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CHAPTER 1.

Implementation  Structure of Operation and

Maintenance for Khmer GEONET

1.1. Background of the Khmer GEONET

The Khmer GEONET has been established under the “Project on Establishment of Continuously

Operating Reference Stations (CORS) for Land Management and Infrastructure Development”

between the Ministry of Land Management, Urban Planning and Construction (MLMUPC) and

Japan International Corporation Agency (JICA) in 2022. The General Department of Cadastre

and Geography (GDCG) under MLMUPC is the responsible agency for whole operation and
maintenance for the Khmer GEONET.

1.2. Objective

This document describes the essential instructions for the operation and maintenance of hardware
and software for the Khmer GEONET.

1.3. Scope

The target sites of the operation and maintenance for this document are:

The Khmer GEONET Data Center (DC) is placed at the Room#705, MLMUPC Building, Lot
2005, Street 307, Sangkat Khmuonh, Khan Sen Sok, Phnom Penh.

The five (5) CORS names and locations are shown as follows:

Table 1-1 List of the five (5) CORS

# | Name Station Location

1 | PNHI | MLMUPC ground, Phnom Penh

2 | KNDI1 | S’ang district land office, Kandal Province

3 | KSP1 Samraong Tong district land office, Kampong Speu Province
4 | SIE1 Siem Reap provincial department
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# Name Station Location

STG1 Sala Sangkat, Stung Treng Province

Map- SCORS Network
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Figure 1 Location map of the 5 CORS

1.4. Related documents

The latest editions of the following documents are referred to in the text in such a way that some

or all of their content constitutes requirements of this manual.
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Table 1-2 List of referential documents

Title

Contents

Remarks

Data Policy

Basic policy of data distribution

Service Level Agreement

Endorsed contents of each categorized

service
User Support Manual for | How to support categorized user with
Khmer GEONET service, account, payment, etc.
Guidelines for CORS How to conduct GNSS Static / Network-
Utilization RTK Survey using CORS

Bernese Manual

How to calculate the coordinates of
CORS and transformation parameters by

Bernese GNSS Software

Bernese GNSS Software
is developed by
Astronomical Institute of
the University of Bern
(AIUB)

Pivot Manual How to operate the Pivot system Trimble/Aruna
Hardware Manuals Each hardware treatment
CGD23 Coordinate Procedures for calculation of the | Only one time for
Value Calculation CGD23 coordinate values of CORS and | calculation and
Manual GCP. definition of the CGD23.
Data Policy Service Level CGD23 Coordinat
Agreement ideli oordinate
€ refer to GuldeIu.'\.es f?r based on Value Calculation
CORS Utilization
Manual
conform conform \_/-
to to
Operation and
Maintenance refer to Bernese Manual
Manual
User Support
Manual
fer t
referte refer to refer to Pivot Manual

Hardware Manuals

Figure 2 Relationship with referential documents
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1.5. Responsible Office

The responsible office for the operation and maintenance of the Khmer GEONET is assigned
under the GDCG.
Office name: Operation and Maintenance Office for Khmer GEONET
(under preparation, as of 28 June 2024)
Telegram group name: Khmer GEONET Status

E-mail address:

1.6. Terms and Definitions

1.6.1. Manager

A responsible person in charge of approval on implementation, plans, budget, organization
structure, staff assignment, and other related subjects on the operation and maintenance activities
for the Khmer GEONET. The Manager is also in charge of adjustment between MLMUPC and
GDCG for the Khmer GEONET.

One person from GDCG.

1.6.2. Supervisor

Foreman of the Data Center. Responsible for the operation and maintenance of the Data Center
and five Stations. Supervise and coordinate on CORS operation and maintenance activities among
stakeholders.

Development of plans, budget, organization structure, staff assignment, and other related subjects
on the operation and maintenance activities for the Khmer GEONET.

For sustainable activities, two-person deployment from GDCG is suitable.

1.6.3. DC Operator
Staff in charge of daily operation and maintenance of Khmer GEONET at the Data Center (DC).

For sustainable activities, three-person deployment from GDCG is suitable.

1.6.4. Station Staff
Staff in charge of daily operation and maintenance of Khmer GEONET at each Station.
Two persons (from the district or provincial office) for each local Station except the Station PNHI.

Because the PNH1 is managed by the DC Operator.
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1.6.5. Maintenance Engineer

The Maintenance Engineer shall have the skills and experience to conduct GNSS observations,
analyze the observation data using baseline analysis software, and inspect the data quality. The
Maintenance Engineer shall also have the skills and experience to collect observation data through
the information and using communication network. GDCG may outsource this role to a private

company.

Manager: decision making for O & M activities

Report
Instruct

Supervisor: supervising O & M activities

RCPV Report \ Instruct
Instruct

Request

of check

Report
DC Operator Station Staff
Technical i
. Request of Technical
upport
PP support Support
[ N ]
o0 000

Maintenance Engineer

Figure 3 Structure of Khmer CORS Operation and Maintenance Framework
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CHAPTER 2. Operation and Maintenance for Data Center

2.1. Overview

The DC Operator shall implement the operation and maintenance tasks of the Data Center and
report the results to the Supervisor. The description “(decision making)” in the Table below means
that the DC Operator makes decisions (if necessary, consults with the Supervisor in advance) to

ask the Station Staff for the target task.

Table 2-1 List of O & M tasks for the Data Center
O & M Tasks Contents

Check to see if all servers, etc. operate properly.

(Refer “2.5 Implementing the Operation of the Data Center” below.)

Check to see if all observation stations operate properly.

Daily Scheduled
Tasks

Share all failure information.

Post notices of suspended observation, etc. on the Website / Telegram

for the users.

Control the on-site checking work.

Reanalyze routine analysis.

User registration/cancellation.

Cut/trim trees around CORS. (decision making)

Update the hardware and software of CORS. (decision making)

Adapt to the latest technologies and specifications.

Register/delete information about installed/removed observation

stations.

Unscheduled Tasks | Calculate CORS official coordinates and phase characteristic models
(when necessary) (by BERNESE).

Suspend CORS official coordinates. (decision making)

Relocate CORS. (decision making)

Repair/renew CORS equipment. (decision making)

Conduct the on-site inspection of CORS. (decision making)

Coordinate routine analysis; in case of failed analysis, identify the

cause and solve the problem.

Respond to inquiries from the users.
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2.2. Target System for O & M at the Data Center

The system / equipment to be operated are shown in Table A-1 in Annex A. Details of the

operation of each equipment are provided as separated documents.

2.3. Target Hardware for O & M at the Data Center

The hardware to be operated are shown in Table A-2 in Annex A. Details of the operation of

each hardware are provided as separated documents.

2.4. Target Software for O & M at the Data Center

The software to be operated are shown in Table A-3 in Annex A. Details of the operation of each

software are provided as separated documents.

2.5. Implementing the Operation of the Data Center

The DC Operator with the support from the Maintenance Engineer shall implement the
followings:
(1) Monitor whether the following scheduled tasks of Khmer GEONET are
being performed normally by checking the execution logs, etc., and if a
failure occurs, immediately take the necessary action such as re-executing
the task, etc., and notify the Supervisor. If it becomes necessary to change
the settings of scheduled tasks, etc., notify the Supervisor, and change the
settings, etc. according to the instructions of the Supervisor.
a) Quality data distribution (automatically alarm if necessary)
b) Saving of RAW data (automatically)
c) Deletion of unnecessary files and temporary files (automatically by
Pivot?)
d) Creation of quality defect point list (automatically alarm if necessary)
e) Distribution of real-time GNSS VRS data (always)
(2) Visual monitoring, check tools, and monitoring via the network shall be
conducted on a regular basis to check for hardware and software failures in

each device. If the cause cannot be isolated, the Supervisor shall be notified.
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If a failure related to information security is suspected, the Supervisor shall
also be notified.

The operation status and data quality of the stations shall be monitored, and
if any abnormality is found, the cause of the abnormality shall be promptly
isolated, and information on the abnormality of the station shall be
communicated to the Supervisor on a regular basis. If, as a result of the
isolation, a communication line abnormality is suspected, a line
investigation, etc. shall be requested to a telecommunications carrier, which

shall conduct the line investigation, etc. within two days (reconsider in

future), in principle. If an abnormality in the receiving device is suspected,

the Supervisor shall be notified. If the data cannot be obtained or registered

at the station, the DC operator shall contact the Supervisor as needed.

When the replacement of receivers and antennas, the following

communication and operation checks shall be performed by the DC

Operator with the support from the Maintenance Engineer.

a) Registration of observation settings

b) Start and stop of observation

c) Downloading of observation data (including conversion of observation
data to RINEX)

d) Display of observation status

e) Display of observation setting status

f) Hardware reset of observation equipment

g) In case of relocation/new installation, registration of relocation/new
installation point

When abnormality detected, the Pivot software’s “Alarm Manager” will

send an email to cors.kh@gmail.com. After the third-party app “IFTTT” (If

This Then That) receives the e-mail, it sends an alert to the Telegram group

“Khmer GEONET Status”.

The causes of the alert/warning, countermeasures and consequences shall be

recorded as a report and archived for future references.
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Figure 4 Display of “Alarm Manager” of Pivot (part)
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Table 2-2 Categories and Criteria of Alarms

Action .
. Alarm Alarm Condition
Condition Module ; Delay
Type Action Status
[sec]
Incoming connection GNSS Alert Send 5 Both condition
lost Receiver e-mail states
No data from GNSS Alert Send 5 Condition
instrument Receiver e-mail occurs
Delayed network Network Alert Send 5 Condition
processing Processor e-mail occurs
Small number of Network Warning | Send 5 Condition
satellites solved Processor e-mail occurs
; Trimble Prvot Platfoem ons ¥ (=) ew + U
File View Help x = e '\
SR FQEmIEY AUy OU

Free
=9
¢ Trimble Pivet Plasorm (202212204
8 Aaem Manager [Defady
A Code Bias Caliteation |CBC)
3 9F Device Manager [Cambodia_CORS)
=7 GNSS Recerver [KND1)
Raouter PND1]
Sweage [1S_24H_T02)
‘1" GNSS Recerver [KSP1)
Router [XSP1)
Sweage [15_24H_T02)
2 7" GNSS Recerver [PNH1)
% Router [PNH1)
© Sweenge [15_2¢H_T02)
‘I GNSS Recewver [SIEY)
% Reuter [SE1)
@ Stoeage [15_20H_T02)
2 1" GNSS Recerver [STG1)
% Router [STGT)
@ Storage [15_24H_T02)
€3 Integrity Monitce [RTXPP
© Ephemens Dowricas [Default)
W Ephemens Marager [Defaul]
5 NiipCaster [Defoult)
2 Reference Dats Shop [RDS)
(F RTO Myis Staticn [RTCM32]
© 9 RTX Ergine [Defaut]
3 Irtagrity Moriter [RTXQ)
= B RT1X0det Processer RTK [RTret )

o Network Processor Sterage Network Proc

©) RTO Net VRS [RTCMI2)

[VES St | Station Delay  Synchronzer Delsy | Stason Count | Stabon Status History View

L

Scurce
GNSS Recerver KSP1 KSP1
GNSS Recerver KND1 - KNDY
GNSS Recerver SIE? SIET

GNSS Recerver STG1  STGY
GNSS Recerver PNHT  PNHY

Syrcheonized cutput (GPS Time - Stations)
Epoch delay [ms)

VS!nchm

[127202022 100644 A - 5

Last hour delay )
580 Averape delay s

KsP1
KND1
SIEY

STG
FNHI

Staton Code " Receved ME&«N. Yoouh&'ﬂ.anod

6578681
6584124
6426404
6586723
658747%

6569701 8560 12202022
6530486 338 12202024
6420047 6387 12202024
6586505 218 12202024
6537062 413 12202023

Figure 5 Pivot Platform
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The Nationwide CORS Network Dashboard
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Figure 6 ArcGIS Dashboard for monitoring the CORS through the reporting App

(94 CORS as of 28 June 2024. 99 CORS in future)

2.6. Hardware maintenance at the Data Center

The DC Operator with the support from the Maintenance Engineer must implement the

maintenance of the hardware.

(1)

2)

)

(4)

In the event of a failure of equipment for which the supplier support is available,
the supplier shall promptly take necessary restoration measures such as parts
replacement and repair at the location where the equipment is installed, and shall
strive to maintain Khmer GEONET operation. For equipment for which the
supplier support expires, the support subscription procedures shall be performed
to ensure that the same level of support is provided without any interruption in
the support period.

In the event of a failure of equipment for which there is a spare unit, the spare
unit shall be put into operation as soon as possible to maintain the operation of
Khmer GEONET. In addition, the details of the failure shall be promptly reported
to the Supervisor.

To manage the details and deadlines related to hardware support by compiling a
table for each hardware, etc., and to promptly submit reports when requested by
the Supervisor to show the status of support.

Visually check the hardware in the Data Center at least once in a working day.
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2.7. Software maintenance at the Data Center

The DC Operator with the support from the Maintenance Engineer shall perform the

following maintenance tasks to ensure that each device in which the software is

installed functions properly and that normal operation of Khmer GEONET is

maintained.

(1)

2)

3)

In case of failure, the DC Operator or the Supervisor requests the
Maintenance Engineer to check the current status under the cooperation with
the DC Operator, in order to isolate the cause of the failure. Then, the
Maintenance Engineer shall make technical proposals regarding software as
necessary. If there is a malfunction in the target software, the Maintenance
Engineer shall modify the software as necessary, and restore it appropriately
and promptly.

When modifying software, prior approval shall be obtained from the
Supervisor. The modified software and program name, purpose, method of
use, and storage location (including source files and configuration files)
shall be reported to the Supervisor.

Maintain a list of system information and installed software, etc. for each
piece of system / equipment, and promptly submit the list when requested

by the Supervisor.

2.8. Information security maintenance

The DC Operator with the support from the Maintenance Engineer shall perform the

following maintenance tasks.
(1) General

a)

b)

¢)

All security rules for the Khmer GEONET must be in accordance with the
security standard rules of the Government of Cambodia

Ensure good information security at all times for the servers and other
equipment.

The collected logs and their aggregate results shall be transmitted

periodically to the server designated by the Supervisor.

(2) Routine operations (at least two times daily: immediately arriving at the DC and

before leaving the DC on a working day)

a)

Checking the access logs
Check the website logs and FTP logs, and investigate and judge whether
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b)

there is any unauthorized access or not.
Confirmation of virus inspection logs
Daily inspections shall be performed using the anti-virus software installed

on the server and terminal, and the inspection results shall be confirmed.

(3) Operations to be performed as appropriate

a)

b)

d)

Response to abnormalities and failures

When a virus infection, cyber-attack, or any sign of such an attack is detected,
the Supervisor shall be notified promptly, and appropriate measures shall be
taken. If an abnormality or failure, such as a hardware failure, is detected,
the Supervisor shall be notified immediately, and appropriate measures shall
be taken.

Management of account and password information, etc.

The account and password information, etc. used on the server in the DC
Center shall be properly managed. The passwords shall be changed
periodically upon consultation with the Supervisor.

Understanding and proposal regarding the operating system (OS) and other
license expiration dates

The license expiration dates of the OS and the security software for the
server, etc. shall be grasped, and appropriate proposals regarding renewal
shall be submitted to the Supervisor to ensure that the licenses do not expire.
License renewal

The license of the OS and security software shall be renewed for the servers,
etc. in accordance with the instructions of the Supervisor. In the event that
server reboots, network disconnections, etc. are required for updating, the
updating shall be performed in coordination with the DC Operator and the
Maintenance Engineer to ensure that the operation of Khmer GEONET and
related equipment is not interfered with. In the case of license renewal for
non-redundant servers, the license renewal shall be performed after 6:00
p.m., taking into consideration the impact on general users in the event of a
failure.

Application of patches

Patches shall be applied to servers for which patch updates have been
confirmed, if necessary. If restarting the server or disconnecting the network
is required, the patch application shall be performed after coordination with
the DC Operator and the Maintenance Engineer to ensure that the operation

of Khmer GEONET and related equipment is not disrupted. When applying
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patches to non-redundant servers, the patches shall be applied after 6:00 p.m.,
taking into consideration the impact on general users in the event of a failure.

f) Information gathering and proposals
To ensure information security and normal operation at all times,
information on information security shall be collected on a daily basis. If
any useful information is found, it should be reported to the Supervisor for
close information sharing. If any work is considered necessary for
information security, it should be proposed proactively to the Supervisor.

g) Other investigations and work, etc. at the request of the Supervisor
In the event that the Supervisor requests investigations and work related to
the work for the purpose of ensuring information security, such
investigations and work shall be conducted based on discussions among the
Information System Section, the Supervisor, the DC Operator and the
Maintenance Engineer.

h) Technical proposals for the operation of the information system
If any question from the Supervisor concerning the operation of the
information system, such as the website, or concerning information security,
the DC Operator with the support from the Maintenance Engineer shall
make an appropriate proposal.

2.9. Reporting of the O & M for the Data Center

The DC Operator shall report about the operation and maintenance activities for
Khmer GEONET both daily and weekly through the “Khmer GEONET Data Center
O& M” App (refer the Annexes C and D).
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CHAPTER 3. Operation and Maintenance for the Stations

3.1. Overview

This maintenance is to report the on-site monitoring of Khmer GEONET's five
Stations. When an abnormality in GNSS data quality is detected by the Data Center,
the DC operator requests the Station Staff to submit a report about the visual
inspection on presence or absence of damage at each Station. Refer Annex C “Check

Form for Station” for reporting.

