® (CORS) nnanfilulassriy Tuguuuulld RINEX wavanunsannitlnanteys
Virtual RINEX 04 Rifnansfiaigliuinisimueld Ssfldnsanansonnniinandeyaiisasatssion
douraalabiiu 30 Tuduaniulagiu

- 113bAUINsUSEIIaNAN8YAY (Post-processing) Tayasaindayaynn1iiiied GNSS
flduimsanunsaduivandeyasindyanamaidion GNSS luguuuulild RINEX vy SBC ¢ Gsay
anunsaUszsnanateyadouvdaldliiiu 30 Jutfuaniutagiu Taefl SBC axuszananadoyalag
Tfanfisvindean1idion GNSS wuusnlud@ (CORS) ﬁagjﬁnm‘[miauLﬁuamﬁﬁwﬁa e
Ussananaiaedu flivinisazannsansnaeunantsUszananauy SBC 1
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NNSUSMITINN FUQIRIHIIU (User management)
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B &
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nstlauassuuiinsunluseasidenvesinydyliuinis wenan Username a1xnsavinle
Tnenadlufl Users > Individuals Ainausinudnevesiniules wasdumindgldndenisdeaiy

v A

wdrnalorou Z lunseudifen fuandunmd 3.11 asusngdoyavesdnddlduinistuanls
AuaszuuLluuazng Save

Souiatofiananniu wu Username fifliu3msasinse iy Username Builléiaamgifenlu
sTUULE fQuaszuvlzdesinserdlduinsmeesmeifldvinsidamedoulivu wosdnse
visedwadudu nielunsdlfiflfuinsiideaduanansafnseasuaiuriuma Line Official §o11
NCDC_Thailand #sagiigjquasyuulideyauazaeudeasdorivglduing

3.3.2 Portal®

gudisdsiifauuuseilaauvisni (National CORS Data Center : NCDC)

dwilduinsandidafiinnugndesasiifionnin Wumesgrudeasuiassmaun
m1891uN1ATT AALenTY wazUszavuialy Tasysannisteyaainaniidradendina

wuusewiies (CORS : Continuously Operating Reference Stations) VDINUILUNIATTAN)
yhuszma SnsUssandusius uazmeunstdeyanisliuinisves NCDC siumsvihiulediasd
https:// www.ncde.in.th fauanslunmil 3.17

fusmslu 3 gUuuuhe

[y

- USMInsseiamessuulasstnenisseindyanan1iiisy GNSS wuuaal (Network Real
Time Kinematics)

- U?ﬂﬁsﬁ@%agmm’lmﬂﬂL“VIdEJELILﬁl’e]ﬂ’]iﬁ?%ﬁﬂ%@ﬁaﬁ’]ﬁﬂlﬂgﬂﬂﬁﬂﬁﬁﬂLLUUG]'@LﬁI@Q
(Continuously Operating Reference Stations; CORS) 114’31JLLUU RINEX file

- UIN15Us2U7aNaAWNAKUUNIEMAY (Post processing)

U%mif\]’mﬁ]u&j‘aj@yjaﬁ’]éjwﬁﬂﬁﬁﬂLLUUG]lE)LﬁI’eNLLﬁW’]a axhlinissainannies esflernun
finafemadien Idafidaidanuazideagniesgann aunsahludsegndldladlunannane
AU LU muﬁﬁnLﬁav‘i’lLLmu‘ﬁLLazQﬁmiauLwﬂmu%ﬁ@LLazﬁ'ﬁ’sfﬂLLanﬁaumué"}u’immimLLaz
n9@319 (i-Construction) MUATUANUNIALYUAILAZITUIUA LTAUTU 9 TUAULNYATOIR38E (Smart

Farming)

v
s é}Ni’Niﬂﬂ ﬂﬁi’]mi@l\iﬂ1 ArcGIS Enterprise Sites
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NCDC Portal

AUSUDUAAIDINBVWAIQUUUCDLUDVUHOBIO
(National CORS Data’Center?)

- Auitayardnisitauuusaiasuviona ﬁvanﬁ'lviu%m'in"wv'|ﬁﬂﬁﬁmwugnﬁaaaqﬁﬁlaﬂmw ilunessw
W@miuinlssmaunmbhooune’s saantu uaslsyihauild Tesysanmsdayaannanilawbedmidauuusaiiias
(CORS : Continuously Operating Reference Stations) uasvmiosiuninigsinapiidssone

fisnslu 3 nlunuda

1.18msmsiriadiosruulasatitonsiviadaanaeioy GNSS uimai (Network Real Time Kinematics)

2 finmisyadninnasmiinuiianininsasanilddwasidauueatiiag (Continuously Operating
Reference Stations; CORS) Tugiuuu RINEX file

3afnsdsananasidauuumeansy (Post processing)

: u%ms:nnquﬂ'ﬁayan’w’wﬁdv‘iﬁ’auuusimﬁaauviﬂ'mﬁ asvinlinsieinneasilanmusiiadmoaiio 16

AiARnTANLandnagaaasgana st hihbzoast Al luwaiavaiusiu iu

- A mAaRavusTuavglasauma

- sufeiauagarmanlasi

- nusimnTauuasfiaai (i-Construction)

- s uATANTURILAYETUEIR AT

- susuazrRTdaady (Smart Farming)

AW 3.17 quidnedeiiinuuusioliosuvisni (National CORS Data Center : NCDC)
sruUlsa el s Vndaun e GNSS wuussluli@ (RTSD)
fnuszasfoiudammuainsonsufURnudnaaemaiuui e soneuauewon s

UssifiuuaglaaiusugnndouasSofidAsssumAdueg sl madmameARdar e saga
g el esyd unziatunans Taemsusze nd 195 A uuuUaed eeed viesh umnuazid uage
(TGM2017%) Tunand usIns wuusiud (Realtime) ansnsalyiail A flmuazBeng ndadlussiy 3-5
wuRums susslunsenseaunsdrsiutssmelne hduwnesguannawazsessumsidng Usswau
wswgRivenid@eu meldluna Thailand 4.0 weunsdoyamstiuinsues RTSD sumantindularifia o
hitps/Avwwrtsdmith fauamshunmd 3.18

GNSS Portal

g s:uu[n_s__o\huan'lﬁé\ﬁ@ -
dryryrrumnoineu GNSS nuusaluim

*** ASULWUANHYS 2:duTumsUSUIUasumsifusms “s:uulasviisaniisolndrynnuniiey GNSS uuusaluld”
WIGnsauUWANS108v ITRF2014 lumsfHUaiKLUvAI8s:uUaIRELINMY (GNSS) tWalhasandavAuditkuivUoguu

s1gIAUR:goAvaISAlEUILULNSAUWANS 1050 ITRF2008 Idouns3no:HuaR v RaUAsIgusnsls ##=

s:wulasothoamiSosadnunnumariou GNSS wuSaluds danusavdiipulionnumnsamsufuanusosuamsrhuruiiiansnosuausadamsuss Outa-Uaofudhugnndena:
AuRUasssunsua soutorhilFmsahssommitafiomusIULa-AAYIUgAHDSAUMLELNEN IopmsUs-gnAlEUALIUUS AaVEoBdNDOILANILE500g0 (TGM2017") Tupansu
syaEauuuriun (Realtime) ansalAd @oRlanua:seanndbolus:dU 3-5 wuaivas Sus Dumsans:dumszhsosluus:inalng bunosTuTnal assosumsihUs:NALASUIRD
onBeu meldluiaa Thailand 40

*TGM2017 IHUSMISWIU RTCM message 1024

[

A 3.18 szuulasstneaniseindyaianniiieon GNSS wuusnlud@ (RTSD)
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38Nl Portal WU https://ncdc.in.th

. ar ol B w
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B -

wanansnislaeuiualiund NRTK 21a NCDC

MsAIAT Network RTK, ariuvan RINEX files, AnuaaidRuuy Static
uay Kinemetic (Dynamic)

l ] anivaaLanas

- amtllvanatenisldau lnenad o

aenzidou (Jraduatswiedaadunsidouinaludadn
Taf4a)

nsansanuuuvasuasvuisuvaldfsruy leassusinandoavasfidusns
iy fag Ustavasidon Wildlddmsasdasnasfuiannasnisldan
(End User License Agresment : EULA) vIananinasinisivutngs

a1

amzilou lnenail 189

i lasuszuy

mipman lasudwdiudunsaasdou vinuausagh Tdeuseuylaai
Tapannsaaiiuaa RINEX filss, Auadiidauuy Static uat Kinematic
(Dynamic) &

- wnlgusTUY lnenen ‘zj'aq

A03Le F018 152052

" , =
guwmiadanil CORS luilssmalua
Teatumizaasuniassraslsanalnelafidndaantil CORS saniadu 250
aafl Usenavdin nsuidy 134 aanilnsulasidnsuadadias 15 amd
dulnonumaTuladainiAuasniansaumd (aodnisumizu) 5 aanil dusu

- @529@UAWALY CORS lnuna?l o9
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M3l Portal NS https://www.rtsd.mi.th

Whidous:=uU 4 UHURAUHICUHUORGUHUOHANT LU INSULWUANHS
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AUDUATWITO Geoid Height WUU Offfine Kinemetic (Dynamic)

o
=) v =l v .
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3.3.3 Dashboards

A5IdRUTOUANTAIASIIUSATS NCDC UDIH I

Admin a'mﬁinmwaausﬂ’auuamaaé’ﬁaﬁmLGEJ"];H‘L%’U%msﬁ’haswuﬁmmumi
aanzidoutt 119 91uszuy NCDC 1a% ArcGIS Dashboards WAugan
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asyadeutayamsaliasliuinig RTSD CORS walylvai
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4. nseenuuulAsane CORS wazn1saeAn (CORS network design and configuration)
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Figure 2:
A reference network comprising a number of clusters.

7700 0000000 E 8 9 1027 00 00.00000" E

10T O 00 00000 E

42

|um:aig | RTProducts _Map View| Flover Status | Sat Status | Sat Hetory

mwﬁ 4.2 Mse8nkuU cluster T NCDC network server



4.2 YunaduN15a319 cluster Tu network server

43

1. fkA304 network server 1Un TUsWNTU GNSS spider 1d0n Net Config tab, 7i cluster

window 19 click mouse 431 wa? 1@8n new
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3. 7 site server window Wiiden Site server (SS01 or SS02) M@eusiaiu CORS Naglvioglu
Cluster, WuigUvYeY site server window 2zuansTI8de CORS ﬁlaeﬂu Site server T¥11n15 drag
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5. MsUsEU2IaNaAINNne19B9va9an1d CORS Tulasedne (NCDC data processing)

n13UsEaIaRar1Ninan g5 udyaianaiied GNSS wuugnlud®@ (CORS) Yagduldlusunsy
Bernese 183y 5.2 dauanslunmi 5.1 Insidennseudredslunisussananafionseufinndeds
TRF2014 Fadunseusnsdaaraelutlagiuuaznseufiingnsds ITRF2008 (Sudndiddldey) Tneiden
F3nnslesdarfidn (Mapping) daeanntl 1GS $1uau 12 aand dauandlunmi 5.2 Feagldefidnannd
CORS w84 NCDC fauandlussedi 5 ludiuvasnianin
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Wesnuansznuasgiinunulaniinnisiuasuilas NCDC Jadonltnsauiiing s ITRF2014 w1l
aglutagtuununsouiing198e ITRF2008 (Buiinidldaginsediiniisnusivnsndnddaue
gl drdinnumsufsunnuieinunsnssy dedddiiionsyiauiesiunnu)

Yol e |
uansznudrait iunulaniinns -
wiasuuas
+ usufiulws sdvimen [
+ MadouwUnanasinisly usy |
ufiavaslan
+ nMaaiipudrveausuwdanlan

WWALUAMTT IR °

AWl 5.3 nsaURiiRensds TRF2008 (Suiiy) uazTRF2014 (Sulul)

RNX2SNX BPE PROCESSING SUMMARY FOR YEAR-SESSION 21-3

Summary file generated at 24-Dec-2021 11:21:56 by R2S SUM

General files:
Antenna phase center eccentricity file: PCV.I14
Satellite information file: SATELLIT.
Satellite problem file: SAT 2021
Receiver characterization file: RECEIVER.
orbit, ERP and clock products used from: ${D}/IGS

Observation file selection:
RINEX 2 files copied from: ${D}/RTSD/
RINEX 3 files copied from: ${D}/RTSD3/
Station selection: all stations

Reference frame and station related files:
Station related files used from: ${D}/REF52/
External reference frame file series: ITRF2014 R.(CRD|VEL)
Project specific station file series: RTSD
Station information file: STA/RTSD.STA
RINEX inconsistency file:
Ocean tidal loading table: STA/RTSD.BLQ
Atmosphere tidal loading table: STA/RTSD.ATL

AT 5.4 F188198aN15U5Eana TUSKNSH Bernese Nasdu 5.2 UNNSURNAS199Y TRF2014



other options from PCF:
Antenna phase center model updated with: T14.ATX
RINEX 3 observation type selection: OBS.SEL
Satellite system(s) included: GPS/GLO
Sampling rate for final solution: 18@ seconds
Higher order ionosphere based on: HOI213870
Session scheme: daily
Maximum number of files per cluster: 10
Max. number of files per GPSEDT cluster: 18

Ambiguity resolution options from PCF:
GNSS to be used for ambiguity resolution: ALL
Maximum baseline length for MW/L3 AR: 6008 km
Maximum baseline length for QIF AR: 2000 km
Maximum baseline length for L5/L3 AR: 208 km
Maximum baseline length for L1&L2 AR: 20 km

Storing the results:
Results files saved to: ${S}/RTSD14 REL/2@21/
Preliminary (ambiguity-float) results: P1 213070
Final (ambiguity-fixed) results: F1 213070
Size-reduced NEQ information: R1 213070
SINEX header information from: SINEX.RNX2SNX
Observation files saved to: ${S}/RTSD14 REL/2021/0BS/213070/

AN 5.5 Fegkani1sUsEana TUswnsy Bernese 85U 5.2 (2)

VALUES OF GEOCENTRIC X,Y,Z - COORDINATES
RMS OF UNWELIGHTED AVERAGE OF EACH COORDINATE COMPONENT
: FORMAL ACCURACY OF EACH COORDINATE COMPONENT FROM COMBINED SOLUTION USING EQUAL WEIGHTS

RMS1 RMS2

-1482252. - - 5925273. - - 1831476.
-1@37945. - - 6165673. - - 1255828.
-941903. - - 6213713. - - 1084084.
-1044225. - - 6238038. - - 820027.
-1138743. - - 5969730. - - 1934162.
-1836969. . . 6865616. . . -716257.
-2148744. . . 4426641. . . 4044655,
-962275. . . 6105152, . . 1570943,
-960118. - - 6017808. - - 1876856.
-1132915. - - 6092528. - - 15084633.
-3120042. - - 4084614. - - 3764026.
-1381901. - - 6018323. - - 1592491.
-937854. . . 5944574, . . 2106753,
-1028340. . . 5903260. . . 2179044.
-1258695. . . 5956128. . . 1897416.
-837150. - - 6008179. - - 1964076.
-1145278. - - 5919706 . - - 2073937.
-1522984. - - 5909676 . - - 1848124.
R VEEEN - - 6008757. - - 1835935.
-1182926. . . 6003701. . . 1793446.
-1020697. . . 6217118. . . 989737.
-1457051. . . 5914549. . . 1885146.
-1585872. - - 5970251. - - 1658989.
-14@0643. - - 5939284. - - 1850039.
-1024115. - - 6069399. - - 1666393.
-1218007. - - 6219834. - - 712783.
-924694., . . 5980687 . . . 2008262.
RFELEENEN . . 5393860. . . 2412592,
1208443, . . 5966805. . . 1897@77.
1337935. - - 60870317. - - 1427877 .
-le7e784. - - 6869037 - - 1637875.

APKN
ARNG
ATRG
AUTT
231e1Mee2
21601Meel
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DLEI
DMSN
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DNPM
DPLK
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DYLA
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223@7Meel
22306M202
LCNT
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LCPM
LKPT
LKRT
LLET
LLPG
LLPN
LLRT
LMDH
LNAN
LNEP
LNKT
LNMA
LNSN
LPBI
LPCT
LPLK
LPRE
LSN1
LSN2
LSNK
LSRN
LSSK
LTRG
LTRT
LYST
MKRT
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MRBR
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P
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SBKK
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858627.
1342643.
1725794.
1598072.

1784194
1485747

874718.
1473351.
1755580.

2132025
1601158

927766
1510744

1187602.
1107854.
1396880.
1835839.
1735623.
1544279.
1888232,

1542424

1733982
32
3

3

1287649.

896544.
1527009.

16513

80482
87123
89782
92936
8 6
71203

78664 0.

3415
29439
41002
87332
31291
13832
06572
01049

.89272
1682984.57152

41513

1660747.17915

1922897.11604 @

AN 5.7 Fegemani1sUsEana lWswnsy Bernese astu 5.2 (4)

©.00216
©.00216
@.00216
@.00216
©.00216

2216
0.00216
8.00216

0.00216
1216

8.00216
8.00216
0.00216
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6. m3fanu wazwilvlgynilunisliu3nas (Monitoring and Troubleshooting)

Admin vi3e FRsmthitmuauguanislfuinisves NCDC Feafnifiiun1snsiaaeuaniugn1sviney
99580 NCDC msiildnuveaiaios Rover maasinslduinisvesdldln uazmsudlolaymsingg vos
fdusng dedl

6.1 A39FBUANULNITINNUVDIENTTUFYYreunLTiBY GNSS wuudnludl® (CORS)

Tufurhinis 191a3 09 Workstation vaneiay 02 A gueduszananadeyaaanil CORS ioviinng
Feune (remote) 117U Virtual server o SS01 , $502 , 5503 wasengeuaanunsTURyyI
(Streaming) 489 CORS uslavaanil iulusunsu GNSS Spider disil

- 5501 @anuzdiayanIs Streaming 910 CORS $1uau 80 Annilvosnsuusuiinms

5 192,068,802 - Remote Desktcp Connection =g
G GNSS Spider 7.7.3.9087 - [S501-152.168.80.0LOCAL]) =i i

O File View Miragement EawDataStstus Took Window Heip -
iﬁ@ﬂ_-‘ﬁﬂ' |*=rn@at _Id’o‘]‘a&(DF;-.A__ > !GIZG}@__E@.&&iF_IRan___i_o- Bicle

[ Comm Acticty | Dota Recened (%1 | 1206.2022 1200 13062022 00:00
tecerve dats ny

5501192 163 80 L0CA
e | omedin 7

AT AN receive dath [
J receive dats T
AMNAT CHAREDN ik W
- ARANYAPRATIET MAE SUAI eecenve data 95
“TBAN TA KHUM ucaiy i L.
BANG SAPHAN Hin toctrvr dats Ll
B0 MLO) receve dats 98

" CHALOEM PHRAKAT u receive dats (3]
CHATTURAT Fecrve dith w1
EHALM

- LEHANS. DAD receive daty s
 CHUM PHUANG eceive dats w5
CHUM SAENG recene date %5

“ potio receive data w7
Lt receive data [

- HUA KHOT - recene daty 81

© HUALYOT
| RABIN BUR receive dats L1
NALGHAENG PHET vacive dets bidid

AR 6.1 Megeanuyleyanis streaming 37 CORS §1W7u 80 @nilves SSO1

- B aonugdeyanTs Streaming 370 CORS Und

- M apuzdoyanns Streaming 910 CORS luiun
(iAamansgnuiinaindeyaviameluunag)
mi‘mmmama%ﬁm?wG]VimEJCORSW%’auﬁ’uLﬁmmﬂwﬂ’m?{uﬂdﬁagalﬁdﬁw
sz UTadeyaunLargnadunniauiu
mnnameelinTvaeunueilon suityminisléanu Leiga Spider
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- $502 @nnuzdayanis Streaming 910 CORS Fuauvianun 92 aanil nswvaluannd
CORS wpansuiifu 85 anll, nsulesidnisuaziaiias 4 aond, aau. 1 aa1il, yu1aInsal
ULy 1 @andluay GISTDA 1 @01l

™3 192.168.80.8 - Remate Deskiop Connection - u
|ﬂ$"§595ﬂf?.7.1m? - [5502-152. 162 BUBLOCALYY -

L File Wiew Mansgemnent RawDataStstus Tooks Window Help =]
®oR 2R |[reruprt|Porenonil|rsraso0/|laarE||xBm [eaEEE |

Ste Name [ site ../ | Comm Activity ived [¢ 12.06.2002 00:00
*»  onxol AMKD recence data
1 ®F UMPHANG AUPG  receive data
o - AWLE AWLE  recene data
PETESITETEOT] |- AVUTTHAYA AY¥A  receive data
- BONG BONG  recenve dats
& BUENGEAN BOKN  recenve dats
- BKOK BROK  recere data
ey -F  BANGLAMUNG BLMG  receive data
) - BHMG BHMG  recene dats
- BNPE BMPE  recerce data
Divices - BAMN PHAENG BNPG  recerve duta
: - BOBR BOBR  recenve data
¥ - BOKO BOKD  recerve duta
Dats Transter Locstroms | Dbl BORAI BORI receive data
: e BRLE BPLE  recenedats
- BUNTHARIK BTHG  receive data
= BETONG BTNG  recence data
Operwton - Bt B e s
-F  CHIN CHAN  receive data
A - CHOW CHON  recee dats
Events *F CHKG CHEG  receive data
- CHUANG KHAN CHEN  receve data.
¢ CHYA CHYA  recerce data
-k CHALOEM PHRA KA CLPK recere data
- CMPN CMPN  recemve data
- CHER CNSR receivedats
S T CULT  receive data
- D5 DS recene data
E <

AT 6.2 Fegan Uz dayan1s streaming 310 CORS 313U 92 @n1iluas SS02

- SS03 @nugtayanIs Streaming 910 CORS Fuauvianun 64 an1il laewuaduanid

Na ~ a o A ~ ~ ~
CORS ¥99n3uNaU 47 @y, ﬂiiJIEJﬁ’]ﬁﬂ’]iLLﬁ%N\‘iLiJEN 11 @07, ddu. 5 da01UkasGISTDA 1 @a1u
% 192.968:50.13 - Remote Desktop Coanection - o x
GNSS Spider 7.7.3.5087 - [SS03- 15 188,80, 13{LOCAL]) - 8 X
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leca e@||earndet||[Forep0uil|-+ 200 [aakE | SBa|sensca
- S Mame [Ste.. [ Commactwty | wed(%] [oPs |Gl0 | T3.08.2622 0360 T3.06.3022 D400 13,068,022 0300 T3562002 Da00. 13062002 0700 13.06.3022 800 [
anat ANGT  conmecting 00 - - ]
BGEP BGs ns respanse 1] - -
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BR ENNR  receive dits 1000 3 4
oSt ENST  recenedite 000 $ [
BPLE BPLE recenedits s noos
Rl ERAl  recenedits By s s
BTAK BTAK  recevedits 0o 2 s 1
Ccso CES0 connecting o0 - - |
CHMA CHMA  receive dats o L] 4 |
o CHPM  recenve dits 000 8 [ i
oHTE CHTE  receive dite 080 8 4 i
OXTH OKTN  recene dits 000 s 4 i
[ OPTS  receve dite wo 8 s |
ouUBM DUDM receive dats 100 s 4 i
Hila HIA recerve dats e 0 5 i
wool DU recevedite WD 8 5 |
WEOR WKOR recenedit 000 s 4 i
KLKG KKG receve dity w0 ] ] ||
KNG KNG recenedsts oo : 1
WCE BMCE receve dite %5 L] 4
N KN recene date o s F
s KSES recene dits w0 s 4
KTEN KTBN  recene dits 000 8 5
P LMHP  recene dite W0 8 3
R LR recemedts L1 2 s
LM LPMA  receive dats W 8 4
NDDG NDOG receve dits 000 8 4
MY HENY  ne response 0 : ;
eT NPT recewe dits 000 L] H
e HKRM ne response o . . |
OCA - - = iz |

A 6.3 Faeganugdeyans streaming 910 CORS 31U 64 a@n1ilues SS03
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WoNIUNINIS WIUTINSURATeUTUTUTUYIINNTATIR@R VA UL NITSUF YU 1uUB9 CORS

o
< 3

unazan1d Wauldswnsy Spider Business Center (SBC) WAUNIILTUUIIIGOT N
https://cors.rtsd.mi.th/sbc/spider-business-center 1ii® login L%’ﬂiSUULLéjﬂmﬂﬁLmé Usage 1aana1e
8o Site Status AawansluAING 6.4

¥ [ sitesuts x | ¥ v - & X
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f . ALK - 0124
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e
o ° L] o
.: b ° uum: -o28
o

| @ BowN-00ea

AWl 6.4 feghsaaurdeyanis Streaming 910 CORS usiazannilin) duini (v) dudiaes
anugdayanis Streaming 910 CORS ustazannil fouandon deil
- © aomudeyams Streaming 31N CORS Uni eyaeninseinsnAmn Ambiguity fixed Tulpswingla
- © aomulesans Streaming 31N CORS Uni Ueadaienansaandmsin Ambigity fixed Tulaswinelst
- @ anuzdeyanis Streaming 10 CORS Liiund lalanansnideusioruanills
dmSumsnsavaeunude 6.1 mnasaanuantil CORS Ly lranliun1sudsuiinyey
vowsazmhsnumuteyansinseluiided 9 ieduiunsaasy uazudlussly
- lunsdifeyadiiitiym Tuduaniuzduns
avvaeuinaandfnariluvemiisnla
1. fdumhsnuduazuszanuilnsdmilingaaoy
2. fndumienuvesnsuud Wikiiunsdel
2.1 Login WU Web interface
2.1.1 tiu Fiber Obtic
2.1.2 % Sim AlIS
2.2 AT19@D UL Spider Software
2.3 ATREBUNIL WWhi(GIS)
2.4 Uszanu Wi luuiildJnduazneny
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6.2 ASIVEBUANIULNITUN UV ATBIS U IR ABU GNSS andne (Rover)

v v Y

MMInsIRaeUamuznsnldnueunTassudygamiiied GNSS anvie (Rover) Kulusunsy

Spider Business Center (SBC) NS UUT TS https://cors.rtsd.mi.th/sbc/spider-business-center

Wle login sz nlufimy Usage denviadages Rover Status fiauanslunini 6.5

0 fov x4 ™ - a
“ C @& corsnsdmith Admin/RealTime/RoverStatus a =2 % 0 ‘\- $

1 —
® @ = *

Mo, NMEA Fixing 5) 1 Unet Name 6) Full Mame ?) Dunuonajlmb! g)smll-mﬂio)ﬁo' !numﬂ:lvlﬂufll)niuu:fl 2)

@ o B
@ 9 B -

iR Saturday, hune 18, 2022

A 6.5 MegvanuznsiinlduvesaasTudyauniiied GNSS and1e (Rover)

eavidunveyannsiaaeulad Al

1. PuuATesiudyyinniiiiey GNSS anvie (Rover) gy

A

[ 1

. 97UIU Rover N5eInAANalan875 Network RTK
. 97U Rover NSvinAAnlaAceds Single RTK

. anuen155rinAnfidnves Rover Mildantaya NMEA message

2
3
q
5. @01ugn1T fixing ambiguity Tun1559InAAARUeY Rover
6. JovnyTueailiau

7. Fodwosdnyilinu

8. szuznafidldeuszuy

9. hanaandidsteyatrunluszuu

10.97UUAN BN GNSS ﬁ%u%@galﬁsum Reference station/Rover
11.Reference station Ml¥lun155s3n

12.5%8¥9%19910 Reference station NGLUN55IIA
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6.3 n13n39aau waswiludgynlunisldusnng NCDC
TunnsTiuinisees NCDC anaiifgmnisldnufiinanauiianainesssuu NCDC Jaymann
401l CORS 3o Jayvanniedessudayeyiasm Rover 7 Admin aedasinisnsiaaey wazudlalunane
nsdl anfaeeale deil
6.3.1 {flduin1s NCOC wusnnudelymmisldanunsadedneiiia vielduinisesulad
lansouiu
- Asfiansniadey Yn1seTadeUan Ly ATTeILTesaEnn TS Udy I aTien GNSS wuu
gnlwil@ (CORS) mude 6.1 Afin1sviamevesdoyadudiuauunuiald wnsizazyvinld GNSS

Spider ldanansamuiuanlulasegls

- m3udly vinsTamiv Server uazmsiiiensie intemet vl iieiadesteya cache file 7
813AUNTNEINTVRY Server WMIMTAANUATALUNTYINILAAAS

6.3.2 U3 NCDC lalaansavimsssrniefasilonas Rover safaluszuu Network RTK 16

_ Aafimnsniadeu veswazdunn3assudyanamnaifisy GNSS NFIEUINIS ievhnng
M333AUINT0sUNIYILlusEUL Network RTK visell

- muftly maedesilovelfuinissessunisiaunuy Network RTK Tsfuugiidegng
nsmsrnednaflefignedliiugly Tavanunsaamiiivamenarslékiudsd https://ncdein.th Tu
nseudunssuanslund 6.6

¥ @ s .« 4+ - o

= Y 1 S A oA
AINN 6.6 ﬂ’]i@’]’g‘ﬂﬂaﬂﬁ’mEJ’Nﬂ’]WNﬂ’]LﬂiENZJE)

6.3.3 {lHUsN13 NCDC lalanunsavitnisuszaianadiiiawuy Online 1o
- Aimsngivaey veswavduateya RINEX Aliuinsdadranyszana
- msunly
1) ynteya RINEX 13 ldu3n1s6indn Version 3.XX Tuugiihisnsudadlad
RINEX 11 Version 3.XX Zuly
2) myyaaeuiveya RINEX dosdlvunalaiiiu 150 MB




6.4 NIATIVFIUAMNINATTTY
- UAAITRYANIIATIVADUANA N
wuvseanidu 4 dupou il
6.4.1 NM3ATIAUARUMAEIT (Multipath) fegsainaanil SBKK
Code Multipath Tngiadegsgn 0.232 wing laiiiu 50 wuRwasmuderinue
Phase Multipath Tagiadegean 1.371 fiadums FslsiiAu 5 Sadwnsmuderiun

Aeyeuad vasanll CORS Tulaseyre (NCDC data analysis)
Heyyau CORS 1oy Spider QC

Y] Rl By S S 5 84 PN R 8

(n)

()
AT 6.7 FRBE19N1SASIVFRUAAUNANID

(n) Code Multipath (v) Phase Multipath
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6.4.2 NMIATIVADUANNANYTIVDITRYRTIIn Fveeananiil SBKK

lumsSudyrannifieutiuanansaduiinteyals epoch with data 100 %
TagaUaIwUNNUsEANA AU lan il

Tracking Summary:

GPS Completeness: 99.9%
GLONASS Completeness: 99.8 %
Galileo Completeness: 99.8 %
BeiDou Completeness: 99.7 %
QZSS Completeness: 100.0 %

[ —-—

A Sttt |GP3)
= i) i (4 DRASS | = | i S, |Gasis
'.AHSIUIMM$l ]

Tricking IFio: BEKK TRI0E 05508 - TUNGNE 2299 P g iy |

= Tt Sty (GLOWASS | = Trmchoees St [idatons) = Trwam Saeigen,
ek S (o) = \‘rh p §S 11}
Gwnwlmm Lxl == i S il i T (T 5
= Gy iy (Bl -y o UL L1} — Gy g AP

ms.-mn—m

= Thted Satesnen (U255
= Cyri S A7) .-r.u

- Ccle By iaer E50) hﬂvhmth‘ql

i 6.8 Foe13 GNSS Tracking Information

6.4.3 MINTINAOUNTVIMMETaYastin (Cycle-Slip) Freeavnantil SBKK
Cycle Slip vasdtygain1itiien GPS dasnin 0.2 slip ¢ia 1000 observation
Cycle Slip vosdgyaunafisy GLONASS daunin 0.2 slip 9 1000 observation

o

Cycle Slip vosdtyauadisy BEODOU Hagnin 0.2 slip #iw 1000 observation

o

Cycle Slip vosdtyauadisy GALILEO Ha8n1 0.2 slip #i® 1000 observation

o

Cycle Slip vasdgyaaniien QZSS Uasnin 0.1 slip o 1000 observation

[J

TnedisngazidyndnuIuNTVIAMIBesdya I (Cycle Sip) AulanslunIni 6.9

Cycle Slip Summary:

Satellite System L1E1B1 L2 LSESa ESb/B2 ESatb
GPS 139 154 35

GLONASS n 108

Galileo 116 . 9 52 65
BeiDou e . . 32

Qzss 19 H .

GPS+QZSS 158 188 35

Al 725 206 126 B4 65

AN 6.9 MBENIIIUNTVIARIBTRNEeIM (Cycle Slip)
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6.4.4 N1IATIVADUNIINTTNBANUUVDIFYYIU(SNR) FI9E1991na07T SBKK
TuN153LAT129R 9@ UAINTNYDIE Y QY18d 21nA7 Signal to Noise Ratio (SNR) Wy
Fyeraunnafisunsuladian SNR 7lla Ae dAadsuinni 40 dB-Hz asansluns1ein 6.1

L1/E1B1 L2 L5/E5a | ESb/B2 | Eba+b

(dB-Hz) | (dB-Hz) | (dB-Hz) | (dB-Hz) | (dB-Hz)
Average GPS: 48.8 44.5 48.6 - -
Average GLONASS: 47.6 44.1 - - -
Average Galileo: a8.7 - 46.6 ar.7 48.4
Average BeiDou: a5.7 - - 46.6 -
Average QZSS: 47.5 47.2 48.1 - -
Average All: 47.9 44.5 47.5 a7.2 48.4

AN919% 6.1 Feg AN A LENlneLIRAY

For Gunating Sty LVEVE SNR Saypiot: SHIOC 1100 0500 - TVN0NE 228 N i

A 6.10 9813 SNR skyplot

aedulunmasaey anfiSudyaamiiiiug GNSS wuusnluli® aziinsnaaeunnanii weldly
nsATERAIANLAAILAGauYNUsELAY Wenvtldlun1siaununsinssuy Tudunisasialaseng
Tugi(Network) Tastneses(Cluster) wazlassnsgas(Cell) 19
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- kansdayaNInTIvERUAMN Ny 184 CORS 108 Interence Toolbox 2.3 (GR 50)
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%, ! N ik
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Al 6.11 ﬁaaﬁmmimaaaammmw feyey1ad CORS 1mg Interence Toolbox 2.3 (GR 50)

(n) Mudien GPS (1) Amadieu QZSS



60

6.5 N3TIFRUINUIATESUF UL GNSS Uszsnantil CORS siuduinasiiln
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\Wlarigutn Home vaumsassudnyanaunaiien GNSS Uszdnannil CORS 51aunsansiddeudaya
anugMIllimingne General uagnsivaeuinnuaiisdlulsazszuunieialalurnznaasaining
Tracking Wwenaniiluwiy Status aansasengUeyaamusiiuislilnelineasdunnuandunmi 6.13

. —

GRS0-4.52618 | APKN | 2022-06-1910:44:51

. == =

R /77"

Geosystems

Home | Status | GNSS management | Receiversetup Help | Supporl Logout RTSD

Status General Tracking
Site map ¥ O 22iv B @ 7o D Nevigeley
Staws @ 16.18 CE (55.67%) free ® ors 9/13
Recsiver Information ”d No USB drive ® clo 87
Recelver Information View irstalled 1eceiver versions and option keys
o Viow skl oplivn heys W @ 2active data sream(s) ® GAL T/9
Position Lists the reference position, navigated oesition and DOP véluss B & 6 actvo iog session(s) W opos 24129
Trackin Shiowes U currenl liacking slalus for sad) seldlile systen -
n J s x. i b g 51d 22h 4Emin W azss a4
Sky plot Shows a sky pot of te currently visible satelites
Data streams & Smatt clcan up sctvo W, WG No option
Outgoing data strsams Lists &l acive ouigoing cata steams and displays heit staus | SEAS MNotadive
Incoming data streams Lists all avalkable Incoming data straams and their status
Logging sessions Lists all aciive Iogging sessions nd displays their stetus. 2 Ik
Antenna Shows the curtently confgured antanna Eventlog
Shiows the Nerip cestar slatus end IS al configured moun points
N e o L 10:0611 @ TGP/ server accepted connection : G002
Port summary Lists all usac ports, showing tha connection stztus and the data type
5 ’ i i 3 y FTP location Rinex3 could notarchive al files.
Event log History of events releling o the receiver status 10 P i BT beabon hat 1o varity séitinge
Network connections Shows all network adapters and their staius " 5 " -
103535 @ TCP/AP server comeciion clused . 500
System resources View U Syslem 1esour ces saius
Interference Mitigation Interference Mtigaticn 102711 @ TC/ server connection closed - 5002
102641 @ TCF/P server accapted connection - 5001
101056 @ TCPA? serveraccapted connection - 5002

= o v A o a
AINN 6.13 AIDYNVDUATNTUSLNULAU

Need more ]

research!

lonospheric scintillation
from Plasma bubble or
daily TEC variation

Radio Interference
around CORS

Multipath / Shielding of
signals by environments

v

' location Ninex3 could not archive all fies.
Execule FTP bealion kel ko verily sellings

J

JPT is proposing to
have fewer clusters.

|

.

regula

Others
Reset

~
Long continuous operation

i

of Spider server

Traffic load on server and

Delay or missing of VRS

correction from Spider

Delay or missing of DOL
data from DOL
NCDC server

)

Why delays in
7 -8am ??

J

line for Data transfer

from DOL to NCDC

Others ﬁ
The project for capacity development and promotion of util i

of National CORS Data Center

A

Change of a master Jump of coordinates
>

station in Spider cluster

Decrease of observed

satellites —»| Float solutions

Degradation of —

observation data

a i 6.14 fegnslgmilunisingu

Single point positioning
(meter order precision)

server to 1—-( Need more

investigation!
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more info to JPT
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6.6 nsaifiszuuAUEUszItaNatayadyIuAILTisn GNSS (Server) was NCDC itlgywnlal
awnsaufuReuld dedlesumsudlilfamnsanduindfofanuldmelu 24 $alus Taguiem

6.7 nsaifianil CORs Hdgwlsiaursaufiasuld dadldsunisudlaliaruisanduan
UftReulgnely 3 Yy vnidugands fegluwanganm wastBumma waznelu 5 Yu dwduiud

UY lagusEn

vunaulunisuitdeymnn

Tunsainteyvndu CORS woINSULAUTNNKIS

1.

5.

dieindgmmuiitenlananiliddulidauassuuyimsuidymenug gilen1suilayminis
19914 Leiga Spider (Trouble Shooting) Tunranuin nindgyniliaiunsauilaviest
wenmilenngdileliufiRvuneusely

. MN15AARBUSENTIVINNNTATI9EU WAy WAL

Tupsanunlulalrusenudsanmnvaslagmi 38msud waila 1ty 5189y
Tupsalnlgmlianansaunlavseeguenviieainalelviujifvuneusely

. USEVRRsRnfanune Leiga TWyinnsnsiaaeu wag uily

Tupsalunlulaliusenudsanmnvaslaym 38msun waila uilu 518U
Tunsaindgmlianansaunlavisesguennileangilelviufjifvuneusely
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a wa o < . .

7. mM3Usuuunu1geaUnsal (Equipment maintenance)
HAkAsEUUITABInIUANM U URIuTEnyi M sUsuildivnzeunsalnuesey 6 Wneumy

FIBUATIRABUNINENIN dnngunsalnuluanniigny (Base)
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AT 7.1 $9897URTREUN NN anwgunsalnuluaniiigiu (Base) nuniiou

7.1 Y11N1359393N18AINVB9EA11 CORS wazaunsaluseanaaiil nn 6 sy dlog13gu
i3 easudayanamniifion GNSS qﬂﬂiail,%amia internet WAANSYUIEAIINTOU SEUUNATIIAT SEUU
Jostulniiinszyn wummed aneuen anedyainnena’ssdudyaiuniiisy GNSS wazaruiu
Fouaunaiiey GNSS Wudu Fuandlunnd 7.2 Wunsiwdsuinauszuisennia o aondl TPK2 lu
nsUsuiiRTgeased 5

Anf 7.2 MsiaguinauszuneeInd a @anil TPK2
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7.2 yn1snsagauan nwIndanlagsau Usnannil CORS ¥n 6 ieu nieuiuiun1sufunlu
U9 7.1 winfidsuatenssudyaradyaius endunisudleiuil aanslunmg 7.3 - 7.5 1Juns
whlvdsuadanssudyayins s antl TCP2 Tunisusuliiiviensan 7

.

AN 7.3 A nnaunsanaulsl
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7.3 vim3U3uU59 Update Version %38 Update Firmware ¥84iA3893Udyey1aunaLiios GNSS
ianil CORS lmlullagiuiawe

L3 A Notsecwe | 1200037222100/ config/contig firmwaselanagement b

Riquined
GR0_4 &1 250 1ip W E1E) 020631

Dirwebosac e

Cosnices trware e o locte. % g e
. AutomIn PTAE Lpgrads

Downioad sutomaticay ]

Deanicad from Gecayiiomn v |

Nt automatcaRy

e 0 " 00 00

2N 7.6 N1 Update Firmware 983tA3835U&ey10u

7.4 ¥ihmsuFuuse Update Version %138 Update Firmware %a3A384 Server Wagia3ae Workstation
FILUsUNINARY MAeades wWu GNSS Spider uag Microsoft Windows Server liidutlagtaue

1B 4455 Spacer TR1.9468 - [Local Site Server] - o

=
GNSS Spider 7.8.1.9468
SHOTR

gmf A15468 Refresh Licerne Information

Copyright © 2022 Leca Geosystems.

Software Lioense optices.

License State - Site Server

The License State is OK. All required licenses are available.

Details

Presduct Version THI9482

Release Date 20220701

License State. oK ®

Licerrse Server ©192.168.80.10 @ Conrected (0]
Geace Period Remaining 7 duys, 0 howss, O minutes @ totestered [
License Type GNSS Spicer Basic ® o @
License Expiry Date. Perpetual @
Spider Maintenance Date 20050813 @ vasd for thig version @
Spider Basic Sie Server option In use @ o« (0]

AW 7.7 M3 Update Firmware 98¢ GNSS Spider
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7.5 WasuuunmaIdsasitannil CORS yn 2 U vn 6 1oy axfesdinsnsiageuanmuunne’
@309 mnnuadene wiensviauliiinisdsu mnldfmgiaund Tudsulunnedniy
259U 90 2 ¥ pand fuandunmil 7.8 iunsiasulumneddises a aandl LNSN Tunsusudlda
ﬂwqaﬂ%’jﬁ 6

AN 7.8 NM5LUABULUSLADIATD9 8l @nndl LNSN
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8. NM3UsEYFUWUS (Public relations)

diedaeumIUIMIguivi MsAd1sB i Aauuusielesuvisni (National CORS Data Center : NCDC)
Thlullegnanirwne uasiiausslevigeaalunsianniunsd s wielulad wsugna wasdsey veslsume
e Fedndudesd msvssanduius wiedaafunsldmues NCDC Timiagauniafs wirsauenay
antunsfinn uasUsznauiill WFSunsueasBeansliEmeetaunsvans tneluilagtusidemns feil

8.1 Ty¥latimnenis vesnguiguassuuauduinisandnedsiiinuuudatiiesuvisnnd (NCDO)

nguauaszuy NCDC Tuduwes nsuunudinms Ieiinisadradydlatiniens (Line Official
Account :Line OA) wieliuinislunisiinseaeuaudeyaiisadunisliuiaisves NCDC nsasiasly
wms wazmsassawfieudlaymlumsidaussuus Tneannsodadeldiivad Line OA §ail @89 1wl
¥307 QR code Fanandlunmil 8.1

nwil 8.1 QR code UnyTlaunnans vesnaudpuaszuy

wiigquaszuy

- UATEUU wazUnyUser Y09gnAn

- maumauwazun dymviugnen

- fesnu wazwnlatgymilunslauinig

- psdeumsUsuitithssgUnsalnnansseu uasileindam
(fauaszuunsIRaeuuTEnilvhnsUsuliviviegunsal)

- wdadeugnAdlofntlamn wu mIgeutigs
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8.2 MIUTTVIHUNUSHINNIUUTZYNIVING UNTTIANTT UAZNUIBUNTANBIAGE

duasulvidnisweunsdayanisliuinisves NCDC dunisidnsindiauedayaluauivinis
finssanis Adalaevisanunsinueng sauefanssuiisalaemitonunialy uazenvu Afldon
\Retesiunsliuinig sideltuinisves NCDC fauandluninil 8.2 - 8.3

AW 8.3 NMTULAURNANUTUNUAUAYITINITY A 59.9U5.(2)
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9. dayan1sinfaUsEaIuIUTENIIMLI89U (Contact information for coordination)

NI AL P - ana YOINIAARAD
ATUMNLTINAS | Fawnu 8. ATIYNS 8gd1918y 03 064-9734231
ﬂsmmuﬁwmi WA sarayut.yo@rtarf.mi.th
ladl -
Admin RTSD W.0. YTty T 115 089-6928738
CORS Wa rtsdd354@hotmail.com
lau beerd3s4
Admin RTSD W0, LN Jushl 113 063-2285455
CORS W& sermsurveyd960@gmail.com
la1l 0632285455
Admin RTSD | 5.0. alguuil af 105 087-3515141
CORS wa 0608ntn@gmail.com
a1l 0873515141
Admin RTSD 5.0. YUY WAnsusznnsal | Ins 086-6650677
CORS wa chanachon.p5465@gmail.com
lal 0866650677
nsuTiAu Faununsufifn | weusdn damswase 03 086-3279969
wa norasi78@gmail.com
lau norasi78
Admin DOL weSyUseial Anumsysal N 087-3984484
CORS W& t.thunpravee@gmail.com
lau skstickerz
GISTDA AU GISTDA | wisanInged wsxlyi 105 089-5085816

W& darunee@gistda.or.th
Tl faii

M5197l 9.1 VYANTAAADUITAUIIUTENINNUIBY
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Mg AU ¥ - ana YRINIAARD
aau. FALNU daU. UNANUIATNG aa1aLae 15 081-9312829
wa nuantip@hii.or.th
a1l nuantip1234
nsules1sns | daununsulesis | wiety Ty Unugani 05 081-3497752
uasRadles | nMsuazraiied Wa pig2513@gmail.com
latl pig.2513
Admin DPT Wede I Unugwid 115 081-3497752
CORS 1 Wa pig2513@gmail.com
latl pig.2513
Admin DPT WHIIN UAUGNGIING N3 086-2311819
CORS 2 W& phuritat.san@gmail.com

a1l 0862311819

A51afl 9.2 ToyaNTAAAOUITATUUIENINIMNBNY (D)
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STA | AGENCY X (m) Y (m) Z (m) Latitude Longitude h(m) [ Zone | Easting (m) Northing (m) Elevation (m)
AKSN RTSD -1482252.3667 5925273.0745 1831476.0756 16°47'52.19514'N 104°02'41.07950"E 173.388 48N 398207.150 1857435.669 198.783
APKN RTSD -1037945.1642 6165673.9906 1255828.5847 11°25'53.52185"N 99°33'20.59760"E -2.456 47N 560620.023 1263753.285 26.252
ARNG RTSD -941903.9433 6213713.6036 1084084.3255 9°51'05.92210"N 98°37'10.35779"E -4.112 47N 458284.648 1089033.613 23.934
ATRG RTSD -1044225.2063 6238038.7163 820026.9928 7°26'11.51106"N 99°30'10.79227"E -9.570 47N 555504.092 822037.827 9.332
AUTT RTSD -1130743.7976 5969730.3934 1934162.3935 17°46'10.64094'N 100°43'31.78525"E 143.211 47N 682923.899 1965538.577 177.149
CKRI RTSD -962275.4427 6105152.8399 1570943.9881 14°21'12.22208"N 98°57'25.54531"E 214.029 47N 495373.922 1586811.044 248.825
CTAK RTSD -960118.2407 6017800.9175 1876856.6675 17°13'36.50616"N 99°03'53.75640"E 114.009 47N 506903.242 1904647.026 151.579
DACR RTSD -1549651.3552 5935497.4591 1740863.8863 15°56'40.14435"N 104°37'56.16386"E 152.798 48N 460644.671 1762829.275 176.207
DBRM RTSD -1381901.8128 6018323.3452 1592491.7106 14°33'16.45752"N 102°55'54.67022"E 184.834 48N 277162595 1610071.580 209.393
DCMI RTSD -937854.3934 5944574.2301 2106753.0162 19°24'50.08953"N 98°57'55.63858"E 409.278 47N 496373.244 2146627.489 447.865
DCRI RTSD -1028340.6498 5903260.1783 2179044.3785 20°06'27.63450"N 99°52'54.10693"E 436.362 47N 592169.971 2223640.654 473.821
DLEI RTSD -1258695.1231 5956128.1714 1897416.4238 17°25'15.33479"N 101°55'57.43391"E 281.901 47N 811564.828 1928509.661 312913
DMSN RTSD -837150.6991 6008179.3267 1964076.8010 18°03'13.04126"N 97°55'56.09061"E 157.084 47N 386993.804 1996444.504 197.202
DNAN RTSD -1145278.7516 5919706.3503 2073937.2432 19°06'00.62270"N 100°56'58.81101"E 325.896 47N 705110.743 2113053.667 359.735
DNPM RTSD -1522984.9268 5909676.0836 1848124.0204 16°57'18.50084"N 104°27'04.56987"E 133.579 48N 441576.715 1874673.900 158.638
DPLK RTSD -1087333.0092 6008757.7246 1835935.6158 16°50'25.28973"N 100°15'25.68130"E 16.223 47N 633935.156 1862320.534 50.957
DPNB RTSD -1182920.9338 6003701.7470 1793446.8095 16°26'21.92454"N 101°08'46.76013"E 96.689 47N 729175.110 1818758.144 128.174
DSNI RTSD -1020697.5325 6217118.6055 989737.1379 8°59'13.06150"N 99°19'24.17339"E -4.931 47N 535545.602 993426.350 18.359
DSNK RTSD -1457051.8821 5914549.0286 1885146.0747 17°18'18.44614'N 103°50'21.37966"E 155.577 48N 376643.048 1913681.592 183.016
DSSK RTSD -1505872.0362 5970251.5739 1658989.4097 15°10'35.32099"N 104°09'23.01548"E 134.605 48N 409377.934 1678020.064 158.253
DUDN RTSD -1400643.0141 5939284.8739 1850039.2340 16°58'23.41540"N 103°16'09.98448"E 155.653 48N 315744.018 1877399.569 183.655
DuTI RTSD -1024115.7908 6069399.8916 1666393.4809 15°14'45.18709"N 99°34'39.16881"E 108.041 47N 562019.994 1685604.493 142.699
DYLA RTSD -1218007.5851 6219834.4248 712783.8923 6°27'34.35601"N 101°04'47.33357"E 57.703 47N 730021.408 714473.756 68.691
ECMI RTSD -924694.4736 5980687.2699 2008262.9218 18°28'25.26380"N 98°47'20.76579"E 262.496 47N 477734.072 2042606.417 301.260
ENMA RTSD -1283834.4135 6038812.3984 1597051.9584 14°35'49.58916"N 102°00'08.01352"E 205.259 48N 176991.859 1615896.148 231919




M15197 5 Afifaaant CORS 489 NCDC (de)

73

STA AGENCY X (m) Y (m) Z (m) Latitude Longitude h (m) Zone Easting (m) Northing (m) Elevation (m)
LCNT RTSD -1070784.2861 6069037.6482 1637875.9529 14°58'45.16606"N 100°00'21.39833'E -9.198 47N 608161.778 1656272.273 24.033
LCPM RTSD -1261224.6319 6015257.4361 1699797.7786 15°33'31.88285"N 101°50'30.19222"E 169.521 47N 804805.936 1722168.200 199.262
LKPT RTSD -1010663.1997 6031473.9763 1805406.5680 16°33'07.89885"N 99°30'44.59571"E 74.222 47N 554668.685 1830087.236 110.191
LKRI RTSD -1021280.0802 6096688.0122 15659437252 14°18'25.63385"N 99°30'34.37098"E 54.263 47N 554953.207 1581753.130 88.186
LLEI RTSD -1257391.8575 5974248.6381 1840688.8266 16°53'04.68134"N 101°53'07.77297"E 236.610 47N 807437.230 1869042.555 267.432
LLPG RTSD -1046898.3026 5950358.4055 2037915.0902 18°45'22.98258"N 99°58'42.32050"E 252123 47N 603131.786 2074155.402 288.608
LLPN RTSD -945162.1840 6001074.4062 1937646.3348 17°48'06.74810"N 98°57'01.77521"E 420.868 47N 494753.249 1968266.619 458.765
LLRI RTSD -1145246.5371 6052214.0679 1649689.0628 15°05'23.00444"N 100°42'54.91140"E 5371 47N 684349.375 1668968.363 36.782
LMDH RTSD -1554648.9700 5914873.3909 1804870.4780 16°32'49.25622"N 104°43'34.96433"E 120.754 48N 470805.738 1829464.601 144.248
LNAN RTSD -1128247.2483 5942056.5758 2018483.8846 18°34'16.92500"N 100°45'03.77126"E 163.186 47N 684787.408 2054300.868 197.710
LNBP RTSD -1311175.4325 5951371.5431 1876583.4259 17°13'26.23914'N 102°25'28.64379"E 209.369 48N 226119.664 1906153.872 239.639
LNKI RTSD -1339229.2141 5922621.6788 1945761.5610 17°52'46.91567"N 102°44'29.41147"E 145.336 48N 260697.377 1978324.540 176.521
LNMA RTSD -1356900.3967 6000717.5515 1677331.6556 15°20'53.99310"N 102°44'29.80600"E 122.333 48N 257549.657 1698118.799 150.255
LNSN RTSD -1111112.1381 6052437.9334 1672093.6229 15°17'57.90981"N 100°24'09.29419"E 53573 47N 650589.173 1691929.964 86.046
LPBI RTSD -1075534.1712 6128876.2799 1395510.3223 12°43'22.24363'N 99°57'11.81317"E -12.501 47N 603492.987 1406676.194 17.624
LPCT RTSD -1083659.5466 6020119.6909 1800763.9538 16°30'30.97657"N 100°12'15.56659"E 10.411 47N 628529.514 1825579.609 44.949
LPLK RTSD -1145387.9869 5989310.6582 1864348.9058 17°06'29.97847"N 100°49'35.22352"E 183.867 47N 694328.719 1892450.213 216.883
LPRE RTSD -1035726.4227 5976349.1459 1966343.7506 18°04'31.08896"N 99°49'54.99684"E 110.717 47N 588036.784 1998715.067 147.316
LSN1 RTSD -1088138.3167 6196940.7935 1042730.2414 9°28'20.48841"N 99°57'33.11653"E 8.052 47N 605293.749 1047220.487 31.150
LSN2 RTSD -973259.7514 6226268.9615 980242.1723 8°54'00.02565"N 98°53'03.47727"E 29.682 47N 487279.387 983799.261 54.166
LSNK RTSD -1468571.7150 5901750.3457 1915781.3469 17°35'43.24142"N 103°58'24.56945"E 131.817 48N 391081.169 1945711.961 160.002
LSRN RTSD -1477946.3499 5993065.7111 1601258.1051 14°38'11.53507"N 103°51'11.73099"E 144.070 48N 376503.721 1618438.380 166.447
LSSK RTSD -1561088.4591 5971825.2655 1601693.9251 14°38'26.23215"N 104°38'59.29618"E 139.169 48N 462289.019 1618606.727 158.864
LTRG RTSD -1057745.0701 6230578.0514 858627.2159 7°47'18.96631"N 99°38'06.20412"E 39.603 47N 570019.700 860980.155 58.930
LTRT RTSD -1352218.0109 6085818.3929 13426437934 12°14'00.20227"N 102°31'37.69786'E -8.695 48N 230963.782 1353592.377 12.400
LYST RTSD -1499624.8622 5952705.8163 1725794.8625 15°48'10.88651"N 104°08'23.66642"E 108.960 48N 407884.755 1747335.489 134.186
MKRI RTSD -1047824.3603 6083730.3591 1598072.0882 14°36'25.54449"N 99°46'20.62169"E 9.824 47N 583190.118 1615011.194 43.515
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STA AGENCY X (m) Y (m) Z (m) Latitude Longitude h (m) Zone Easting (m) Northing (m) Elevation (m)
MNSN RTSD -1136318.4728 6038710.8744 17041949172 15°36'01.59535"N 100°39'24.71671"E 36.899 47N 677639.984 1725430.312 68.707
MRBR RTSD -1059873.8947 6110212.5483 14857478718 13°33'37.68366"N 99°50'26.07741"E -21.767 47N 590947.362 1499273.518 10.119
NKBI RTSD -1004107.3918 6237146.3591 874718.7020 7°56'07.95122"N 99°08'43.72302"E -9.078 47N 516034.150 877174.742 12.234
pPCCoO RTSD -1248697.1267 6077550.8021 1473351.7761 13°26'42.29843'N 101°36'37.61662"E 49.535 47N 782655.521 1487854.533 75.852
PCPM RTSD -1253922.8824 6000701.4118 1755580.3409 16°04'57.49268"N 101°48'10.24443'E 230.593 47N 799859.236 1780109.208 260.500
PCRI RTSD -996241.5733 5925989.5312 2132025.2813 19°39'21.95935"N 99°32'34.74923"E 421.893 47N 556922.157 2173516.775 459.599
PNST RTSD -1030041.7950 6225236.0302 927766.8632 8°25'12.23059"N 99°23'42.60593"E 36.883 47N 543501.821 930759.028 58.526
SBKK RTSD -1139278.6433 6089742.3135 1510744.2972 13°47'34.59825"N 100°35'47.37945"E 1.246 47N 672579.832 1525400.479 31573
TCP1 RTSD -998580.6188 6185787.5175 1187602.1182 10°48'10.39387"N 99°10'12.81932"E 31.592 47N 518608.588 1194189.899 60.034
TCP2 RTSD -988846.3260 6202198.6498 1107854.0524 10°04'11.35516"N 99°03'31.31681"E 5.159 47N 506431.782 1113132.726 32.229
Tcn RTSD -1275980.9736 6090015.7604 1396879.9973 12°44'07.72372'N 101°50'00.39865"E 16.628 47N 807698.702 1409561.875 41.119
TKK1 RTSD -1364654.0159 5952327.7263 1835839.9564 16°50'18.43549"N 102°54'45.73075"E 382.194 48N 277590.664 1862858.090 410951
TKK2 RTSD -1343631.3938 5987078.4582 1735623.2491 15°53'42.44824"N 102°38'55.86634"E 196.889 48N 248255.696 1758749.896 226.017
TKRI RTSD -1013658.0967 6103489.7628 1544279.8435 14°06'18.74401"N 99°25'46.29870"E 25944 47N 546364.206 1559404.046 59.732
TNPM RTSD -1532978.1845 5894327.6152 1888232.6827 17°20'03.65004"N 104°34'42.02661"E 152.065 48N 455197.232 1916591.925 178.094
TNPT RTSD -1068059.8918 6094630.9417 1542424.2778 14°05'16.86335"N 99°56'23.72163"E -19.354 47N 601468.269 1557663.252 13.281
TNSN RTSD -1108936.3355 6035226.5249 1733982.2130 15°52'48.74593'N 100°24'41.82294"E 1.986 47N 651133919 1756194.143 35.067
TNST RTSD -1090749.7707 6213696.8056 935325.9620 8°29'21.21461"N 99°57'22.46451"E -10.812 47N 605252.151 938512.893 9.231
TPK1 RTSD -1069622.7153 6137421.5197 1362359.4852 12°24'56.90812"N 99°53'10.13675"E -5.008 47N 596318.517 1372693.692 24.639
TPK2 RTSD -1019361.9050 6178593.4385 1207649.4577 10°59'14.16326"N 99°22'06.34104"E 135.617 47N 540250.483 1214596.268 163.799
TPKT RTSD -914875.2536 6247977.4949 896544.3827 8°08'04.38019"N 98°19'49.69999"E 219.238 47N 426241.353 899233.597 244.629
TPRI RTSD -1256831.6058 6062465.4664 1527009.0975 13°56'39.76206"N 101°42'44.21557"E -3.662 47N 793069.175 1543247.359 23.102
TSKA RTSD -1143697.0044 6227724.3133 7643127196 6°55'43.47576"N 100°24'22.29070"E 5671 47N 655354.022 766101.706 20.343
TSKwW RTSD -1340690.9096 6051254.1297 1500217.8813 13°41'41.79607"N 102°29'32.71345'E 25.005 48N 228773732 1515394.802 48.927
TSRI RTSD -1194168.7670 6055887.8382 1602984.5647 14°39'06.77687"N 101°09'18.41559"E 475.099 47N 732109.639 1620927.788 504.179
TSSK RTSD -1549340.5447 5961235.3440 1651359.3994 15°06'18.29439"N 104°34'08.35912"E 118.953 48N 453685.386 1669993.954 140.809
TUBN RTSD -1581409.4915 5950175.9027 1660747.1698 15°11'34.73677"N 104°53'01.40300"E 116.535 48N 487510.634 1679674.210 137.433