Table 3-1 List of O & M tasks for the Stations
No Contents

1 Antenna Radome

2 Sign board (metal plate)

3 Concrete Foundation of CORS

4 Fence

5 Lightning Protection

6 Trees around CORS

7 Buildings/Constructions around CORS

8 Electricity/Battery

9 Network (device, cables, etc.)

Machineries inside the Tower/Box

a) GNSS receiver

b) Communication equipment

¢) Equipment for power supply and uninterruptible

10 power supply

d) Lightning arresters for power supply and
communication

e) Power breakers

f) Power monitoring equipment

g) Fans, etc.

11 Tilt of the Tower
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3.2. Maintenance of Equipment of the Stations

The maintenance target of the Station equipment shall be as follows, including the
connection cables of each equipment.
(1) GNSS antenna radome
(2) Sign board (metal plate)
(3) Concrete Foundation of CORS
(4) Fence
(5) Lightning Protection
(6) Trees around CORS
(7) Buildings/Constructions around CORS
(8) Electricity/Battery
(9) Network
(10) Equipment installed inside the storage box
h) GNSS receiver
1) Communication equipment
j)  Equipment for power supply and uninterruptible power supply
k) Lightning arresters for power supply and communication
1) Power breakers
m) Power monitoring equipment
n) Fans, etc.
(11)Tilt of the Tower

In the case of the Station where the equipment is installed in a location other than the
storage box, the same equipment as that installed inside the storage box in a normal
Station shall be considered as maintenance equipment. In addition, equipment and
cables installed and managed by electric power and telecommunication companies

shall not be included in the maintenance equipment.

The equipment used at each Station shall be as shown on the Table B-1 in Annex B
as "List of Hardware Used at the Stations". If a Station have different hardware in

some parts from other Stations, the list should be mentioned.

If it is determined through on-site maintenance that the used equipment differs from
the specifications, the Station Staff shall notify the DC Operator. Then the DC
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Operator discusses with the Supervisor how to deal with the difference. Necessary

support from the Maintenance Engineer may also be requested from the Supervisor.

3.3. Implementation of the on-site maintenance

(1)

2)

)

(4)

©)

(6)

In the event of an unforeseen failure or malfunction of the equipment, etc., on-
site maintenance shall be performed and completed, in principle, within five (5)

days (reconsider in future) from the date when the reports about the station

abnormality have been submitted and the stakeholders have recognized that on-
site maintenance is required. However, this shall not apply in cases where
damage other than to the equipment to be maintained is the cause, or when the
Supervisor determines that transportation is difficult to secure or it is difficult to
reach the site due to weather, disaster, or other unavoidable conditions. In such
a case, the Maintenance Engineer shall consult with the Supervisor.
If an abnormality in GNSS data quality is observed and the cause cannot be
isolated as to whether it is due to equipment failure or the observation
environment, the Maintenance Engineer shall conduct GNSS observations in the
vicinity of the Station, report the results to the Supervisor, and perform
maintenance after discussing the measures to be taken. Even if the cause of the
problem can be isolated, the Maintenance Engineer shall discuss with the
Supervisor and take appropriate actions.
If there is an abnormality in the equipment, and it cannot be determined that the
cause is the faulty equipment, the equipment shall be replaced on-site and efforts
shall be made to isolate the cause of the failure.
If the Station Staff fails to restore communications and the Maintenance
Engineer also fails to restore remotely, the Supervisor requests the Maintenance
Engineer to the site to restore communications.
The status of on-site maintenance shall be reported to the Supervisor on a regular
basis. The intervals between communications (e.g. every one day) shall be as
instructed by the Supervisor.
Specific items to be performed during on-site maintenance shall be as follows:
d) Preparation for on-site maintenance

1. Collect and organize information on breakdowns and estimate the

causes of breakdowns in advance.
11. If the radome is to be removed or the antenna and receiver are to be

replaced, the Maintenance Engineer shall implement the on-site
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maintenance.

e) On-site maintenance

L.

ii.

iil.

1v.

Vi.

Vii.

Before starting the on-site maintenance work, the Maintenance
Engineer shall understand the structure and equipment configuration of
the Station, and shall have an overview of the Station.

The Maintenance Engineer shall notify the DC Operator and Supervisor
of the start of the work in advance.

The Maintenance Engineer investigate the status of the Station and
estimate the cause of the abnormality.

If the cause of the abnormality is identified, necessary restoration work
such as equipment replacement shall be performed. Even if it is difficult
to identify the cause of the anomaly, the Maintenance Engineer shall
attempt to recover by replacing the equipment that may have caused the
anomaly, etc., in cooperation with the DC Operator and the Supervisor.
When instructed by the Supervisor or when it is determined that
configuration changes are required at the site, configure as necessary
for the equipment to be installed at the site.

After the maintenance work, the Maintenance Engineer requests the DC
Operator to confirm that data can be normally obtained. After
confirmation is obtained, reports the DC Operator and the Supervisor
that the on-site maintenance has been completed.

If the observation at the Station cannot be restored, organize the on-site
information and report the situation to the Supervisor as soon as
possible. For prompt restoration of the observation, the Maintenance
Engineer shall discuss with the Supervisor and take appropriate

measures.

f) Matters related to after on-site maintenance

L.

ii.

The failed equipment collected at the Station shall be checked for proper
operation using the communication lines and equipment. The operation
checking procedure for each equipment shall be clarified to the
Supervisor and his/her approval shall be obtained.

If repair of the failed equipment is feasible and less expensive than
purchasing new equipment, a repair estimate from the manufacturer, etc.

shall be submitted to the Supervisor and instructions shall be obtained.
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If repair is not possible, or if it is less expensive to purchase new

equipment, report the situation to the Supervisor.

3.4. Reporting of the O & M for the Stations

The Station Staff shall report daily about the operation and maintenance activities for
Khmer GEONET through the “Khmer GEONET Station Maintenance” App (refer the
Annex E).

[End of the Document]

3-5



05_Operation and Maintenance Manual.docx

Annex A List of System/Equipment, Hardware and Software Used at the Data Center

Table A-1 List of system/equipment for the Data Center

License
# Software Version Provider Expiry
Date
Data  collection and | 5.1 Trimble 31-May-
distribution system 2027
(Pivot)
Routine analysis and | 5.1 Trimble 31-May-
processing  equipment 2027
(Pivot)
External information | https://khmergeonet.xyz/
provision equipment and Telegram Group
Data archiving device | In the Data Center #705, | Synology:
(real-time data storage, | Synology: Active Network
conversion, distribution, | Backup for Business Attached
backup) (MLMUPC Room #105) | Storage
(NAS)
Network equipment and | Managed by MLMUPC
firewall equipment
Power supply monitoring | NA
system
Table A-2 List of hardware for the Data Center
# Item Description Qty Maker Model
1 | Server 2.1 GHz, 32GB |1 Dell PE R750xs Intel
RAM, 12 Cores, 2 Xeon Silver
x 480 4310T
GB SSD SATA,
2.5”HP 3.5”
CARR, 5 x 4 TB
7.2K

2 | Monitor for 22" Monitor 1 Dell E2016HV
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# Item Description Qty Maker Model
Server
3 | PC CPU: Intel 1 | Dell Optiplex
Core 17 - 10700
(8 - Core, 7090MT
16MB, 2.9GHz to
4.8GHz)
Memory:
16GB (2x8GB)
DDR4 non ECC
Storage: 3.5
inch 1TB 7200rpm
SATA Hard Disk
Drive
4 | Monitor for PC 22” monitor 1 Dell E2016HV
5 | VPN Router 1
6 | UPS 1 APC APC Easy UPS
On-Line SRV
Ext. Runtime
1000VA 230V
7 | UPS Batteries 200 Ah deep cycle | 3 Techfine 200 Ah
battery
8 | Lightning NA 1
arrester
9 | Cables NA N
10 | Backup Device Synology: Active | 1 Synology
Backup for
Business
(MLMUPC
Room #105)
N: multiple numbers
Table A-3 List of software for the Data Center
) . License
# Software Version Provider i
Expiry Date
1 | Main real-time management | 5.10 Trimble 31-May-
software (Pivot) 2027
2 | Main analysis software (Bernese)
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# Software Version Provider L1‘cense
Expiry Date
3 | User payment management software | 5.1 University  of | NA
(name?) Bern
4 | Database management software Trimble
Pivot
Platform
(TPP)
Precision baseline analysis software
Data Collection and Distribution | Trimble
System interface unit software Pivot
Platform
(TPP)
7 | Data Collection and Distribution | Trimble
System main processing unit | Pivot
software Platform
(TPP)
8 | Power supply monitoring system | NA
software
9 | Information communication | NA
network management / monitoring
software
10 | Message delivery system | Trimble
(cooperation with Telegram) Pivot
Platform
(TPP)
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Annex B List of Hardware Used at the Stations

Table B-1 List of hardware for the Station

# Item Description Qty Maker Model

1 | GNSS 1 Trimble Alloy (PN
Receiver Navigation 109100-00)

2 | Antenna for | Choke Ring Antenna 1 Trimble GNSS-Ti v2
GNSS Navigation Choke Ring
Receiver Antenna

(PN129587-20)
3 | 4G Router Dual SIM LTE cellular | 1 Teltonika RUT 955
router with 2 x
SIM Card Slots
4 | UPS 1 APC APC Easy UPS
On-Line SRV
Ext. Runtime
1000VA 230V
5 | UPS Battery | 100 Ah deep cycle battery 3 Techfine 100Ah
6 Outdoor (H*W*D):800*%650*600mm | 1 LANGIJI
telecom
Cabinet
7 | Radome Radome for GNSS antenna | 1 Trimble 46291-00
Navigation

8 | Lightning Type N F/F Coaxial RF | 1 PolyPhaser DGXZ+15NFNF-
Arrestor for | Surge Protector, 800MHz - A
GNSS 2.5GHz, 300W, IP67, 15 V
Antenna Max., 500ul, 20kA,

Cable

9 | Ethernet Ethernet Surge Protector | 1 Sancable Tupavco. Model
Surge o TP302
Protector PoE+ Gigabit LAN

Network CATS5/CAT6
Thunder Arrestor

10 | GSM 1 Sankosha Sankosha
Antenna
Surge
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# Item Description Qty Maker Model

Arrestor

N: multiple numbers

Note: At the Siem reap Station, the Wi-Fi Bridge is also installed.
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Figure B-1 Hardware Storage Box (Siem reap)
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Annex C Daily Check Form for DC Operator
The DC Operator shall implement the following checks at least once in a day. Then,
the DC Operator shall report the situation through the “Khmer GEONET Data Center

O& M” App (with photographs if necessary).

1. Name of the DC Operator:

2. Date (DD/MM/YYYY):

3. Time (hh:mm):

4. Outage lasting longer than 5 minutes in last 24 hours?
O NO O YES

If YES, describe the outage information.

5. Significant delays observed in last 24 hours?
0 NO O YES

If YES, describe the delay information.
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Daily Check Form for DC Operator

Khmer GEOMET Data Center O&M

Name of the DC Operator:*

&

Date and Time:*

25 8581 2024, 10:05 AM

Outage lasting long than 5 minutes in the last
24 hours?*

NO
@ YES

If YES, describe the outage information:

1000
Significant delays observed in the last 24
hours?*
NC
® s
If YES, describe the delay information:
1000
Take the picture of the problem:
Drop image here or select image :

Figure C-1 “Khmer GEONET Data Center O& M” App” (Weekly, Mobile Phone)
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Annex D Weekly Check Form for DC Operator

The DC Operator shall implement the following checks once in a week (e.g. every Monday
morning). Then, the DC Operator shall report the situation through the “Khmer GEONET Data
Center O& M” App (with photographs if necessary).

1. Name of the DC Operator:

2. Date (DD/MM/YYYY):

3. Are both interfaces running on all 5 routers?

O YES O NO

If “NO”, which router has lost the interface?
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Weekly Check Form for DC Operator

Khmer GEONET Data Center O&M

Name of the DC Operator:*

O

Date and Time:*

27§61 2024, 4:06 PM

Are both interface running on all 5 routers?

YES
@ NO

If NO, which router has an interface that is
down?

1000

Take the picture of the problems:

Figure D-1 “Khmer GEONET Data Center O& M” App” (Weekly, Mobile Phone)
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Annex E Check Form for Station Staff

The Station Staff shall daily implement visual inspection on presence or absence of
damage for the following items. Then, the Station Staff shall report the situation
through the “Khmer GEONET Station Maintenance” App (with photographs if

necessary).

# Item Condition

1 | Antenna Radome O Good ] Not Good
2 | Sign board (metal plate) 0 Good [J Not Good
3 | Concrete Foundation of CORS O Good ] Not Good
4 | Fence O Good L1 Not Good
5 | Lighting Protection O Good L1 Not Good
6 | Trees around CORS O Good L] Not Good
7 | Buildings/Constructions around CORS O Good 1 Not Good
8 | Electricity (Electric Pole, Electric Cable) O Good [ Not Good
9 | Network (network Device, Network Cable) O Good [J Not Good

Machineries inside the Tower/Box

a) GNSS receiver

b) Communication equipment

¢) Equipment for power supply and
uninterruptible power supply

10| d) Lightning arresters for power supply 0 Good 0 Not Good
and communication

e) Power breakers

f) Power monitoring equipment

g) Fans,

h) Battery etc.

11 | Tilt of the Tower O Good [ Not Good

Description (If “Not Good” conditions,

describe the situations.)

10
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Check Form for Station Staff

Khmer GEONET Station Maintenance
Select CORS Station:*
(® PNH100KHM
KDL100KHM
KSP100KHM
SIET00KHM
STG100KHM

Date and Time:*

2024/06/26 15:38

Visual Inspection on Presence or
Absence of Damages:

Antenna Radome:

@ Good

Not Good

Sign board (metal plate):

@ Good

Not Good

Concrete Foundation of CORS:

@ Good

Not Good

Fence:

@ Good

Not Good

Lightning Protection:

@ Good

Not Good

Tree Around CORS:

@ Good

Not Good

Building or Construction around CORS:

@ Good

Not Good

Electricity:

Electric Pole, Electric Cable

@ Good

Not Good

Network:

Network device, Network cable, etc.)

@ Good

Not Good

| Machineries inside the Tower/Box &

GNSS Receiver:

@ Good

Not Good

Communication equipment:

@ Good

Not Good

Equipment for power supply and UPS:

@ Good

Not Good

Lightning arresters for power supply and
communication:

@® Good

Mot Goad

Power breakers:

@ Good

Mot Good

Power monitoring equipment:

@ Good

Mot Good

Fans:

@ Good

Mot Good

Battery

@ Good

Mot Good

Tilt of the Tower:

@ Good

Mot Good

Photograph with caption:

Crop image here or select mage (8

Figure E-1 “Khmer GEONET Station Maintenance” App (Mobile Phone)
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RINEX)
d) mmgpms—"sﬁﬁgsmnismnsm

]

e) mivinmansmaismidnnadimii§n] (display  observation

o

setting status) mMiys g

a4

[\l

f) Hardwareresetfsaﬁﬁmiﬂﬁﬁﬁj
) nﬁniﬂﬂﬁi@“‘liﬁl/n[ﬁﬁﬁ gy @gmﬁaﬁsﬁ/ammﬁaﬁ

&

13135 ﬂfﬂ if [‘Lﬁ MEISUNBS{UH §i “Alarm Manager” I8 Pivot software

Surfiunutel corskh@gmail.com 1 I{tisi Apps mﬁJ”LnHU]SQU
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J

[ Mow By Ty Swys 2w LS Tndog s
ANES T e dw Sevinwo

LNIL e ar - P s

Newak Przaso e Sonlc

Mook Bzenaas Warwy xucm

3U§ 4 MITNMHEN “Alarm Manager” is Pivot (Hrmn)

mnd 22 (Ee 81 wgandsGwissugnansug (alarm)

faa) 3
MINSNI
mgan otsmien {uragis FURYMA | i uts s
< = IMESS | ISEIAIS | ARy <
[sec]

MARANG GNSS migsinni | 1§ e-mail 5 asma i
(incoming connection lost) Receiver
meégSwhauninnig GNSS migsdnng | 1§ e-mail 5 ansmMARarg}

Receiver
uammidinimitda Network migsdnng | 1§ e-mail 5 ansmMARarg}
(delayed network processing) | Processor
NWIMNUYWE§SHG{AT Network MBS 1§ e-mail 5 aISM AR
SN Processor
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b Teimble Prvet Platfeem {
Actions » =4 view +
Fle View Hep X 3¢ View ~ g
AEB FQ@ERmiviaeyouw
’ St | Ststion Defey  Synchronizer Defay | Stanon Coun | Shabon Sestus Mistory View
I | B _ Syncheonized cutput (GRS Time - Sabons): [1272072022 1005 24 A - 5 Last hour delay ma]
= " Ter Mn ‘ 1 i:,:j;f;i,;::;f::;:;
C: - prlpratinag=apmng Epoch celay (] [ S average delzy )
A Code Bias Cabitration [CBC]