M15197 5 Afifaaant CORS 489 NCDC (de)

75

STA AGENCY X (m) Y (m) Z (m) Latitude Longitude h (m) Zone Easting (m) Northing (m) Elevation (m)
TUTT RTSD -1068725.8920 5984703.2849 1922897.1121 17°39'46.92040"N 100°07'29.78245'E 52.481 47N 619319.486 1953260.958 88.160
AMKO DboL -883144.2953 6010907.0266 1937627.2863 17°48'02.29449"N 98°21'29.89466'E 785.030 47N 431991.297 1968245.488 823.227
AUPG DboL -944812.8421 6059318.7494 1748565.9090 16°00'58.19902"N 98°51'45.38210"E 428.846 47N 485301.185 1770728476 464.944
AWLK DboL -956898.4688 6237553.7306 923074.1755 8°22'38.03845'N 98°43'18.14507"E -7.207 47N 469361.069 926012.759 16.828
AYYA DboL -1134356.4462 6075002.9932 1572057.2383 14°21'51.51561"N 100°34'36.36078"E -14.575 47N 670023.566 1588598.288 16.439
BDNG DboL -1394062.2638 5916172.5843 1926911.2146 17°42'02.97089"N 103°15'32.65323'E 147.844 48N 315369.025 1957939.556 177.495
BGKN DoL -1429610.4610 5884459.1058 1996199.6147 18°21'33.15768"N 103°39'18.97007"E 131.810 48N 357923.790 2030453.145 161.663
BGSP DboL -1025844.6227 6171496.2139 1237207.9414 11°15'35.37865"N 99°26'15.31429"E 7.105 47N 547761.795 1244744.531 35.747
BKOK DoL -1164774.7377 5954584.5484 1961139.5774 18°01'29.97240"N 101°04'04.29936"E 402.386 47N 718917.007 1994173.378 435.562
BLAN DoL -1092605.7953 6093002.9260 1531704.7263 13°59'17.31950"N 100°09'58.71018"E -17.908 47N 625964.739 1546725.060 13.852
BLMG DboL -1173899.7645 6106033.7100 1416075.3664 12°54'48.56024"N 100°52'56.90337"E -12.487 47N 704241.730 1428318.845 15.879
BNMG DboL -1424892.3817 5903605.3926 1942688.8156 17°51'02.02075"N 103°34'09.74007"E 134.659 48N 348410.061 1974232.569 164.232
BNNR DoL -1245302.5872 6020376.3487 1693509.5529 15°29'59.40208"N 101°41'12.11829"E 186.656 47N 788249.554 1715418.074 216.403
BNPE DoL -1312990.6639 5935131.9592 1925599.1807 17°41'18.06256"N 102°28'27.35918"E 158.778 48N 232082.242 1957501.496 189.823
BNPG DoL -1490328.0205 5883321.5278 1954981.0043 17°58'02.26711"N 104°12'53.33544"E 127.501 48N 416860.870 1986743.088 155.262
BNST DoL -1237503.6134 6218448.7340 691007.1192 6°15'41.10484"N 101°15'18.41834"E 46.810 47N 749514.286 692638.178 56.479
BOBR DoL -1391662.8698 5971556.5906 1750910.6012 16°02'20.15193'N 103°07'06.77768"E 151.351 48N 298708.801 1774155.088 179.769
BOKO DoL -1166457.8822 5914134.5184 2079169.6041 19°08'56.38552"N 101°09'26.52785"E 709.961 47N 726902.342 2118715.389 742543
BORI DboL -1351917.6926 6077445.2264 1380185.5132 12°34'50.96744"N 102°32'28.15386'E 11.015 48N 232844.244 1392030.595 32.596
BPLE DboL -1165298.1278 6090154.9157 14891423437 13°35'31.28633'N 100°49'55.63813'E -18.412 47N 698226.552 1503351.928 10.799
BRAI DboL -1018998.5516 6075037.4881 1649079.8575 15°05'01.42441"N 99°31'18.79726"E 125.331 47N 556085.655 1667653.299 159.972
BTAK DboL -961971.4525 6023304.4276 1858216.1635 17°03'02.19031"N 99°04'26.32003"E 93.439 47N 507872.320 1885155.096 130.824
BTHG DoL -1639450.2545 5947411.6276 1614110.0730 14°45'23.86249"N 105°24'40.61995'E 139.562 48N 544265.975 1631448.777 156.888
BTNG DoL -1218862.8794 6227967.1968 639033.0214 5°47'18.96619"N 101°04'23.81560"E 288931 47N 729585.216 640255.319 297.756
BUYI DboL -1321931.4407 6001461.3932 1702320.6414 15°34'57.31835'N 102°25'19.48128'E 143.887 48N 223538.401 1724436.053 172.983
CHDN DboL -1186344.0160 6041578.7578 1659611.9375 15°10'57.26743'N 101°06'33.97202"E 25.776 47N 726631.107 1679612.642 56.215
CHKG DboL -1081312.0737 5889457.7616 2190327.4167 20°12'59.76497"N 100°24'13.35940"E 327.863 47N 646644.857 2236071.565 364.266
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CHKN DboL -1227549.6381 5946180.3904 1947708.6334 17°53'52.97816"N 101°39'52.08659"E 191.483 47N 782312.364 1980924.595 223594
CHPM DboL -1279552.5120 6003831.9896 1726072.7253 15°48'19.82110"N 102°01'51.70147"E 158.925 48N 181917.515 1749667.858 188.723
CHTK DboL -1120651.1627 5988384.8908 1882119.9628 17°16'35.16063"N 100°35'58.51550"E 174.795 47N 670032.017 1910840.919 208.680
CHYA DboL -1002385.5660 6212541.2504 1035825.1989 9°24'32.70640"N 99°09'56.18877"E -1.654 47N 518181.748 1040084.291 23.189
CLPK DoL -1155477.1066 5899960.0589 2124054.7075 19°34'46.20401"N 101°04'51.01552"E 473.204 47N 718276.103 2166278.671 506.836
CMPN DboL -994847.7121 6192799.9946 1153707.2243 10°29'28.17614"N 99°07'34.87775'E -9.951 47N 513826.642 1159720.463 17.966
DKTN DoL -1255359.7292 6026997.7083 1662480.8318 15°12'32.50557"N 101°45'57.15489"E 193.368 47N 797161.751 1683328.492 222.440
DSAI DoL -1177823.3192 5977435.6285 1882542.8989 17°16'47.98607"N 101°08'49.33945"E 331.119 47N 728239.970 1911800.728 363.191
DUDM DoL -1602826.6589 5952860.2183 1630520.6068 14°54'36.39161"N 105°04'10.87120"E 116.116 48N 507494.935 1648384.838 135.290
HACH DboL -983713.4120 5976430.9164 1992894.7537 18°19'38.64786"N 99°20'49.22281"E 249.458 47N 536666.793 2026443.577 287.357
JAHM DoL -1003279.9085 5959660.1598 2032774.3431 18°42'26.19139"N 99°33'21.12378'E 274.940 47N 558607.296 2068529.814 312.279
JKRT DboL -1324558.7104 6017890.4940 1641619.3834 15°00'49.87048"N 102°24'47.06747"E 149.440 48N 221821.689 1661485.823 177.014
KBCG DoL -1451929.9443 6004093.4025 1583920.6594 14°28'28.42329"N 103°35'40.10102"E 181.775 48N 348519.256 1600676.020 204.238
KHJM DoL -1643844.7534 5929414.4936 1674145.7503 15°19'06.76735"N 105°29'42.96277"E 94.318 48N 553165.879 1693619.850 113.126
KHMR DboL -1610363.4258 5916201.4465 1751219.4712 16°02'30.91105"N 105°13'36.32169"E 118.847 48N 524255973 1773585.576 140.270
KKIN DoL -1042150.3237 6130097.9586 1415474.6696 12°54'28.05144"N 99°38'54.06426"E 48.460 47N 570335312 1427027.729 79.726
KKOI DboL -1177854.3330 6060476.1875 1595852.1013 14°35'10.99557"N 100°59'54.00165"E -0.897 47N 715281.563 1613525.202 28.941
KKOR DoL -1166142.7907 6001730.3216 1813679.0414 16°37'40.56585"N 100°59'44.25613"E 911.005 47N 712871.886 1839457.232 942.098
KLNG DboL -1260306.0090 6092119.7119 1401768.0123 12°46'51.01701"N 101°41'17.42534"E -11.084 47N 791860.149 1414415.087 13.964
KMCE DboL -1522611.5173 5922257.9807 1808079.6465 16°34'37.79202"N 104°25'06.45854"E 159.741 48N 437961.048 1832869.648 183.972
KNKN DoL -1359634.0156 5966157.8308 1793620.7535 16°26'27.42141"N 102°50'16.61709"E 138.654 48N 269146.597 1818945.036 167.696
KNSN DboL -1430048.1244 5950286.0855 1791563.7588 16°25'17.75211"N 103°30'49.51530"E 128.765 48N 341306.898 1816153.061 155.705
KNSW DboL -1304888.2403 5994466.1742 1739513.9196 15°55'54.41451"N 102°16'50.46453'E 158.956 48N 208864.193 1763286.928 188.542
KNYM DoL -835485.6531 5981025.4754 2046761.0097 18°50'23.12719"N 97°57'07.75345"E 590.406 47N 389604.250 2083423.141 630.309
KOGD DboL -1356671.1030 6098368.0483 1280387.7103 11°39'29.02599"N 102°32'31.34970"E 35.986 48N 232020.376 1289905.392 55.825
KPNG DoL -1091258.7810 6191726.6765 1069785.4116 9°43'13.69469"N 99°59'43.53249"E -11.981 47N 609191.347 1074667.170 11.653
KSKS DboL -1297233.8258 6014497.4791 1675341.9093 15°19'46.52560"N 102°10'16.89798"E 160.718 48N 196264.070 1696764.002 189.651
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KSSB DboL -1268451.5312 5991382.3150 1776614.8233 16°16'50.21768"N 101°57'13.43014"E 206.292 47N 815698.102 1802258.699 236.287
KSWs DboL -1442358.3598 5971380.7925 1710148.3908 15°39'22.00185"N 103°34'45.89563"E 115.406 48N 347738.771 1731406.427 142.175
KUKN DboL -1513557.9966 5981932.9222 1609518.4822 14°42'49.40908"N 104°11'56.63829"E 137.662 48N 413777.683 1626816.149 159.353
LAGU DoL -1076507.0345 6240273.6746 759452.8101 6°53'04.16787"N 99°47'15.85351"E -7.287 47N 587030.271 761051.503 9.476

LGNT DboL -1539633.5433 5929778.8195 1768790.5711 16°12'25.70665"N 104°33'18.45851"E 142.802 48N 452451.318 1791899.874 166.536
LMHP DboL -1338442.4009 6090317.1834 1336050.0767 12°10'20.70230"N 102°23'40.59416'E -14.119 48N 216471.453 1346979.264 7.300

LOMS DoL -1186805.2352 5992762.8148 1827068.9980 16°45'22.81049"N 101°12'06.83086"E 137.933 47N 734726.352 1853900.848 169.798
LPMA DboL -1369203.2824 6007554.5995 1642821.6493 15°01'30.40789"N 102°50'21.03359"E 145.012 48N 267674.420 1662239.747 171.646
MEJM DboL -879958.6447 5986692.6609 2011006.6870 18°29'57.44621"N 98°21'42.44097"E 437.901 47N 432628.900 2045545.607 476.901
MHGS DoL -834433.8674 5964347.3757 2093791.5908 19°17'25.69504"N 97°57'51.10218"E 203.496 47N 391167.535 2133292929 243.945
MSAI DoL -1026415.1523 5891082.1268 2212260.2712 20°25'39.66946"N 99°53'00.76408"E 378.029 47N 592174.088 2259058.252 415.590
MSOD DboL -910899.7963 6042331.6789 1822373.6867 16°42'42.90144'N 98°34'22.64468'E 180.799 47N 454474916 1847735.099 219.135
MSSB DoL -1562766.5272 59454935347 1694592.7925 15°30'36.59845"N 104°43'37.21781"E 117.495 48N 470721.639 1714772.570 140.043
MWOG DoL -1015276.7863 6054806.6501 1723480.9142 15°46'52.76028"N 99°31'07.91797"E 97.519 47N 555574.928 1744815.152 132.523
NAMY DboL -1598658.7600 5966273.1825 1585475.6351 14°29'20.77564"N 105°00'00.02190"E 169.934 48N 500000.656 1601819.920 187.738
NANO DoL -1125627.5376 5951335.1206 1992890.4379 18°19'38.50744'N 100°42'37.18014"E 248.766 47N 680744.434 2027252.803 282.991
NDDG DoL -1363561.2510 6029293.9968 1566955.3702 14°18'58.13435"N 102°44'36.28469"E 231.266 48N 256590.572 1583876.915 255.582
NROA DboL -1317071.0218 5974071.1009 1799116.5360 16°29'33.51864"N 102°25'58.09861"E 172.796 48N 225937.448 1825174.063 202.502
NRTW DoL -1298692.5052 6203821.3153 7094329476 6°25'44.77484"N 101°49'24.31066"E 4.437 47N 812337.312 711501.290 13.202
NSHO DboL -1360065.4557 5988322.0602 17183746715 15°43'59.71207"N 102°47'45.32813'E 145.736 48N 263822.155 1740661.944 174.430
OKRK DboL -1178265.2285 6073650.6267 1544929.8269 14°06'40.88906"N 100°58'43.65370"E -15.413 47N 713625.737 1560941.664 13.878
PBHN DoL -1616951.3152 5939039.4969 1666309.6581 15°14'42.35199"N 105°13'48.33300"E 109.002 48N 524708.318 1685448.233 128.677
PDCP DboL -1215054.3672 6014245.7061 1736656.8187 15°54'16.92453'N 101°25'18.09064"E 249.222 47N 759289.125 1759896.279 279.339
PKET DoL -922365.1356 6250473.3511 869690.3622 7°53'22.65806"N 98°23'39.83216'E 0.140 47N 433244.102 872144.432 24.737
PKKT DoL -1132704.5879 6087759.8146 1523587.2391 13°54'44.91033'N 100°32'24.27438'E 13.343 47N 666394.622 1538584.309 44.003
PKNK DboL -1118572.2852 6211237.0908 918761.0840 8°20'16.16045"N 100°12'31.98392"E -11.801 47N 633115.640 921848.603 6.945

PLDG DboL -1209062.8884 6097744.5582 14223753093 12°58'18.53685"N 101°12'54.58235'E 37.365 47N 740296.436 1435062.028 64.770
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PNNK DoL -1203243.4353 6086106.9225 1475570.3542 13°27'57.00913'N 101°11'00.04872"E -12.347 47N 736367.086 1489700.788 15.381
PNPS DboL -1373244.1679 5909347.2371 19622183151 18°02'09.63443"N 103°04'56.95040"E 141.258 48N 297017.371 1995221.425 171.980
PNTG DoL -1479558.1557 5941540.0297 1780479.1883 16°19'01.79001"N 103°59'00.04830"E 143.398 48N 391395.084 1804289.529 169.081
PONG DoL -1075183.2705 5930943.3880 2079127.6399 19°08'59.96535"N 100°16'30.71723'E 265.023 47N 634102.616 2117913.292 300.893
PPRM DboL -1080405.8426 6003678.7529 1856402.6394 17°02'01.21719"N 100°12'05.77504"E 20.406 47N 627887.595 1883672.818 55.544
PTBR DoL -1072925.1106 6119632.1121 1437164.0952 13°06'32.91513'N 99°56'39.54429"E -16.103 47N 602362.367 1449396.830 14.736
PTLG DboL -1105618.7291 6224823.3073 839659.5397 7°36'56.10805"N 100°04'17.50035"E -2.660 47N 618196.163 841947.115 14.766
PYAO DoL -1034057.8853 5936806.2080 2083569.7403 19°11'31.62053'N 99°52'49.84329"E 378.713 47N 592569.796 2122318.818 415519
RAND DboL -1132675.5083 6217668.0257 856322.4420 7°46'03.44066"N 100°19'27.78236"E -4.075 47N 646040.104 858836.444 12.759
RATP DoL -1126888.8185 6227967.6390 786903.8855 7°08'04.39854"N 100°15'22.08999"E 17.141 47N 638712.243 788812.388 32.640
RAYG DboL -1216734.6593 6103746.8165 1389703.6148 12°40'08.55509"N 101°16'25.28900"E -13.418 47N 746943.792 1401611.937 13.137
SADO DoL -1148836.0896 6229446.5729 742561.6239 6°43'50.28740"N 100°26'56.74842"E 24.401 47N 660160.970 744209.123 38.242
SAKW DboL -1298270.8079 6057510.4208 1512153.9007 13°48'21.63253"N 102°05'48.70646"E 25.709 48N 186106.929 1528170.946 50.954
SAMG DoL -916785.9486 5968686.5611 2047599.0558 18°50'53.25659"N 98°43'56.43796"E 470.369 47N 471803.681 2084044.435 508.639
SATN DboL -1107406.4637 6238298.9187 730921.7285 6°37'28.89925"N 100°03'58.08453"E -4.859 47N 617853.898 732386.947 10.275
SBRI DoL -1275756.5242 6205019.4075 739691.3133 6°42'16.29262"N 101°37'05.35266"E 1.542 47N 789454.487 741857.923 11.905
SCHP DoL -1289380.0789 5970108.0775 1831833.2468 16°48'04.27336"N 102°11'13.69017"E 179.313 48N 200174.772 1859690.150 209.819
SDAN DboL -1154290.8156 6017173.1132 1766859.2679 16°11'20.92092"N 100°51'33.41727"E 75.155 47N 698769.009 1790757.104 106.926
SDAO DboL -1314806.3577 6071793.0585 14402253103 13°08'13.30183'N 102°13'06.14398"E 233.836 48N 198416.002 1453954.067 257.407
SGNN DboL -1252681.6925 6036861.3564 1628666.9394 14°53'33.15205"N 101°43'22.15520"E 212218 47N 792965.614 1648230.797 240.485
SICN DboL -1083287.8024 6206159.0681 991943.7671 9°00'25.80562"N 99°54'04.50418"E -9.796 47N 599062.069 995766.661 12.067
SISA DboL -1031456.0103 5996166.4208 1907542.7936 17°31'03.10662"N 99°45'37.62771"E 41.089 47N 580721.493 1936969.456 77.677
SKBR DoL -905237.4051 6090994.9983 1656706.5535 15°09'18.02463"N 98°27'12.11037"E 173.800 47N 441274321 1675543.794 210.941
SKNK DboL -1488626.6744 5911749.0181 1869297.9977 17°09'18.72602"N 104°08'01.34887"E 155.084 48N 407862.393 1896929.815 181.400
SKOM DoL -1289316.1985 5927263.3053 1965132.9090 18°03'49.23414"N 102°16'19.12648'E 151.133 48N 211219.704 1999363.302 182.325
SKPM DboL -1469423.1356 5986139.9920 16343451321 14°56'45.13543'N 103°47'30.30133'E 119.955 48N 370063.116 1652692.478 143.809
SKTH DboL -1041316.4918 6011521.1695 1853388.5796 17°00'18.65483"N 99°49'38.16149"E 23.115 47N 588057.119 1880314.210 59.319
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SMNM DboL -974577.8100 5987074.6953 1965312.3180 18°03'54.71630"N 99°14'43.91640'E 212938 47N 525983.192 1997416.192 250.752
SNCK DboL -1229477.6193 6075764.8714 1496301.0132 13°39'30.88076"N 101°26'23.14441"E -7.188 47N 763927.508 1511294.751 19.989
SPDI DboL -1305397.8785 6206671.0463 671589.7556 6°05'05.40811"N 101°52'38.76211"E 21.168 47N 818526.202 673430.859 28.537
SPUG DoL -1017286.8776 6117912.6562 1484364.8010 13°32'50.42995"N 99°26'26.76677"E 100.678 47N 547691.050 1497708.435 133.652
STHP DboL -1177361.2253 6111613.6261 1389031.0721 12°39'46.15181"N 100°54'14.64229"E -17.280 47N 706789.480 1400602.158 10.393
SURN DoL -1438061.2287 5995700.0528 1627265.5096 14°52'46.69247"N 103°29'15.14249"E 129.068 48N 337292.096 1645564.916 153.596
TAPY DboL -1371960.2855 6035820.4090 1533662.4198 14°00'22.35015"N 102°48'21.30177"E 58.310 48N 263014.164 1549511.528 81.964
TEPA DoL -1204574.6259 6217562.7227 753451.1808 6°49'47.37217"N 100°57'52.20922"E -2.409 47N 717100.599 755379.482 10.230
TGSG DboL -1060808.5551 6224765.0056 895963.6601 8°07'46.10714"N 99°40'16.64329"E 42611 47N 573953.699 898672.735 62.569
THKP DoL -914616.1701 6235615.3210 977034.8302 8°52'14.58312"N 98°20'39.92854"E -14.098 47N 427916.184 980622.713 12.770
THPP DboL -925142.0888 6099791.1940 1612846.7267 14°44'41.53668"N 98°37'27.11806'E 118.719 47N 459550.877 1630141.704 155.111
THSY DboL -871885.6820 6031205.6988 1876842.3345 17°13'36.16209"N 98°13'32.98945'E 99.725 47N 417692.523 1904799.981 138.843
TKPP DoL -1594093.5605 5934256.2579 1704736.9963 15°36'19.09163"N 105°02'10.16442"E 126.501 48N 503875.974 1725277.343 147.968
TPHN DoL -1108846.3215 6024716.9163 1769997.6421 16°13'07.85645"N 100°25'42.79250"E 10.052 47N 652689.147 1793675.220 43.475
TPNM DboL -1549746.8137 5903314.7781 1846192.0164 16°56'12.87957"N 104°42'34.03509"E 125.783 48N 469062.924 1872598.688 150.320
UTHI DoL -1069154.1356 6058114.3655 1678632.5902 15°21'38.97272'N 100°00'31.20802"E 0.519 47N 608260.300 1698488.008 34.094
uToG DboL -1061726.5330 6087755.9159 1573446.4362 14°22'38.17069"N 99°53'35.11036"E -13.903 47N 596289.100 1589637.459 19.210
VCBR DboL -1183380.7306 6027944.4613 1710264.1785 15°39'26.54502"N 101°06'24.54855"E 46.194 47N 725835.770 1732157.505 77.311
WGCN DoL -1012833.8015 5986317.4986 1947860.2513 17°53'59.40785"N 99°36'10.85267"E 72.741 47N 563873.616 1979207.100 109.800
WHAG DoL -902983.5412 5944738.3716 2122260.3822 19°33'41.59199"N 98°38'13.17481"E 705.681 47N 461923.344 2163004.375 744.428
WNKH DoL -1268879.7194 6047266.3612 1577808.3210 14°25'01.22872"N 101°51'01.02574"E 400.611 47N 807353.164 1595750.678 426.771
WNNW DboL -1445454.8061 5906211.3390 1919621.4040 17°37'54.17652"N 103°45'07.05416'E 142.740 48N 367599.009 1949877.596 171.356
WSPG DboL -1242445.0366 5963540.4968 1884709.2000 17°18'02.81852"N 101°46'07.19152"E 228.965 47N 794326.381 1914945.620 260.117
KLKG DboL -1033372.7334 6038317.2726 1769416.2787 16°12'47.93094"N 99°42'40.63131"E 34.273 47N 576022.052 1792662.993 69.525
KTBN DboL -1108230.1080 6099966.6030 1492516.6010 13°37'24.26041"N 100°17'49.46958"E -19.306 47N 640307.942 1506451.605 11.547
CHAN DPT -1305191.1948 6086920.6015 1383367.9637 12°36'37.10719"N 102°06'08.69825"E 777 48N 185176.797 1395780.800 31.207
CNBR DPT -1183806.8748 6091488.4952 1469134.4219 13°24'21.65676"N 100°59'51.56414"E -7.729 47N 716310.435 1482910.729 20.786
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STA AGENCY X (m) Y (m) Z (m) Latitude Longitude h (m) Zone Easting (m) Northing (m) Elevation (m)
DPT9 DPT -1136984.5432 6091176.4999 1506866.8508 13°45'24.40238"N 100°34'23.53672'E 37.946 47N 670087.834 1521382.869 68.298
LPBR DPT -1140009.4021 6061593.3007 1618813.9382 14°48'03.25717"N 100°39'04.50763"E 9.640 47N 677706.659 1636959.669 41.015
NKNY DPT -1201408.9760 6066337.4366 1555734.1665 14°12'43.44525'N 101°12'07.91192'E -13.928 47N 737649.158 1572301.872 14.703
NKRM DPT -1294882.7280 6024986.5170 1639293.2110 14°59'31.49211"N 102°07'45.95493'E 152.468 48N 191268.497 1659451.988 180.301
NKSW DPT -1078589.9392 6046539.2817 1713801.0361 15°41'26.28267"N 100°06'50.82505"E 21.209 47N 619389.393 1735029.481 54.828
PJRK DPT -1062387.6410 6152905.1408 1297009.2181 11°48'41.82273'N 99°47'46.86126"E -11.922 47N 586752.281 1305846.211 16.723
SISK DPT -1519763.8938 5968501.7029 1652534.8706 15°06'58.03015"N 104°17'08.46163"E 104.981 48N 423245542 1671294.164 127.983
SOKA DPT -1163641.9549 6220193.9392 794819.0972 7°12'24.08010"N 100°35'46.04068"E 18.707 47N 676236.876 796905.718 33.466
SPBR DPT -1086264.4619 6079455.0886 1588618.4139 14°31'07.93889"N 100°07'50.10658"E -13.320 47N 621820.815 1605413.550 19.258
SRTN DPT -1021155.5732 6214494.4589 1005605.0125 9°07'55.99598"N 99°19'52.90052"E 9.813 47N 536408.109 1009486.936 33.448
UDON DPT -1346748.8144 5936987.3497 1896511.3585 17°24'45.82620"N 102°46'50.56345"E 150.093 48N 264246.249 1926580.988 180.148
uTTd DPT -1065933.0100 5986322.6279 1919422.2986 17°37'48.32866"N 100°05'46.85971"E 51.072 47N 616307.892 1949598.110 86.794
cuuT [@V) -1132916.0044 6092526.3545 1504641.4386 13°44'09.56594"N 100°32'02.17122"E 74.316 47N 665856.049 1519055.754 104.757
MHDU GISTDA -1110093.2814 6095068.7867 1510924.1924 13°47'40.75051"N 100°19'19.65054"E -14.384 47N 642914.508 1525409.351 16.755
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n13NUsynIn13heeu Leica Spider
(Trouble Shooting)

aiiemsl¥au Leica GNSS Spider

® GNSS Networks .
1®) powered by Leica Geosystems when it has to be right eilca

Geosystems
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1.
2.
3.

SBC X-POS nemvinau
CORS Tu SBC "ﬁu?ﬂ,mﬂ disconnect
CLUSTER stop n15v191u

10

82
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1. SBC X-POS %gavin9u
X-POS error message LLﬁmﬁ]'mﬂ'liLs?J"]Q menu

1.1 \dien Post Processing WALLERS error message

Home / age / Site Status

® Site Status

&l Usage

@ Site Status

| Mol Erkakuiain
O

Banda Aceh

Lat: 12° 03' 32.720" N Lon: 104° 51' 31.561" E

Post Processing Google Trarslata

A

Could nat connect fo X-pos. Please reiry by refreshing the page. (Request has heen teminatad Posshie causes: the netwark is offine, Diiginis nat allowed by Arcess-Confrol-Allaw-Origin, the page is beirg
unloadzc, etc. (XPOS SERVICE NUT AVAILABLE);

1.2 &0 RINEX DOWNLOAD #3590 Computation WALLERS error message

3 C & Notsecurs | Ep=/118.174.12 3/skc/User/Kpos/RinexDataRequest = & O &
B Engishv = | /| @

j / RINEX Data

A

LEl Coulc not connect to X pee. Please retry ty refreshing the page. (Request hae been lerrinalsc Pose ble causes: the network i offline, Origin ie not allowed by Acceee Control Allaw-Origin, the page s being
unoaded, etc. (XPDS SERVIGE NOT AVAILABLE))




3Bufily SBC X-POS neAvinnu

al. WUa XPOS server 192.168.82.4

W 192.108.824 - Remote Desktop Connection

Best match :
ious Versions
are Sharing

Services

\@®n windows icon

=

TrustedRoot..

Quota
Security

Desktop app

¥pos_rtsd_rr

Component Services
Desktop app

.

150,400 bytes
035,776 bytes

Apps

&  Microsoft Azure Services
386,176 bytes
|5} Reporting Services Configuration Manager
Settings >

View local services

space

Cancel

| Disk Cleanup

ntents indexed in addition to file

a2. M98 Service windows #379@8U @n1Uz Spider X-pos Server Ty Start?

84

Myua1adne AuAumlUsLnsY SERVICES

92168824 - Remoe Desktop Connection 5 o
& Services = =]
File Action View Help
- S a= 8 N
. semices (Local)

Name.
£, Remete Procedure Call (ADC)

& Kemcte Procedure Call (RPC) Locator
& Remate Registry

& Resubant Set of Policy Provider

& Routing and Remote Access

4 FPC Endpoint Mapper

16, Secondary Logon

.::; Secure Socket Tunneiing Protocol Service
& Security Accounts Manager

£ Serscr Data Service

& Serscr Montaring Service

£ Serer Senvice

1 Server

& Shell Heruware Detection

& Smart Card

& Smart Card Device Enumeration Senvice
& Smart Card Removel Pelicy

5 SNMP Service

1 SNMP Trap

£ Software Protection

& copcini 2

Start the rervice

Deseription:
Spider X pes service. Manages the 3
pes repository and access to &

16, S0L Server (MSSOLSERVER)
6501 Server Agent (MSSQLSERVER)
4501 Server Browzer

{6 501 Server CEIP senvice (MSSCLSERVER)

Status Descriptior. Startup Type

Runing  The RPCSS service it the Senvice Control Manage..  Automatic
InWindews 2003 and earier versions of Windows... Manual
Enables remate users to mocify registry settings .. Automatic (Tigger Start)
Prowicles 3 network service that processes requast...  Manual
Offers routing services to businesses in local area...  Disabled

Rutning  Reschves RPCinterfoces identifiers to transporte..  Autermatic
Erables starting processes under alternate creden... Manual
Provides support for the Secure Socket Tunnelin..  Manual

Running  Thestartup of this service signals other services t..  Automatic
Delivers data from avariety cf sensors Manual (Trgger Start)
Moritors various sensors in orcer to expose daa...  Manual (Trgger Stan)
Aszenvice for censors that manages different cens..  Manual (Trgger Start)

Running  Supports fie print. snd named-pipe shering over... Automatic

Runring  Provides notifications for AuicPley herdware eve..  Autormatic
Manages access to smart cards read by ths com...  Disabled

Ruaning  Crestes software device nodes for all smart card .. Manual (Trgqer Stat)
Allows the system to be configured te lock theu..  Manual

Running  Erables Simple Network Management Protocel (. Autematic

Ruaning  Recewestrep messages generaied by local orre..  Automatc

Crables the download insteligtion and enforcem...  Automatic (Delayed Start.

‘Spider X-pos service. Manages the Autornatic (Lelayed Start)

Ruaning  Provides starage, processing and controlled acce...  Automatic
Executes jobs, menitors SOL Server, fires alens, a..  Disabled
Provides SQL Server connecton informationte cl... Dizsbled

Running  CEIP service for Sal server Automatic

LogOn As
Netwerk Senice
Netwerk Service
Local Service
Local System
Local System
Netwark Service
Local System
Local Service
Local System
Local System
Local Service
Local System
Local System
Locel System
Local Service
Local System
Local System
Local System
Local Sevice
Nebwerk Servicz

Local System
Nerwork Service
Local Service

NT ServicelSQUTELE...
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a3. d18u Start wansinszuu XPOS stop N13viaueg Wi click 7 Restart wie 1UAN159131Uv09 XPOS

[

flasUT19819

Y

W, 192 168824 - Remote Desktop Connection

% Services

Fie Acion View Hep

e @ o HE P80
74 Services (Local)

[

Descrigtion
Spider K-pos service. Manages the X-
pos tepository and sccess to it.

Name
& Remote Procedure Call (RPC)

&), Remote Procedure Call (RPC) Locatar
&), Remote Registry

G Resultant Set of Policy Provider

£ Routing anc Remote Access

£ RPC Endpoint Mapper

15 Secondary Lagon

&, Secure Socket Tunneiing Protecel Service
G, Security Accounts Manager

£y sensor Data Senvice

1}, Sensor Monitcring Service

£, sensor Sevice

B Server

Gk Shell Hardware Detection

& Smeit Cand

&), Smart Card Device Erumeration Service
£, sman Card Removal Policy

B, SNMP Senvice

1€}, Special Administration Console Helper
hy Spider X-pos Server

&y Spot Verifer

15 5L Server (MSSQUSERVER)

€3, SQL Server Agent (MSSQLSERVER)

£, 50L Server Browses

B 5QL Server CEP service (MSSQLSERVER]

Status
Running

Running

Running

Running
Running

Running
Running
Running
Running

Running

Running

Description
The RPCSS service is the Service Control Manags...

In Wirdows 2003 and earfier versians of Windows...

Enables remcte users 1o modfy registry settings ...
Provices a network senvice that processes request.

Offers routing services to businessesin locel ares...

Resohves RPC irterfaces identifiers to tinsport €.
Enables starting processes under altemate creden.
es support for the Secure Socket Tunneli
The startup of this ssrvice signals other servicest.
Delivers data from a variety of sensors

Provi

Monitors warious sensors in order to expose data
A service for sensors that manages differsnt sens...
Supperts fig, print, and named pipe sharing over..
Provices notifications for AutoPlay hardware eve...

Manages scoes 1o smart cards resd by this corn...

Creates software device nades for all smart cardr_

Startup Type
Automatic

Manual

Automatic (Trigger Start]
Manual

Diszbled

Manual (Tigger Start)
Manual (Tigger Start)
Manual (Tgger Start)
Automatic
Automatic

Dincbled

Manual (Tigger Start)

Log On As
Network Service
Network Service
Local Service
Lecal System
Local System
Netwerk Service
Lecal System
Local Service
Local System
Local System
Lecal Service
Local System
Lecal System
Local System
Local Service
Local System

Allows the system to be configured to lock the user deskiop upon smart card removal, | System

Enables Simple Network Management Protocol (... Automatic. Lecal System
Recenves trap messages generated by local orre..  Automatic Local Sernce
Enables the download, instsllatior . Automatic L

Allows admini to remotely Manual Local System
Spider X-pos service, Manages the X-pos reposit...  Automatic (Delayed Star)  Lecal System
Verifies potertial file cystem cormustions. Manual Tiigger Start) Leeal System
Piovices storage, processing snd contiolied acce..  Automatic Lecal System
Executes jebs, menitors SOL Server, fires alerts, 2 Disabled Network Service
Provices SQL Server connection irformation fo ol.. Dis:bled Lecal Service

CEIP service for Sql server Automatic NT Service\SQLTELE...
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2. CORS Tu SBC audung disconnect
WAnt198 SBC 813l CORS FLAIAUAIN kARSI @NH1UIN1S disconnect AU server

e Home / e/ Site Status

@ Site Status

&l Usage

@ Site Status

.
.ﬂ rikakulam
— *

Banda Aceh

Lat: 12° 03' 32.720" N Lon: 104° 51' 31.561"E

A5unly CORS disconnect

al. U Server 7 connect AU @1 WY SSO1 %58 SSO2 1den raw data status
.? 192.168.802 Remotc Desktop Connection

B GNSS Spider 7.8.1.9468 - [Local Site Sarver]
L File View Management Raw DataStatus Tools Window Help

RMOE TP ||rwradRt |[Fores®h i " a 00 ||AAKF || KB ||es®@cad
Maragement Com... | Site Name [ste.. /[ CommActivity | Data Re [4.2023 0300 24,04.2023 04:00 24.04.2023 05:00 24.04.2023 06:00 .

Local Site Server L] - CHATTURAT LCPM recefve data 9.3
T (] - KAMPHAENG PHET LKPT receive data 5.4
[;] ki - BOPHLOI LKRI receive data 2.9
Locs Sin S & -pr PHU KRADUENG LLEI receive data 9.7
EH - NGAO LLPG receive data 9.9
Q [ -k u LLPN receive data 879
e ® -r KHOK SAMRONG LLRI receive data 9.7

= 2 -h MUKDAHAN LMDH  downloading 100.0
(gllj " - WIANG_SA INAN  receive data %5
L[] - NONG BUA LAM PHU LNBP receive data .9
devices L3 - NONG KHaI LNKI receive data 93.9
5 ] - CHUM PHUANG LNMA  receive data 9.9
@ L3 - TAKHL INSN receive data %49

. 5 2 - CHA-UM LPBI receive data 100.0
: P - SAM_NGAM LPCT receive data 976
% 3 - NAKHON THAI IPLK receive data 9.8

! 2 -p LONG LPRE receive data 0.0
: £ - KO SAMUI LSN1 receive data 2.9
[ ] - BAN TA KHUN LSm2 downloading 039
& - AKAT AMNUAI LSNK receive data 954
L] - SANGKHA LSRN receive data 939
2 - KANTHARALAK LSSK receive data %.7

£ - HUAIYOT LTRG connecting 00
L1 - TRAT LTRT receive data 93.9
1 - VASOTHON LYST receive dota 9.9
1 -r LAO KHWAN MEKR receive data %9
> - LIS YN nanienn P T LLTY
<

Stse | Ste Map | Ste | Sen Raw Data Status| fie Pocucts | RTProducts | RT Postionng | PF Fostioning

&

Content [[__Isite | Date/Time User | Category | Text




a2. @en@niin disconnect waa click 431 18 Sensor communication\Reset communication

T GNSS Spicer 78,1.94€8 - [Local Sit Sewver] =
[ Fie View Management RawDstaStatus Tocls Window Hep =

[deavw |rornpet||[fecraponilrsnas0o||aany xBm|jereca

Managenent Com.. | Site Name Site Code | Comm Acti Data R | 17.04.2023 13:00 17.04.2023 11:00 17.04.2023 12:00
Local Site Server -n racaive data %9
- receive data 1000
® e i a9
- ;
-
-
-

Local Site Server

Antennas

Data Trarsfer Locations
Connect

Operators

Statt ring buffer
Stop ring butfer
Upload settings
Manual file download

Firmware upgrade..

ettings

Content

Opan Wab Intarface —

=AM neris dats updated. GAL Satellits: 2, Sig: INAV, IODE: 68, Time 04-17-2023 (8:39 50
= AlSte ol eris data updated. BAL Satelite: 13, Sgs INAV, 10D 68, Time: 04-17-2023 08:33:59.
LB Ouey( *-pos. » neris data updated. GAL Satelit= 34 $g: INAV. I0DE: 68, Time: 04-17-2023 08:39:50.
e neris dots updated. GAL Satellite: 3, Sig: INAV, 100L: 64, Time: 04-17-2023 08:39:5¢,

a3. 997N reset comm. waa 1A click 21 1don Connect
&, 192.160.60.2 - Remote Desktop Conrection
{8 GNSS Spider 7.6.1.9468 - [Local Site Server]
G File View Management Raw Data Status Tools Window Help
|l e@|jevrudRt|forandni|->=al00|[aaRF ][4
. i Data R [17.04.2023 1600

___Local Site Server | ‘ 99
1000

Local Site Serves

Antennas

Data Transfer Locations

Operstors | s

Start
Stop
Start ring buffer
Stop ring buffer
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~ A v L. v @V 1y o a ' ' oy oA '
ad. mnannflawnsalienasae fiber optic internet letas Alsdasaniunsezlsde urmndeldiouns
Taiun1sasil Naanidifa click 921 1@en Sensor Comm.\Fallback to secondary tiaLUagu n1g
\3 eus 9910 fiber optic internet L1y sim internet Tunsaiv @011 disconnect 910 fiber optic

internet

=, 192.168.80.2 - KEMOTe Ueskiop Lonnection

B GNSS Spider 7.8.1.9468 - [Local Site Server]

1 File  View Management Raw Data Status Tools Window Help

@l z@|[sernorke|[Ffovendns|| »as00/|aaxkr | xBa|jerecs

Management 17.04.2023 12:00 17.04.20
Local Site Server

Site Name Site Code | Comm Activi | Data Re [17.04.2023 10:00 17.04.2023 11:00

- NGAO LLPG receive data 99.9
- PUA DNAN receive data 100.0
- PHANNA NIKHOM DSNK receive data 99.9
- YASOTHON LYST receive data 9.9
- CHUM PHUANG LNMA receive data 99.9
- NAKAE DNPM receive data 99.6
L 2 MUKDAHAN LMDH receive data 99.9

Local Site Server

T 1111 §n

Antennas

- THALAN
- BANTA
- KANTAP Stop ring buffer
- KHLON(
- SANGKH
- KANTH/ Manual file download

Start ring buffer

Upload settings

UTHUMPHUN FHISA] U Teceive data %
— L o |
- NAUUA CER]
@ - PHOL Print Ctrl+P 987
Ll - NONG E o . 299
@ -r PHU KR, 29
Data Transfer Locations @O - ARANYZ Import Site Coordinates > 999
o - TRAT Connect 99.9
D -r THATA = 999
L] &F  PAKTH e 999
Operators D -» THA - 5
R [ e
@ - THUNG |
Events D - AKAT A Start |
L ] -p SURAT Stop WITCNDBCK 1O primary
L
Lg
D
D
1
L
.

a5. Comm = 1 fen13sene fiber optic internet  Comm = 2 ABA56OA1E sim internet w10 @a1il
= Yy a D o =
Weusalaund asusnguaudeyadieunudung
windsliaunsa connect I Foyauaudsnaduduns Tinas reboot GR50 e re-initial GR50/sim

W 192.168.80.2 - Remote Desktop Connection

B GNSS Spider 7.8.1.9468 - [Local Site Server]
1 File  View Management Raw Data Status Tools Window Help

|wed|r@|/|sernart||[forvendni||r s /s00||aakF||kB&
Management Com... |Site Name | site Code| Comm Activity | Data Re [ 7.04.2023 10:00 17.04.2023 11:00
Local Site Server d - NGAO LLPG receive data 99.9
L] - PUA DNAN  receive data 100.0
@ - b PHANNA NIKHOM DSNK receive data 99.9
Local Site Server - YASOTHON LYST receive data 29.9
L] - CHUM PHUANG LNMA  receive data 99.9
E - NA KAE DNPM receive data 99.6
L] - MUKDAHAN LMDH  receive data 99.9
Antennas S -
@ - KANTHARALAK LSSK receive data 1000
L] - PHOL TKK2 receive data 9.7
& - NONG BUA LAM PHU LNEP receive data 2.9
@ - PHU KRADUENG LLEI receive data 299
Data Trancor tocations AL.d -r ARANYAPRATHET TSKW  receive data 9.9
aQ - TRAT LTRT receive data 99.9
@ - THA TAKIAP PCCO receive data 99.9
L] - PAK THONG CHAI ENMA  receive data 99.9
Operators by - THA SAE TP receive data 99.9
@ - PRAN BURI TPKI receive data 75.2
b3 - THUNG TAKO TCP2 receive data 1000




a6. A9 re-initial GR50/sim

L Login

ab6.1.

X +

e

————a—

GR50 - 4.60.253

Status

5

>

GNSS
management

»

&

A Notsecure | 122.155.40.165:100/index.lsp

—
~

SSSSSSS

.
IR /Y721

Geosystems

89

171 Web Interface 984 GR50 ¢ IP port100 UJou User name/Password na Login

GR50 - 4.60.259

Status

o
E

GNSS
management

Login
User name [Admin |
Configure al receiver related settings
View the status of importani receiver such as network connections, FTP Password |----------\ |
information such as the configured push locations and the user
logging sessions, the satellte tracking, management. Or use the tools to
an overview of the ports in use and the upgrade the receiver firmware, add new
power and memoary available. Receiver setup option keys or switch to your preferred
language.
Configure zll GNSS data related Send receivar information and
settings, such as logging sessions, data questions to your Leica support contact,
streams and the tracking settings. Or stay informed about new firmware
enter site specific information such as releases or orowse the Leica FAQs to
the site name, position and antenna quickly find a solution for common
details. Support questions.
A .
a6.2.  Laon Receiver setup/Tools
L ECMI - GR50 - Leica Geosystem: X +
C' A Notsecure | 122.155.40.165:100/index.|sp
— —
RN /Y7"1
| EcMi | 202304241 Geosystems
Residential gateway General Tracking
Th Id details.
ere are old p;  Access management === * 0 122V ﬂ 0 76 % Navigated
GNSS Spider and remote access
Interference Toolbox access 0 23.43 GB (78.86%) free GPS 9/1
Ntrip caster .
et nfigure all receiver related settings g BUEEETE el
View the status of impo h as network connections, FTP )
information, such as the cor  DYNDNS h locations and the user 4 No active data streamy(s) GAL 7/8
logging sessions, the satellil FTP server nagement. Or use the tools to
an overview of the ports in = Jrade the receiver firmware, add new @ s active log session(s) BDS  15/30
power and memory availapl| Device management ion keys or switch to your preferred
Eventlog guage. : 16d 01h 56min Q7Zss 474
Power management
SNMP Smart clean-up active NaviC  No option
—Natwork Taols SBAS  Not active
I Tools. |
Configure all GNSS data r Send receiver information and & 0SC  Intemal
seftings, such as logging sessions, data questions to your Leica support contact
streams and the tracking settings. Or stay informed about new firmware i
enter site specific information such as releases or browse the Leica FAQs to
the site name, position and antenna SR quickly find a solution for commen 125119 @  TCPIIP server connection closed - 5002
details. questions
12:51:16 @  TCP/IP server accepted connection - 5002
12:50:55 @  TCP/IP server connection closed - 5001
@

12:15:15

Mobile internet connected
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ab.3. \ien Reboot

b >4 = —— >

GR50-4.60.259 | ECMI | 20230424 13:09:16 Geosystems
Home | Status | GNS5management | Receiversetup | Help | Support Logout Admin

Receiver setup

General Tracking
Tools W e
» 8 ¥ O v22v B O % €3 Navigated
Toels Firmware Options Languages Receiver settings backup 0 23.45 GB (78.85%) Tree k GPS 9112
Action e No USB drive ® clo 7/8
Power down @
4 No aclive data stream(s) ® GAL TI8
Reboot
a- o 6 active log session(s) k BDS 15730
Format =
ifﬁ : 4 16d 02h 00min ® azss a4
Format receiver settings | Keep communication settings ~ | t‘ﬁ L= Smart clcan-up active ™ NaviC No option
Initialize measurement engine 4:; ® SBAS  Notactive
Safely remove USE drive e & o0sC  Intemal
Reset internal temperature I Event log
highil
ighflow 13:07:43 @  TCP/IP server accepted connection - 5001
12:51:19 @  TCP/IP server connection closed : 5002
=
a6.4. tean OK
< C' A Notsecure | 122.155.40.165:100/config/config_tools.lsp
R EEm— ~ —|
GR50-4.60259 | ECMI | 2023-04-2413:09:16 Are you sure you want to reboot the receiver?

Home | Status | GNSSmanagement | Receiversetup | Help | Support

i NOTE: This will interrupt streaming and logging.
Receiver setup

TOOIS Cancel
Tools Firmware Options Languages Receiver settings backup
Jction " No USB arive ® clo /9
Power down @
t1 No active data stream(s) k GAL 7I8
Reboot
@ @ 6 active log session(s) ®, BDS 15/30
Format e
"«fﬁ 4 16d 02h 01min ® Qzss 4/4
Format receiver [ Keen communication settinas v i;a (4] Smart clean-up active W NaviC  No option

9 reboot Manuseana 2-3 w1l

N Re-initial GR50/sim &1 §4laiasnsa connect an1illa seadhdfiunsilingiaadiiieunly



91

3. CLUSTER stop n1591197U wazn1suiily
1. 1WA server CS01 or CS02 or €503 Wlaidln cluster 16wd 19 click fiymianadng fssidumlsunsy

Spider server control

& 192.16880.3 - Remote Desktcp Connection

x

Finto Quick

acress

LocalaMeta.. FullM

#C5{ spider server Control
Desktop app

ioen

2. fiutihang Spider server control AsIdRUANIUTNTYINUTBIUsAE cluster Ta 91 stop wisli

& 192.16820.5 - Remole Desktop Connection

nath
S
Ic > Local Disk (C
Spider Cluster Server 09882 P
Soider Cluster Sarver 08883
Sode Cluster Server 09884 Slelsd 7819468 14964 *
Soider Cluster Server 09885 Starte¢ 7819468 10812 \S5 Spi
Sowde Chuster Server 09885 Storted  78.19%8 1968 # iaNR
Spider Cluster Server 09887 Started  7.8.1.94968 20268 + -
Sider Cluster Server 00888 12000 1gs
Sode Cluster Server 05865 fLegs
Spider Cluster Server 09890
Erider Chister Server 0589 3)(ryf  ograml!
ogram |
ers
indows
RefreshState ite 76

@I WD Trive (F) Spider Suite 78w ¢

8items



Unfi

& 1972168803 - Remote Nesktnr Carnection

duster 1

FullMedia_N..

>
o

GNSE-

3. yn anuzidu stop 19 1@en cluster 1 W7 click ¥21 1den start server tlelindusnyineuwuy

E Spider Server Control
Installed Servers :
C > Loc
Server l State l Version ] Process l
Spider Cluster Server 09882 Started  7.8.1.9468 15052 P
Spider Cluster Server 09333 Started 7.8.1.9468 13824
Spider Cluster Server 09334 Started 7.8.1.9468 14c64 -
Spider Cluster Server 09385 Started 7.8.1.9463 10812
Spider Cluster Server 09385 Started 7.8.1.9468 19646 »
Spider Cluster Server 09887 0268 »
Spider Cluster Server 09383 1200C
1 15192
Spider Cluster Server 09390 Started 3412
Ciind 70 10463 7504 n2) (v
Start Server
Stop Server
Show Watchdog
Refresh State uite 7.§

3 items

pider Suite 7.6 v

92






3) Pilot Project Implementation Report (in English or in Thai and English)






The project for capacity development and promotion of utilization of National CORS Data Center
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Topcon Corporation
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1. Overview of the pilot project

1.1. Name of the pilot project

EN: Evaluation of N-RTK Survey Results Compared to Static Survey in Thailand.

TH: NMIATIIRDUAIANNLANUEIIINNNIIRITILUY N-RTK / STATIC I%ﬂim‘ﬂﬂ‘lﬂﬂ

1.2. Background and purpose of the pilot projenct

CORS have been established throughout Thailand and the data has been consolidated.
This is the background against which it was decided to evaluate the N-RTK survey using
the data distributed from NCDC to check the differences in accuracy and stability
depending on the distance between the observation point and the CORS. In addition,
based on the evaluation results and findings, advice and feedback will be shared

regarding the operation and management of the data distribution from NCDC.

1.3. Brief description of the pilot project
- 6 observation points were set in total
3 observation points that are less than 30 km from the nearest CORS(Close points)

3 observation points that are 30 km or more away from all of the nearest CORS(Wide

points).

- Static and N-RTK surveys were performed for 2 days (about 10 hours per day) at each

of the 6 observation points.

- The results showed no significant difference in the observation accuracy of the N-RTK

survey between close points and wide points.

- On the other hand, the positioning stability of N-RTK surveying was more stable at

close points than at wide points.

- An additional long-term survey was performed, and there were times when the number
of GNSS involved in the correction information delivered from NCDC decreased

significantly at night, showing that there is room for improvement.
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1.4. Implementation period
Preparation: March 2022 - July 2022
Work at the site: June 2022 - September 2022

Reporting: December 2022 - September 2023

Table 1-1 Plan and actual of the schedule

| 0 20

Work ltems/ Year & Month rogr
N R N 20 2 2 e R I
Plan
Sign a contract with Pasco T00.0% ‘ L] ‘ ‘ - AN O .
Actial i
Seasons ] opseasn | Rainy Season Dy Season | Rainy Seasor
Preparation of the pilot project 100.0%) T
Plan H
Making a pilot project implementation plan 100.0%
|Actual
Plan
Discussion of Surveying Point with TIGORS Team oy | 100.0% -
P
Fixing for Survey point after TIGORS team discussion Aa{" | 100.0% |
ctual
5
I
Actual
of the Pilot Project 100.0%)
P @ pants)
Construct Concrete Pillar for Surveying points (GCP) A“{" | 100.0% | [
ctual
Plan
Survey for Static & N-RTK 100.0% n
[Actual @ poins)|[ 1 T G
Plan |
Postprocess of Static data 100.0%
lActual i h | (points)
Plan
Web Meeting with TIGORS Team 100.0% n | n
|Actual
Plan | |
Visit Technical adviser to Thailand 100.0% |
Actual
P
Visit Thai government (RTSD/DOL etc) . 1100.0% | | ! | Il
Actual
P
Join JICA seminar (2 times) 1 100.0% 1 1
Actual
Plan
Add Survey for Static & N-RTK & Data Evaluate | 100.0% i | .
ctual
Plan [ ]
I-construction demo to Thailand government visitor in Nara o 100.0%
ciual
Plan
Making Report 100.0% |
Actual
) ) Plan
Submit Report to Final Report 100.0%
|Actual
JICA seminar, Presentation material, Case study leaflet, Pilot project
Site tour
JICA seminar(2 times) | [ (Plary
Final deadiine of Case study leaflet (promotion material)
Final deadiine of Pilot project report | |

1.5. Location of the pilot project site

The 6 observation points.