) @5 Device Manager [Cambodin_CORS) | - . B
¢ TGNSSWM;O‘)“I Scurce | Staticn Name Station Code | Receved | Used Epochs Twm&)]ml

Suovags [15_24H_T021  GNSSRecerver KSP1 KSP1 KSP1 6578581 6559701 8360 TR
5T GNSS Recerver KEP1) GNSS Recerer KND1 KNI KND1 6584124 6580436 %38 122020
Reuter [<SP1] GNSS Reconver SET  SIET SIE? 642608 6420087 s87 20N
Stoeage (15_24H_T2) GNSS Recever STG1  STG1 sTG1 6596723 6586505 218 12202023

2T GNSS Recenver IPNH1| GNSS Recerver PNHT  BNHI ENH1 658747% L2062 413 12202024
a Router [PHH1]
Siornge [15_24M T2}

e0e o0

0 Storage [1S_24H_T02
3 Integrity Meeniae [RTXFF]

RTO Mslti Station [RTCM3Z]
=

7 5 RTX Engire [Default]
3 Irtegray Morstor [RTXZ]
= {8 RTXNet Processor RTK [ATXret |
Network Processor Storage [Netaork Proc
RTO Net VRS [RTCMZZ)

Ju ¢ 5 Pivot Platform

The Nationwide CORS Network Dashboard

_Sapmna o

CORS Station:

TRI00KHM, o ciwiua

8TR100KHM Cre i chdi
BTB200KHM, Whssye] rmdus
BTB400KHM 1] i
8TR700KHM 12wy i
BTBS00KHM, B, e
eTBS00KHM Q7T S

KCM200KNM, Eonss Arston
ey e Msp  CORS info
KCHaooKHM, leh Rrghi
KCHI0OKHM Srisighes, Anssghs
KCH200KHM, Ruifisnadtes dnsgia
KSPIOOKHM, Bis gl
XSP200KHM, B Aad
KTM100KHM, Fetisa s

Inspection Status:

Ju§ 6 AN RURERTS ArcGIS auiintii 85 CORS musur:Aulffiqwminn

(1fiulg §28 BG8 2024 18 94 CORS 1 SIHSIER 11618 99 CORS)
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2.6. Ml ¢ hardware IS1 D C

DC Operator L‘ﬁi’n:m"li‘fti?ﬁ hardware i wmsﬁ fiMaintenance Engineer 1
(1) ITHUgUAIANGS IwMIm{FivsHARAGRISINSnumn HA
FAFARICIAIMSMIMUHS uGE’ﬂUHL] 150 gg’mqmaﬁﬁmh:m:

Isi@nigndrgjhgunnnis: dujiRpuiv ﬁm:is Khmer GEONET]
fi:m:aﬁﬁinhnmfﬁmmmﬁwmaﬁgmﬁgﬁmﬁ f (a8 ATHmImI

al o

AifF M s gimiag i msSAEaIE whgjmsmizngnsan
SN IS MIAI{E T

(2) 15e38MguRINNgs INWHMSZURINNUFA Lﬁ;ﬁgi[‘&”laﬁﬁmhﬁaslﬂﬁﬁﬁlj
MSASINUHAN AYjA%jnsmMigAnSUAUAMI Khmer GEONET
ipliins: itgiowminngsSupervisori g8 Mitd A i

(3 miEtERAGmsuEa §h muuTigemANgSamiai(§ hardware
MU MITIAMNRAING hardware S8t tidy IHWHAIOW
mMinNG8Supervisor 108 SMMNISMINENIZjUMMANansmMnismial
181

(4) 1§MiA87] hardware 181 D C rintwsign uhnficyighywigrsiimia

2.7. Ml A software ISID C

DC Operator {AfIMINIEIGEIMEIS: INtwsHgtuiiMaintenance
Engineer [H8]mS1® auAinn§yw 3 fdunsHIgjnginygiiais msdnnimi
(sl wipdnimingmis Khmer GEONET $

(1) ﬁjft‘il‘ﬁinj‘lfﬁ MSUNESIB{RA DC Operator U Supervisor {AitFgI§1
Maintenance Engineer gjiiSajISuansmaugyjg s ammid

DC Operator I&8jIMAYUINFISUMBS{U{RHH 1USIUHA Maintenance

~

al o al

Engineer {RiIGeSINNUIGAIGEURNAGNEN software IF1MumMicING

J

al o

IsthnsuMgywisinnimifAginsin  software Maintenance

"0
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Engineer {5i{fA I WANTIANSMAIGTRTM AU {HRItUSS T
(2) tnpuin software {FiENSMILAI{NYNYSASupervisor1 UNUHA (i
IMWMinNGSSupervisor il software firumsiA tip: rMTANG

610 Afghin software IS1: (j5§11 source files 81 configuration files)

q

(3) iApeASiNAMSISuNS 8§ software fHrumSHIgiy U pupnG
g yguANNiYWw IWAWMAYSSupervisormu g 18Tinuibnuis
F1H F1i ]

2.8. NAwms ryifmn mifsH

DC Operator  {AilFATMIIGAUMBIS: HNwSE S wiMaintenance

Engineer 2

D

(1) AgMigIs

a) NTMSMirgIRMNeI{ING Khmer GEONET U‘jimmﬁm%ﬁg&mi
ﬁqiﬁmm’ismignﬁmmﬁgmﬂ
b) PIMSAIAMAAANSGIWSY (PUINHANEGU servers 81
SURTANINIIG] AT
¢) Logs fiRIIUHIMS SAIGNIATIUIUATN (iU SIFserver [
AN tiSupervisor ISTMBINTHANARNAIF] 18]
(2) WHTHMIt{UE) (YWiguNnAasAiHd : INUBAEAT DC MY §RINMIGM
fi DC Is1ig I mi)
a) ﬁéﬁj[ﬁﬂj access logs
A8ajIS U website logs 811 FTP logs Iiitwainpidn SuiSGwm 18
#18 access NMIZUMSMIHSONAULE T
b) EMAUENANTN logs ASHjIEING

igmifi§gpumamsiuagiianfwmaiiupinsdrgianh
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server 811 terminal TGN HISUUGHRUTSMiN 8]

(3) (PIHSIRUAVAMIGJUEUU

a)

mitfwautgISamnSsiu{nafs Sadun

N AMIAIG M HISMIFHIYINEG UNSMINWwNAMsHsinng u
IS M ENISMINWYA Mily pienimsmispuy 1 198
imdmm emnSs{uind uAvew omAuauls hardware tids
i siannmugI8i§iSupervisor DCITIWHIATM S MIAIH{FUU ]

MiAvu{ARANNS 81 Afvsaii password M

n

)

HipsEngmefivpisinnns Shidmsadi password firut
175 server 1811 DC 3jMS{fB{fii7 (AU passwords §jTSIE)fi A5

MBIt A0 I s S Supervisor ]

o al

miw s Shadinagf{uigdinnimi (0S) ShmuuTigena

P

Annaismmonn

anp)
=3

pimugjmssimigasanaismmionis 0s  Suayihagi

230
3
=

BI{EU server DNIAY TUILIIA] §jeut{puyIFiSupervisor ad fimivy

lan)
A

a al

nrumnissminn igimdgjnmiannadnnsg
MIUgAINuMNEHTAN

piugmEsimmonniuas 0S SuAyifiaifmnls servers IS
ﬁ;ifnﬂsﬁﬁSupervisor"l Wesmpiditnimagiain - ymihs
uamm iy oG wEessmmiicsnmasupervisor 81
Maintenance Engineer I&ujmS1§i{ufiufimi Khmer GEONET §i188
wigjauninnmaigmsmiias ysgungn ghainnismivg
MNTANis servers IS sius e (ivgMNTAN MW
1 6ANG  whcuamans§nuighinigadimaagie
HISUNARMIUERNUANT

MIHSIN patches

MiHSIH patch GIM: server INAUTHAUMSUNAD (FIGUGUjEMN
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patch IGATSMBIMG IGAISM{PIdIANIMI servers 1€jRim ymi
meuamm  thifls  RO§MIHSIH  patch  INWEISATIMII]
pINMiSupervisor §ilMaintenance Engineer IRYjmSISi{yAvuHmi
Khmer GEONET §188{pigjauninnmafgmsmiens ysgrungn
i1 panaianismitgig patch Is servers fnnidisiusaigniaiging
PIHSIGIMWITN 66 nwisiamasgnursidgnig
IMATGIE INUMSUENANMIEgIH

fy mMipyuAdEs §h aan
gimsmmsgirgiimaafins Sawhvfmimgmpumaia (i
wyuthipsl sifdwnsaifgiimnidms [pRosBinndmms
AREISHSILNEEAMYW  (INWMIANIFISupervisor/u (N imMI
Bnifunifms PRSI MIMIMMyWEHInSNA§AN NG
AU RIRMANANS (pi1ag1§1Supervisor ]

g) mMimifpaigEni Sivminirgjineg) i nuth adiahiv s Supervisor

AufAiAniduSupervisortad adMippithi BamumiafignSimang

i)

AN m gigmandms mipguiph Samanituursiai

i)

g wigardmidmapinnigRuAgAi;ms Supervisor {UHU

fif DC SiiMaintenance Engineer 1

ahat])

h) eSINUIGAIG RN GUAURMITS{UASAALS
weisiimsainnigytuiSupervisor N 8N {UAURMIIS{UNS
NAWS gomIam§N ynnaenShegiimnidms DC Operator {5

[Isi’ﬁ}[nfn OB PUUYLL [NH ST S tis fiMaintenance Engineer I

2.9. imwminnis{pivims Samifs st DC

DC Operator {RiIFIMWMIAN{UGIY &1 [wolméa) afwivim: 8i
FIAYM NG F U {0 Khmer GEONET muitis: App IR :*Khmer GEONET Data

Center O& M” (fyBI8UBURITS C 811 D)1
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annagjunondgisiaigite:  Eiimidanaisnutgis

suninhidupidiguisidaignimaeimungimi
UIAMSIFMIMIES Maintenance Engineer Lﬁ;i[ﬁ:iﬁfiﬁj DC
Operator I§MivINAth FgSWMBFGUMSNBYMT UNUN
MeggUMILENAIIW (pinwminnigl DC Operator  §i
SupervisorMitE 1t MITEIRIMSHIGN LIt
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3.4. imwminnismiuiufmi Salseiisanfuw

Station staff {FHIfinwmMinN{PeigaIf{uivam: Samils$ Khmer GEONET

muyit: App "Khmer GEONET Station Maintenance” (fj 8t {3 aﬁmﬁg E)1
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quiItE§ A MNR{UN§ / 2UAIAN Hardware 811 Software 1{{71S1 DC

mni A-1 MNdpAg / auAinnigd asfnt DC

o mmonnsn
Software Version HANHHN . :
-0 NAANNGIST
wiswynuégswinisa | 5.1 Trimble 31-8 UM -2027
B (Pivot)
Routine analysis and 5.1 Trimble 31-8fum-2027
processing equipment (Pivot)
QUAIANNATAABISIFI S | httpsi/khmergeonet.xyz/ 81
i jUNU Telegram
guninnN archive § gSty ;sﬁgh DC #705, Synology:
(ﬁr{‘ﬁ & g St realtime, Utyh, | Synology: Active Backup for | Storage (NAS)
fGRA T, backup) Business (MLMUPC U§U musi
I8 #105) yamm
guRinNuAMm §i {AUAR N MLMUPC
SURIAN firewall
Ltjﬁ S N8 ‘ﬁlj[f—}'ﬂj power supply | NA
MmN A-2 M0 hardware ;{1 DC
SURINN MIVTLN W Gss [nudisnain I
Server 2.1 GHz, 32GB || Dell PE R750xs Intel
5:51%\(/)1’ 12 Cores, 2 Xeon Silver
GB SSD SATA, 43101
2.5”HP 3.5”
CARR, 5 x 4 TB
7.2K
Monitor mLm{j 22" Monitor 1 Dell E2016HV
Server



https://khmergeonet.xyz/

SURINN Mty Ggs | (pudisHma SRy
3 | PC -~ CPU: Intel 1 Dell Optiplex
Core i7 - 10700
(8 - Core, 7090MT
16MB, 2.9GHz to
4.8GHz)
Memory:
16GB (2x8GB)
DDR4 non ECC
Storage: 3.5
inch 1TB 7200rpm
SATA Hard Disk
Drive
4 %’gmtor FUIU | 227 monitor 1 Dell E2016HV
5 | VPN Router 1
6 | UPS 1 APC APC Easy UPS
On-Line SRV
Ext. Runtime
1000VA 230V
7 W&ET UPS 200 Ah deep cycle | 3 Techfine 200 Ah
battery
8 | guminnmimi | NA 1
ig:
10| guainnesint | Synology: Active | | Synology
Backup Backup for
Business
(MLMUPC gt
irueg #105)
N: Ggsiifs



MmNl A-3 MN# software fU{NU DC

. mmonnsn
# Software Version {UUISHANGN . ,
0 BAANNGIST
1 Main real-time management 5.10 Trimble 31 gfum
software (Pivot) 2027
2 | Main analysis software (Bernese)
3 | Software {(AU{RUMITA{MAIVAT | 5.1 FURRUTGN IS | NA
HN E[fi {mes Bern
4 | Software {fUI{Ai) Database Trimble Pivot
Platform
(TPP)
5 | Software im& Precision baseline
6 | System interface unit software Trimble Pivot
Uy uEnicnowigsw | Platform
(TPP)
7 | System main processing unit Trimble Pivot
software FUIHIUUYURNIGA Platform
oGS (TPP)
8 | Power supply monitoring system NA
software
9 | Software U{HIU{AU{ARSNMY | NA
iN'S Information communication
network
10 | [igumsans (utnmiii Trimble Pivot
Telegram) Platform
(TPP)




2UNIH§ B MNi hardware I{fiisian&us

mn# B-1 MNA hardware KIsTan &

#t guniAn mIuitnty Ggs | (Avyisn gl
o
1 | GNSS Receiver 1 Trimble Alloy (PN
Navigation | 109100-00)
2 | giteessnt Choke Ring Antenna 1 Trimble GNSS-Ti v2
GNSS Receiver Navigation | Choke Ring
Antenna
(PN129587-20)
3 | 4G Router Dual SIM LTE cellular | 1 Teltonika RUT 955
router with 2 x
SIM Card Slots
4 | UPS 1 APC APC Easy UPS
On-Line SRV
Ext. Runtime
1000VA 230V

5 | mant UPS 100 Ah deep cycle battery 3 Techfine 100Ah

6 wHiGIAE DAY (H*W*D):800*650*600mm | 1 LANGII
Srsigngl

7 | Radome Radome for GNSS antenna | 1 Trimble 46291-00

Navigation

8 | suninnmimi Type N F/F Coaxial RF | 1 PolyPhaser | DGXZ+15NFNF-
ig:80nl GNSS Surge Protector, 800MHz - A
Antenna Gable | 5 5GHz, 300W, IP67, 15 V

Max., 500ulJ, 20kA,

9 | guaian Ethernet Surge Protector | | Sancable s
Ethernet Surge | POE+  Gigabit LAN Tupaveo. gHif
Protector Network CATS/CAT6

Thunder Arrestor TP302

10 | suAInnNMIM; 1 Sankosha | Sankosha

ig:int GSM
N: GgsI{5s
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2unig ¢ ¢ERNSHITUIGIGAI{INT DC Operator

DC Operator {AiIFMIFAASAJSIGANGANIIMYIS: WNRIUMGAMAIYH

anywig1 uya  DC Operator {RINWMIANAANSMAMUII: App

"Khmer GEONET Data Center O&M” (Nt #N S UG H{UE0 81T G M G)

1. I DC Operator

2. Iyieg) (DD/MM/YYYY):

3. 814 (hh:mm):

4. MINGIFRTHUMSIWIINUWIth 5 1§ RN 24 ITHRGRIMW ?
O &sws O w18

IGr0sth ;18 AEUTUNWUEAAAMItGIFIS

5. midiauNidn 8 ald A aw SIGTRARIW N 24 IHNGRIMUS ?

O ©sus O &8

I8t ;18 aysuTuNwudadimidaunims: 3




Daily Check Form for DC Operator

Khmer GEONET Data Center O&M

Name of the DC Operator:*

<O

Date and Time:*

25 85 2024, 10:05 AM

Outage lasting long than 5 minutes in the last
24 hours?*

NO
@® ves

If YES, describe the outage information:

1000
Significant delays observed in the last 24
hours?*
NO
® ves
If YES, describe the delay information:
1000
Take the picture of the problem:
Drop image here or select image

U C-1 App "Khmer GEONET Data Center O& M~ ({i 831 & 5], §1n3) Gnis)
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auiHg D FHRNRANTUIEIM §5jrut DC Operator

DC Operator {f{IFMiASAJIBUGANGANIMEIS YWMEHjER (2R LIAN NS

(finigeg)T USIGHA DC Operator {FINWMIANAANSMAMBILI: App "Khmer

GEONET Data Center O&M” (INH SjUGH{BAISITEING) ]

L. tnin: DC Operator :

2. iyieg) (DD/MM/YYYY):

3. Ifi interfaces AN STIANTIMIIN routers 111 5 YI§ ?
O s O 88 8Ig

1G58 th "S8 881§~ I router AMYWMHUL interface?