CP-1 Location : Thawi Watthana, Bangkok, Thailand.
Coordinates : X: -1117485.896, Y: 6094816.363

CP-2 Location : Phachi, Phra Nakhon Si Ayutthaya, Thailand.
Coordinates : X: -1148627.338, Y: 6068853.873

CP-3 Location : Ban Bueng, Chonburi, Thailand.
Coordinates : X: -1209483.303, Y: 6091185.274

CP-4 Location : Song, Phrae, Thailand.

Coordinates : X: -1072545.389, Y: 5959318.032

CP-5 Location : Nong Ki, Buriram, Thailand.
Coordinates : X: -1349794.467, Y: 6019474.592
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CP-6 Location

Coordinates

: Lamae, Chumphon, Thailand.

1 X: -994443.558, Y: 6207650.044

Figure 1-1 Location of the pilot project site (Source from Google Map)

1.6. Members/ Technical instructors

The members listed below performed the pilot project.

Table 1-2 List of members/technical instructors

NO. Name Company Role
1 N.Tamaki TOPCON CORPORATION Project Manager
> M.Sonoda(Mlbayas TOPCON CORPORATION Support field survey
hi) & data calculation
3 K.Ogawa TOPCON Positioning Asia Support dgta calculation
& evaluation
4 K.Fuse TOPCON Positioning Asia Support data calculation
& evaluation
5 S.Takahashi TOPCON Positioning Asia Data calculation &
evaluation
. I . . Prepare equipment &
6 S.Samniang TOPCON Positioning Asia (Thailand) leader of field survey
7 N.parinya TOPCON Positioning Asia (Thailand) Field Survey
8 S.Pittawat TOPCON Positioning Asia (Thailand) Field Survey
9 M.Purit TOPCON Positioning Asia (Thailand) Field Survey

1.7. Equipment used for the pilot project

The equipment listed below were used for the pilot project.
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Table 1-3 List of equipment used

NO.

Quantity

Remarks
(specifications,
usage, etc.)

TOPCON GNSS Receiver HiPerHR

GNSS Receiver

TOPCON Field Controller FC-5000

Field computer

GNSS External Battery & Tripod

Survey accessories

WIFI router

Data communication

a|rh|WIN|[H

TOPCON Magnet Tools (Calculation Software)

RS N L N (L U (IS U S Y

Calculation software

GNSS receiver HiPerHR

Number of Channels 452 with patented
Universal Tracking
Channel Technology

GPS L1 G/A, LG, L1P(Y),
L2P(Y), L2C, L5

GLONASS L1 C/ALIPL2C/A,
L2P L3C

Galieo E1, E5a, ESb,
E5ARBOC, E6

BeiDou B1, B2, B3 with ICD
availabilty

IRNSS SPS-L5

SBAS WAAS/EGNOS/MSAS

Qzss L1 C/A LIC, L2C,
L5, LEX

L-band 1525-1560 MHz

Satellites Tracked __ All in view

Accuracy

L1+12) H:3.0 mm + 0.3 ppm

Vi 5.0mm + 0.5 ppm
Precision Static* ~ H:3.0 mm + 0.1 ppm
V:8.5mm +0.4 ppm
RTK, H: 1.3 mmyeTit; Tit < 10
TILT Compensated™ H: 1.8 mm/Tit; Titt > 10°
Maximum recommended
ange for tit compensation|
is 15°
Data Update / Upto20Hz
Output Rate:

Optional Racio Type - UHF (410-470 MHz)
S5 (915 MHz)

UHF radiorange 57k typical; 15kmin
optimal*** conditions

Cellular Integrated HSPA+/CDMA
Internal cellular modem
Additional Wi-Fi
Communications Biuetooth®
LongLink™
Real Time TPS, RTCM SC104 v2.x,
Data Output 3x, CMR/CMR+, RINEX

NMEA 0183 Output Version 2, 3xand 4.x
On-board Memory  8GB Intemal

[power |
Power Source Extemal power

61028VDC

ixinternal battery

3.7V, 5200 mAh)

1x removable battery

7.2V, 2900 mAh)
Operating Time ~ Upto9 hours with

included batteries
Dimensions (wxh) 115x 132 mm

OperatingTemp. ~ -40°C 0 80°C

Water/Dust Rating P67

DropandTopple 2 meter pole-drop

Weight 1172 g (ncluding internal
and hot swappable
extemal batteries)

Figure 1-2 Used survey equipment (TOPCON GNSS Receiver)

Field computer FC-5000

Figure 1-3 Used survey equipment (TOPCON
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CPU Intel® Atom™ 73745
Processor

os Windows® 10

Memory 4 GB LPDDR3 RAM,
SD slot, user accessible

Display 7 in. Sharp screen,
Wide XGA at 1280 x 800

GPS Type: uBlox NEO MM
Accuracy: 2-5m
Channels: 72

Update Rate: 5 Hz

Gamera Rear: 8 megapixel with
LED llumination
Front: 2 megapixel

Wireless Connectivity

Bluetooth® Long-range Bluetooth
Smart Ready wireless
technology, v4.0 +EDR
Class 1.5, BLE support

WiFi 802.11 a/b/g/n
2.4GHzand 5 GHz

Cellular (optional) Internal GSM 4G LTE

‘Water/Dust Rating P68 cartried
Operaling Temp -20°C tn 5FC
Termperalrs Shock  MIL-STD 810G
MIL-5TD 810G
Dimensicrs
{xwxh)
Operatng Time
10 hours with swappakis
btlerics)

Field computer)




2. Details of the work

2.1. Work performed
2.1.1.Preparation

In consideration of the locations of CORS, observation points that satisfied the following

two conditions were selected.

[1] The distance between the observation point and the nearest CORS is less than 30
km. (CP-1 to CP-3: Close points)

[2] The distances between the observation point and the nearest CORS is 30 km or
more. (CP-4 to CP-6 :Wide points)

The selection of the 6 observation points was completed by March 2022.

1) Measurement reference marks were constructed and installed in coordination with
the landowners.

2) Negotiations were started on the implementation of the long-term measurement

after the installation.

Discussions with the JICA Project Team and the Thailand Working Group (WG) were
held, and a support letter for the negotiations was provided by the WG. With positive
responses from landowners throughout the negotiations, the observation points were set

almost as planned.

Measuring instruments and observation point’s piles were prepared in cooperation with

Topcon Positioning Asia (Thailand), our subsidiary in Thailand.

Figure 2-1 Location at CP-1 (Bangkok) (Source from Google earth)
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Google Earth

Figure 2-2 Location at CP-2 (Ayutthaya) (Source from Google earth)

Google Earth

Figure 2-3 Location at CP-3 (Chonburi) (Source from Google earth)

Google Earth

Figure 2-5 Location at CP-5 (Buriram) (Source from Google earth)
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Google Earth

Figure 2-6 Location at CP-6 (Chumphon) (Source from Google earth)

2.1.2.Implementation

1. Construction of 6 observation points

Installation started in March 2022. After 6 excavated, earth retaining work, and
foundation and concrete casting, the installation of all 6 observation points was

completed at the end of June 2022.

Figure 2-7 Construction of CP points
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Figure 2-8 Installed CP-1 to CP-6
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Figure 2-9 Design of CP points

2. Measurement

Measurement was carried out under the following conditions.
Receiver used: GNSS receiver (TOPCON, HiPerHR): 1 unit

Observation: Two kinds of surveys—static and N-RTK surveys—were performed

simultaneously.

Observation conditions: Observation was performed twice on two different days at the

same measurement point.
Each observation was 10 hours in length.

In both the static and N-RTK surveys, data was obtained at an

observation frequency of once per second.
Satellite systems used: GPS, GLONASS, QZSS, GALILEO, and BEIDOU

Observational conditions for N-RTK survey: See 2.2.1 “Use of NCDC data.”

Equipment prepared by Topcon Positioning Asia (Thailand)
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Figure 2-10 Preparation for survey & surveying CP points

3. Calculation after data acquisition and evaluation

All the data of the static and N-RTK surveys was downloaded from GNSS receivers, and

then the procedures below were carried out.

1) A baseline analysis was performed with the static survey data, and the three-

dimensional coordinates of CP-1 through CP-6 were obtained.
2) The positioning coordinate results, N-RTK positioning status, and other information
were extracted from the NMEA data obtained at CP-1 through CP-6 in the N-RTK

survey, and converted to Excel format. The data was analyzed in Excel.

3) This project was evaluated based on the results of 1) and 2) above.

*Details such as calculation results and analysis are given in 2.1.3 “Results.”
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2.1.3.Results

1) Difference in survey accuracy

The calculation results of the static survey were as follows.

Table 2-1 Result of Static calculation of CP points

Point Instrument
Survey Date X Y Z . B L H

Name Height(m)
CP-1 11-Jul-22 -1117485.896 | 6094816.363 | 1506457.629 1.408 134511.221 1002323.257 | -28.300
CP-2 10-Jun-22 -1148627.338 | 6068853.873 | 1585263.611 1.299 142915.278 1004302.527 | -23.671
CP-3 2-Jun-22 -1209483.303 | 6091185.274 | 1449635.189 1.277 131329.347 1011350.652 28.307
CP-4 5-Jul-22 -1072545.389 | 5959318.032 | 1997953.838 1.414 182233.077 1001209.885 | 150.135
CP-5 20-Jul-22 -1349794.467 | 6019474.592 | 1615308.531 1.557 144603.908 1023819.740 | 171.983
CP-6 3-Aug-22 -994443.558 | 6207650.044 | 1071869.801 1.267 94422.525 990604.507 | -11.493

The differences in results between the static survey and the N-RTK survey were as follows.

Table 2-2 Result of difference between Static calculation / N-RTK survey

Unit :m
Point Name Survey Date Horizontal Vertical
P 11-Jul-22 N 0.021LE 0.031H 0.002
12-Jul-22 N 0.017E 0.0314H 0.063
10-Jun-22 N 0.011(E 0.0034H 0.063
CP-1 to CP-3 (Close points) CP-2
30-Jun-22 N 0.008|E 0.002|H 0.053
p-3 2-Jun-22 N 0.026|E 0.007|H 0.009
7-Jun-22 N 0.021|E 0.000|H 0.020
- 5-Jul-22 N 0.004|E 0.007|H 0.065
6-Jul-22 N 0.010|E 0.009|H 0.044
20-Jul-22 N 0.013|E 0.011|H 0.005
CP-4 to CP-6 (Wide points) CP-5
21-Jul-22 I N 0.028 0.008|H 0.013
P6 3-Aug-22 N 0.004(E 0.017|H 0.031
4-pug-22 |IN 0.028 0.008H 0.074

[Results on the accuracy of the N-RTK survey]

- Table 2-2 shows the differences in accuracy of the N-RTK survey from the measurement

results of the static survey.

- The differences in accuracy between the close points and the wide points are calculated
based on the results of the N-RTK survey in Table 2-2.

The average difference is 2.8 cm in the N direction, 2.3 cm in the E direction, and 2.1 cm

in the height direction.

The differences in accuracy of the N-RTK survey can be evaluated as within the acceptable

range.
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*In Table 2-2, the values enclosed in red (close points) or in blue (wide points) boxes show
the largest differences in the horizontal (N/E) and height (H) directions from the

calculation results of the static survey.

**For charts showing the differences at all measurement points, see 5. “References

(Data)” .

2) Difference in stability
The positioning status in the observations by the N-RTK survey are as follows.

Table 2-3 Result of N-RTK survey status

Fixed ratio : Approximately 87%
Float ratio : Approximately 5%

Fixed ratio : Approximately 76%
Float ratio : Approximately 22%

CP-1 to CP-3 (Close points)

CP-4 to CP-6 (Wide points)

[Results on the positioning stability of N-RTK survey]
- The observation status results of the N-RTK survey show that in observations at close
points, 87% were fix solutions, and approx. 5% were float solutions. On the other hand,

in observations at wide points, 76% were fix solutions and approx. 22% were float

solutions (red boxes).
In the N-RTK survey, the positioning stability at close points was higher than that at wide

points.

O Example: N-RTK survey status at CP-6 (wide points)

Days 1 and 2 (Left: August 3, 2022; right: August 4, 2022.)

Table 2-4 Status of N-RTK survey at CP-6 (2 days)

Rate % Data %

Autonomous 564 1.6 Autonomous 87 0.2
DGPS 18 0.1 DGPS 34 0.1
Float 10064 28.0 Float 13574 37.7
Fixed 24852 69.2 Fixed 22134 61.5
Mis fixed 399 1.1 Mis Fixed 144 0.4
Total 35897 100.0 Total 35973 100.0
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Measurement was performed at CP-6 (wide points) for two days, and the float solutions
occurred at 28% on the first day (August 3), and at 38% on the second day (August 4).

That indicates unstable positioning.

** For data on positioning status at all points, see 5. “References (Data)” .

3) Additional measurements

Additional measurements were carried out to gain a deeper understanding of the accuracy
and positioning, such as how the correction information from NCDC changes during long-
term measurement at the same measurement point, and how the analysis fixed point,

which is said to affect accuracy, changes.

Since it is not feasible to keep GNSS receivers at 6 observation points for a long period of
time (not feasible to have staff present at receivers to ensure security), the following
additional measurement was performed using a GNSS receiver and antenna installed on the

rooftop of the Topcon Positioning Asia (Thailand) building (in the city of Bangkok).

- Long period measurement (1st)

Measurement dates: November 24 to 30, 2022 (about 1 week)
Receiver used: Topcon NET-G5

GNSS antenna used: Topcon choke ring antenna CR-G5
Mounting point: VRS_MSM5_UTM47_ITRF2014

Satellite systems: GPS, GLONASS, QZSS, GALILEO, and BEIDOU
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Figure 2-11 Location of long period survey (Right: Source from Google Map)

Table 2-5 N-RTK status of long period survey (24 Nov 2022 to 30 Nov 2022)

Data %
Antonomous 2890 0.5
DGPS 14 0.0
Float 4078 0.7
Fixed 542026 89.6
Mis fixed | 55771 | 02 |
Total 604779 | 100.0

Table 2-6 Difference of changed analysis fixed CORS point (24 Nov 2022 to 30 Nov

Page | 14

2022)
unit : cm

Number |Station ID|Distance [km]| N E H
6 SBKK 13.1 0.0 0.0 0.0
236 BPLE 38.7 9.9 -22.6 3.5
166 CNBR 64.2 -0.2 1.2 1.7
108 OKRK 67.4 0.0 0.8 2.9
150 PTBR 90.6 -0.1 1.0 1.8




- Both of the accuracy and positioning were stable during the N-RTK survey using the

correction information delivered from NCDC, which is the objective of the measurement.

- Regarding the change in the analysis fixed point, the measurement results show that the
CORS station "6: SBKK," which was the closest to the observation point was selected in
about 60% of the cases, and that points that were more than 100 km away from the

observation point were not selected in any cases.

*However, when the No. 236 BPLE CORS station was selected as the analysis fixed point,
there was a significant difference in the accuracy of the N-RTK survey. The positioning was

also evaluated as an error. (Supplementary information below.)

[Supplement]

- Regarding the case where No. 236 BPLE CORS station was selected as the analysis fixed
point, the fact that the accuracy and positioning of the solution for the N-RTK survey
occurred error was officially reported to the TIGORS Secretariat on January 24, 2023. This

information was reported to the Thai government through the JICA project team.

- Thereafter, the Thai government analyzed the problem and found that there was an error

in the set coordinates of the CORS, and then corrected the coordinates.
- Long period measurement (2nd)
Measurement dates: March 27 to April 3, 2023 (about 1 week)
Receiver used: Topcon NET-G5
GNSS antenna used: Topcon choke ring antenna CR-G5
Mounting point: VRS_MSM5_UTM47_ITRF2014
Satellite systems: GPS, GLONASS, QZSS, GALILEO, and BEIDOU

*The observation setup was the same as for the observation in November 2022.
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Table 2-7 Difference of changed analysis fixed CORS point (27 Mar 2023 to 3 Apr

2023)

units : cm

Number | Station ID | Distance [km] N E H
6 SBKK 13.1 0.0 0.0 0.0
236 BPLE 38.7 0.6 -0.7 0.2
166 CNBR 64.2 -0.2 1.6 3.4

0 MRDR 73.5 - - -
150 PTBR 90.6 -1.3 3.8 -7.7
84 BLMG 98.6 -0.7 0.8 0.1
117 SPUG 116.2 -0.1 0.2 2.5

*Since the coordinate values of the BPLE were corrected, the accuracy of the N-RTK survey
was good and stable even when the BPLE was selected as the analysis fixed point,

confirming that the corrected coordinate values were appropriate.

- Events identified during the long period measurement that should be noted

Through the second long period observation in March 2023, it was revealed that there were
changes in the positioning status and that the percentage of float solutions was on the

increase. (Shown in the blue box in Table 2-8.)

Table 2-8 N-RTK status of long period survey (27 Mar 2023 to 3 Apr 2023)

Data %

Autonomous | 27671 4.6
DGPS 26 0.0
Float 137223 22.7
Fixed 417117 69.0
Mis fixed 22757 3.8
Total 604794 | 100.0

After receiving these positioning results, we analyzed the correction information of the
NCDC server and found that the number of satellites involved in the correction information

decreased significantly at night. (See Figure 2-12)
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Although the cause of this problem is unknown, it is difficult to obtain fix solutions in the N-
RTK survey during this time period. Nighttime operation and management should be

reviewed or revised, or the users should be alerted.
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Figure 2-12 Number of GNSS satellite data from NCDC (27 Mar 2023 to 3 Apr 2023)

For reference, the data obtained through the first long period observation in November
2022 showed similar trends where the number of correction satellites decreased, but it did

not last long enough to affect the observation. (See Table 2-5 for positioning details.)
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Figure 2-13 Number of GNSS satellite data from NCDC (24 Nov 2022 to 30 Nov 2022)
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4) Discussion and advice based on the results

- The observation results of all 6 points show that Close Points has stable N-RTK

status than Wide Points.

=> Since N-RTK positioning stability is important for the utilization of CORS, it is
desirable to increase the number of CORS in order to shorten the distance from

observation points to CORS.

- Long period observations showed that the accuracy of N-RTK surveys was stable
when the analysis fixed point for N-RTK surveys remained unchanged and the

CORS closest to the observation point was selected.

=> Since stable accuracy of N-RTK surveying is important for promoting the
utilization of CORS, settings for CORS management software (settings such that
the analysis fixed point does not select a point far from the observation point) It
is necessary to take these countermeasures and maintain to stabile N-RTK

accuracy.
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2.2. Use of NCDC
2.2.1.Details of the NCDC data used

NCDC was used as follows.

Table 2-9 NCDC data used

IP address 118.174.12.3

Port 2105

Mount point VRS _MSM5 UTM47_ITRF2014
User name ntamaki

02 Jun 2022 - 02 Jun 2022 (Survey at CP-3)
07 Jun 2022 - 07 Jun 2022 (Survey at CP-3)
10 Jun 2022 - 10 Jun 2022 (Survey at CP-2)
30 Jun 2022 - 30 Jun 2022 (Survey at CP-2)
05 Jul 2022 - 05 Jul 2022 (Survey at CP-4)
06 Jul 2022 - 06 Jul 2022 (Survey at CP-4)
11 Jul 2022 - 11 Jul 2022 (Survey at CP-1)
12 Jul 2022 - 12 Jul 2022 (Survey at CP-1)
20 Jul 2022 - 20 Jul 2022 (Survey at CP-5)
21 Jul 2022 - 21 Jul 2022 (Survey at CP-5)
03 Aug 2022 - 03 Aug 2022 (Survey at CP-6)
04 Aug 2022 - 04 Aug 2022 (Survey at CP-6)

Period of use

RTK/ Post processing RTK/ Post processing both

Satellite systems used | GPS-GLONASS-QZSS-GALILEO-BEIDOU

2.2.2.Problems occured and solutions

No problems have arisen so far.

2.3. Other related activities

1) Training in Japan

Representatives from Thai government agencies came to Japan to gain a deeper
understanding of the operation and use of CORS. At that time, in cooperation with the
TIGORS project team, Nishio Rent All Co., Ltd., and JENOBA CO., LTD., classroom training
was provided to share how NCDC is operated at CORS in Thailand and to give an interim
report on the results of the survey project. In the field training, to understand the accuracy

and stability of CORS in Japan and to observe how they are utilized, demonstrations were
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performed to show the VRS survey, ICT/unmanned constructions (Excavator), and drone

and automated sweepers. The details are as follows.

Training date : February 17, 2023

Training venue : Kansai Machinery Center, Nishio Rent All Co., Ltd.

432-1 Nakamachi, Tenri City, Nara, Japan

Training objectives : To understand the importance of stable distribution of data in
operating and utilizing CORS, and to experience the effectiveness of
CORS data in the construction and survey fields.
(Part of the activities of the TIGORS Project)

Participants : 14 participants from Thai government agencies (DPT, DOL, HII, GISTDA,
RTSD,
Chulalongkorn University, Kasetsart University, and Khon Kaen

University)

Training contents : Report by JENOBA CO., LTD. on the ongoing technical cooperation for
the stable operation of NCDC

Interim reports by Topcon Corporation on the survey project

Field demonstration by Nishio Rent All Co., Ltd. and Topcon

Corporation

1: In the VRS survey demonstration, demonstrate how accurate the

delivered data is and how fast the data is provided.

2: In the ICT construction (Excavator) demonstration, demonstrate
how productivity will be improved in the ICT construction

(automation in construction).

3: Experience the remote operation of unmanned construction

(Excavator).

4: Demonstrate self-driving using an automatic sweeper.
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Figure 2-14 Photos of ICT Training in Nara pref (Feb 17, 2023)

Nishio Rent All Co., Ltd. produced a video of this observation visit, which was provided to
JICA and government officials in Japan and Thailand.

https://www.youtube.com/watch?v=gSR8B7UVrg0__ ;!!INbma_1s!sxXydp4lohrHgpkcB
W-Ixc76Fb7zCShtUkhpZ_ilvINnyg21vD0OG6UVbI55z13WX4GtcM-7bSYR1Q7IQ50gH$

Training outcome: It seems as if the objectives of the training were successfully achieved.
One participant commented, "As the aging of the population is becoming
more evident in my own country, I felt that it is essential to take measures
like manpower reduction in the field of construction as well. We would like

to take Japan's excellent technology home to our country and develop
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personnel who can use it so we can contribute to the national

development."

2: Explanation of the pilot project at the 2nd JICA seminar

There was a session on NCDC at the GNSS conference MGA, which is held every year in

Asian, and there was a presentation to announce the details of the JICA pilot project.
MGA dates: January 31 to February 2, 2023

Presentation date: January 31, 2023

MGA venue: Chiang Mai University, Chiang Mai, Thailand

Presentation overview: As an example case where the highly accurate position correction
data service from NCDC is utilized in Thailand, a time frame was
allocated for the presentation of the JICA pilot project, and an interim

report on the project was provided.

Presentation details: The presentation covered the outline and objective of the JICA pilot
project (Survey) and the measurement conducted.
However, in terms of results, it only mentioned that results were under

analysis as data compilation was still ongoing.

%
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C Data Cenler S
6:15 - 18:00 (ICT) -

o
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E O, Witayts Revtipiryakonaot Gt Mots

14 Teera Croroensenct Stam et Matar Robots
T W Nooyuk? Tamati, Topeon: Corpurauiai

Wi Seunghyu bee, Yonmar Agribusinese
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Me Moot Chgiadiern, Bt

© Govemment -

SRCT Clasiog Remarks by JICA
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Message Message RTCM v3 MSM

Figure 2-15 Photos of presentation MGA in Chiang Mai pref. (Jan 31, 2023)
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3: Report in the JICA Regional workshop

At the JICA Regional Workshop held from September 21 to 27, there was a presentation to
report the details and results of the JICA pilot project.

Workshop dates: September 21 to 27, 2023
Presentation date: September 25, 2023
Presentation format: Online

Presentation details: The presentation gave a summary of the JICA pilot project and

included discussions and advice based on the results.

Figure 2-16 Photos of presentation JICA Region workshop in Bangkok (Sep 25 2023)

4:TIGORS Final Seminar & NCDC User Meeting

TIGORS Final Seminar (morning session) & NCDC User Meeting (afternoon session) were
held on at Jasmine City Hotel, Bangkok which inviting approx.130 participants from

government agencies and private companies.
Seminar Date: October 31, 2023
Location: Jasmine City Hotel, Bangkok

Purpose: Present the achievements of This Pilot project and discuss about way forward for
NCDC.

Details: The purposes of the events are to present the achievements of TIGORS, the results
of the pilot projects, and way forward in the morning session by each companies who had
done the experiments for 8 pilot projects using CORS network from NCDC. In the afternoon

session, NCDC users (the companies participated in 8 Pilot Project and some others) and
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members of Thai-Japan Joint Working Group on NCDC exchanged the opinions and ideas
for further improvement of NCDC in Thailand. Topcon presented 3 TIGORS pilot projects
which are Survey, ICT Construction and Smart Agriculture. In addition, Topcon had booths
to display the products and distribute the TIGORS rice packages as thank you gifts to Thai-
Japan Joint Working Group on NCDC member and JICA TIGORS project and the
participants.

l‘mmeﬁrv_menardglcm in the V directie

"WW“W!WMH{!MN-W vy
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TIGORS e

sy o Ayl srd Qospermines

e
e
oy e
iy = ok

Spectal thanka o :
Thai - Japan Jint Working Group on NCOC membet
nd JicA TIGORS project

b7 e L e

Figure 2-17 Photos of JICA TIGORS Final Seminar & NCDC User Meeting in Bangkok (Oct
31 2023)

Page | 25



3. Way forward

3.1. Future outlook of the business using NCDC

Through this JICA pilot project, we at Topcon would like to suggest that our customers

utilize NCDC's real-time data in the fields of land survey, construction, and agriculture.
3.2. About NCDC
1) Good points using NCDC

With the data distributed by NCDC, highly accurate N-RTK surveys can be utilized by
anyone, anytime, and anywhere. The data is expected to be utilized in a large number of
applications. It also makes it possible to standardize the coordinate system for CORS,

which is very significant.

2) Issues to be solved

In the survey in the area with the wide points, although there was no significant
difference in the observation accuracy, there were times when the N-RTK survey

became unstable. The stability of N-RTK survey needs to improve.

- The number of satellites involved in the correction information delivered from NCDC

tended to decrease significantly at nighttime.

= o= NN W W
o U O unn O W,

Number of Satellites

Figure 3-1 Number of GNSS satellite data from NCDC (Same as Figure 2-12)
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3) Request for improvement

- We request that measures be taken to resolve the issues mentioned in 3.2.2) above
and to alert users to these issues: the positioning instability of the N-RTK survey, and
the decrease in the number of satellites involved in correction information from NCDC at

nighttime.

- We request that users should be received email alerts when the use environment

changes due to the maintenance or upgrading of the CORS management software.
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3

Conclusion

A pilot project (Survey) was implemented regarding the utilization of the highly accurate

positioning data.

Keeping in mind that ensuring the stability of the N-RTK survey is the key to promoting
the utilization of the NCDC data, observations were performed with different distances
between stations. The observations revealed that the positioning stability should be
improved by increasing the density of the CORS. In addition, measures should also be
taken to improve the situation where the number of satellites involved in correction

information from NCDC decreases at nighttime.

We hope that the results of this pilot project (Survey) and the advice based on
discussions using measurement results will contribute to the stable operation of NCDC.
We would like to reiterate our gratitude to the NCDC officials, the Thai and Japanese
government agencies, the WG members, and the pilot project team members involved in

the implementation of this project.
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5.

References (Data)

1: Detailed observation results and positioning status data at CP-1 to CP-6 are attached.