Weekly Check Form for DC Operator

Khmer GEONET Data Center O&M

Name of the DC Operator:*

O

Date and Time:*

27 881 2024, 4:06 PM

Are both interface running on all 5 routers?

YES
@ NO

If NO, which router has an interface that is
down?

1000

Take the picture of the problems:

jU D-1 App "Khmer GEONET Data Center O& M~ ({ig3#n1 & 5, §1a3) Gnin)
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guNHS E  ¢{BANSHITUIrI{ENT station staff

Station staff {fifHSigMIARASATNNANGTY IfHdMn ysSAMnISUNes
ARIH AR SIEINIGURINNINI{MYIS:T UUHRA station staff {fints
minn ﬁﬁﬁﬁgsmmmmtﬁ: App "Khmer GEONET Station Maintenance” (Fiti

S AN UB AP IS ITEING)T

# SURAINDN A SAIN
1| Antenna Radome I o8sny
2 | aAssOn (USSIANUIME) O g O8srny
3 | {Asugnis CORS O g O8sny
4 | 1un Y Ossny
5 | guminnmimiigs =Y O8sny
6 | iiundgim CORs O g O8sny
7 | mei/ ianiGim CORS I O8sny
8 | ey § (unnrunfeos, gjigh) o g o8sny
9 | uamm (UAIAN network, {2 Network) O g O8sny

2Uﬁ:nh:s1qn;dﬁa/LUHt}

a) GNSS receiver

b) SUAINNGIAURNAYS

) UAINNAUEAGATENU 8h
gURIANEAFAthENUBsMGIfhH

10| d) guAiAnmiMiig:aa(l power supply | O o8sny
SngiAumnAus
e) 1§

f) guAiNNMuSISuHG S
9) ﬁigﬂﬂlj

h) T&EHT 10T
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Check Form for Station Staff

Khmer GEONET Station Maintenance
Select CORS Station:*
(® PNH100KHM
KDL100KHM
KSP100KHM
SIET00KHM
STG100KHM

Date and Time:*

2024/06/26 15:38

Visual Inspection on Presence or
Absence of Damages:

Antenna Radome:

@ Good

Not Good

Sign board (metal plate):

@ Good

Not Good

Concrete Foundation of CORS:

@ Good

Not Good

Fence:

@ Good

Not Good

Lightning Protection:
® Good

Not Good

Tree Around CORS:

@ Good

Not Good

Building or Construction around CORS:

@ Good

Not Good

Electricity:
Electric Pole, Electric Cable

@ Good

Not Good

Network:

Network device, Network cable, etc.)

@ Good

Not Good

I Machineries inside the Tower/Box &

GNSS Receiver:

@ Good

Not Good

Communication equipment:

@ Good

Not Good

Equipment for power supply and UPS:

@ Good

Not Good

Lightning arresters for power supply and
communication:

® Good

Not Good

Power breakers:

@® Good

Not Good

Power monitoring equipment:

@® Good

Not Good

Fans:

® Good

Not Good

Battery

@ Good

Not Good

Tilt of the Tower:

@ Good

Not Good

Photograph with caption:

Crop imzge here or select ‘mage Q)

o

JU E-1 App "Khmer GEONET Station Maintenance” (§1#J) G nfi‘ﬁ)
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Data Policy for Khmer GEONET

Acronyms and Abbreviations

No. Abbreviation Official Name
1 | CORS Continuously Operating Reference Stations
2 | GLONASS Global Navigation Satellite System (Russia)
3 | GNSS Global Navigation Satellite System
4 | GPS Global Positioning System (USA)
5 | JICA Japan International Cooperation Agency
6 | Khmer GEONET | Khmer GNSS Earth Observation Network System
7 | MLMUPC Ministry of Land Management, Urban Planning and Construction
8 | QZSS Quasi-Zenith Satellite System
9 | RINEX Receiver Independent Exchange Format
10 | RRS Real Reference Station
11 | SLA (Service Level Agreement)
12 | VRS Virtual Reference Station




Data Policy for Khmer GEONET

» 1. Definition of Data Policy

MLMUPC defines a data policy for the Khmer GEONET.

» 2. Categories of Distributed GNSS Data

The categories of GNSS data distributed under this Data Policy are:
@ Static survey data:
Data Type:  Options: RINEX Version (2.11, 2.10, 3.02, 3.03, 3.04)
DAT, TGD, T01, T02
Interval (s): Choices: 1, 2, 5, 10, 15, 20, 30, 60
Duration: Maximum time is up to 1day.
Satellite system: GPS, GLONASS, Galileo, BeiDou, QZSS, (all included)
@® RRS GNSS real-time data (1 second sampling data)
Data type: RTCM3.2(MSM5)
@® VRS GNSS real-time data (1 second sampling data)
Data type: RTCM3.2(MSM5)

» 3. Usable area of Khmer GEONET

MLMUPC defines the Khmer GEONET availability area. This definition is subject to change

with base station updates.

» 4. Method of Data Distribution

Static Survey Data is distributed via the Internet to users as defined in the following clause.
Users can download data from Khmer GEONET.
GNSS real-time data is delivered over the Internet to the users defined in the following clause.

The user connects to "Khmer GEONET" by Ntrip and obtains information.



Data Policy for Khmer GEONET

» 5. Classification of Data Users

(1) MLMUPC, (2) Government agency, (3) Private sector,
(4) Academic/ educational institution/academic research

(5) NGO/IO/International Organizations

» 6. CORS Operation System

Khmer GEONET will be operated by MLMUPC.

> 7. Application for Data Distribution (Use Application)

Data users register their ID and password with Khmer GEONET,
Data users can get GNSS data. (Free period method)

> 8. Application Approval

MLMUPC approves the data user's application. Authorized users may use the distributed
GNSS data for their own use only.

> 9. Renewal of Data Distribution Contract

The data distribution contract will be automatically renewed unless the data user applies for
contract termination. (User with fixed period)
Payment method is advance payment.

1) I will send the invoice two weeks in advance.

2) If payment has not been made a week ago, I will send the invoice again.

3) If payment has not been made 3 days ago, I will send the invoice again.

4) If there is no payment, we will stop.

As the contract end date approaches, we will send you a re-registration notice.
1) We will contact you one month before the contract end date.
2) We will contact you half a month before the contract end date.
3) We will contact you at least 3 days before the contract ends.
Registered users will be terminated after 6 months unless renewal application is made.

If you want to use it again after it ends, you will need to register as a user (USD 50).

-5 -



Data Policy for Khmer GEONET

» 10. Termination of GNSS Data Distribution

MLMUPC may terminate the distribution of GNSS data to users who use the data

inappropriately.

» 11. Data Distribution Fee (Consider Fee/Method)

Categories Contents Fee (USD)
1 User registration (mandatory for all) USD 50/one time
Realtime connection: Within 2 hours USD 25/connection
21 (continued): After 2 hours USD 0.125/minute
2-2 Realtime connection: Monthly subscription USD 50/month
2-3 Realtime connection: Yearly subscription USD 500/year
3 Post processing USD 0.25/minute
Remarks:
1. “Category 1 User registration” is mandatory for all users for services in advance.

Once registered, the registration is valid even after the expiration/termination of

service terms.
2. All the fees will be discounted by 50% for all users from 26 June 2025 till
October 2026 (expected completion date of the “Project for the Establishment

of Nationwide Continuously Operating Reference Station Network in the
Kingdom of Cambodia”, JICA Grant Aid Project).
3. After completion of the nationwide CORS network in October 2025, the fees

will be discounted by 50% for the government agencies and research/education

organizations only. The fees for the private companies will be 100%.

12. SLA (Service Level Agreement) for Khmer GEONET

MLMUPC defines an SLA (Service Level Agreement) for the Khmer GEONET.
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iU S I Mt adi § §§w st Khmer GEONET

U e 84 HAFMA

No. HAJPME ainEtinh
1 | CORS apSwnastimnigmwmnwiany
[WASMWwinNUN T AIA R (Global Navigation Satellite
2 | GLONASS y
System) (i ﬁj‘_})
3 | GNSS [BASMWINNG GNSS
4 | GPS whsAnna§anunn (uiignisin)
5 |JICA FAmiMUAUAMIHGItNANYS
6 | Khmer GEONET | {pAigunmmnestind§icnwsgunin Khmer GNSS
7 | MLMUPC rrgnnusinsd smyufwnay Shednni
8 | Qzss [BASMWINNG Quasi-Zenith
gty gSwaslimiduanhwiangjis
9 | RINEX ’
receiver (Receiver Independent Exchange Format)
10 | RRS e SN i (Real Reference Station)
11 | SLA (Agneaaaifinggamunng)
12 | VRS e Sustini 888 (Virtual Reference Station)




iU S I Mt adi § §§w st Khmer GEONET

> 1. 8wuSwisimusinmnwégsw

MLMUPC thiifgj8 i wistmusiunms§ §Stwsu{st Knmer GEONET 1

> 2. {UagFg S GNSS firuicAmtw
wrAgfgsw GNss firumsisamw IMuIMUSINMNwFgSwmsisai
HMGIS
o FgSwarfimisdappuithianén
wrAgdgsu nieuuigy : AN RINEX (2.11, 2.10, 3.02, 3.03, 3.04)
DAT, TGD, T01, T02
GIIINM : HI{fag 0 1,2, 5,10, 15, 20, 30, 60
WIS SR BB 9ig

[WASHMWIANG :  GPS, GLONASS, Galileo, BeiDou, QZSS, (H18]H §111# )

o GSSWUSHNAY (real time) IS RRS GNSS (F 885 aTnFiin)
1A g § g8t : RTCM3.2(MSM5)
o 388WwUSNSIS VRS GNSS (FgSwaimFun)
1A ¢ § g8 s : RTCM3.2(MSM5)

> 3. Ausidumsi{{ Khmer GEONET
MLMUPC I miAnnaauSih G Khmer GEONET M8 HUSIS G a0

IFMBUGUSMNISAN SWY s

> 4.1funionégSw

<

sSwipniphian§apimsicAnWwsHAPM s muiw: §inna sieiak

Dt

ANHONIMBIS T HAHDT{MASHNGES RN Khmer GEONET M8 T

v

sSwugmsls GNss (imsgagigsyandmumuigsiing fuemn

<

HMBIS: T HAND{M SN GMUIF "Khmer GEONET" MGitis: Nirip I § § AU LA
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iU S I Mt adi § §§w st Khmer GEONET

ABBISIS NS

> 5. miGamaAgaimasfgsw
(1) MLMUPC, (2) AN, (3) T winns
(4) MiedAn / a8t/ MisdAp i

(5) NGO/IO/HRMAHZIMN A

> 6. {uAgfinnimi CORS

Khmer GEONET {§i{ T 8 & INNimM{1intis MLMUPC.

> 7.ngiGoimoionnwégsw (mylitnugd)
Hn[L‘UL MAFSSWRIGU ID 811 password 1UATZ 81 811 Khmer GEONET"

HAO(m f{j@ssrﬁmmgms Sty GNSS M8 ( ﬁﬁ@Jﬁ:n iTeuT)

> 8. MiggIANIAYIE
MLMUPC I§mi¢gruanagifivagadimaiégswy grndimesidums

G G U Lﬂi[L (388w GNss oA wasipbiamudmamnigstnm:

> 9. mingpiAgugpicAaniwigsu

9

ﬁgmsﬁmmm@séméhtﬁmsmS@i;mmﬁﬁmﬁjiﬁ iGAtruniRgA DM e
i

D3°
5 s
-
~

GgSwinamaumMuAgsn GAdIMATEumSsA

|4

INWEHEYSySUamul
2) wedsmSsIfmignagwasmuigsis ifn g Snfinwipysying)a

3) waisthssifmignamigyste dngSnfinwdinygsyineg)a

4) [ristdswmsmignarg ndngShumiminimas
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Khmer GEONET
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SLA (Service Level Agreement) for Khmer GEONET
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SLA (Service Level Agreement) for Khmer GEONET

Acronyms and Abbreviations

No. Abbreviation Official Name
1 | CORS Continuously Operating Reference Stations
2 | GNSS Global Navigation Satellite System
3 | Khmer GEONET | Khmer GNSS Earth Observation Network System
4 | MLMUPC Ministry of Land Management, Urban Planning and Construction
5 | RTK Real Time Kinematic
6 | SLA Service Level Agreement
7 | VRS Virtual Reference Station




SLA (Service Level Agreement) for Khmer GEONET

> 1. Service Hours

Basically non-stop (24 hours a day, 365 days a year)
However, outages may occur due to server maintenance, etc.

See "5. Suspension of Khmer GEONET provision, etc.".

> 2. About Service Inquiries

We have professional staff to respond to inquiries regarding usage.

Corresponding methods are telephone, Telegram, etc.

> 3. How to get Khmer GEONET

The user will be required to prepare an Internet connection environment at his/her own
expense, and the correction information from the Khmer GEONET will be sent to the receiver.
As an acquisition method,

a. Connect to the Khmer GEONET on the receiver and receive.

b. Connect to and receive the Khmer GEONET by the controller.
And so on.

Please consult your receiver manufacturer.



SLA (Service Level Agreement) for Khmer GEONET

> 4. About VRS & RTK accuracy by using Khmer GEONET

Basically, it is possible to maintain the following accuracy, however if the observation

conditions are bad, the result will deteriorate.

GNSS data is affected when radio waves from satellites pass through the troposphere and
ionosphere, as well as by water vapor. As the observation location moves away from the
reference station, these environments change and appear as accuracy errors.

In addition, since the accuracy may differ depending on the specifications of the rover receiver,

please consult with the manufacturer of the receiver.

Furthermore, in the case of VRS, the density of the CORS network that generates the virtual
reference points also contributes to the accuracy error.

In the case of VRS, the length of the baseline in the formula below means the distance from
the virtual reference point to the receiver of the mobile station.

VRS demonstration test results will be published on Telegram and the website, so please refer

to them.

Nominal accuracy: 2 cm+ (baseline length ) X 2ppm

When the base line length from the reference station is 10 km
"(Baseline length) x 2ppm = 10mm ", so it will be 3cm.
1ppm=0.000001



SLA (Service Level Agreement) for Khmer GEONET

> 5. Suspension of provision of Khmer GEONET, etc.
If any of the following reasons are determined, the provision of all or part of the Khmer

GEONET may be suspended or interrupted without prior notice to the user.

- When performing maintenance inspections or updating computer systems related to the
Khmer GEONET.

- When unavoidable due to operational or technical reasons

+ When it becomes difficult to provide the Khmer GEONET due to force majeure such as

floods, earthquakes, lightning strikes, fires, power outages or natural disasters.
- When the computer or communication line, etc. stops due to an accident.

- In addition, when MLMUPC determines that it is difficult to provide the Khmer
GEONET.

We will attempt to restore service within 24 hours for scheduled service outages such as
maintenance, but it may take longer in the event of an accident or other reason.
MLMUPC shall not be held responsible for any disadvantage or damage suffered by users or

third parties due to suspension or interruption of the provision of Khmer GEONET.
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Acronyms and Abbreviations

No. | Abbreviation Official Name
1 | CORS Continuously Operating Reference Stations
2 | GDCG General Department of Cadastre and Geography
3 IégrggET Khmer GNSS Earth Observation Network System
4 | GNSS Global Navigation Satellite System
5 | GPS Global Positioning System
6 | JICA Japan International Cooperation Agency
7 | MLMUPC Ministry of Land Management, Urban Planning and Construction
8 | RGOC Royal Government of Cambodia
9
10
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(1) Overview

Think about user support and system maintenance separately.

The support system is determined by the type of user.

Since the main user is a surveyor for the time being, there is no problem with correspondence only
during the daytime.

It is possible to build a support system from 9:00 to 18:00, other times are handled by Telegram and

the response is carried out the next day, and the current support is also operated by Telegram.

Server maintenance needs to be handled 24 hours a day, and will be handled by part-time staff rather
than full-time staff.

By linking system alarms and telegrams, alerts flow via telegrams.

For system maintenance, the manager receives an alarm, isolates the cause, and contacts the local
person in charge.

Build a 24-hour response system as much as possible, it is not possible immediately.

A system administrator responds remotely.

During the daytime, the user support staff and system maintenance staff will also serve.

Overtime system maintenance is basically done remotely.

Currently, Aruna is in charge of technical support for the system, but it is planned to be managed by
GDCGQG in the future.

We plan to periodically restart the distribution server (Pivot) in the future.

List the checks to be made before and after the restart.

Before restart:
Check that there are no connected users.

After restart:
Check that CORS information has been entered into Pivot.
Perform a test connection to see if an Ntrip connection is possible.

Check that RINEX generation is possible.
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(2) User Information Management

Register, update, and delete user information.
User information is also directly linked to billing. It is also necessary to manage billing methods as

necessary.

Application for use, renewal N

llati
User At caneelieipn » Khmer GEONET support

Notification of application approval

User

information

Billing process

Figure 1 User Information Flow
a) Registration method '
Registration is divided into individual and corporate.

Documents are presented between the user and GDCG, and a contract is concluded.

Apply for application.

Pass user agreement.

Sign the payment agreement.

>

_ Create an account & contact us.