1: Static calculation results

Table 5-1 Result of Static calculation of CP points (Same as Table 2-1)

Point Instrument
Survey Date X Y z . B L H

Name Height(m)
CP-1 11-Jul-22 -1117485.896 | 6094816.363 | 1506457.629 1.408 134511.221 1002323.257 | -28.300
CP-2 10-Jun-22 -1148627.338 | 6068853.873 | 1585263.611 1.299 142915.278 1004302.527 | -23.671
CP-3 2-Jun-22 -1209483.303 | 6091185.274 | 1449635.189 1.277 131329.347 1011350.652 28.307
CP-4 5-Jul-22 -1072545.389 | 5959318.032 | 1997953.838 1.414 182233.077 1001209.885 | 150.135
CP-5 20-Jul-22 -1349794.467 | 6019474.592 | 1615308.531 1.557 144603.908 1023819.740 | 171.983
CP-6 3-Aug-22 -994443.558 | 6207650.044 | 1071869.801 1.267 94422.525 990604.507 | -11.493

2: Comparison of static survey calculation results with N-RTK survey

Table 5-2 Result of difference between Static calculation / N-RTK survey & N-RTK status
for CP-1 & CP-2

CP-1 Units:m CP-2 Units:m
AN AE AH AN AE AH
STATIC RESULT 0.000] 0.000| 0.000| |[STATICRESULT 0.000| 0.000| 0.000
RTK DAY1 0.021| -0.031| -0.002| |RTK DAY1 -0.011| 0.003| 0.063
RTK DAY2 0.017| -0.033| 0.063| |RTK DAY2 -0.008| 0.002| 0.053
0.060 0.060
RTK
1
0.030 STATIC 0.030 STATIC
RESULT RESULT
0.000 ® RTK 0.000 RTK
RTK DAY2 DAY2
-0.030 DAY -0.030
-0.060 -0.060
-0.060 -0.030 0.000 0.030 0.060 -0.060 -0.030 0.000 0.030 0.060

Figure 5-1 Difference between Static calculation / N-RTK survey Difference CP-1 & CP-
2(Horizontal direction)
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Table 5-3 Result of difference between Static calculation / N-RTK survey & N-RTK status
for CP-3 & CP-4

CP-3 Units:m CP-4 Units:m
AN AE AH AN AE AH
STATIC RESULT 0.000] 0.000| 0.000| [STATICRESULT 0.000| 0.000 0.000
RTK DAY1 -0.026| 0.007| 0.009| |RTKDAY1 0.004 | -0.007 0.065
RTK DAY2 -0.021 0.000| 0.020| |RTK DAY2 0.010| -0.009 0.044
0.060 0.060
0.030 STATIC 0.030 DF:I’\I;Z
RESULT STATIC
0.000 0.000 RESULT
RTK
RTK ®. RrK DAY
-0.030 DAY2 DAV -0.030
-0.060 -0.060

-0.060 -0.030 0.000 0.030 0.060

-0.060 -0.030 0.000 0.030 0.060

Figure 5-2 Difference between Static calculation / N-RTK survey Difference CP-3 & CP-
4(Horizontal direction)
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Table 5-4 Result of difference between Static calculation / N-RTK survey & N-RTK status
for CP-5 & CP-6

CP-5 Unitssm CP-6 Units:m
AN | AE | AH AN | 0E | 4H
STATICRESULT | 0000] 0000| 0000| [STATICRESULT | 0.000| 0.000| 0.000
RTK DAY1 -0013] 0011] 0005| |[RTKDAYL -0.004] -0.017| -0.031
RTK DAY2 -0.028]  0008] -0.013] [RTKDAY2 -0.002] -0.021] -0.074
0.060 0.060
0.030 STATIC 0.030 STATIC
0.000 RTK 0.000 | DAY2 @
- DAY -
-0.030 pav2 @ -0.030 DAY1
-0.060 ~0.060
-0.060 -0.030 0.000 0.030 0.060 "0.060 -0.030 0.000 0030 0.060

Figure 5-3 Difference between Static calculation / N-RTK survey Difference CP-5 & CP-
6(Horizontal direction)
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3: N-RTK survey positioning status

CP-1

Days 1 and 2 (Left: July 11, 2022; right: July 12, 2022)

Table 5-5 N-RTK status CP-1

Data % Data %

Autonomous 305 0.8 Autonomous 22 0.1
DGPS 0 0.0 DGPS 0 0.0
Float 222 0.6 Float 11650 32.4
Fixed 35473 98.5 Fixed 24294 67.5
Mis fixed 0 0.0 Mis fixed 0 0.0
Total 36000 100.0 Total 35966 100.0

Difference in the N-S direction

Error [m]
o

Difference in the E-W direction

0.1

]

Error [m

Page | 32

4 6
GPS Time [h]

4 6
GPS Time [h]

0.05

10

m]

Error [

0.1

0.05

Error [m]
o

-0.05

-0.1




Difference in the H direction

Data missing due

0.15 0.15
0.1 0.1
E 0.05 T 0.05
5 0 5 O IMW
& -0.05 & -0.05
-0.1 -0.1
-0.15 -0.15 !
0 2 4 6 8 10 0
GPS Time [h] GPSTi e[h
N-RTK survey positioning status
to Float.
1: Single-point positioning 2: D-GPS 3: Float 4: Fix 5: Abnormal value
5 5 /
4 4 0
a 3 o oo o a 3 = oo
e =
5 2 5 2
E 1 o -0 E 10 0 o®@ o
o | | | J 0
0 2 4 6 8 10 0 2 4 6 8 10
GPS Time [h] GPS Time [h]
Correction information extrapolation time
14 14
— 12 — 12
o 10 o 10
2 8 2 8
5 s 3 6
o 4 D4
3 2 3 2
0 o]
4] 2 4 6 8 10 4] 2 4 ] 8 10
GPS Time [h] GPS Time [h]
Distance from analysis fixed point in N-RTK survey
120.0 120.0 ——
100.0 i 100.0 " - e
E 800 - ‘© 800 -
a2 =
W 600 600
g 400 © 400
& 200 == e 8 200 -
*—s e
0.0 0.0
0.0 2.0 4.0 6.0 3.0 10.0 0.0 2.0 4.0 6.0 8.0 10.0
GPSTime [h] GPS Time [h]

Page | 33




Changes in the number of satellites involved in the correction information from the NCDC

server.
—GPS GLO —GAL ——QZss BDS —GPS GLO —GAL ——QZss BDS
14 14
12 12
= I \Im n = 10 , | |\‘
3 ) 0] Il & [
s L'y ]ﬁll_ B 1 | W e o8 J[F,u wlnquflwr I v
a g6 2 6
2 2
. | . i
0 2 4 6 8 10 0 2 4 6 8 10
GPS Time [H] GPS Time [H]
CP-2
Days 1 and 2 (Left: June 10, 2022; right: June 30, 2022)
Table 5-6 N-RTK status CP-2
Data % Data %
Autonomous 85 0.2 Autonomous 418 1.2
DGPS 0 0.0 DGPS 0 0.0
Float 4171 11.7 Float 2590 1.2
Fixed 30171 84.8 Fixed 32066 89.2
Mis fixed 1134 3.2 Mis fixed 887 2.5
Total 35561 100.0 Total 35961 100.0
Difference in the N-S direction
0.1 0.1
= Q.05 = Q.05 ’
S0 e MWM iw oz WM‘M
“ .05 1 “ .05
-0.1 -0.1
] 2 4 (5] 8 10 0 2 4 9] 8 10
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Difference in the E-W direction
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Distance from analysis fixed point in N-RTK survey
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Changes in the number of satellites involved in the correction

information from the NCDC server.

Some time zones have
fewer GNSS satellites.
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CP-3
Days 1 and 2 (Left: June 2, 2022; right: June 7, 2022)
Table 5-7 N-RTK status CP-3
Data % Data %
Autonomous 3558 9.9 Autonomous 1,729 4.8
DGPS 2 0.0 DGPS 0 0.0
Float 163 0.5 Float 30 0.1
Fixed 32112 89.5 Fixed 34,240 95.1
Mis fixed 30 0.1 Mis fixed 1 0.0
Total 35865 100.0 aEt 36,000 100.0
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Difference in the N-S direction
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Correction information extrapolation time
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CP-4
Days 1 and 2 (Left: July 5, 2022; right: July 6, 2022)

Table 5-8 N-RTK status CP-4

Data % Data %

Autonomous 5 0.0 Autonomous 5 0.0
DGPS 2 0.0 DGPS 1 0.0
Float 5982 16.6 Float 14324 39.8
Fixed 29111 80.9 Fixed 21479 59.7
Mis fixed 897 2.5 Mis fixed 191 0.5
Total 35997 100.0 Total 36000 100.0

Difference in the N-S direction
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Difference in the H direction
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Changes in the number of satellites involved in the correction information from the NCDC

Sserver.
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Days 1 and 2 (Left: July 20, 2022; right: July 21, 2022)
Table 5-9 N-RTK status CP-5
Data % Data %
Autonomous 8 0.0 Autonomous 1316 3.7
DGPS 1 0.0 DGPS 0 0.0
Float 2340 6.5 Float 473 1.3
Fixed 32186 89.4 Fixed 33905 94.6
Mis fixed 1464 4.1 Mis fixed 129 0.4
Total 35999 100.0 Total 35823 100.0
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Difference in the E-W direction
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100 km or more from the
analysis fixed point

Distance from analysis fixed point in N-RTK survey
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Changes in the number of satellites involved in the correction information from the NCDC
server.
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CP-6
Days 1 and 2 (Left: August 3, 2022; right: August 4, 2022.)
Table 5-10 N-RTK status CP-6
Data % Data %
Autonomous 564 1.6 Autonomous 87 0.2
DGPS 18 0.1 DGPS 34 0.1
Float 10064 28.0 Float 13574 37.7
Fixed 24852 69.2 Fixed 22134 61.5
Mis fixed 399 1.1 Mis Fixed 144 0.4
Total 35897 100.0 Total 35973 100.0
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Difference in the N-S direction

0.1 0.1
= 0.05 . 005 {
£ W E
s ol W‘M*W W 5 o Wi M'/“ "
' .0.05 O 0.0
0.1 -0.1
a 2 4 6 10 o 2 4 6 3 10
GPS Time [h] GPS Time [h]
Difference in the E-W direction
0.1 0.1
. 0.05 _ 005
£ £
E 0 Hy | Wt AL e o A, LN
& -0.05 | TV | {d o -0.05 N
0.1 0.1 l
0 2 4 6 10 0 2 4 6 8 10
GPS Time [h] GPS Time [h]
Difference in the H direction
0.15 0.15
0.1 01
T 005 £ 0.05 ,'J‘ N \
5 0 ﬁ 5 O “
5 -0.05 i & -0.05
-0.1 } -0.1
-0.15 -0.15
0 2 4 6 10 0 2 4 6 3 10
GPS Time [h] GPS Time [h]

N-RTK survey positioning status

1: Single-point positioning 2: D-GPS 3: Float

g om
4 b o -
w
2 eaEmoe O SN W oI oEE o0 oo
i
c
8 .7 © oo 00—0 o o o
=
vi
= 3 OO -0 D0 0O o 0 @ o ISRl Yol
0
0 2 4 [ 10

GPS Time [h]

4: Fix 5: Abnormal value

5 o o o

4 o
]
2 3 eans o) o S oS- - ]
=
5 2 o oo @00 o o o [ i} Q
=2
il
£ 1 @O @ 000 o o ¢ o 0 @ o

0

0 2 4 [ 8 10
GPS Time [h]

Page | 44




Correction information extrapolation time
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4: N-RTK survey of a long period observation at the point on the rooftop of the Topcon
Positioning Asia (Thailand) building

4-1: November 24 to 30, 2022 (about 1 week)

Table 5-11 N-RTK status for long period survey

Data %

Antonomous 2890 0.5
DGPS 14 0.0
Float 4078 0.7
Fixed 542026 89.6
Mis fixed 55771 9.2
Total 604779 | 100.0

Difference in the N-S direction

0.1

0.05

DAY

Difference in the E-W direction
0.1

0.05

Error [m]
o

DAY
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Difference in the H direction

0.15

N-RTK survey positioning status
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Changes in the number of satellites involved in the correction information from the NCDC

server.
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4-2: March 27 to April 3, 2023 (about 1 week)

Table 5-12 N-RTK status for long period survey

Data %
Autonomous 27671 4.6
DGPS 26 0.0
Float 137223 22.7
Fixed 417117 69.0
Mis fixed 22757 3.8
Total 604794 100.0
Difference in the N-S direction
0.1 \
0.1 W | ‘ | m | ‘
0 1 2 3 4 5 G 7
DAY
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Difference in the E-W direction
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Correction information extrapolation time
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5: Explanation of terms

O N-RTK survey positioning status

- Autonomous (Single-point positioning)

Positioning by a single observing receiver without GNSS correction information
- D-GPS

Differential positioning

Calculations are performed with GNSS correction information. The positioning accuracy is in

units of meters.
- Float

Calculations are performed with GNSS correction information. The positioning accuracy is in

units of under 1 meter.
- Fixed

Calculation is performed with GNSS correction information successfully correct positioning.

The positioning accuracy is in units of 2 to 3 centimeters.
- Mis fixed

A mis fix or other situation where it is judged as a fix, but the accuracy actually deteriorates
greatly due to the effect of noise, resulting in a solution that is different from the correct

possition.

- Correction information extrapolation time

The transmission delay time for sending correction information from the server to a rover.

A delay of 10 seconds or more clearly indicates deteriorated accuracy.

When a Topcon GNSS receiver is used, a delay of 30 seconds or more will lead to float

solutions, and a delay of 60 seconds or more to autonomous (single-point positioning).

End of References
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1. Overview of the pilot project

1.1. Name of the pilot project
JP : NCDC Z/ERIUI ICT i@tz FVziERgHe T
EN: Road construction using the ICT construction machineries utilizing NCDC

TH: msldinalulad ICT Tunuasuauunlassudayanaiann NCDC

1.2. Background and purpose of the pilot projenct

This Pilot project verifies the use of RTK correction data provided to construction sites from the
National CORS Data Center (NCDC), which integrated CORS located all over Thailand. Actual ICT
construction machines are used to lay out the operation of machine control (MC) and machine
guidance (MG) and points to be noted when using NCDC data at construction sites to facilitate the use
of NCDC data at construction sites. In addition, the advantages of using NCDC data at construction
sites will also be considered.

1.3. Brief description of the pilot projenct

The following construction work was performed: slope work with a 3DMG backhoe, subbase work
with a 3DMC mmGPS motor grader, and paving work with a 3DMC mmGPS paver. Since the distance
between NCDC reference points and the construction site may affect the stability of the positioning
results, we conducted continuous observation tests within the construction site beforehand. It has
been confirmed that utilizing NCDC data and the ICT- construction system reduced the initial
introduction cost and working time.

1.4. Implementation period
Preparation: January 2022 - April 2022
Work at the site: April 2022 - June 2022

Reporting: July 2022 - November 2023
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Table 1-1 Plan and actual of the schedule

202 7028
Work ltems/ Year & Month —
Tl s [e[7[e[s[w[nfwe| +[2]s[s]s[e[7[es]s[n][n]e
=
Sign a contract with Pasco 0 100.0%
[Rotual
of the pilot project 100.0%
Making a pilot project implementation plan 100.0%
Export/import of equipment 100.0% |-
Obtainment of necessary permits 100.0%
Localization for jobsite 100.0%
Generate design data 100.0%
and calibration of Machine Gontrolsysiem for molor grader 100.0% ||
Training of ICT construcion to local operators 100.0% |
Installation and calibration of Machine Guidance system for oxcavalor 1000% |-
Installation and calibration of Machine Control system for asphalt finisher 100.0% F
Porformance of the Pilot Project 82.3%
Roadbed construction {P'an_1 100.0%
Aotual
Plan
Siope shaping (if itis during roadbed construction term) 20— 100.0% {——
i i
Pavement construction (depend on Roadbed construction status) (EEn_{ 100.0%
ctua
Plan
Collect ICT construction performance a0 100.0% ——
ctual
P
Hearing ICT construction merit rom ocal operators Pn T 100.0% |
ctua
Vaking seminar presentation [Pen 100,05 T I
Actual
Plan
Join JICA seminar (£ 50.0% !
Acwal
Plan
on-sto Sito Tour T00.0% |
Rotual
Plan
I-construction demo to Thailand government visitor in Nara P01 100.0% |
Plan I
Making Finalreport [P 20.0%
[Actual
Plan
SubmitFinalreport [P 0.0%
[Actual
Plan I
Prepare Construction Workshop T2 100.0%
Plan
Construction Workshop ren 100.0%
JICA seminar, Presentation material, Case study leafiet, Pilot project
Site tour Pran_t 100.0%
[Actual

1.5. Location of the pilot project site
Address: Khlong Takrao, Tha Takiap District, Chachoengsao 24160, Thailand

Coordinates: 13° 30' 00" north latitude, 101° 32' 05" east longitude

(75

Location

[l

[sa]

Figure 1-1 Location of the pilot project site (Source from Google Map)
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1.6. Members/ Technical instructors

The members listed below performed the pilot project.

Table 1-2 List of members/technical instructors

NO. Name Company Role
Takashi Ogawa Topcon Positioning Asia (Thailand) PJ coordination
Eric Lee Wei Chun Topcon Positioning Asia (Malaysia) MC/MG technical support
Muhammad Shahril Bin Topcon Positioning Asia (Malaysia) MC/MG technical support
Mohamad Sabar
4 Muhammad Sharul Agwa | Topcon Positioning Asia (Malaysia) MC/MG technical support
bin Mohamad Fauzi
5 Shigeki Hiraoka Topcon Positioning Asia MC/MG technical support
Akira Sugimoto Topcon Positioning Asia MC/MG technical support
7 Kiatkamol Boonsiriseth Topcon Positioning Asia (Thailand) Measurement technical
support
8 Parinya Noinual Topcon Positioning Asia (Thailand) MC/MG technical support
9 Prathompong Phleejattu Topcon Positioning Asia (Thailand) Measurement technical
support
10 Purit Mudthong Topcon Positioning Asia (Thailand) Measurement technical
support
11 Hideki Yamaguchi NISHIO RENT ALL MC/MG equipment
preparation
12 Tomohiko Kajiwara NISHIO RENT ALL MC/MG equipment
preparation
13 Tomoki Kagoyama NISHIO RENT ALL MC/MG equipment
preparation
14 Yuuki Manome NISHIO RENT ALL MC/MG equipment
preparation
15 Shingo Iwasaki NISHIO RENT ALL (Thailand) MC/MG technical support
16 Somchai Maluleem NISHIO RENT ALL (Thailand) MC/MG technical support
17 Daisuke Okamoto NISHIO RENT ALL MC/MG technical support
18 Kittikul Prawanwimuth NISHIO RENT ALL (Thailand) MC/MG technical support
19 Chalermsak Pungpak NISHIO RENT ALL (Thailand) MC/MG technical support
20 Anu Sathaisong NISHIO RENT ALL (Thailand) MC/MG technical support
21 Preecha Lumta NISHIO RENT ALL (Thailand) MC/MG technical support
22 Kobkarn No-jit NISHIO RENT ALL (Thailand) MC/MG technical support
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1.7. Equipment used for the pilot project

The equipment listed below were used for the pilot project.

Table 1-3 List of equipment used

Remarks
NO. Name Quantity (specifications,
usage, etc.)
1 TOPCON GNSS Receiver GR-5 2 Measuring instrument
2 TOPCON GNSS Receiver HiPer HR 2 Measuring instrument
3 TOPCON mmGPS Laser Transmitter PZL-1 1 Measuring instrument
4 TOPCON mmGPS Laser Detector PZS-1 1 Measuring instrument
5 TOPCON Field Controller FC-500 2 Measuring instrument
6 TOPCON Total Station DS 1 Measuring instrument
7 TOPCON 3D-Office application 1 Field management
software
TOPCON Pocket-3D software 1 Survey software
TOPCON RTK Machine Guidance System (Excavator) 1 Machine Guidance
10 TOPCON mmGPS Machine Control System (Motor 1 Machine Control
Grader)
11 TOPCON mmGPS Machine Control System (Asphalt 1 Machine Control
Finisher)
12 KOMATSU PC-200 1 Construction machine
13 VOLVO G930 1 Construction machine
14 Voegele Super 1803-2 1 Construction machine

(1) GNSS receiver GR-5

Page | 4

GPS L1,L1C% L2, L2G, L5™

GLONASS L, 2

Galilec™ E1, ESa, ESb, AtBOC

BeiDou™ B1,B2

SBAS L1 G/AWAASMSAS/
EGNOS

Qzss L1 C/A, LiC, L2C

Number of Channels 226-Channel Vanguard
Technology™ with

Universal Tracking
Channels

Antenna Type Integrated Fence
Antenna™ ' with
Ground Plane

Accuracy (RMS)* *

RTK H: 5mm + 0.5 ppm
V- 10 mm + 0.8 ppm

Static H:3.0mm + 0.1 ppm
V3.5 mm + 0.4 ppm

Optional Radio Type Integrated UHF/FH315
Base Radio Output 1.0 W, user selectable
Optional Cellular Integrated HSPA/CDMA

1/O Communications Class 2 Bluetooth®
USB and Serial

Data and Memory

Memory Removable SD/SDHC
Data Update/ 1 Hz —50 Hz Selectable
Output Rate

Real Time TPS, RTCM 2.x, 3x,
Data Output COMR, CMR+

ASCIl Output NMEA 0183 version

2xand 3.0

Environmental

Enclosure Dust and water ingress
protected magnesium

I-Beam housing
Operating Temp -3(FC to TO°CH
Shock Rating 2 m pole drop fo concrete
IEC 60068-2-29,
IEC 60068-2-27
Vibration Rating ~ Compliance with MIL-STD

810F - 5145 - Cat.24

\

(2) GNSS receiver HiPer HR

|

w '

.-/

Fate

GNSS Tracking
Number of Charmn
GPS
A
GLONASS LIC/A LIR L2 C/A L2P,
L
EEAIBOC, E6
BeiDou B, B2, Bawith ICD
IANSS
SBAS 5
L-band A
e
Li+L2) "
Precisicn Static®
HTK
ATK, H: 1.3 mm~Tit; Tit = 10°

TILT Gempensatsd™ V1.8 mmyTil Tit > 107
Mazdn

l : 1L, éE- :

Optinal Radio T UHF (410-470 MHz)

S5 (@15 M2
UHFraforange B
Caliar
Al
Communications W oct®, LorgLink
Flcal Tims TES, ATCMECDA i, B,
Data Output CMRICHR:, RINEX
NMEA 3183 Oufput  Version 2. 3xand dx
On-boerd Memery DG bnterned.
Power Source Extarmal power
61 28VD0
Tcinkernal tettery
{37, 5200mAn)
Tremoaise bettery
[72V, 2000mAn)
Operating Tima

inchudod 3
Environmental and Physical

Dimensons (wixh) 115132 mm

Operathg Temp. TG o 8s

WaterDust Ratirg IPG7

Dropand Topple 2 meter poie-drop

wieght 1,172 g fnciang rmemal
ard hat sweppabie:
exermal batesies)

rum commenciac
argle or it compeneation
B

nal

Up 108 hous with




(6) Total station DS

(3) mmGPS laser transmitter PZL-1

PZL-1 TRANSMITTER:
Zone Width

Zone Radius

Lazer Zane Accuracy
RTK 6PS+ Accuracy
Self-Leveling Range
Rotation Speed
Laser Class
Channels

Plumb Beam
Bluelooth

10 port

Power Supply

Operating Time
Waterproof
Operating Temp

(5) Field computer FC-500

Processar

Opersting System

Memory and
Data Storage

Camera
{Geo. Gen 3G)

Power

Ports

Wireless Connection

Cellular Connectivity
(Geo 3G oniy)

10° (0-30m), +5m (30-300m)

300 meters (985 feet)

Vertical: 1 arc second reslution
Horizontal: 10mm + 1ppm

15°

600 pm
Class 1
4

VES
VES
852420

Rechargeable Ni-MH (w/runcharge)

4D-Cell Alkaiing

about 20 hours (Al), 15
1PX6

“20°10.450°C

1 GHz ARM Corlex
ABIMXE3

Microsofi® Windows
WMobilz 6.5

512 MB RAM

8 G3 flash storage
Micro-USB

5 megapivel resclution
with autofocus and LED
flezsh with video caplue
12/22\ DG power inpul
Inteligent Li-lon battory
38V X at 108 mAh

Communication

COMI

RS-232C {D-sub Spn)
BV DC Power

LISB Host (Full &)
USB Chenl Vicro)

Blustootit®
Wi F802.11 bigh

Integraled 'Nordwide,
BOO/E50, 900, 1800,
100, 2100 M-,
UMTS/HSPA+

hours Ni-MH

(4) mmGPS laser detector PZS-1

PZ5-1
Beam Detection
Channels

1/0 port
Mounting
Waterproof
Operating Temp
Power Supply
Operating Time
Weight

ROVER SENSOR:

+10° by +10° window

4

RS-232C

5/8x11 Thread

IPX6

=20° to +50° C

BT-590 Camcorder battery
about 8 hours

about 1kg

SPECIFICATIONS
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(7) Field management software 3D-Office (8) Survey software Pocket-3D

#7TOPCON

#7 TOPCON

3D-Office Pocket-3D

Office Software

Software

Reference Manual

Reference Guide

(9) 3DMG backhoe system (10) 3DMC mmGPS motor grader system

MGC-A1 GNSS Antenna MC-R3 Machine Control Receiver T51 Tilt Sensor ) ‘
MC-R3 Machine Control Receiver

g .
. ~- . g stoo:nmleu‘n f’ A
L @ PZSMC Machine Positioning

Tone Sensor with MC-A3
GNSS Antenna

Custom Hydraulics

Slope Sensor

Mainfall Sensor
GX60 Control Box : E%

Rotation Sensar PZL-1 Pesitioning Zone Laser Transmitter

(11) 3BDMC mmGPS paver system

FZL-1 Pesitioning Zone e PISMC Mathine Positioning
Laser Transmitter ] ZTone Sensor with MG-A3
i GNSS Antenna
el AN
-

Jundtion Box Q60 Control Bax ~ MC-R5 Machine Conttrol Recefver
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(12) Construction machine KOMATSU PC-200 (13) Construction machine VOLVO G930

(14) Construction machine Voegele Super 1803-2
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2. Details of the work

2.1. Work performed

2.1.1.Preparation

(1) NCDC data reception test
Prior to the start of the pilot project, a NCDC data reception test was carried out in the

construction site as follows.

Date:
Location:

Equipment:

NCDC:

Observation points:

Thursday, October 14, 2021

ATTRIC (Automotive and Tyre Testing, Research and Innovation Center)
Sanam Chai Khet District, Chachoengsao Province

Topcon HiPerHR (GNSS receiver)

Topcon FC-500 (Controller)

IP Address 118.174.12.3

Port number 2021

Mount Point  MAX_RTCM3(MSM)_UTM48

7 reference points in the construction site

Point Name: TND16, TND18, TND22, TND24, TND26, TND28, TND30

The reception test verified that the NCDC data could be received in the construction site,
enabling VRS-RTK positioning. On the other hand, there were large errors between the current

coordinates of reference points and those measured by VRS-RTK. The following pictures and

table show the status of the reception test and the results obtained. The results of the

reception test were reported to the JICA project team and improvements were made before

the start of the pilot project. Reception test after improved is described in “2.2.2. Problems

occurred and solutions'.

Figure 2-1 Layout of the construction reference
points
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Table 2-1 Results of the reception test

Coordinates measured by VRS- Coordinates of ref_erenc_:e points in Differences
RTK construction site
Y X EL Y X EL dY dX dEL

TND16 | 1493017.289 | 773611.676 | 58.366 1493017.889 | 773611.977 | 58.699 | -0.600 | -0.301 | -0.333
TND18 | 1493426.572 | 773960.462 | 53.437 1493427.170 | 773960.345 | 53.705 | -0.598 0.117 | -0.268
TND22 | 1494167.312 | 773923.026 | 54.675 1494167.525 | 773922.577 | 54.985 | -0.213 0.448 | -0.310
TND24 | 1494113.930 | 773499.607 | 58.470 1494113.935 | 773499.400 | 58.761 | -0.005 0.207 | -0.291
TND26 | 1493596.857 | 773110.591 | 73.376 1493596.913 | 773110.834 | 73.698 | -0.056 | -0.243 | -0.322
TND28 | 1493372.017 | 772929.081 | 81.279 1493372.091 | 772929.530 | 81.596 | -0.074 | -0.449 | -0.317
TND30 | 1492864.577 | 773097.984 | 70.395 1492865.035 | 773098.613 | 70.676 | -0.458 | -0.629 | -0.281

(2) Installation of backup GNSS RTK base station
In view of the case where the provided data from NCDC stops during this pilot project, a
backup GNSS RTK station was installed in the construction site. Since this GNSS RTK base
station needs to be retained until the end of this pilot project, single pipes were used to make it
resilient. The coordinates of the GNSS RTK base station was determined by VRS-RTK using
NCDC data to ensure the consistency with NCDC data.

Date: Friday, April 1, 2022

Equipment: Topcon GR-5 (GNSS receiver)
Topcon FC-500 (Controller)

NCDC: IP Address 118.174.12.3

Port number 2021

Mount Point  VRS_RTCM3.1_UTM48
T ————— ’

Figure 2-3 Installation of backup GNSS RTK base station

Table 2-2 Coordinates of the GNSS RTK base station determined by VRS-RTK

Station name BASEGR5
Latitude 13 ©29'59.68045 "
Longitude 101 °32' 04.96802 "

Ellipsoid height 16.2203 m
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(3) Site localization *
In order to apply VRS-RTK at the construction site, localization was performed to determine
the correlation between the site coordinate system and GNSS coordinate system. For the first
localization, an NCDC mount point VRS_RTCM3.1_UTM48 was used. However, since there
were large errors at some measurement points, the mount point was changed to
NB_RTCM3.1_UTM48 to use the data of the nearby CORS stations. Then, localization was
performed again. Finally good localization results were obtained.