(
l
1
1
|
|
1
|
i US E R j!;land over the subscription Instructionsi G DCG
1
|
|
1
1
1
1
|
|
1
1
1
1

Figure 2 Flow of User Information Registration
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We also prepare registration from the website (such as Google form). Adopt double authentication.

Current registration method
Send the registration form link to the user using Telegram.

http://221.120.160.130:8080/TrimblePivotWeb/Register Account.aspx

Khmer GEONET Khmer GEONET
- Harne  Reglatar > Home » Reglster
Create Account Create Account
Home: Home
Sensor Map Register a new account. Sensar Map Register a new account:

Reglster Personal Data i
sl Fiest Narmes | ] Extemal Links =
e = —— MLMUPC Organizatian:

La |

userMeme:| |
B I [
- ] ] Passmord:[ |
g e
oewrie[ ]
Country: | ] Security code shown above: |

i ‘ Previous Reglster

Separate multiple e-mails by ","
Additional EMait: |

Phone Number Home: |
Phone Number Mobile:

GSH Phone Number for TNC: | |
Language: | <None/Default> v

CONTACT LEGAL PRIVACY POLICY © COPYRIGHT 2023, TRIMBLE INC.

Next

CONTACT LEGAL PRIVACY POLICY 3 COPYRIGHT 2021, TRIMBLE INC.

This is the same as "REGISTRATION" on the home page (https://khmergeonet.xyz/).

&« @ O & hupsi/khmergeonetxyz * RS

The free trial will be extended till 25th June 2024, please register now!

KHMER GEONET RE ATION | SERVICES LOGIN FAQ  MORE.. v MORE v

NSS EARTH OBSERVATION

—

"NETWORK SYSTEM OF CAMBOD
 KHMER GEONET

221,120160.130:8080/TrimbiePivorieb RegisterAccountaspy [RSLOTNERN[inlVele'q Real-time positioning service How to register
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When a user performs input/registration, the system is notified.

After registering the subscription on the system side, a notification will be sent to the user (e-mail).

Khmer GEONET

> Home >

Home
Sensor Map
Position Scatter Plot
Status Messages

Approve Users

Number of users currently waiting for approval: 15

s mame] —orgamzaion | cm | cretnome | foles —cuon

Network Information
195 lonosphere [J Administrator
IRIM/GRIM
Reference Data Shop [JDealer
My Account [JMobile Guest
Personal Data ’
Change Password Chamreoun | Chamreoun spchamreoun@gmail.com 02/11/2023 05:10:12 | [JMobile Operator 20
Logins [J Organization Admin
Sessions
VR B TNC User
VRS iScope Live!
Active Subscriptions [web user
Organization Details
Active Subscriptions [ Administrator
Expiring Subscriptions O Dealer
Administration
Status Messages [IMobile Guest
Add Status Messages sokvengkim | Personal Use sokvengkim@gmail.com 02/11/2023 02:07:49 | [JMobile Operator o0
Edit Status Messages
Reglons [J organization Admin
Add Regions A TNC User
Edit Regions
User Management [Jweb User
User Management
Create User [J Administrator
Approve Users
Export e-mail addresses [ Dealer
Extended User Info DMab\Ie Guest
Extended User Info
Info Fields doeun Pov Leap Engineering | bongdoeunkh168@gmail.com 02/11/2023 01:47:25 | []Mobile Operator 0
RS [[J Organization Admin
Extended Login Info
Info Fields [ TNC User
Add Field
Web User
Organization Management O
Organizations Overview .
Create Organization [ Administrator
Role Management [ Dealer
Roles Overview
Create Role [CIMobile Guest
Subscription Management dyna Pov Leap Engineering | imdynaé@gmail.com 02/11/2023 05:14:41 | [JMabile Operator 20
Active Subscriptions
Expiring Subscriptions [Jorganization Admin
Create Subscription
Extended Subscription Info
Extended Subscription Info [Jweb user
Khmer GEONET
Active Subscriptions (All)
Home
Sensor Map
\ & B 5 6
Status Messages ‘
AR S Wamning: Your search returned more than 500 subscriptions. Only 500 subscriptions are now shown here, Piease use the search functionality to NATOW town the resufts.
195 lanosphere Fuluro Suscration
IRIMGRIM
Reference Data Shop e ey v
> = o o xpiration rder
T e “ contract R0 pate ot} RENEW | Number
Personal Data
Change Password Admin Admin iScope 28/05/2022 464 days Yes [N/AL 00m&O
Logins
Sessions Banteay Mean Chey DLMUPC pbehann phehann iSeape 21/02/2023 110 days Yes A1
VRS iScope
RS 1Scope Live! Banteay Mean Chey DLMUPC pbehann phehann R:;?)atas"“’ Elsriisil 21/02/2023 110 days Yes  [N/A]
Active Subscriptions ¥
Organization Details Banteay Mean Chey DLMUPC pbehann phbehann RTK Flatrate (1 year) 21/02/2023 110 days Yes  [N/A]
gzmsz?”i:ﬁ:m Banteaymeanchey DLMUC Chezsothon Chezsathon Scape 21/02/2023 110 days Yes [nA]
bbbt ol Banteaymeanchey DLMUC Cheasothon Cheasathon e Dot o ot 21/02/2023 | 110 days Yes  [NiA]
Status Messages year)
fd Bl e Messages Banteaymeanchey DLMUC Cheasothon Cheasothon RTK Flatrate (1 year) 21/02/2023 | 110 days Yes [N/A]
Edit Status Messages
Reglons BMC DLMUPC Pet Sophy. Pet Sophy iScape 03/03/2023 121 days Yes [nea]
Add Regions
Edit Regions BMC DLMUPC Pet Sophy Pet Sophy 55;?;“’5""" Flatinia (L 03/03/2023 121 days Yes A
User Management
(ki A fancmtant BMC DLMUPC Pat Sophy Pat Sophy RTK Flatrate (1 yaar) 03/03/2023 121 days Yes  [N/A]
Create User
Tannchikhann
Feiepil BMC DLMUPC n n Tannchikhann iscape 27/02/2023 116 days Mo [/a]
Export &-mail addresses RefDataShop Flatrate (1
Sxiondad Uaar'lifo BMC DLMUPC Tannchikhann Tannchikhann e 27/02/2023 116 days No [n/a]
IE’; ":“"‘: bl il BMC DLMUPC Tannchikhann Tannchikhann RTK Flatrate (1 y=ar) 27/02/2023 | 116 days No [h/A]
nfo Fields
Add Field BTB DLMUPC phannang phannang iScope 21/02/2023 110 days Yes [M/a] 00m®O
Extondod Login Info e :
Info Fields BTE DLMUPC phannang phannang v:arf AR hatae 21/02/2023 110 days Yes /A 00N ®O
Add Field
Organization Management BTB DLMUPC phannang phannang RTK Flatrate (1 y=ar) 21/02/2023 110 days Yes [/A] 00H®O
Organizations Qverview » - - T
Crfn rafagt BTB DLMUPC thoukthyrith thoukthyrith iScape 21/02/2023 110 days Yes [M/A] 00H®O
Rolo Management . RefDataShop Flatrate (1 -
s BTB DLMUPC thoukthyrith thoukthyrith S 21/02/2023 110 days Yes [N/A] 00HN%O
ﬁn'zmpl‘:': R BTB DLMUPC thoukthyrith thoukthyrith RTK Flatrate (1 year) 21/02/2023 110 days Yes [éA)
Active Subscriptions. Cadastral Angsnoul LMLPUC Lymene Lymono iScope 17/02/2023 106 days Yes  [N/A]
Expiring Subscriptions e
Create Subscription Cadastral Angsnoul LMLPUC Lymono Lymeno ng?;"“g"‘ﬂp Flatrate (1 17/02/2023 106 days Yes [N/A]
Extendsd Subscription Info i
Extenged Subseription Infa Cadastral Angsnoul LMLPUC Lymono Lymono RTK Flatrate (1 year) 17/02/2023 106 days Yes  [ial 0eE®e
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You can check the user's connection status on Pivot.

Khmer GEONET
st = VRE [dosge Livel

wope
VRS iScape Live!

scrplinns
Organkzation Datalls
Bubx

Adminlstration
Status Messages
A 8

Extended Usar Info
Exteznded User i
I
20 Fiex

[ 5
A Flakd

Organization Management
Grasnizations Cverview
Gradie Organization

Role Management
Rotes Charvia

Rl

an Management
Subs

~

VRS iScope™ Live!

14 50t logirs.

= Ll bunnzith (RTK Fix)
B '“‘3‘ i Q| chrounkimhong (RTK Fix)
- / hang (RTK Floal)
Haur (RTK. Fix)
Khonkhat (RTK Fix)
Kimsamnag (KTK Fr)
G e lam (RTK Fix)
i P Lim-Kieeng {RTK Fixg
5 b MRTLZ2022 (RTK Foz:;
5 ansamel {RTK Fix]
\ I3 - Sumul2023 (RTK Fix)
Lk ) simvandy {RTK Fix)
[ | Sokrathe [RTK Fix}
Pt va (RTK Ry}
Login: Hour [ ]
Organlzation: Pav Leap Engineering
) Time: 11:14:48
Lat: N 150 41 08.64770"
£ 104% 46' 09.450007
S551m -
penapau
Satelites: 42
prguict
PLOR 0.56 g
TrimAEn
Quality: ATKC Fix
Al v
Aaal
= OB A5
W Rover Information
[User |Session [Rover Satellites Sent Satellites Position Physical Base Station (PES)
Creanzaticn.  Pow Lasp Eagnesrng Etart Tima. 012523 08.02.23 Ugad 42 oFs. g 116590683 PBS Name. PRH1
Lagin. Hawr Connected Time. 031225 PDOF 056 GLONASS. € Long. 104.76923134 Distarce to PBS.  11735.227 m
1P 192 16811 93E % GaLILCC- T leghl:  5.55¢
RRS_RTCMIZ 0an- HE DO L]
NIHIE N IKIE KT
TONTACT LEGAL FAWASY FOLIEY T EGPVUGHT 2073, TRIBLE TWE.

In the future, we will ask users to fill out a registration application form and keep it as a document.

Currently, registration information is stored as electronic data. In the future, it will be stored both in

paper and electronic form.
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b) Billing method (currently under consideration)
At initial registration:

A system has been established whereby people can register via the website https://mlmupc.gov.kh/.

“« (& O 8 hupsy/mimupe govidh * 9 & 5

(magdijusiens eajuiwmy B8 drns :
ﬁ “ L3 - 0O 9 ¢ o trymin Q

Ministry of Land Management, Urban Planning and Construction

IRNAN@MIAN: ~

wnaghandmupdgimgoy o

Iguman{amis: AmmiuguInanBgLin

iym AR [NSAINM[NIMS AIYG[N:UIYIASIME
a'ﬁn:‘jmﬁ vguanmamisn

uswaam As ius

nRiang

najiin

MmUY

INNGROEARANIYE atfvudnaiddfitn:ma

BRI NFEAI9gUmE AAMAMA
shrerIgmAINMINM
wwmsugtnfiwasimnuiwnym Eunwaudwss
ismiugdinfitacidsisiye ymumidasiiums... )

IUnanminn:

wnifnssiundme P =
wigmdorgio IRNRNNA o ¥ "

How to pay

Part 1: If you have a user account with CamDigikey (or register for an account)

Select a streaming data service from the services you use

If you select a streaming service, the fee will be automatically deducted from your registered bank

account

[ User ] [ GDCG ]
The user registers personal information. View user information and send invoices.

CamDigikey ]

?{ﬁcame s tomim ceocipler damiigieg®

Cambodia Data
Exchange Platform

Securely allow multi-lateral data exchange between
different information systoms over the Internct

Part 2: We are preparing a website where you can select the payment method directly when registering

from GEONET without going through "CamDigikey".

-9 .
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(3) Notification and Communication

The support side may contact you based on the contact information of this user information. This

includes communications for regular/emergency maintenance, failure information, etc.

they browse.

User Khmer GEONET support

Telegram Chanel

FAQ, etc. Register new content.

User

information

Notice
Communication

Communication of regular/emergency maintenance,
Telegram failure information, etc.

Transmission of
information

Provision of information such as technical information,
FAQs, and case studies.

Figure 3 Notification and Communication Flow
Recognize how all information is delivered to the user.
Accumulated information such as FAQs should preferably be structured so that users can browse

through the Telegram Chanel.

- 10 -
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(4) Information Dissemination

As new information dissemination, it is also necessary to provide users with information such as
technical information, FAQs, and application examples.

Announcing to user contacts is also a way to get more use.

they browse.

User Khmer GEONET support

i Register mew content.

application
examples

Figure 4 Flow of Information Dissemination
Upload new articles as regularly as possible to keep viewers from getting bored.
If photos or articles are related to user data or personal information, I think you should discuss it with

the user and decide.
Information is sent via Telegram.
Telegram types
* Khmer GEONET channel (Information sending)

* Khmer GEONET group (User support)

Expose the server status display (195 Ionosphere).

- 11 -
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(5) Information Type

The types of information and their means of transmission are summarized in the table below.

ways to contact
&EE Contents of information launch Telegram | Telegram | Description
Chanel Group
LU emergency maintenance [ J Enter date and time of occurrence
EUEECL Emergency maintenance end notice [ ] Enter the restoration date and time
GEENET@ regular maintenance @ Enter the start and end time

e Guidance in the event of a failure [ Enter date and time of occurrence
ELEECL Trouble recovery guidance [ ] Enter the restoration date and time
\=-1- 8- Dissemination of technical information [ ] Technical information related to the service
1R Y Activity example ® Introduction of case studies using the service
(=R | Usage promotion contact [ J Holding seminars, etc.
TS R Communicating with Users ® Inquiries from users

Table 1 List of Information Type
Emergency: Notify as soon as possible
Regular: Notifications at fixed intervals
Fach time: Each time, notification when information transmission content is complete

Each time: Used as a means of contacting users

Ways to contact:
Telegram Chanel:

A one-way announcement means from the GDCG to the user.
Telegram Group:

Used for communication with users.

Also used for user inquiry.
As an option

Telegram hotline:

We are also thinking about 9:00 to 18:00.

- 12 -
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(6) Information Dissemination Method

Adoption and information dissemination of FAQ method such as Telegram Channel

To disclose the contents of an inquiry that can be disclosed among the contents of an inquiry received
from a user.

When a user wants to make an inquiry, first, (D prompt them to access the FAQ, and if they do not
find the content they want to inquire about, &) make an inquiry to support.

This will lead to a reduction in support work, such as reducing the number of inquiries.

@ inquir
User =il » Khmer GEONET support

reply

Register new content.

FAQ

database

Materials for responding to inquiries.

Telegram Chanel
FAQ, etc.

@ they browse.

When they don't have the information they want to hear, they make inquiries.

Figure 5 Information Dissemination Method Flow
The content to be written on the Telegram Channel as an external FAQ needs to be discussed and
decided by the internal staff.
If the content is likely to identify the user, it should not be included.
If it is a disadvantageous content, it is necessary to examine and decide within the internal staff and

MLMUPC.

- 13 -
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(7) Responding to Inquiries

User inquiries and their responses, as well as necessary content for user notifications, are updated as

appropriate. By updating this FAQ, we will be sharing information and responding to user interactions

across our support staff.

User

Refer to past answers.

v
v

inquiry

Khmer GEONET support

reply

Register new content.

FAQ ;
database

Materials for responding to inquiries.

Telegram Chanel
FAQ, etc.

they browse.

When they don't have the information they want to hear, they make inquiries.

Figure 6 Flow of Responding to Inquiries

If it seems that it will take time to answer, such as when you cannot answer immediately, hang up the

phone once and answer after investigating.

- 14 -
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(8) FAQ Registration Items

Items required for this FAQ registration
1. Reception date
The date the support personnel received the call
2. Reception time
The time the call was received by support personnel
3. Contract code
(If any) that can identify the user who made the inquiry.
4. username
5. Person in charge
Person in charge on the user side (person who contacted you)
6. Contact method
How you contacted me and how to contact you again
7. Classification (service, contract-related, others)
Categories of questions
8. Type (Ntrip, VRS, RRS, Web, others)
Service type
9. attendant
Support Personnel Who Received This Inquiry
10. Inquiry content
Inquiries from users/describe in detail so that they can be handed over to other support personnel.
11. Content of reception
Describe the content of the response, including the progress along the way.
At a later date, I will finish it as a useful material when the same question comes.
12. Remarks (preliminary description column)

If there is any other preliminary information, please include it.

See "FAQ-Database EN.xIsx" for a sample FAQ.

- 15 -
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(9) Training

Implementation of training on how to use data, etc.
Lectures will be given to users who do not know how to connect or set up Khmer GEONET.

(Consultation required for fee-based or free-of-charge)

Create a 10 - 15minute demonstration video of how to connect devices, upload it to YouTube and

register it on the Khmer GEONET website, and guide users to watch the video.

We plan to create videos with 6 to 7 types of GNSS receivers owned by GDCG, and also create

videos explaining the contents of subscription contracts.

- 16 -
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Khmer GEONET Utilization Promotion Plan

1. Purpose of the Utilization Promotion Plan
This document describes activities aimed at acquiring users and promoting the utilization of Khmer

GEONET.

2. Concept of promotion of utilization
When individuals or organisations purchase a product or use a service for the first time, it is common

for them to go through a process of ‘becoming aware of its existence, becoming interested in it,
comparing it with similar products and services, identifying its cost-effectiveness and making a
purchase or usage decision’. Khmer GEONET is also no exception.

Furthermore, in Khmer GEONET, becoming a user is not the goal, but it is also important that the user
continues to use Khmer GEONET and that the range of applications continues to expand.

In this document, having taken into consideration the above process, three stages: "Recognize Khmer
GEONET", "Register to Khmer GEONET", "Continue to use Khmer GEONET" are set.

The main target stages for each of the promotion of utilization activities shown in the next section are
also included. For effective promotion of utilization, it is important to select activities and consider their

content with these stages in mind.

Table 2-1 Stages of utilization of Khmer GEONET

Stage Aim/Effect Activity

Introduce Khmer GEONET itself as well as
utilization examples through the website,
leaflets, events, seminars, etc.

Potential users recognize the
existence of Khmer GEONET

In addition to the activities mentioned above,
Potential users understand the | provide detailed information, let them try
usefulness and necessity of Khmer | GNSS, and show benefits of using Khmer
GEONET, get interested in, and | GEONET so that potential uses decide to
then become users use Khmer GEONET for their
work/business.

Provide useful technical and non-technical
information about GNSS to assist their
continuous and expanded use of Khmer
GEONET. Encourage them to share their
knowledge and experiences with others
which might motivate them to use Khmer
GEONET more.

Continue to use Users continue to use Khmer
Khmer GEONET GEONET and expand their use
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3. Utilization promotion activities

(Al

Khmer GEONET website General page

Continue to use
IR gD Khmer GEONET
- Tointroduce Khmer GEONET and raise interest.
- To provide information on service content, how to register and how to make use
Aim/Role
Khmer GEONET
- Users can also log in to the user page from this site.
Frequency of
At any time
action
Responsible
Geography Department
Department
Provide information about Khmer GEONET in text and video.
1) Overview
Khmer GEONET
2) Service content and service =
cover area
3) User registration procedures
Content
4) Utilization Guideline
5) Use cases
6) Technical information
7) FAQ
8) Announcement of maintenance information
- Assuming that GNSS beginners visit the website, use words and explanations
that are easy for everyone to understand.
- Itis important to give notice and explain the changes at the right time when start
charging of service or when the service area is expanded.
- ltis important not only to add new information, but also to to delete old or out-of-
Remarks
date information.
- The following instructional videos need to be posted on this site.
»  How to register with Khmer GEONET
»  How to download RINEX data
»  How to connect a GNSS receivers to Khmer GEONET
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(Bl

Targeted stage

Khmer GEONET website User page

Continue to use

Khmer GEONET

Aim/Role

To provide Khmer GEONET users the following information.
- Status of CORS condition and data distribution
- Registered account information

- Download post-processed data (RINEX data)

Frequency of

At any time
action
Responsible
Geography Department
Department
Provide the following information on Khmer GEONET in text, graphics and data
1) Status of CORS Q“'
il 2)  Account information =k : '
3) Post-processing data (RINEX data)
- It is important to give notice and explain the changes at the right time when start
charging of service or when the service area is expanded.
- It is important not only to add new information, but also to delete old or out-of-
Remarks

date information.
- Information on user usage of Khmer GEONET is analyzed and used to update

future promotion of utilization plan.
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[C] Khmer GEONET Telegram group
Continue to use

[ETERIEs SiegE Khmer GEONET
Aim/Role To provide user support, such as responding to user inquiries.
Frequency of

At any time
action
Responsible

Geography Department
Department

. . . . Khmer GEONET Z_ pinned Message
Interactive communication, such as responding 2rzmembers, szaonine | e gegmadyediie S5,
to queries from group members (users).
° ;‘;I\_IHHI\H\IMI\nwHI\\-‘-\H‘-”-‘IHI\IHI"-)‘\I\IM- |
Content @Qfﬂ-?;ﬁm—@_ y |
° - I e—— e
| ° ‘;A'\_IHI\i}\i\l“l\:\\l‘\l\.\l}IH-TIHII‘HTI\-”-
3'. N A\ zsugacﬁmmw_ y

- Respond to user enquiries as quickly as possible.

Remarks - User enquiries are organized and analyzed and used to update future
promotion of utilization plan.

[D]

Khmer GEONET Telegram channel

Continue to use

Targeted stage Khmer GEONET
Aim/Role To provide information on events, maintenance, etc.
Frequency of
At any time
action
Responsible
Geography Department
Department
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[D] Khmer GEONET Telegram channel

Provide the following information about Khmer Khmer GEONET

scribers

GEONET in text, graphics and photographs.

1) Information on seminars and other events

Connection to Khmer GEONET information: ;' J
cgd09.khmergeonet.xyz

2) Maintenance information. port: 2101

3) Announcement
Content
._\;i yoNEUYStiEio S 2023) trfiin 7:00
I | pm s 600 am sS0S i genn =TS CORS Server:
i | Trimble Pivot Platform® £ SHONEINSUTLR: HRYDA
“, (55 KhmerGEONET SIHHMHEHD‘QEWHILDL@&EWEYEH
- Maintenance information should be communicated to users as soon as
possible.
Remarks

- Information posted on the website (guidelines, use case leaflets, etc.) shall also

be posted on this channel.

[E]

Khmer GEONET Introduction leaflet

Targeted stage
Aim/Role To introduce Khmer GEONET and raise interest
Update: when there are major changes to the service content
Frequency of _
(Ver. 1 was created in May 2024).
action
Distribution: at seminars, events, conferences, etc.
Responsible
Geography Department
Department
Provide the following information on Khmer GEONET in text and graphics
1)  Overview pis e
2) Service description and service area
Content 3) How toregister as a user
4) Utilization sector
5) Contact information
- Mainly for inexperienced GNSS users, the words and explanations should be
Remarks easy for anyone to understand.
- ltis important not only to add new information, but also to delete old or out-of-
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[E] Khmer GEONET Introduction leaflet

date information.

[F]

Khmer GEONET Use case leaflet

Targeted stage
I To introduce Khmer GEONET tips on how to use GEONET and specific examples of
its effectiveness
Frequency of When there is a new use case of Khmer GEONET
action *It would be good to be able to add new leaflets a few times a year.
Responsible
Department Geography Department
Khmer GEONET use cases will be introduced in text and [
graphics.
The created leaflets will be posted on the Khmer
GEONET website, etc.
Content 1)  User overview
2) Work/Business content
3) Purpose and use case of Khmer GEONET
4) Benefits of using Khmer GEONET
- The introduction of applications and benefits from the user's perspective is easy
to understand for GNSS beginners. It is also expected to increase confidence
in Khmer GEONET.
Remarks - It is advisable to request the cooperation of Khmer GEONET users (both public
and private) in the production of leaflets on a regular basis.
- When preparing new leaflets, use the prescribed template in order to unify the
image of Khmer GEONET.

[G] Khmer GEONET Utilization Guideline

Targeted stage

Aim/Role

To provide GNSS beginners with the information necessary to use Khmer GEONET

smoothly.

Frequency of

action

Content is updated about once a year

(Ver.1 was created in September 2024)

6
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[G] Khmer GEONET Utilization Guideline

Responsible
Geography Department
Department
Provide the following information on Khmer GEONET in text and graphics.
1)  Overview
2) Usage
Content 3) Ultilization sector
4) Points to note when using Khmer GEONET
5) GNSS receivers
6) Other reference information
- Mainly for inexperienced GNSS users, the words and explanations should be easy
Remarks

for anyone to understand.

[H] Exhibiting at events

Targeted stage

Aim/Role

To spread awareness about Khmer GEONET

Frequency of

When exhibitions and other events related to surveying, construction, agriculture, etc.

* It would be good to select and continue to exhibit at events that are expected to be

action
highly effective for each sector.
Responsible
GDCG
Department
The following content will be exhibited to introduce Khmer GEONET
1) Panels and videos
2) Surveying equipment
Content
3) Introductory leaflets *to be distributed.
- It would be good to increase the number of exhibition opportunities, especially
before and after the expansion of the service area.
- It would be more effective to prepare exhibition contents (panels, videos, etc.)
Remarks that not only introduce Khmer GEONET in general, but also match the target

sector and purpose of the event.
- It would be good to be able to conduct GNSS trial depending on the situation at

the venue.




Khmer GEONET Utilization Promotion Plan

[H] Exhibiting at events

[ Reference.]

Khmer GEONET was exhibited at the following events in the past.

- Construction EXPO (organized by MLMUPC, Dec 2022) Approximately 600
people visited the booth

- Digital EXPO (organized by Ministry of Post and Telecommunication, Mar 2024)

[l Holding seminars

Targeted stage

Aim/Role

To widely publicize the content of Khmer GEONET service and how to utilize Khmer
GEONET.

Frequency of

About once a year

action

Responsible

Department ebee
The following contents are used to introduce Khmer GEONET.
1)  Presentation on Khmer GEONET service
2) Presentation on the utilization of Khmer GEONET
3) Exhibition of panels and videos

Content 4) Introduction leaflet *to be distributed.
It would be good if it could be held at a time of major changes in service content, such
as the charging of services or the expansion of the service area.
[Reference.]

S The following events have been held in the past.

- JICAProject Seminar (30 September 2022) 165 participants from the public and
private sectors

- JICA Project Seminar (3 June 2024) 144 participants from the public, private
and academic sectors
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Targeted stage
To provide opportunities for GNSS beginners and/or potential uses to experience
Aim/Role real-time positioning using Khmer GEONET, so that they will understand its
usefulness, convenience, and how to use it.
Frequency of
When exhibiting at events or holding seminars
action
Responsible
Geography Department
Department
Bring a GNSS receiver to an event or seminar venue to experience Khmer GEONET
1) Explanation of how Khmer GEONET [EEEET S il
functions = : |
2) Explanation of how to use the GNSS
Content
surveying equipment
3) Experience real-time positioning
- In addition to using GDCG's GNSS surveying equipment, it could be worth
Remarks considering about requesting cooperation from various surveying equipment
companies.

LN

Targeted stage

Khmer GEONET User Meeting

Continue to use

Khmer GEONET

Aim/Role

To understand users' real opinions about Khmer GEONET and get ideas for

improving services and user support.

Frequency of

About once a year

action
Responsible
Geography Department
Department
Provide information to and exchange opinions with users at the following agendas.
- Lecture on the latest trends in GNSS and other topics (external speaker)
Content

- Information on Khmer GEONET (GDCG)
- Use cases of Khmer GEONET (users)

- Exchange of opinions
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[K] Khmer GEONET User Meeting

Remarks

- Invite users to participate using telegram groups, websites, etc.
- Ask users for their opinions and requests to improve the service.
- Company exhibition booths could be set up.

- User feedback will be considered in future promotion of utilization plan.

[L] GNSS training at GDCG

Targeted stage
Aim/Role To train new users on how to use Khmer GEONET to ensure smooth use.
Frequency of
About once or twice a year
action
Responsible
Geography Department
Department
The training covers the following topics.
1)  Overview of GNSS
Content 2) How Khmer GEONET functions
3) How to use Khmer GEONET
4) Experience real-time positioning
- Standardizing the program reduces the burden of hosting the event.
Remarks - Potential users who are considering using the service can also be invited to
assist their decision-making.

[M] GNSS on-site training

Targeted stage
Aim/Role To train new users on how to use Khmer GEONET to ensure smooth use.
Frequency of
On request
action
Responsible
Geography Department
Department
Provide on-site training upon request from government agencies and companies.
1)  Overview of GNSS
Content

2) How Khmer GEONET functions
3) How to use Khmer GEONET

10
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[M] GNSS on-site training

4)  Experience real-time positioning

- As resources are required for implementation, it is advisable to fully consider to

whom and how to inform about this activity.
Remarks
- Potential users who are considering using the service can also be invited to assist

their decision-making.

[N] Pilot projects

Targeted stage

To improve Khmer GEONET based on feedback from projects.
Aim/Role To raise awareness of Khmer GEONET by presenting the results of the pilot projects

in leaflets and at events.

Frequency of At the right time *It would be good if this could be done in keeping with the timing of

action the expansion of the service area
Responsible
Geography Department
Department
o Government agencies and private companies are invited to use Khmer GEONET in
ontent
new applications and new locations and to provide feedback on the results.
In 2022-2023, the following five projects were implemented as part of JICA projects.
See implementation report for details.
- Project to verify the use of Khmer GEONET for cadastral surveying
- Project using Khmer GEONET for drone surveying and cross-sectional
Remarks

surveying
- Project using Khmer GEONET for surveying water supply facilities

- Project using Khmer GEONET to inspect road pavement surfaces

- Project using Khnmer GEONET for spraying fertiliser by drone

11
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4. Timeline

This section contains a schedule for the activities indicated in Chapter 3.

The following is a schedule policy.

Create a schedule considering important events such as unification of coordinate systems, start of paid

distribution and expansion of service area.

1) Activities that should be updated or implemented before important events

- Updating the website
- Updating the introduction leaflet

- Holding seminar
2) Activities that should be implemented on a regular basis

- Exhibiting at external events
- Holding GNSS training

- Holding user meetings
3) Activities that should be updated from time to time

- Telegram group
-  Telegram channel
- Utilization guideline
4) Activities that should be implemented as required
- GNSS on-site training

- Pilot projects

12
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Table 4-1  Schedule of utilization promotion activities (Tentative)

i 2025 2026
1]2]3]4]5]6]7]8]9]t0[11]12[ 1]2]3]4]5]6[7]8]9]10][11]12

Distribution service

[1] Testing data distribution By 25th June 2025

[2] Paid data distribution From 26th June 2025 >

[2] Nationwide data distribution 2 }}}
Important events A Start of paid service Exparsion of service 3rea(Tentative) A
Promotion of utilization

[A]JKhmer GEONET website General page By 25th June 2025 >

[B]Khmer GEONET website User page By 25th June 2025 >

[C]Khmer GEONET Telegram group Update as needed

[D]IKhmer GEONET Telegram channel ) Update as needed

[E]Khmer GEONET Introduction leaflet By 25th June 2025

[F]IKhmer GEONET Usecase leaflet When the number of use cases increases

[G]Khmer GEONET Utilization Guideline D Update as needed

[H] Exnibiting at events Exhi iLin%)i_gi_cl EXPO Ebeithg at ConLéuction XPQ Exl—$;l,_wgi:$|:>l(l?gg e UCUCKE "

[I] Holding seminars A Held before|paid seryice Held before nationwide service A

[J] GNSS trial A Held before paid|seryice Held before natiorjwide service A

[K] Khmer GEONET User Meeting Onde a yea A Onde a earA

[L] GNSS training at GDCG Onde a yean A\ Onge a yean A\

[M] GNSS on-site training As needed

[N] Pilot projects ':Ztt?;:]wizcehsizrgvice

13
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5. Where are potential users of Khmer GEONET?
When planning and implementing utilization promotion activities, it is necessary to set the target
appropriately. There are various segmentation approaches, however, Khmer GEONET thought it would

be useful to categorise the sectors by industry.

Khmer GEONET is currently expected to be used in the sectors of surveying and mapping, utility (public

infrastructure), construction, agriculture, navigation and autonomous driving.

- The most promising of sectors are surveying and mapping and utility (public infrastructure) sectors.
This is because many GNSS receivers are already in use for work and can become users as soon

as they register with Khmer GEONET.

- The second is the construction and agriculture sector, as drones are being used in these two
sectors and Khmer GEONET can also be used to operate ICT construction machines and smart
agricultural machines in the future.

- The third is the navigation sector. This is because GNSS is already being used by smartphones
and other devices for truck location tracking and delivery services, and high precision positioning
is expected to be used in the future.

- The fourth is the autonomous driving sector. High precision positioning is essential for
autonomous driving and Khmer GEONET has an important role to realise autonomous driving.

The following chapters describe the characteristics of each sector, expected Khmer GEONET

application scenes and proposed approaches to potential users.

5.1. Surveying & Mapping sector

Khmer GEONET can be used for cadastral surveying, topographical surveying, construction surveying
and many other types of surveying.

The main potential users are companies implementing public works projects ordered by MLMUPC
(Ministry of Land management, Urban planning and Construction) and MPWT (Ministry of Public Works
and Transport), as well as private surveying operations and construction works.

Potential users can be efficiently found if PR is done at meetings where private companies gather (e.g.
CAMBODIA CONSTRUCTORS ASSOCIATION and chambers of commerce and industry in various
countries).

You can also find potential users by promoting Khmer GEONET to educational and research

institutions such as the Royal University of Agriculture of Cambodia.

14
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5. 2. Utility (public infrastructure) sector

Khmer GEONET can be used to install and maintain public infrastructure facilities.

Public facilities such as electricity, telephone, and water are maintained and managed by the respective
public or private companies.

The positions of these facilities need to be accurately surveyed and managed, and Khmer GEONET
is expected to make these tasks more efficient.

The main potential users are the Electricité du Cambodge (EDC), the Phnom Penh Water Supply

Authority (PPWSA), and telecommunication companies (Cellcard, Metfone, Smart Axiata).

5.3. Construction sector

In addition to surveying, Khmer GEONET can be used for the design, construction, inspection and
maintenance of infrastructure facilities.