Date: Saturday, April 2, 2022
Equipment: Topcon GR-5 (GNSS receiver)
Topcon FC-500 (Controller)
NCDC: IP Address 118.174.12.3
Port number 2021
Mount Point VRS_RTCM3.1_UTM48,

=NB_RTCM3.1_UTM48
Measurement points: 16 reference points in the site
TNDO1, TND16, TND17, TND18, TND20, TND21, TND22, TND23,
TND24, TND25, TND26, TND27, TND28, TND29, TND30, BASEGR5
£ ]

Figure 2-4 Layout of localization points Figure 2-5 Localization work

Table 2-3 Localization results

Measurement Horizontal . Measurement Horizontal .
point error Vertical error point error Vertical error

TNDO1 0.017 m -0.005 m TND24 0.006 m 0.000 m
TND16 0.024 m -0.000 m TND25 0.022 m -0.001 m
TND17 0.014 m 0.005m TND26 0.017 m -0.003 m
TND18 0.027 m -0.011 m TND27 0.015m 0.009 m
TND20 0.014 m -0.001 m TND28 0.009 m 0.005m
TND21 0.014 m -0.000 m TND29 0.005m 0.000 m
TND22 0.017 m 0.004 m TND30 0.006 m -0.000 m
TND23 0.006 m -0.011 m BASEGR5 0.004 m 0.10

! The process of determining coordinate conversion parameters between site coordinates and GNSS
coordinates.
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(4) Installation on backhoe and adjustment
3DMG backhoe system?was installed to the backhoe3used in the slope work, and the operation
was checked and adjusted. The installation work was completed in one day; the work included
the welding of the sensor base and GNSS poles, and the installation and wiring of equipment.
After the installation, geometry measurement and accuracy check were conducted, and it could
confirm to use for 3DMG backhoe system to the slope work.

Date: Sunday, April 3, 2022 - Monday, April 4, 2022
Equipment: 3DMG backhoe system

GNSS antennas (2 units)

Tilt sensors (4 units)

GNSS control box (1 unit)

Monitor (1 unit)
Construction machine: KOMATSU PC-200

2 A guidance system that displays information on the difference between the bucket cutting edge
and 3D design data to the operator.
3 A type of Backhoe with a bucket attached facing the operator.
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Figure 2-14 Geometry measurement and sensor

Figure 2-15 Accuracy check

adjustment

(5) Installation on motor grader and adjustment

3DMC mmGPS motor grader system“was installed to the motor grader® to be used for the
subbase work, and the operation was checked and adjusted. Since a motor grader equipped
with hydraulic equipment and system wiring was used for installation, hydraulic piping and
welding work were not needed, and as a result, the installation of equipment was completed in
half a day. After the installation, geometry measurement and accuracy check were conducted,
and it could confirm to use for 3DMC mmGPS motor grader system to the subbase work. As
regards the hydraulic pressure adjustment, only the initial setting was conducted, and the final
adjustment was made before the construction while listening to the opinions of operators.

Date: Wednesday, April 27, 2022
Equipment: 3DMC mmGPS motor grader system
GNSS antenna (1 unit)
mmGPS laser detector (1 unit)
Mainfall sensor (1 unit)
Rotary sensor (1 unit)
Slope sensor (1 unit)
GNSS control box (1 unit)
Monitor (1 unit)
Construction machine: VOLVO G930

W

Figure 2-16 Monitor

%

N

Figure 2-17 Control box Figure 2-18 Hydraulic valve

4 A system that automatically controls the height of machine blade based on the difference
between the machine blade edge and 3D design data.
> A type of construction machine used for land grading.
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Figure 2-19 mmGPS laser detector Figure 2-20 Mainfall sensor

Figure 2-22 Blade rotation . Figure 2-24 Geometry
Figure 2-23 Drawbar center check
check measurement

Figure 2-25 System operation check Figure 2-26 System accuracy check

(6) Installation on paver and adjustment
The 3DMC mmGPS paver® system was installed to the asphalt paver’ to be used for the paving
work, and the operation was checked and adjusted. Since a paver equipped with a pole base
for the installation of GNSS antennas was used, welding work was not needed, and as a result,
the installation of equipment was completed in one day. After the installation, geometry
measurement and accuracy check were conducted, it could confirm to use for 3DMC mmGPS
paver system to pave work. In adjusting the hydraulic pressure, the operation was checked
with the initial setting, and then adjusted so that the left and right control speeds were the
same.

6 A system that automatically controls the height of machine screed based on the difference
between the machine blade edge and 3D design data.
7 A type of construction machine used for asphalt paving work for road.
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Date: Wednesday, June 15, 2022

Equipment: 3DMC mmGPS paver system
GNSS antennas (2 units)
mmGPS laser detector (2 units)
GNSS control box (1 unit)
Monitor (1 unit)

Construction machine: Voegele Super 1803-2

TPy
[Ilﬂi’ 2

Figure 2-27 Installing Figure 2-28 Installing mmGPS Figure 2-29 After installing mmGPS
antenna poles laser detector laser detector

i

Figure 2-30 Installing Figure 2-31 Connecting the left  Figure 2-32 Connecting the
controller control connector right control connector

Figure 2-33 Measuring the left Figure 2-34 Measuring the right Figure 2-35 Geometry
screed screed measurement results
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Figure 2-36 Left control gauge Figure 2-37 Right control gauge Figure 2-38 Right and left control
speed adjustment work

(7) Preparation of 3D design data
3D design data to be used in the slope, subbase and paving work were prepared on the base of
changing point data in design values. 3D design data for the slope construction was created
from 326 changing points data, and had a width of 86 m, a slope length of 7 m, and 2 steps
slope.
3D design data for roadbed work and pavement work was based on the surface layer design
data, and the construction target height was set for each using the height offset function of the
3DMC software, and the common 3D design data was created from the 189 changing points
data.
The surface design data was a wide of 8m, total length of 62m with slope of 2.5%.

Figure 2-39 Slope work area Figure 2-40 3D design data for the slope work
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Figure 2-42 3D design data for the slope and paving work

2.1.2.Implementation

(1) Slope work
There was a regulating reservoir at the site, and the slope of the regulating reservoir was

shaped using 3DMG backhoe system. In the conventional method, reference stakes are set to
indicate the cutting position and the gradient and length of the slope for the operator before
slope shaping. 3DMG backhoe system used this time has a GNSS receiver installed in the
backhoe and obtains the coordinates of the bucket edge® through RTK real time positioning.
Based on the bucket edge coordinates and the 3D design data, those differences are calculated
and displayed on the display. The operator checked this displayed data and could operate the

backhoe and shape the slope even without reference stakes.

Date: Monday, April 25, 2022 - Wednesday, April 27, 2022
System used: 3DMG backhoe system
Design data: 3D design data for the slope work

Construction machine: KOMATSU PC-200

The operation of the 3DMG backhoe system was checked before the slope shaping.

8 The backet edge of backhoe.
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With the check pile installed in the site at the cutting position, the bucket edge coordinates
were conﬁ_rmed to be appropriate.

T

R VIR TRV

Figure 2-43 confirm of bucket edge coordinate Figure 2-44 confirm of cutting position on
the slope shoulder

After the instruction of 3DMG backhoe operation to the operator, the slope shaping work was
started.

Figure 2-45 System instruction Figure 2-46 Operation instruction

i i

Figure 2-47 Slope shaping 1 Figure 2-48 Slope shaping 2

The slope shaping was performed smoothly without reference stakes.
Furthermore, it was found that omitting stake implementation could lead to reduced working
hours.

Figure 2-49 After slope Figure 2-50 After slope shaping Figure 2-51 After slope
shaping 1 2 shaping 3
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The subbase work was performed on the access road between facilities using 3DMC mmGPS
motor grader system.

In conventional method, reference stakes should be set to indicate the target height for the
operator. In the 3DMC mmGPS motor grader system used this time, GNSS receiver and a laser
detector for improving height accuracy are installed on the motor grader, and horizontal
coordinates are measured by RTK measurement and the elevation by laser measurement to
obtain highly accurate blade edge® position data in real time. Then, the design gap is calculated
from the blade edge position and the 3D design data, displayed on the monitor. And the blade
edge height is adjusted by controlling the hydraulic valve so that the design gap will be zero.
The operator checked this data and could shape the subbase while monitoring the design gap
without reference stakes.

Date: Friday, April 29, 2022 - Saturday, April 30, 2022
System used: 3DMC mmGPS motor grader system
Design data: Surface layer 3D data

Construction machine: VOLVO G930

The 3DMC mmGPS motor grader system was inspected before shaping the subbase.
After checked that there was no problem through the inspection, mmGPS laser transmitter®
was set up in the construction site, and then the construction was started.

Figure 2-52 Pre-construction Figure 2-53 mmGPS laser Figure 2-54 Start of the
inspection transmitter subbase work

To shape the subbase, crushed stones were spread and then cut off 8 cm. The operator could
concentrate on checking the safety of the surroundings and the movement of the blade.

The subbase was shaped appropriately without reference stakes.

Furthermore, it was found that omitting stake process could lead to reduced working time and
enhanced safety.

° Both ends of motor grader's blade.
10 A type of rotating laser that emits a wide laser beam in the vertical direction.
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- @ Cut 8 cm

Design Height

Figure 2-55 Grading crushed stones and shaping the subbase

Figure 2-56 Subbase work Figure 2-57 Subbase work Figure 2-58 Subbase work
(Grading) (Operator) (Shaping)

Figure 2-59 Completion of the subbase work Figure 2-60 Shaped subbase

After completing the work, the shaped subbase surface was checked. With conventional
method, the checking can be conducted only at positions where the design height has been
calculated beforehand. With the use of the 3D design data, however, the checking could be

performed at any positions. This also turned out to contribute to the shortening of working
time.
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Figure 2-61 Grading check 1 Figure 2-62 Grading check 2 Figure 2-63 Grading check 3

(3) Paving work
The paving work was performed using the 3DMC mmGPS paver system on the access road
where the subbase work was performed. In conventional construction, guidelines to show the
reference height of the screed!! were needed to set up before starting the paving work.
In the 3DMC mmGPS paper system used this time, GNSS receivers and laser detectors for
improving height accuracy are installed on the right and left edges of the screed, and the
horizontal coordinates are measured by RTK measurement and the elevation by laser
measurement. Thus, the real time positions of the right and left edges of the screed are
obtained with high accuracy. Then, the design gap is calculated from the edge positions and
the 3D design data, displayed on the monitor, and sent to the paver as height control data.
With this height control data, the paving work was carried out successfully without the

guidelines.

Date: Monday, June 27, 2022
System used: 3DMC mmGPS paver system
Design data: Surface layer 3D data

Construction machine: Voegele Super 1803-2

A mmGPS laser transmitter was set up in the paving site, and the 3DMC mmGPS paver system
was inspected. After checked that there was no problem, the paving work was started.

Figure 2-64 Subbase before Figure 2-65 mmGPS laser Figure 2-66 Guide line
being paved transmitter

8-meter-wide lane was divided into two lanes, Lanes # 1 and #2, and paved 4 meter wide
each.

1 The part of a paver machine that paves the asphalt materials.
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For paving Lane # 1, mmGPS was used on both of the right and left sides of the screed to
precisely control the height. For Lane # 2, the height of the finished Lane # 1 as well as
mmGPS on the opposite side were used to precisely control the height.

Figure 2-69 Paving of Lane Figure 2-70 Paving of Lane # 1
#1 finished

Figure 2-71 Checking Paved Figure 2-72 Paving of Lane Figure 2-73 Paving of Lane
height # 2 # 2 finished

Figure 2-74 Compaction Figure 2-75 Compaction 2 Figure 2-76 Paving finished
work 1
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The paving work was carried out successfully, revealing that the work can be performed
smoothly without set up guidelines.

It was also found that omitting set up guidelines could lead to reduced working time.
Furthermore, it was found that without the guidelines set up around the feet, the safety and
work efficiency are also expected to improve.

2.1.3.Results

It was confirmed that the use of the ICT construction was expected to have the following three

advantages.

(1) Reduced working time
The construction workflow of the ICT construction is different from that of the conventional
method in the following points. In conventional construction, the design data is presented
in a form of a printed materials or printable CAD data. Then, reference stakes are set to
indicate the design data in the field before starting construction. The quality and working
time vary depending on the operator's skill, and construction works repeated of those
process. On the other hand, in the ICT construction, design data is presented in a form of
3D digital data. Then, this design data is sent to the ICT construction machine, enabling
the real time provision of operation instructions to the operator and the automatic control
of the blade in operation.
Therefore, the process to install reference stakes to indicate the design data, which used to
be required in conventional construction, can be omitted. Furthermore, construction

checking is also performed simultaneously.

Conventional | Repeating Task |

Drawing | Adjust Grading ) il _ As build
[ design } Stakeout | [elevation by manual | ' Chec.l;___ Inspection
% / ~

ICT Construction Reducing operation steps and Repeating Task.

6 ) @<

Figure 2-77 Comparison of construction workflows
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The table below compares the workflows between conventional construction and the ICT

construction for slope work, subbase work and paving work.

Table 2-4 Comparison of the workflow for slope work using 3DMG backhoe system

Workflow

Conventional construction

ICT construction

Design data

Printed materials or printable CAD data

3D data

Setting slope
stakes

Required

Not required

Slope shaping

Shaped in accordance with slope stakes
Operators intuitively slope construction
between slope stakes.

Shaped in accordance with the displayed
design differences

The design differences can be displayed
anywhere.

Checking

Required survey workers

Design differences can be confirmed
anytime.

Table 2-5 Comparison of workflows for subbase work using 3DMC mmGPS motor grader system

Workflow Conventional construction ICT construction

Design data Printed materials or printable CAD data 3D data

Setting Required Not required

reference

stakes

Subbase graded in accordance with reference stakes |The system automatically controls the

grading Operators intuitively grade construction blades.

between reference stakes. Can be graded same level of quality

anywhere.

Checking Required survey workers Design differences are always displayed on
the monitor.

Table 2-6 Comparison of the workflow for paving work using 3DMC mmGPS paver system

Workflow Conventional construction ICT construction

Design data Printed materials or printable CAD data 3D data

Setting Required Not required

guidelines

Paving Automatic control based on guidelines The system automatically controls the
screed.

Checking Required survey workers Design differences are always displayed on

the monitor.

Using the ICT construction will cut the processes of setting slope or reference stakes and
guidelines, and the project term is expected to be shortened. It is generally thought that a
reduction of construction terms about 30% can be expected.

Project Term
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(2) Reducing initial implementation costs
It was confirmed that by receiving RTK correction data from NCDC, RTK positioning can be

performed without the user having to prepare GNSS RTK base station.
If the user does not prepare GNSS RTK base station, it can be expected that the initial cost
and maintenance cost required for GNSS RTK base station equipment will be reduced.

Not necessary
S~
T S

w

P\

1

Figure 2-79 Reduce initial implementation cost

(3) Enhanced work safety
Since the work to set up reference stakes, which needs to be carried out in conventional

construction, is omitted, contact accidents between workers and construction machines are
avoided. In addition, this contributes to the prevention of infections including COVID-19 by
reducing opportunities for workers to contact one another. The safety in the construction field

is likely to improve as a result.

Figure 2-80 Enhanced work safety
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2.2. Use of NCDC

2.2.1.Details of the NCDC data used

NCDC was used as follows.

Table 2-7 NCDC data used

IP address 118.174.12.3

Port 2101
MAX_RTCM3(MSM)_UTM48

Mount point VRS_MSM5_UTM48
NB_RTCM3.1_UTM48

User name togawa

Period of use

October 14, 2021 - October 14, 2021
April 1, 2022 - May 4, 2022
June 13, 2022 - June 30, 2022

RTK/ Post processing

Real time

Satellite systems used

GPS, GLONASS

2.2.2.Problems occured and solutions

In the NCDC data reception test on Thursday, October 14, 2021, large errors were found in

coordinates measured by VRS-RTK. Therefore, the NCDC data reception test was conducted

again.

In addition to VRS-RTK, measurement was performed by RRS-RTK and Local-RTK at the

same time in this data reception test to confirm the stability of VRS-RTK.

Date:
Location:

Equipment:

NCDC:

Observation points

Tuesday, April 26, 2022

ATTRIC

Sanam Chai Khet District, Chachoengsao Province
Topcon HiPerHR (GNSS receiver)

Topcon GR-5 (GNSS receiver)

IP Address 118.174.12.3
Port number 2021
Mount Point MAX_RTCM3(MSM)_UTM48

3 points in the site

Observation method: RTK (Baseline 38 m)
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Figure 2-81 Observation status

The simultaneous observations were continued for about 1 hour and 30 minutes, and the
horizontal coordinates and heights measured by each method were recorded. The following
figures show the results of the observations.

RTK (Horizontal)
015

04 Std Dev
X:0.002
005 Y:0.002

Figure 2-82 Results of Local-

RTK

RRS (Horizontal)
0:15-

Std Dev
o X:0.012
Y:0.014

Figure 2-83 Results of
RRS-RTK

015

VRS (Horizontal)
015
Std Dev
01 X:0.023
Y:0.019

o4

Jump
-0.15
VRS (Height) Std Dev 0.074

03 Float

-0.1 150110 200 R50B00 50

0.3
05

Figure 2-84 Results of
VRS-RTK

The standard deviations in the RRS-RTK and VRS-RTK positioning were approximately 7 to 10
times larger than those in the Local-RTK positioning. In addition, in the VRS-RTK positioning,
the solution resulted in float, and it found that jumps were occurred in the horizontal

coordinates.

Results were reported to NCDC WG, then and 3 new CORS stations (BPLE, PNNK, SNCK)
close to the construction site of use were added to the network for improvement.
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Figure 2-85 3 CORS stations added (Source from Open Street Map)

The NCDC data reception test was performed again with the improved network.

Date: Thursday, June 16, 2022
Location: ATTRIC
Sanam Chai Khet District, Chachoengsao Province
Equipment: Topcon HiPerHR (GNSS receiver)
Topcon GR-5 (GNSS receiver)
NCDC: IP Address 118.174.12.3
Port number 2104

Mount Point VRS_MSM5_UTM48
NB_RTCM3.1_UTM48
Observation points: 3 points in the site
Observation method: RTK (Baseline 38 m)
RRS-RTK (Baseline 10,640 m)
VRS-RTK

Figure 2-86 Observation status
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The standard deviations in the RRS-RTK and VRS-RTK positioning were improved to
approximately 5 times those in the Local-RTK positioning, and VRS-RTK positioning, fixed
solutions were obtained constantly.

RTK(Horizontal) RRS(Horizontal) VRS(Horizontal)
0.15 0.15 0.15
Std Dev Std Dev Std Dev
0.10 X:0.002 0.10 X:0.011 0.10 X:0.010
Y:0.003 Y:0.012 Y:0.010

0.05 0.05 0.05

0.00 L ] 0.00 ‘ 0.00 '
y 0.05

-0.15 -01
-015 -0.10 -005 000 005 010 015

-0.1

5 5
015 -0.10 -0.06 000 005 010 015 0.15 -010 -005 000 0.05 010 0.15

RTK(Height) RRS(Height) VRS(Height)
0.50 0.50 0.50

095 Std Dev H:0.008 05 Std Dev H:0.044 025 Std Dev H:0.036

0.00 0.00 WWWWM 0.00

-0.25 -0.256 -0.25

-0.50 -0.50 -0.50
1 3601 7201 10801 1 3601 7201 10801 1 3601 7201 10801

Figure 2-87 Results of Figure 2-88 Results of Figure 2-89 Results of
Local-RTK RRS-RTK VRS-RTK

This data reception test has verified that RTK positioning will be stabilized when the number

of CORS stations increases in NCDC CORS network.

Continuous and stable RTK positioning is required for the ICT construction. Therefore, when

using NCDC data to ICT construction, a reception test should be performed in advance to

verify the stability of RTK positioning.

2.3. Other related activities

A site tour was held to introduce ICT construction and NCDC to government officials and
private companies. A larger number of people than expected applied to the site tour,
indicating a high level of interest. In the site tour, introduced ICT construction and NCDC

were introduced, and ICT construction equipment actually used in this project was

demonstrated.
Date: Wednesday, June 22, 2022
Location: ATTRIC

Sanam Chai Khet District, Chachoengsao Province
Participants: 92 people

Government agency 12 organizations

Academic institution 2 universities

Private companies 21 companies
Equipment: Topcon GR-5 (GNSS receiver)

Topcon 3DMG backhoe system

Topcon 3DMC mmGPS motor grader system

Topcon 3DMC mmGPS paver system
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Figure 2-92 Demonstration with real ICT Construction machines
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Figure 2-94 Leaflet of this site tour (Source from Google Map in the right-side leaflet)

ICT Construction seminar was held at Kasetsart University for civil engineering graduate
students, graduates, and general participants. Audiences were solicited as part of Kasetsart
University's 20th anniversary event, and this seminar was attended by a larger number of
people than expected. The seminar introduced ICT construction and NCDC / CORS network as
well as new technologies used in ICT construction.

Nishio rent all & Topcon presented on ICT construction and prepared actual equipment for
ICT construction, then explained more details to participants.

In addition, also prepared equipment such as GNSS, robotic total station and Laser Scanner

that will be do hand-on session, participants experienced new ICT construction products.
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Date : Saturday , September 9 2023
Location : Kasetsart University
50 Ngamwongwan Rd, Chatuchak Bangkok 10900 Thailand
Participants : 121 people
Government agency 9 organizations

Academic institution 2 universities
Private companies 4 companies
Equipment: Topcon HiPerHR (GNSS receiver)
Topcon LN-150 (Robotic Total Station)
Topcon GLS-2000(3D Laser Scanner)
Topcon IP-S3 (Mobile Mapping System)
TOPCON 3DMC/3DMG (Machine Control System/Machine Guidance System)

Figure 2-95 Explanation of Figure 2-97 Explanation of

ICT-Construction 3DMC

Figure 2-98 Explanation of 3D| Figure 2-100 Explanation of
Laser Scanner Robotic Total Station

Figure 2-101 Group Photo
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3. Way forward

3.1. Future outlook of the business using NCDC

The advantages of utilizing NCDC data for users are that they do not need to make an initial
investment necessary for the installation of GNSS RTK base stations and can cut working
time. Users can easily understand the advantage of not requiring initial investment, since they
need to initially make investments in the ICT construction machines for utilizing the ICT
construction and want to keep the initial investment cost as low as possible. As for the
working time, field workers who perform daily preparation work realize the advantage. In
addition, not installing GNSS RTK base stations will bring about unexpected benefits: such as
in the transportation of equipment and materials, charging of batteries, securing storage
sites, and occupation of construction reference points.

Since ICT construction has not yet been introduced to the Thai market, we would like to first
explain its benefits to private companies and construction companies and use it in
promotional activities to introduce ICT construction. During the awareness promotion, we
would like to look for users who are interested and who are willing to collaborate with us on
trials, and we will make ICT implementation results with them. At that time, we would like to
consider renting ICT construction equipment and providing technical support as a means of
reducing initial investment. We believe that it will take time for ICT construction to become
commonplace, but we hope that it will gradually become more widespread ICT construction
as the working population decreases, NCDC becomes more common, and human resources

development progresses.

3.2. About NCDC
1) Good points using NCDC

There were three main advantages of using NCDC.

(1) Not requiting GNSS RTK base stations
Since it was not necessary to establish GNSS RTK base station, the initial investment
cost and working time for the installation of the GNSS RTK base station were cut out.

(2) Not requiring radio equipment
Since there is no need radio equipment to send/receive RTK correction data, costs can
be reduced and the risk of radio interference can be eliminated.

(3) Applicable in a wide area
Since NCDC can be used wherever mobile networks are available, there was no need

to take into consideration buildings or terrain that could interfere radio waves.

Page | 32



Case of without using NCDC data

@® Set up GNSS RTK base in the construction aera.
@ Transmit GNSS correction data from GNSS RTK base to RTK rover.
® Take into consideration buildings or terrain that could interfere radio waves.

/ ‘.bi RTK COrre . -
f “\\ Ction dats b

Case of using NCDC data

No need to set up GNSS RTK base in the construction aera.
Can receive GNSS correction data via mobile network.
No need to take into consideration buildings or terrain that could interfere radio

waves.

CRCNC)

Figure 3-1 Advantages of using NCDC
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2) Issues to be solved

NCDC is indispensable infrastructure for Thailand to develop further. In order to make NCDC
available to as many users as possible, the following three points should be covered.

1)

(2)

(3)
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NCDC data should be available anywhere in Thailand

Construction work is being carried out in various locations in Thailand.

CORS do not cover all of Thailand. By increasing the number of CORS and making it
available anywhere in Thailand, it is expected that the number of users using NCDC

will increase.

GNSS correction data should be available at any time in a stable

Construction work is carried out day and night depending on the site environment and
conditions. It is necessary to solve the problem that accuracy getting worse depending
on the time of day. It is expected that the number of users using NCDC will increase

when it can be used with stable accuracy at any time.

Creating the ICT construction opportunities for everyone

The site tour and the ICT construction seminar have revealed the high interests in it,
the reality is that ICT construction has not been introduced yet in Thailand (Only a few
cases have been used in Thailand). If the ICT construction opportunities are provided
cooperate from Government/Private/Academic sectors, the number of GNSS used case

will increase, and NCDC users will also increase accordingly.

Figure 3-2 Case of using NCDC DATA to the construction sector



3) Request for improvement

At construction sites, constantly stable positioning is required. The GNSS data reception
tests conducted this time confirmed that increasing the number of reference stations (CORS
base stations) in the VRS network increases stability. Although, it is difficult to increase the
number of CORS stations immediately, the desirable way is to increase the number of CORS
stations starting with areas where periodic maintenance is required, such as areas where
large-scale construction work is underway, airports, and highways.

.: ¥ Adding three more reference points
ok e 7
R | é/\»«-v.\‘r'""“" C
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Figure 3-3 Effects of increasing CORS stations
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Conclusion

In this pilot project, the ICT construction was performed using GNSS correction data
distributed from NCDC, and the difference in work efficiency from conventional construction
was evaluated. In conventional construction, reference stakes should be placed to indicate the
design data before starting the construction. Furthermore, the construction status should be
checked during work manually. The construction and checking are carried out repeatedly, and
this repetitive work depends on the skill of operators. On the other hand, in the ICT
construction, since the design data is registered in the ICT construction machine, the staking
process for indicating the design data can be omitted. In addition, since checking is carried
out at the same time while the construction work is in progress automatically, repetitive work
does not occur. This shows it is expected that the reduction in working time for the staking
will shorten the construction term. The ICT construction is expected to work effectively in
solving conceivable problems of decreasing working population and lack of skilled operators in
Thailand. The more the ICT construction is applied, the more people use NCDC, and that will
expand CORS network. We are confident that this continuous positive spiral will promote the
infrastructure development in Thailand while bolstering the productivity of construction work,
and that the Thailand 4.0, Thailand policy, will be achieved as a result.

In order to spread the ICT construction, which is the catalyst for this positive spiral, we
consider it is essential to deepen the understanding about the ICT construction by
establishing systems under the support from the government and by developing human
resources. We will continue initiatives to raise awareness about the ICT construction to

contribute to the spread.
In conclusion, we would like to express our heartfelt gratitude to The Nippon Road Co., Ltd.

and Thai Nippon Road Co., Ltd., which have provided significant cooperation in implementing

this pilot project.

End of Report
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1. Overview of the pilot project

1.1. Name of the pilot project

EN: Using NCDC* to increase the product yield in supply chain management in the
cassava industry

TH: nsld NCDC* wiaiinnanan lumsdansvihi ldoumnuTuanannnssusiuduwas

1.2. Background and purpose of the pilot project

Cassava is one of main economic crop for Thailand. It is harvested and produced from
area covering around 8.75 million [Rai] with production capacity of 31.104 million tons.
Therefore, the production of cassava per [Rai] is 3.56 tons. From 2019-2020, it is
reported that the production area of cassava in Thailand increases gradually but the
production per area [Rai] also gradually decrease around 1 percent also. Thus,
agricultural precision technology is needed to manage the growth quality of cassava, the
harvesting and logistics from cassava farm to factory.

The pilot ideas for utilizing the Data from NCDC for cassava farming by developing the
BIOMATLINK-BOX module that receive and incorporate the data from NCDC in order to
utilizing the high precision for smart cassava farming application. Then, the data will be
collected and analyzed in data management system in cloud database server for whole
chain total solution of cassava plantation from the field as “Whole Chain Total Solution,”
where the data will be collected from planting stage to harvesting stage.

Therefore, the scope of our pilot project to implement NCDC data can be divided into
3 main stage, which are (1) planting stage (2) treatment stage, and (3) logistic stage
where the planting stage will use NCDC data along with GNSS receiver in cassava farming
activities such as specify the cassava plant location during planting or even tracking the
route path of the tractor by mean of high precision point from NCDC through GNSS
receiver. Thus, near-real time farm data visualization and monitoring will develop to
display the data.

As for the treatment stage, the high precision from planting stage can be used for
fertilizing, surveying, and treatment cassava. The NCDC data will be used for navigating
to the cassava location for treatment services such as fertilizing, health checking, and
data collecting. All data collected in this stage will be visualized in the central monitor.

In logistic stage, harvested cassava transportation at the purchasing point and
tracking of truck route will implement the NCDC data to manage the logistics of the fleet
for estimation of cost and time for efficient transport of cassava. In addition, the
application for tracking and notifying along the transportation process will be developed
when the truck arrives at the specific area, it will be alert to the driver or central monitor.
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The outcome of the pilot project is the data that can provide yield increased from the
use of these services and can be used to inform the estimated earnings on the day of
harvesting. Thus, the whole value chain of smart farming can be realized by the
implementation of NCDC data.

1.3. Brief description of the pilot project

To develop the module named BIOMATLINK-BOX that used NCDC data in supply chain
management from the planting stage to harvest logistic stage. Data from all stages will
be collected and displayed on sever dashboards.

(1) Planting Stage: used NCDC for identifying the cassava tree location, tractor route,
count the cassava tree and estimate the yield in the field.

(2) Treatment Stage: used NCDC for navigating to the cassava tree for treatment
service and data collection.

(3) Logistic Stage: used NCDC for tracking the harvested cassava in our own digital
purchasing point area.

1.4. Implementation period
Preparation: JUN 2022 - MAR 2023
Work at the site: JAN 2023 - OCT 2023
Reporting: SEP 2023 - NOV 2023

Table 1-1 Plan and actual of the schedule

] 2022 2023
Work ltems/ Year & Month Pragr
Ts]e]se[7[e]s[o[n]e[t[2a]3]e][s5]c][7[e]e][n][n]e
Pl
Sign a contract with Pasco = 100.0% -
Actual ‘
Preparation of the pilot project 100.0%
Pl
Making a pilot project implementation plan [ 100.0%
Actual
. . Plan
Export/import of equipment e 100.0%
Actual
Arrangement of the field to perform the pilot project (2.g. Acquisition of | Plan 100 0%
the permission from field owner, etc_) Actual e
Performance of the Pilot Project 100.0%
Plan
Preparation and calibtation equipment for the pilot project 100.0%
Actual
Plan
Equipment Installation ! 100.0%
Actual
. Plan
Trial test run and collecting data at the site ! 100.0%
Actual
Pl
Report the output of the project [ 100.0% m
Actual
JICA seminar, Presentation material, Case study leaflet, Pilot
project i ion report
Site tour I
JICA seminar(2 times} I(F\an)
Final deadline of Case study leaflet (promotion material) |
Final deadline of Pilot project implementation report | ‘
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1.5. Location of the pilot project site

Address: BIOMATLINK DIGITAL PURCHASING POINT, 449/1 Moo 3, Tung Pra Ya sub-
district, Sanam Chai Khet district, Chachoengsao province 24016

Google Map URL: https://maps.app.goo.gl/ZoZodx65LGUnFbLZA

am§|,lf;aiqaplﬁu
| @lnuas BioMatlink

JaualAnrian &
-~

=

~
o ALLSIC R S
L-nhruu‘tu":iue., T
ot s

Google

.-

sumw ©2023 CNES / AirbusMaxar Ted'\m\oqresﬁégalnuuﬁ 2023

Image Source: Google Maps

Figure 1-1 Location of the pilot project site

1.6. Members/ Technical instructors

The members listed below performed the pilot project.
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Table 1-2 List of members/technical instructors

NO.

Name

Company

Role

Dr.

Thanika Chintanapunt

Mr.

Chaiwat Bootchai

Mr.

Surached Teebuaban

Ms.

Walaiphan Wattanabenjaphat

Mr.

Nisit Chobdamrongtham

Mr.

Nattayut Phengcharoon

Mr.

Nonthawat Kittiwatcharapong

Mr.

Karintorn Srichankum

Mr.

Narat Kilnchajon

BIOMATLINK Co., Ltd.

Project Owner

Technical Leader/
Project Manager

Operation
Engineer

Project
Coordinator

Project
Coordinator

Logistic

Data Collection

Data Collection

Farmer
Coordinator

10

Dr.

Suparat Bootchai

11

Mr.

Pharan Chawaphan

12

Mr.

Tawan Katduang

Technical Education,
Rajamangala University
of Technology
Thanyaburi

Research
Consultant

Mechatronics
Consultant

Electrical Device
Consultant

13

Dr.

Ananchai Ukaew

DRIVE Center, Naresuan
University

Consultant of
Connected
Vehicle
technology,
Robot Farming

14

Mr.

Prasert Wiangsukphaiboon

Nakra Microtek Co.,Ltd.

Consultant of
GNSS RTK
products R&D
include Low cost
RTK survey
rover, RTK base
station,
supported QZSS,
GPS, Glonass,
Galileo.
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1.7. Equipment used for the pilot project

For the pilot project we developed two BIOMATLINK-BOX to solve our problems. The
equipment listed below was used for the pilot project.

Table 1-3 List of equipment used.

i Remarks (specifications,
NO. Name Quantity
usage, etc.)
1 Pocket WIFI + SIM CARD 2
2 Yearly sim card 2
3 Battery 8
4 Battery board 4
5 Mini fan 6
6 Step down dc-2-dc 2
7 Power switch 2
8 IR Sensor 2 | Detecting the cassava tree
Tractor equipment for
9 Cassava tree planter machine 1 | ridging tillage with planting
the cassava tree
10 Node MCU v2 4 Communicate between RTK
module
11 U-Blox GNSS module 2 | Antenna
12 GNSS RTK Module 2 | PANTAI RTK - PRML2
13 Miscellaneous
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2. Details of the work

2.1. Work performed
2.1.1.Preparation

To perform the pilot project work, we had prepared the following sections:
BIOMATLINK-BOX, Planter Machine, Central Monitor, and Pilot Field Area.

BIOMATLINK-BOX

To make use of the NCDC data, we developed a device named BIOMATLINK-BOX for
receiving the precise coordinate data from NCDC and transmitting coordinate data to our
cloud database then displaying the device status. The main component of BIOMATLINK-
BOX contains (1) GNSS RTK Module that can communicate to NCDC, (2) GNSS Antenna
which is installed on the tractor or tripod for route tracking, (3) Node MCU which is the
IoT programmable device for communicating between RTK Module via REST and central
monitoring via API, and (4) the cassava tree counter sensor (optional) which is the
optional when the job needs to count the cassava tree then we can connect the sensor
to the BOX. All components are shown in Figure 2-1. And the example of developed
BIOMATLINK-BOX module is shown in Figure 2-2.

Driver/User

Tractor
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. o -~m BIOMATLINK-BOX
Weh Application

(4) Counting sensor

(2) GNSS Antenna

(3)

Arduino

Get coordinate data via API
http://ip:3000/atatus

(1)
GNSS RTK Module

Upload data

Figure 2-1 BIOMATLINK-BOX components.

Cloud Database

Monitoring team

Central Monitor to visualize all items




Figure 2-2 BIOMATLINK-BOX module.

Planter Machine

We developed the ridge tillage with cassava tree planter machine that can be equipped
to any tractor as shown in Figure 2-3.
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Figure 2-3 Developing the ridge tillage with cassava planter machine (planter machine).

This machine will connect with the tractor like the sugarcane planter, but it is designed
for cassava planting. To receive the NCDC data, we must install the antenna of
BIOMATLINK-BOX on the tractor and if we want to count the cassava tree, we must
install the cassava tree counter sensor on the planter machine.

Figure 2-4 (A) Installing the antenna of BIOMATLINK-BOX on tractor, and (B) Installing
cassava tree counter sensor of BIOMATLINK-BOX on planter machine.
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Central Monitor

We developed the central monitoring of the data collected from BIOMATLINK-BOX at
https://senku.biomatlink.com. Once the BIOMATLINK-BOX is active, it will be sent the
device status and location data to the could database via API. Then the dashboard will
visualize the data that is stored on cloud server as shown in Figure 2-5.
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Figure 2-5 Central monitor dashboard site.

Pilot Field Area

We had 2 sites for comparison on the same pilot site area. (1) Conventional field which
used of conventional method survey by using mobile GPS device, and (2) BIOMATLINK
field which used of NCDC data. Both sites used 1 rai area for cassava planting. The
arrangement of the field area is shown in Table 2-1.

Table 2-1 Field arrangement.

Conventional Field BIOMATLINK Field
e Soil preparation e Soil preparation
. Cfassav?cl cutting preparation e Ridge tillage + Planting cassava
 Ridge tillage tree by planter machine

e Planting cassava by human

Humans collect the coordinate by using BIOMATLINK-BOX receive the coordinate
Mobile GPS location from NCDC CORS
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https://senku.biomatlink.com/

We started land clearing from the rubber tree forest in January 2023. Then, prepared
soil preparation for the cassava field in April 2023, and started planting in May 2023. All
pilot field areas are located in the BIOMATLINK Cassava Demonstration Field. The
conventional field (A) and BIOMATLINK field (B) are shown in Figure 2-6, they are on
the same area of 1 Rai.

The BIOMATLINK’s Cassava demonstration field (C) in Figure 2-6 is the cassava
planting field before applying the NCDC. This field was prepared for research and
demonstration to the farmers in Sanam Chai Khet sub-district. We used this area under
different conditions of treatment. This area is split into 6 fields of 1 Rai each.

Figure 2-6 Pilot field area (A) Conventional field (B) BIOMATLINK field,
and (C) BIOMATLINK'’s Cassava demonstration field.

2.1.2.Implementation

We implemented this pilot project by applying the BIOMATLINK-BOX that used NCDC
data along in the supply chain into 3 stages: (1) Planting Stage (2) Treatment Stage,
and (3) Logistic Stage. The BIOMATLINK-BOX had a user interface for interacting and
communicating with the central monitor. For each stage, we used central monitoring to
visualize the coordinates data from BIOMATLINK-BOX. The overall use of NCDC data by
BIOMATLINK-BOX and its” application is shown in the following Figure 2-7.
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U) BIOMATLINK BOX

Planting + Tracking + Counting

Hardware

S e

Treatment Services Location

LOGISTIC STAGE

Logistic Check -point

Antenna of
NCDC RTK Receiver

Figure 2-7 The use of NCDC data by BIOMATLINK-BOX in each implementation stage.

(1) Planting Stage

We equipped the BIOMATLINK-BOX with the cassava tree counter sensor into the
planter machine and put the GNSS antenna on the tractor. Then we set up the working
field on web application in the mobile phone that connects to the BIOMATLINK-BOX. The
tractor driver pressed the start button on the web application and then started cassava
planting. The web application of BIOMATLINK-BOX is shown as BIOMATLINK BOX
Interface in Figure 2-8, and the setup of this stage is also shown in Figure 2-8.
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BIOMATLINK BOX

BIOMATLINK ~ Box ))) Application and Installation for planting + tracking + counting cassava
)

Interface

Antenna of
NCDC RTK Central Monitor of the service
Receiver route and plantation point

Agri DEMO Day #1

Planting
detector

Figure 2-8 The use of NCDC data for planting stage.

In this stage, the BIOMATLINK-BOX communicates with the GNSS receiver to get the
data from NCDC and then transmits the data to the cloud database. The data that this
stage collected are:

e Route coordinates. It will be shown as a near real-time working route path on
the central monitor.

e Planting point coordinates. They represent the cassava tree location stored as
latitude and longitude when it was planted. The cassava tree location will be
shown as a near real-time green dot over the route path on the central
monitor. These coordinates will be counted as planted cassava for yield
estimation on the central monitor.

e Planting point locations. They are labeled cassava trees by number. This will
guide the treatment team in the treatment stage for cassava services.

Once the planting machine is working, the central monitor will calculate the useful
information for the monitoring team. The calculated data attributes are:

e Planting progress. We had pre-calculated the number of cassava trees by area,
thus in the central monitoring we can show the planting progress for the
monitoring team.

e Distance progress. From the coordinates data, we can calculate the working
distance of our driver as well.

e Yield estimates. Once the cassava is planted, we can calculate the vyield
estimates for our monitoring team. This will be summarized for the whole
cassava field that we managed.
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All visualized items were shown in the central monitor developed by BIOMATLINK
team. The sample of central monitor screen is shown in Figure 2-9.

Pilot field test #1

The test of planting machine equipped with BIOMATLINK-BOX device #2. This is a part of BioMatLink's Research,

Map  Satellite

Planting Point Location

We track along the plant in a field.

2023-06-2212:21:35
2023-06-2212:21:39

2023-06-2212:21:45

LAT: 19756
2023-06-2212:21:49 LON:100.92772666

Figure 2-9 The central monitor displays tractor and cassava planting locations from
BIOMATLINK-BOX.

(2) Treatment Stage

The ideal for this stage is to navigate to the assigned cassava tree location for
treatment, data collection, and health monitoring. From the planting stage, we already
had the precise cassava planted location. To increase the yield of cassava, we have to
make sure that the growth of cassava will grow properly. Thus, the treatment team has
to survey and collect the data in the cassava field for health and treatment monitoring.

In this stage, BIOMATLINK-BOX will be used to represent the treatment team to
navigate to the randomly assigned cassava location point. Once finished the setup of
BIOMATLINK-BOX is shown in Figure 2-10, the treatment team will connect the web
application via mobile phone to the BIOMATLINK-BOX that will use the NCDC data as a
point for navigating to the cassava location.
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BIOMATLINK BOX o}

Application and Installation for the treatment service location

TREATMENT STAGE
BIOMATLINK BOX —

Antenna of
NCDC RTK
Receiver

Figure 2-10 The use of NCDC data in the treatment stage.

Figure 2-10, The installation of BIOMATLINK-BOX, tested, and used in treatment
services. Our treatment team could go to the randomly assigned location of the cassava
plants to check their health and collect data including providing fertilizer. When guided
by the application, the treatment team can work properly in the field boundary.

The treatment team will fill in the treatment form and then submit the data in the
application. Thus, we can see the overall cassava health via the visualized application as
shown in Figure 2-11.
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Figure 2-11 The record of cassava locations in the BIOMATLINK field.

(3) Logistic Stage

In the logistic stage, we tested by establishing the check-in area at the BIOMATLINK
digital purchasing point station (pilot site). The check-in areas are (1) Queue area (2)
Weight measurement area, (3) Cassava dump area, (4) Repeat the weight measurement
area for calculating the total of harvested cassava. The designed workflow and

application are shown in Figure 2-12.
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Figure 2-12 The designed workflow and application of the logistic stage.
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To calculate the total harvested cassava, we employed the following equation:

Total Harvested Cassava = Weight Before Dump (Weight #1)
— Weight After Dump (Weight #2)

The weight before dump (Weight #1) was obtained from step (2) in Figure 2-12, while
the weight after dump (Weight #2) was acquired from step (4) in the same figure. The
program then automatically calculated the total harvested cassava, ensuring an efficient
and accurate determination of the harvested cassava weight.

The NCDC data in this stage is used to represent the tracker for each check-in point
area. When the seller drove the truck through each stage, the program listener will send
the notification to the seller via callback service. We used the LINE application as a
communication application between the seller and the BIOMATLINK team.

For testing, we used the harvested cassava of about 40 kg and a tractor in the
workflow process. We installed the BIOMATLINK-BOX module on the tractor and the
antenna on the top roof of the tractor. Then our team drove the tractor along to each
point area. Once the tractor is in the check-in boundary, the notification will sent to the
driver as soon as possible.

BIOMATLINK BOX

Application and Installation for the check -point at the purchasing point

Auto -response
message via Line LOGISTIC STAGE

£ bt

Antenna of
NCDC RTK

Figure 2-13 The use of NCDC data in the logistic stage.

In this stage, the NCDC data from BIOMATLINK-BOX could represent the tractor and
coordinate as well as shown in Figure 2-13.
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2.1.3.Results
(1) Planting Stage

In the planting stage, the results of the use of NCDC data compared to Mobile GPS
data in the BIOMATLINK Field and conventional field are shown in Figure 2-14. We found
that the accuracy of coordinates from NCDC was better than using mobile GPS to collect

the coordinates.
PILOT PROJECT RESULT

NCDC data vs Mobile GPS

PLANTING STAGE

NCDC Data Mobile GPS Data
s

Figure 2-14 The cassava tree point collected by NCDC and Mobile GPS data.

The overall data in the planting stage can be usable even though we got a low fix rate
of 1.7% from the NCDC. We also found that the cassava point coordinate of the first
version of BIOMATLINK-BOX cannot align on the tractor route path. The reason because
the tractor is not equipped with a planter machine, so we have to use the BIOMATLINK-
BOX version 1 to manually collect the cassava point coordinates. Thus, we had to
implement a new version (BIOMATLINK-BOX version 2) of BIOMATLINK-BOX that can
improve the cassava point coordinates align on the tractor route path and equip the
planting machine that demonstrates in the Agri Demo Day on 22 June 2023.

(2) Treatment Stage

As a result of the treatment stage, the treatment team used BIOMATLINK-BOX as a
navigating device. They were able to quickly reach the location of the assigned cassava
point locations and can fill in the record field survey data more quickly. When the
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treatment team reached the location, there was an error of 0.5 - 1.0 m of the nearby
cassava point location. This made the treatment team's work easier than counting the
rows and trees in a field.

The record of survey from the treatment team is shown in Figure 2-15.

PILOT PROJECT RESULT

Navigating for cassava treatment

TREATMENT STAGE

4 )

Dead Point

Staff navigating to
the treatment location

¥ 9
\Treatment location / )
i W

Figure 2-15 The record of survey cassava point location in treatment stage by using
NCDC data.

(3) Logistic Stage

Results of use in the logistic stage, we found a good point that the system can specify
coordinates in small check-point areas and slightly hidden corners, such as weighing
measurement area. It was found that if the BIOMATLINK-BOX which connected to GNSS
receiver stays in a confined area for a long time, there may be some movement of
position. This may be due to the distance from the nearby CORS and the pilot site.

The setting up of the area, use of NCDC data, and result of the logistic stage were
shown in the Figure 2-16.
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PILOT PROJECT RESULT

Check -point at the BML purchasing station

LOGISTIC STAGE

Weight measurement area
Auto -message
alert

Waiting queue area

Dumping area

Figure 2-16 The setting up area for using NCDC data in logistic stage.

The result comparison of the conventional method and BIOMATLINK method by using
precise agriculture with NCDC is shown in Table 2-2.

Table 2-2 Result comparison between conventional and BIOMATLINK method.

Item Conventional BIOMATLINK
using NCDC

Area (Rai) 1 1
Average cassava plants 3,200 1,600 (-50%)
Workload (person) 12 6 (-50%)
Yield (Ton) 3 6 (+100%)
Cassava plant coordinates LOW PRECISE
Cost (Baht) 5,000 5,000

In the Table 2-2, can be described of each item below:

e Area: The cultivated area remains the same for both methods.
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Average Cassava Plants: BIOMATLINK demonstrates a significant
improvement by reducing the average cassava plants by 50%, indicating more
efficient planting strategies.

Workload: The BIOMATLINK approach reduces the required workforce by
50%, showcasing enhanced automation and efficiency in cassava cultivation.
Yield: BIOMATLINK achieves a 100% increase in yield, suggesting improved
productivity and resource utilization.

Cassava Plant Coordinates: BIOMATLINK provides precise coordinates,
ensuring accurate tracking and monitoring of cassava plants compared to the
conventional method.

Cost: The cost remains constant at 5,000 Baht for both methods, emphasizing

cost-effectiveness in adopting the BIOMATLINK approach.

Overall, the BIOMATLINK method, utilizing NCDC data, demonstrates superior
efficiency and productivity in cassava cultivation compared to conventional methods.

2.2. Use of NCDC
2.2.1.Details of the NCDC data used

NCDC was used as follows.

Table 2-3 NCDC data used.

IP address 118.174.12.3

Port 2105

Mount point VRS_MSM5_UTM47, VRS_MSM5_UTM48_ITRF2014
User name biomatlink1, biomatlink2 and biomatlink3

Period of use May 2023 - October 2023

RTK/ Post processing -

Satellite systems used | QZSS, GPS, Glonass, Galileo

2.2.2.Problems occurred and solutions

Stability

Problem: We found that the fix rate is not stable when used in the field far from
the nearby CORS. It might be of our pilot’s site is far from the nearby CORS named
SNCK, distance about 30 km compared to the site close to the nearby CORS
named SBKK about 7 km. The fix rate of our pilot site was 1.7% compared to the
test site where 7 km close to the nearby CORS was 96.7%. Each area is used and
tested by using the same pocket Wi-Fi and internet provider. Thus, the internet
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connection might be unstable in the pilot site located in the rural area causing the
low fix rate.
Solution: We expect the coverage of the CORS will solve this problem.

¢ Coverage
Problem: The fix rate in the rural area is very low. We got a 1.7% fix rate at our
pilot site where the distance between the nearby CORS and the site is about 30
km. If the coverage of CORS covers the rural area (countryside), we expect that
the fixed rate will be better than we found. Another reason might be the internet
connection in the rural areas. Thus, the communication between mount point and
the receiver did not work properly.
Solution: Increase the number of CORS to cover the rural area.

¢ User support
Problem: We cannot find an online channel to seek assistance, especially during
times when we encounter issues. We are unsure whether the low FIX rate is due
to our GNSS receiver's inability to connect to the NCDC server, issues with the
mount point, problems with nearby CORS stations, or even user configuration
issues. To pinpoint these problems, we need assistance from NCDC service
personnel, sometimes requiring the quickest guidance possible. A feasible solution
in today's era is to have a channel for online chat support, enabling us to inquire
and receive prompt troubleshooting advice.
Solution: Increase the online support channel including the technical channel.

2.3. Other related activities

To confirm the connection of the NCDC server, we used the GNSS Receiver in 4 related
activities (1) The site area where 7 km close to the nearby CORS, (2) The visiting site
area in Udon Thani province where 40 km far from the nearby CORS, (3) The survey of
pilot site area where 30 km far from the nearby CORS, and (4) Agri Demo Day.

(1)The site area where 7 km close to the nearby CORS.

We used the NCDC data for collecting data log in rover mode by car. The test site is
Vachirabenjatas Park. It is about 7 km close to the nearby CORS named SBKK. On this
site, we got the highest fix rate of 96.7%. The visualized log is shown in Figure 2-17.
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Figure 2-18 The use of NCDC for testing in Vachirabenjatas Park.
(1) Testing Site Overview. (2) GNSS Antenna Installation.
(3) Data Collection. (4) Validation.
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(2) The visiting site area in Udon Thani where 40 km far from the nearby CORS.

We used the NCDC data for collecting data logs during the trip to Udon Thani province.
The distance between the cassava field area and the nearby CORS named BDMG is about
40 km, but the fixed rate is better than our pilot site area. The fixed rate of the visiting
site is about 21.5%. This data was collected by using the GNSS Receiver log and
visualized on the RTKPlot as shown in Figure 2-19, and the activities are shown in Figure
2-20.

[T A5 D07 Vi o A I £ B0 R N 1 21 FEES TSI CTATV N T Aa T

Figure 2-19 RTKPIot of visiting site in Udon Thani province.
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Figure 2-20 The use of NCDC in visiting site in Udon Thani province.
(1) Installing the GNSS Antenna. (2) Collecting GPS log.
(3) GNSS RTK Module. (4) Visiting Field Area.

(3) The survey of pilot site area where 30 km far from the nearby CORS.

We used the NCDC data for collecting data log while surveying the pilot site area. The
distance between the pilot site and the nearby CORS named SNCK is about 30 km in
Chachoengsao province. The data log shows that the fix rate in the pilot site is very low,
we got only 1.7%. This data log was collected by using GNSS Receiver and visualized on
the RTKPlot software as shown in Figure 2-21.
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Figure 2-21 RTKPlot of surveying in pilot site area.

Figure 2-22 The use of NCDC for surveying in the pilot site area.
(1) Planning (2) GNSS RTK Receiver (3) Reference Point (4) Log Record
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(4) Agri Demo Day.

We showcased the BIOMATLINK-BOX Version 2 connected to a planting detector
installed on a tractor equipped with a planting machine. The GNSS receiver obtained data
from NCDC, facilitating communication with the BIOMATLINK-BOX for route paths,
device locations, and planting coordinates. All the data were visualized on the central
monitor. The setup of this installation and software interface are shown in Figure 2-8.

During the Agri Demo Day, we presented an overview of the system's workflow,
functionality, and benefits to the audience, as shown in Figure 2-23.

Figure 2-23 The demonstration of system work.
(1) Tractor equipped with planting machine and BIOMATLINK-BOX.
(2) Validate the data before Agri Demo Day.
(3) Demonstrate the system work.
(4) Near real-time route tracking and planting detector.

In summary, our observations indicate that the GNSS receiver's connectivity to NCDC
is robust, with fixed rates influenced by proximity to nearby CORS and internet
connectivity. Despite a low fix rate at our pilot site, the acquired coordinates prove more
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accurate than conventional mobile GPS data, affirming the viability of incorporating this
data into our ongoing pilot project.
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3. Way forward

3.1. Future outlook of the business using NCDC

Currently, we leverage NCDC data in three crucial stages to amplify cassava yield. In
the first stage, NCDC assists in precisely identifying cassava tree plantation points during
the planting phase, while also delineating optimal routes for our machinery. The second
stage involves utilizing NCDC to guide staff through assigned treatment locations for
cassava trees, facilitated by a user-friendly application. This enhances the efficiency of
tree care procedures. The third stage focuses on implementing NCDC for small-scale
check-ins at our digital purchasing station, streamlining operations, and ensuring
accuracy.

Looking ahead to this year, we have strategic plans to upgrade the BIOMATLINK-BOX
and enhance its capabilities. In addition to augmenting the sensor suite on equipment
arms for monitoring tasks such as plowing, fertilizing, and harvesting, we are set to equip
10 agricultural machines with the BIOMATLINK-BOX. This integration will significantly
improve precision and efficiency in cassava cultivation. Furthermore, we anticipate that
50 users will be utilizing these upgraded agricultural machines equipped with the
BIOMATLINK-BOX through a dedicated platform, contributing to improved vyield
outcomes.

Moreover, our vision includes the incorporation of new features on the central monitor,
encompassing health monitoring, farm surveillance, and yield monitoring. Looking into
the future, we foresee harnessing NCDC data for fertilizing stages using UAV drones,
which will follow specific location or route path patterns. These drones will operate
autonomously, and their activities can be seamlessly monitored from the central
monitoring dashboard. This holistic approach promises a significant leap in efficiency and
precision across our cassava cultivation processes.

3.2. About NCDC
1) Good points using NCDC

e Precision agriculture: NCDC can be used to guide agricultural machinery and
collect data on crop growth and yield. This can help farmers to improve their
productivity and reduce their environmental impact.

e High accuracy of coordinated data.

e Able to widen applications that need accurate location data.

2) Issues to be solved

e Not stable server and slow connection sometimes. This might be the internet
connection in the rural area or the site.

Page | 28



e There are some errors when the distance between the site and the CORS is
more than 30 km.

3) Request for improvement

e Coverage of CORS in the rural area.
e Online helpdesk support for usage and technical users.

Page | 29



4. Conclusion

In conclusion, our exploration into the use of NCDC data has revealed valuable
insights. We observed that in areas near the CORS, the NCDC server demonstrated
quicker responses and higher FIX rates compared to areas positioned more than 30 km
away from the CORS. Our experience suggests that the application of NCDC data extends
beyond our current use, showing potential for integration into various precision
technology tools in the agriculture sector. Given the opportunity, we aspire to expand
the utilization of NCDC in future projects.

Recognizing the significance of precise coordinates like those provided by NCDC, we
advocate for establishing such technologies as fundamental infrastructures in the
country. To facilitate this, workshops or training sessions, ranging from beginner to
developer levels, could greatly enhance the understanding and utilization of NCDC.
However, challenges such as the cost of GNSS receivers and limited knowledge about
NCDC technology hinder us from fully exploiting its capabilities. We look forward to
improving our team's readiness to harness this technology efficiently.

This pilot project has demonstrated the successful application of NCDC data in three
crucial stages: (1) the planting stage, (2) the treatment stage, and (3) the logistic stage,
effectively increasing cassava vield in the designated pilot site area. This achievement
was made possible through the development of the BIOMATLINK-BOX and the central
monitor, which visualizes the NCDC data coordinates. As shown in Figure 4-1 an
illustration of the pilot site is used in this project.
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Image source: Google Maps

Figure 4-1 The pilot site area covers (A) BIOMATLINK field for planting stage and
treatment stage (B) The BIOMATLINK-BOX that used of NCDC data (C) The area for
checking-in in the logistic stage.
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