It can be used for 3D surveying of the terrain before construction using drones, civil engineering work
using ICT construction equipment at construction sites, and inspection using survey equipment after
construction.

Potential users are contractors for construction works ordered by MPWT (Ministry of Public Works and
Transport) and private construction contractors.

Potential users can be efficiently found if PR is done at meetings where private companies gather (e.g.
CAMBODIA CONSTRUCTORS ASSOCIATION).

You can also find potential users by promoting Khmer GEONET to educational and research

institutions such as the Institute of Technology of Cambodia.

5.4. Agriculture sector

In the agricultural sector, drones can be operated for fertiliser application, tractors and farm equipment
can be used for precision farming by accurately positioning their equipment.

Location information collected using Khmer GEONET can also be used to monitor crop growth and
soil conditions.

The main potential users will be private companies involved in projects ordered by MAFF (Ministry of
Agriculture, Forestry and Fisheries) and MRD (Ministry of Rural Development), large companies
involved in food processing, agricultural corporations and private companies applying fertilisers.

You can also find potential users by promoting Khmer GEONET to educational and research

institutions such as the Royal University of Agriculture of Cambodia.

5.5. Navigation sector
Khmer GEONET can be used for vehicle tracking and delivery services.

For example, the transportation status of a truck is managed by the GNSS attached to the vehicle.

15
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In delivery services, vehicles are navigated by GNSS attached to smartphones.

These services do not require high accuracy now, but in the future, like drone delivery, they will require
high precision positioning.

Potential users will be transportation companies such as DHL and UPS and delivery service companies

such as Nham?24, Food Panda, and Grab.

5.6. Autonomous driving sector

In the automated driving field, Khmer GEONET can be used for vehicle positioning, navigation and 3D
mapping. It can be used not only for the automatic operation of cars, but also for the automatic
operation of automated buses and ships. EV cars such as Tesla are beginning to spread in Cambodia.
The seamless distribution of high precision positioning data is necessary for automated vehicle
operation, which requires the nationwide distribution of the Khmer GEONET service.

The main PR targets will be the MPWT (Ministry of Public Works and Transport) and MOE (Ministry of
Environment), as well as CAIF (Cambodia Automotive Industry Federation), which is organized by car

manufacturers.

5.7. Other sectors
Khmer GEONET is expected to be used for monitoring crustal movement, weather forecasting, mine
clearance, and ship control in ports.

Potential users include CMAC and the Cambodia Port Authority Council.

Although the sectors are listed in order of potential with reference to examples from other countries,
the actual approach needs to be adjusted to Cambodia's actual situation.
-End -
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Application of CORS for Cadastre

Aruna Technology/Royal University of Agriculture/General Dept. of Cadastre and
Geography/Prov. Dept. of Land Mgmnt, Urban Planning, Construction & Cadastre

B About us

Established in 1997, Aruna is a leading company in aerial and
land survey and spatial information. Collaborating with
private and government partners, Aruna provides integrated
solutions for forestry, protected area management,
agriculture, and topographic surveys. They combine local
expertise with advanced tools like satellite imagery, aerial
photography, GPS receivers, and GIS software, while focusing
on developing the capacity of their counterparts for future
sustainability.

B How we use Khmer GEONET S

Supporting our project partners, we used Khmer GEONET for cadastral mapping.

Before using Khmer GEONET, it was a rover GNSS instrument needed to connect to a base station which
had to be set up at each working area. Using base station, the baseline is limited by radio range and it is
time consuming and complicated to operate. By using Khmer GEONET, cadastral mapping staff can switch
on their instrument and begin working immediately with confidence.

Observation of elevation of rover GNSS
over time

Wlthout Khmer GEONET With Khmer GEONET

Takes time to setup a base station
* Base station has limited range

* Rover GNSS can connect and go
* Uptime is very good

* Coordinates are not consistent * Coordinates are consistent

* Need more field staff to operate the base * Complete more work in 1 day
station * Use less human resources

* Base station is not always available * More confidence in outputs

® From here forward

This pilot project successfully demonstrated the benefits of Khmer GEONET for cadastral survey. As of July
2024, more than 200 surveyors use the system every week for cadastral mapping and other tasks. Since
the network is limited in coverage, we look forward to the expansion of the network to cover the whole
country.

23 July 2024
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Khmer GEONET Use Cases
Flood Inundation Study in Siem Reap Town

KEY CONSULTANTS (CAMBODIA) Ltd.

B About us

KEY CONSULTANTS (CAMBODIA) Ltd. is a Cambodian
consulting firm with over 20 years of experience. KCC
offers a wide range of services including Water
Sanitation & Environment, Topography and GIS, Urban
Planning and Design, Water Resources and Rural
Infrastructure, and Social Economic and Institutional
Development. Their team of professionals aims to
provide clients with cost-effective solutions.

B How we use Khmer GEONET

We use Khmer GEONET for drone, land and bathymetric survey to produce geolocated aerial photos, and
topography points as primary and essential data set for further use in wide range of applications such as
hydrology and flood assessment in this case. Before using Khmer GEONET, we need more GNSS receivers
which are required more investment and time to setup to start the work. But now we just connect our
survey devices to the Khmer GEONET CORS, and it is ready to go with centimeter-level accuracy.

|l rmn.

” i ’
1 .mmll

With Khmer GEONET

Now, Khmer GEONET CORS provides convenience

Without Khmer GEONET

The conventional method or traditional RTK

method requires more sources to operate. Users
are required to purchase at least two GNSS
receivers, one of which serves as the base
station and the other as a rover, resulting in a

and work efficiency by reducing time-consuming
and cost as we can starts with only one GNSS
receiver as the rover. The GNSS data collected by
the CORS station is processed and transmitted to

significant initial investment cost users via the internet, allowing them to access
high-precision positioning information from

anywhere, at any time.

B From here forward

Khmer GEONET is being used as a reference station for establishing Temporary Bench Marks (TBM) in other
area such as Phnom Penh, providing results as good as the National Benchmark (NBM). It can be used for
engineering surveys like canal and road alignment, and bathymetric surveys in areas like Tonle Sap and
Mekong River. Khmer GEONET's time-saving nature and accuracy match the National Benchmark, making it

a more efficient option for engineering surveys.
14 MAY 2024
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Demonstration Project Transmission Main

DN500mm on National Road 3 (NR3)

PHNOM PENH WATER SUPPLY AUTHORITY (PPWSA)
B PPWSA &

Phnom Penh Water Supply Authority (PPWSA) was

established in 1959 as a state-owned production and
business unit under Phnom Penh City Hall and was §
officially named "Phnom Penh Water Supply

Authority“(PPWSA) for more than 64 years. E

B How we use Khmer GEONET |

We use Khmer GEONET for The project is located in Phnom Penh and the study of DN500mm water

pipeline design with 1500m length along National Road 3. We had choses to used the best service from
Khmer GEONET had improved our work with the accuracy and precision of location, as well as ability to
capture precise location signals with less bias.

Without Khmer GEONET With Khmer GEONET

Prior to the introduction of the Khmer Geonet, Now, after we had practiced with Khmer Geonet,
we also used the private -Cores, with the based on of implementation project that we done

uncertainty of verifying the level of work bias at on National Road 3 above, it shows us that the
the site where we were assigned, the time spent implementation process is highly efficient, data
on implementation; And study. It's part of retrieval is clear and fast.

making it slow and spending a lot of time on

each task.

B From here forward

We also hope that in the near future, all the developments of PPWSA with the participation of Khmer

GEONET will have a wider scope, whether in the city or in the provinces and can facilitate the
development PPWSA had been studied, planned to create more users to supply additional needs with the
services of Khmer GEONET. 8th/ May/ 2024
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Utilize Khmer GEONET data in the
construction project

IKEE PAVING SYSTEMS Co., Ltd / TOPCON CORPORATION

B About Us

ﬂ(EE Paving Systems Co., Ltﬁ

» Established in 2015 as part of the esteemed
IKEE Group in Japan

* Our objective was clear: to revolutionize road
construction through the introduction of cutting-
edge Japanese technology.

Our commitment is to provide excellence in both

construction methodologies and superior road

materials, ensuring smoother journeys and brighter

futures for all.

In addition to road construction, IKEE Paving
Systems Co., Ltd is also demonstrating a new road
survey technology that uses GNSS for very
accurate positioning. This shows our commitment

to improving road quality through advanced
Wlogy and precise methods. /

B About Us

/TOPCON CORPORATION\

In September 1932, Tokyo Kogaku Kikai Co., Ltd.
(Tokyo Optical Co., Ltd.) was established with
the aim of domestically producing surveying
instruments upon request from the Army Ministry,
based on the surveying instruments division of K.
Hattori & Co., Ltd.

Since the 1990s, through overseas M&As and
alliances, we have expanded our business into
new fields, especially Positioning business, in
addition to optical technology, we are developing
ICT construction machinery systems that use
positioning technology using GNSS, laser
technology, and hydraulic control technology,

contributing to improving the productivity of the
@uction process. /

aiki:]

S’ IKEE PAVING SYSTEMS co, u1a.

Technologies| = |

{
&,

e CmgmeE
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. ;5; § o . “
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| __The infra Activis

IKEE.....
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B Project Overview

In this project, it was decided to evaluate the accuracy and workability of the conventional survey method for
civil engineering construction and GNSS-based surveying using 3 cases.

1: Comparisons between Local RTK and N-RTK surveys (used Khmer GEONET)

2: Comparisons between the conventional survey (level survey) and GNSS survey (RTK survey by mmGPS)
3: Comparisons between Static survey and N-RTK(used Khmer GEONET)

4 |

£ N

e S 3

i

Pick up “No.2 case” Results of comparison accuracy & workability

STATION/Survey STATION/Survey
Result P Paving Result

281+820 281+820

0053 | 0051 | 0045 | 0053 | 0.052 | 0045 | 0057 |0.055| 0045 0058 | 0.053 0.045 | 0.062 |0.051| 0.045 | 0.052 | 0.064 | 0.045
2814830 0057 | 0049 | 0045 | 0059 | 0051 | 0045 | 0.063 |0.051 | 0.045 2814830 0063 |0052| 0045 | 0.053 |0055| 0045 | 0062 | 0.059 | 0.045
2814840 0061 | 0049 | 0045 | 0055 | 0052 | 0.045 | 0.061 |0.056| 0.045 2814840 0061 | 0.056| 0.045 | 0.059 |0.054| 0.045 | 0.062 | 0.059 | 0.045
2814850 281+850

0054 | 0045 | 0045 00863 | 0.052 | 0.0a5 0066 | 0.055 | 0.045 0059 | 0.051 0045 | 0.053 |0.046 | 0.045 | 0.045 0045 0.045

281+860 281+860

0059 | 0045 | 0.045 0.063 | 0.052 | 0.045 0064 | 0.056 | 0.045 0061 | 0.057  0.045 | 0.053 |0.050| 0.045 | 0.052 | 0.051 | 0.045

281+870 2814870

0.058 | 0053 | 0045 0.063 0.059 | 0.045 0.065 0.058 | 0.045 0.066 0.059 0.04a5 0.060 | 0.060 | 0.045 0.055 0.054 0.045
2814880 0051 | 0052 | 0045 | 0058 | 0055 | 0.045 | 0.061 |0.058 | 0.045 28148850 0.069 |0.060 0.045 | 0.053 |0.055| 0.045 | 0.056 | 0.058 & 0.045
2814890 0045 | 0054 | 0045 | 0054 | 0.056 | 0.045 | 0.055 | 0.058 | 0.045 2814890 0056 | 0059 0045 | 0.054 |0.054| 0.045 | 0061 | 0.063 | 0.045
281+900 0.049 0053 | 0045 0.053 0.052 0.045 0.051 0.054 0.045 2814900 0.052 0.054 0.045 0.051 | 0.048 | 0.045 0.066 0.062 0.045
2814910 0052 | 0057 | 0045 | 0056 | 0.062 | 0.045 | 0.050 |0.059 | 0045 2814910 0054|0059 00as | 0.0sa |0060| 004s | 0051 | 0060 | 0.0a5
2814920 0.051 0.060 0.045 0.056 0.060 0.045 0.050 | 0.058 0.045 2814820 0.052 0.055 0.045 0.049 | 0.056 0.045 0.054 0.064 0.045
See Bsck sight Set up base |Preparation of survey |surveying time (1 cross section) Number of Surveying staff |Working productivity
Level Survey 2mins Omins 5mins 5mins 5 persons @]
RTK(mmGPS) Omins 20mins 5mins 5mins 2 persons @]

B Pilot Project Conclusion

As a general review, the results obtained when N-RTK used Khmer GEONET data is used in the
construction field are as follows.

1: Accuracy equivalent to conventional methods can be ensured.

2: Work productivity is significantly higher than conventional methods

®  Way Forward

IKEE PAVING SYSTEMS Co., Ltd

We are engaged in construction work locally in Cambodia with a focus on infrastructure construction.
Being able to use real-time, high-precision positional information for on-site surveying and construction
will make it possible to survey and confirm the exact location regardless of the worker's technical ability,
allowing us to prevent mistakes before they can occur and enabling highly productive construction. We
would like to use the real-time data from Khmer GEONET for any projects within the applicable range.
TOPCON CORPORATION

Through this JICA pilot project (surveying), we demonstrated how GNSS (mmGPS) can be used at
construction sites to improve the surveying efficiency and the productivity of N-RTK surveys using real-
time data from Khmer GEONET.

We would like to educate local users in Cambodia about the benefits of using real-time data from Khmer
GEONET in N-RTK surveys and other activities to improve the efficiency of surveying using GNSS at
construction sites. 05 June 2024
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Khmer GEONET Use Cases

Title Advantages Of Khmer GEONET

JC Agricultural Cooperative co., Ltd.(JCAC)

B About Company

JC Agricultural cooperative co., Ltd.(JCAC) is agricultural

machinery company operated by Japanese
management and Cambodian staff, registered in
Cambodia on 21Nov2016.

JCAC conducts business mainly in Battamang, providing
2"d-hand-tractor and drone service directly to local

Cambodian farmers

B How we use Khmer GEONET

We make use of Khmer GEONET for accurate flight of drone which spray fertilizers and chemicals on
paddy farm. By Real-Time Positioning Service of Khmer GEONET, we can fly drone much more accurate

than GNNS flight.

Accurate flight of spray-drone can lead to saving in the usage of fertilizers and chemicals, and it can also
prevent chemicals from being sprayed in places outside paddy farm.

RTK Service Type

NTRIP Host: cgd09 khmergeonetyz
Port: 201

User

Password

Mountpoint RRS_RTCM32

0 u]

Without Khmer GEONET

Drone flight by only GNSS information is not
accurate. We can see it by the fact the drone
does not comes back to exactly the same place
where drone takes-off, even if we set auto-flight
plan to land at the same place as it takes-off.
This inaccuracy leads to inefficient spray of
fertilizers/chemicals especially at the edge and
corner of paddy farm.

With Khmer GEONET

We could confirm the accuracy of drone flight
under Khmer GEONET by checking the location
of take-off and landing (the drone landed exactly
the same place it took-off), as well as the
standard deviation analysis.

This means the drone can spray fertilizers
/chemicals accurately even at the edge and
corner of the farm, and does not spray outside
the paddy farm.

B From here forward

In case the number of CORS increase covering all provinces in Cambodia, we’d like to introduce more
sophisticated Japanese smart-agri-solutions which requires more accurate coordinate information,

such as autonomous driving of tractor/harvester, auto-irrigation system, etc

Copyright © 2023 Khmer GEONET - All Rights Reserved.
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Instructions on how to register with KhmerGEONET

= |fis the GNSS EARTH OBSERVATION NET WORK SYSTEM OF

ol CAMB ODIA.

T’jt 91 m = |t is Real-time posifioning service

Khmer = |t using GNSS observation data collected from all CORS

GEONET 2 to provide correction data for registered GNSS users to
achieve a few cm level precision in real-time around
CORS.

What is = Currently, it has 5 network CORS stations located in

Kh Phnom Penh, Kandal, Kampong Speu, Siemreap and

mer Stung Treng province and the Data Center located in

GEONETe MLMUPC building.
= |n future, it is anficipated that Khmer GEONET will be
nationwide covered.

Step 1: Register with KhmerGEONET

1. Click: www.khmergeonet.xyz; then click login

< 2 C & khmergeonetxyz & 2

™ Gmail €3 YouTube B¥ Maps @ Khmer GEONET

Free trial will be end on 26th October 2023, please submit your subscription!

KHMER GEONET SERVICES COVERAGE CONTACTUS LOGIN FAQ ABOUT

GNSS EARTH OBSERVATION NETWORK

'SYSTEM OF CAMBODIA
KHMER GEONET

1|Page



2. Click Register

Welcome
Home
Sensor Map Welcome to the Khmer GEONET Application!
Legin
Register Login
nal Links
LMUPC

3. Fillin personal data

Create Account

Home
Sensor Map Register a new account:
Login
e
External Links ]
MLMUPG First Name: | Ratha
Last Name: |Chan
Address: |No 4, Street 34
ey s |

Zip Code: | 123456

City: | Phnom Penh

District: | Khan Chamcar Morn

Country: | Cambodia

E_Mail: | rathachan@gmail.com

non

Separate multiple e-mails by ",

Additional E-Mail: | rathachan@gmail com |

Phone Number Home: |0123456789 |
Phone Number Business: |0123456T89 |

Phone Number Mobile: |0‘123455789

'GSM Phone Number for TNC: |0‘123455789

Language: | English (en-GB) v|

2|Page



4. Write your company/organization name
It is important to write correctly of your organization name.
5. Write your username and password

The username shall be in “lowercase”, no “space” one word only. Wrong username, you may not be
able to login to KhmerGEONET.

The password shall be strong with at least 8 characters. Please securely keep your password!

The Organization name, username and password will be required to use for login KhmerGEONET. Thus,
write it down and keep it safe.

6. Write security code as it was displayed, then click register.

Khmer GEONET

> Home > Register

Create Account
Home

Sensor Map Register a new account:
Login
External Links
MLMUPC Organization: |Geography Department

User Name: | rathachan

e 21

Password: | """"" ‘

Confirm Password: | """""

i

74
-t -3

Security code shown above: | KDsXF ‘

Previous Register

-~

e Your request now is submitted to the admin of KhmerGEONET. Please wait for approval
from the administrator of KhmerGEONET.
e After the admin of KhmerGEONET approved your registration, you will be notified via

email that you have registered, and you may also notify via KhmerGEONET Telegram
group. It is strongly recommended that you join the KhmerGEONET Telegram group to
get up to date information about the services provided.

e Tojoin the KhmerGEONET Telegram group, please click: https://t.me/khmergeonet

3|Page



Step 2: Connect your GNSS receiver to KhmerGEONET with following information:

IP Address: cgd09.khmergeonet.xyz
Port: 2101

Username: your_registered_username
Password: your_registered_password

Please note that for each brand of GNSS receiver, there will be different instructions on how to
connect to the Network RTK. The instructions on how to connect with each brand of GNSS
receiver is also provided in the attachment.

Please also note that there are two mount points provided by KhmerGEONET:

e VRS is the Virtual Reference System. Itis the network RTK that service available around
Phnom Penh areas taking into consideration the three CORS in Phnom Penh, Kandal and
Kampong Speu provinces.

e RTO (Real Time Output)/RRS is a single RTK CORS station connection. It will be
automatically assigned to the nearest single station of CORS where is your receiver
located.

4|Page



Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

Instructions for connecting

Rover GNSS to the Cambodia CORS Network

The General Department of Cadastral and Geography (GDCG) under the Ministry
of Land Management, Urban Planning and Construction provides the national
precise positioning service in Cambodia using GNSS such as GPS.

With the technical cooperation of JICA from 2021, GDCG currently operates 5
Continuously Operating Reference Stations (CORS) in Phnom Penh, Kandal,
Kampong Speu, Siem Reap and Stung Treng

This document provides instructions on how to connect a rover GNSS to the
correction service.

Use of this service is governed by these terms and conditions;
https://khmergeonet.xyz/terms-and-conditions

If you have any questions, please feel free to contact us;

Email: cors.kh@gmail.com

Telegram: @corskh

1
Sep 29" 2022




Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

Table of Contents

I.  Setup and Connection Trimble Access to Network CORS Station (VSR)....ccccceeeeieieiviieee e 4
II.  Setup and connect Controller (Trimble TSM) to Network RTK (NRTK) ......ccceeeeeviieeeiiiieeeecieee e 8
Il Setup and connect Controller (Leica) to Network RTK (NRTK) .....ccoeciiireeiiiieieeciiee e, 12
V. Setup and connect CHC Landstar to Network RTK (NRTK) ....ccccuieiiiiiiieeeieee e, 21
V. Setup and connect Controller (Survey Master) to Network CORS station (VRS).......cccccevevvveennnen. 26
VI. Setup and connect TOPCON MEGNET FIELD to Network RTK (NRTK) .....cccveeerivieeercireeennnneen. 30
VII. Setup and connect Drone DJI to Network RTK (NRTK) ...ccuvviieiiiiiiecieee e 36
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

Trimble Access

3
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

|.  Setup and Connection Trimble Access to Network CORS Station (VSR)

*. Setup GNSS Contacts

1. Open Trimble Access in data collector - go to Settings - go to Connect - GNSS

contacts.

2. Click < New > if you don’t have any existing CORS setup.
3. Give the name of CORS station that you will connect to

& Edit GNSS contact

Khmer GEONET

Contact type: Network oonnéction:
Internet rover|~| ? ]
Bluetooth modem: Modem PIN:
None
APN:
? []
) 12
w
Esc i Store
Config

4. Chose < Internet rover > on Contact type - and chose < Wi-Fi, ActiveSyn > on
Network connection and then Check on < Use NTRIP > (Page %)

Contact fype:
(Internet rover | v)

NTRIP Configuration
Use RTX (Internet):

Use NTRIP v1.0:

@

Use proxy server:

4
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

5. Key in the NTRIP username and NTRIP password than the < URL Address >
and<Port> (2/2)

© Edit GNSS contact

NTRIP Configuration
Use NTRIP:

Use proxy server:

NTRIP username:
2

IP Address:
0.0.0.0

Send user identity info:

cgd09.khmergeonet.xyz

Use NTRIP v1.0:
Connect directly to Mountpoint:
NTRIP password:

IP Port:
2101

6. Check again and click < Store >. (You will see your GNSS contact in the list.)

*_ Setup Survey Styles

1. Open Trimble Access in data collector - go to Settings = Survey Styles

2. Click < NEW > and give the style name you want create.

H No survey PDOP:1.3 M

5
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

Click < Accept >

3. Go to < Rover options > fill in all information see picture below.

) Measured to: i
R10 Internal | Bottom of quick release ¥ |

Antenna height: Part number:

6.562sft 90909-XX

Check on the GNSS signal that your GNSS support and then Click < Accept >

4. Go to < Rover data link > chose < Internet connection > for Type and select your GNSS contact
the was create. (See picture below.)

Type: - 2 .
Internet connection fid IE’,:| 19%
- 2 16
GNSS contact: ?
Khmer GEONET '? .
Prompt for GNSS contact:
Map
Menu
Favorites
Switch to

H No survey PDOP:1.3 E

Click on < Accept > and < Store > for finish.
*_ Internet setup for PC data collector
1. Go to < Start > - < Settings > - < Connections > - < Wireless Manager >

6
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

* You have 2 options for connect your data collector to internet are connect by WI-FI or install SIM
Card in to your controller.

Trimble TSM

7
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

Il.  Setup and connect Controller (Trimble TSM) to Network RTK (NRTK)
1. Go to Receiver <Rcv>

() survey Mobile

Survey Application
% ®
Tools About

‘ 1 ) ®
Bat Sat(14)  Ant(2.0000m) Rev,

2. go to <Connect> Connect to Receiver to use by Bluetooth

(] Receiver(test kof)

Connect Rover Base Status  Properties
Name Input =
I RTK radio )

~

~ RTK network
I RTK Bluetooth )

Save Start Stop

2 ) ® O

Bat. Sat.(18) Ant.(0,00m) Rev.

8
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

3. Goto <Rover> Select on < RTK Network>

\'@ Receiver(test kof)

Connect Rover Base Status Properties

Name Input =

RTK radio )

v RTK network )

RTK Bluetooth >
Save Start Stop

s ) @ O

Bat. Sat.(18) Ant.(0,00m) Rev.

4. Fillin all the information like URL, Port and NTRIP username and NTRIP password of
Network RTK

(1) RTK network(test kof)
Link type Controller internet
Protocol type Ntrip

il cgd09.khmergeonet.xyz

Port 2101

ase User Name

Password e
a

Mount point RTCM32 O

OK

. ) ® O

Bat. Sat.(18) Ant.(0,00m) Rev.
Click <OK> to finish.

9
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

5. After complete all information please Tick on < RTK Network> and then Click <Start> to

connect.

((]) Receiver(test kof)

Connect Rover Base Status Properties
Name Input =
RTK radio )
v RTK network )
RTK Bluetooth )
Save Start Stop

s ) ® O

Bat. Sat.(18) Ant.(0,00m) Rev.

**_Controller has connected to Wi-Fi internet.

10
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

Leica Smart work

! ica
Niva

Goosystams

11
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

IIl.  Setup and connect Controller (Leica) to Network RTK (NRTK)

1. From the Main menu of <Smart work> go to <Instrument>, <GPS settings>, <RTK rover
wizard>, select the <Create a new profile>, <Next>

Job: Defau't

( 2 3
GotoWork! 7 _ Jobs & Data L T¢ ‘ol 2
- Survey & stake pts V. Point management | ‘ tao
Start base station S Import & export { GPS settings.. | Connect to instr. Instrument status.
Instrument 4 A User
2 Settings & status Software settings
A5 Connections , B Soeen & audio

:5.001m :2.726m :4.192m _Fn abc 08:05 :6.337m ;3.387m :5.356m  Fn abc  08:07

RTK Rover W|zard
One or more RTK profiles already exist. What

<
TN ‘ ’?‘0 ” would you like to do?
RTK rover wizard Satelige tracking Antenna heights @c a pmﬂle
‘_33’ SQ O Load an existing profile
Quasity control Raw data logging O Edit an existing profile

ﬁsm ﬁ’”";i&im ﬁ'"ﬁn&n‘" Fn abc  08:07

12
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

2. Create a name for the Profile and Description than Click <Next>

Enter a name for the new RTK profile.

Name:
Description:  [JENUNINN |

DCQ:4.188m 2DCQ:2.196m 1DCQ:3.566m Fn ABC 08:27

3. select <Internet (e.g. NTRIP)>than press (Next)

e 1a B

RTK Rover Wizard

What type of connection do you want to use?
O Radio

@ Internet (e.g NTRIP)

O Dial-up (phone number)

DCQ; . »m IDCO;:«.~*m DCO; = ~+»m Fn m 16;01

13
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

4. Select <Internal 3.5G modem> than tick on <Use UMTS network if available.>

5.

than click <Next>.

. ]
2R (Tim P

O Port 2 of GS sensor

O Port 3 of GS sensor

O Bluetooth mobile phone
@ Internal 3.5G modem

Use UMTS network if available

RTK Rover Wizard -
Which port is the RTK device connected to? N

3DCQ:-.---m 2DCQ:-.---m 1DCQ:-.---m Fn abc 08:53

Inter the PIN & PUK code of the SIM card than click <Next>.

X @ !“’%m@&

RTK Rover Wizard

PIN code: = —

PUK code: — |

Enter PIN & PUK codes of SIM card. \

3DCQ:-.---m 2DCQ:-.---m 1DCQ:-.---m Fn abc 08:53
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Setup and Connection to Network Continuously Operating Reference Stations (CORS)

(VRS)

6. Using GPRS/CDMA Internet connection => <Next>

Xl | Tiie 6 D =
RTK Rover leard
How is the device connecting to the internet? \

O Using dial-up Internet connection |
@® Using GPRS/CDMA Internet connection

Fn abc 08:53

3DCQ:-.---m 2DCQ:-.---m 1DCQ:-.---m

7. APN's: => <Next>

@b | T 6 D =
RTK Rover Wizard
Enter the APN for your Internet connection. N

APN:

This information can be obtained from your
Internet provider.

3DCQ:-.---m 2DCQ:-.---m 1DCQ:-.---m Fn abc 08:54
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(VRS)

8. Enter the Network User ID & Password Than <Next>

< =)
oo & | T e 69 &
RTK Rover Wizard ey
Additional optional Internet connection settings. ™.

[] Use static IP address for Internet
connection

Use user ID & password for Internet
connection

e [

Password:

9. wait for it to test the internet connection, or cancel until the ‘RTK rover
wizard' is complete

* | T4 e €9 P
RTK Rover Wizard
Connecting to Internet

Connecting to Internet
Please wait...

Fn abc 08:59

|Cancel |
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10. Enter the new URL of Network RTK => <Next>

AEE | Ti@6y

RTK Rover Wizard
Enter new server details. N

Server name:
Address: cgd09.khmergeonet.xyz

Use NTRIP with this server

NTRIP user1D: [N
NTRIP password: gy |

3DCQ:-.---m 2DCQ:-.---m 1DCQ:-.---m  Fn abc 08:59

11. Click < Select mountpoint from source table => <Next>

f | @M - =
A mountpoint is required. What would you like to ~.
do?
I[© Select mountpoint from source table
@ Enter mountpoint manually/

3DCQ:-.---m 2DCQ:-.---m 1DCQ:-.---m Fn abc 09:00
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12. Check mountpoint and <OK>

X

Mountpoint:

RTK Rover Wizard
Enter the mou

RTCM32

MAX-RTCMV3 _______

Ti@m &y =

3DCQ:-.---m 2DCQ:-.---m 1DCQ:-.---m Fn abc 09:00

13. Go to work

Job:

Default

Go to Work! 2
Survey & stake pts
Start base station

b’

4

r @)

Instrument
Settings & status
™ Connections

Tiwe 2™
-
Jobs & Data
. Point management
Import & export

@ User
@ Software settings
m Screen & audio

3DC
U

i-—m 2DC

:-—m _1DC

-.---m Fn abc 08:55
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(VRS)

14. Survey
é-’ ’ OA’ = Ccsh
2 I: K3 T’
0 3 U
2 3
3
Survey Stakeout Survey+..
4 5 8 -
g 2 B Y/
(7 B [V
Stakeout+.. COGO.. Roads..
7
o
Go to base menu
3DCQ:-.---m 2DCQ:-.---m 1DCQ:-.---m Fn abc 21:22
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CHC NAV Landstar

eess
2 Fri
LandStar 7
Mako your work more efficient
Danges ®oma bt g e Tos bamwmgy |

20
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IV. Setup and connect CHC Landstar to Network RTK (NRTK)

1. before start make sure the PDA has connected to internet already.

2. connect the Receiver land star by Bluetooth by Click <connect>

N3O0 €D o a% 1330
H: 1,679 "
V:2.461
RMS: 2.026 _ Help

@

3. Choose antenna type as chc i90 or i80. Ext.

2 1] N3O0 € o & a% 1329
& ppk-Connect ©)

Peripheral

Last Device Bluetooth:GNSS-32471
20
Manufacturer CHC

Device Type i90

Connection

Bluetooth
Type

Bluetooth GNSS-3247120
Antenna Type CHCI90

Auto Connect

Receiver Disconnected!

&° Disconnect & Connect

Finally click <connect>
21
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4. click work mode and click new to create a new one

>HE8 N30 €0 2 a% 1330

P H1679 (P
= fo & vi2der &
info  27/28 RMS: 2.026 _Help

& ()&

Connect 'ork Mode)) Static Setting

88

NFC/WiFi NMEA Output Device Info

80

System About

5. Choose work mode as auto rover

3 1 ] | N30 € aa%1330

& pk-Create New Work Moc (?)

Static Settings

RTK [ Yes |

Work Mode Auto Rover
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6. choose data link as <PDA Network> => Choose protocol as <NTRIP> => Give
<URL> <Port> than User name and Password.

B8 Nioe
< /Work Mode

Work Mode Auto Rover
DataLink PDA Network
NTRIP

Protocol

Port

Source Table RTCM32

User Name

Password

7. give it a new name
2 11 Nioe

Static Settings

- 41% 1331

ppk- @

4

A

Domain/IP cgd09.khmergeonet.xyz

=> Click <Save>

- 41% 1331
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* |If it shows NTRIP login successfully which means the receiver is already login on

server and when it gets fixed solution you can start your work

> H88 N300 aas 1331
= \\ & H:0.939 ?

V:1.702
21/28 RMS: 1.322 Help

=

Connect Work Mode Static Setting

NFC/WiFi NMEA Output Device Info

System About

= M o

Project Survey Config

< O
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Sino Survey Master

SinoGNSS

' sSuUIVEY MASTER
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V.

1.

Setup and connect Controller (Survey Master) to Network CORS

station (VRS)

Go to <Device> => <Rover>

= CORS_Test Help
fa—] =
b5 @
Connection Rover Device Info
O, P (=]
(=) = =
Position Info Register Static
R u]u]
o=
H-Terminal More
B) © O] (]
Project Device Survey Tool
N:3470508.347 Status:Single
E:622976.313 Z:11.209
“2221/23 '\‘_O:'. D:0 H:1.356 V:1.590
11 & <

Create new Rover mode by click <Add>

€ Rover Help

Current Mode: Rover
Work mode list

Default: RadioMode
Internal radio: 6/460.0500MHz

Default: InternalGSM(ComNavServer)
SinoGNSS://211.144.120.104:8888/

Add Apply

1} @] <
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3. Click on datalink type to complete CORS information

&« Rover

Protocol Transparent
Frequency 6/460.0500
Frequency 1Hz >
Mask angle 10
] @] <

4. Complete all information of CORS URL link and port include NTRIP Username and NTRIP
password follow instruction bellow. and click <Confirm>

& Datalink type

Datalink type PDA CORS >

Protocol CORS >
APN &

Server SINOGNSS -=

Port 2101

Sowcelst  RTCM32 -

Use

Pa: rd

10211

Transfer correct No transfer >

VRS [ ]
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(VRS)

5. Click <Save> to give the Name of Work mode

Yatalink typ PDA CORS >
Protoco CORS
Port 221.120.160.130:2101
1Hz >
) o
i O < Save work mode

Mode

[MOLMUPC CORS X

** Give Mode Name than <OK>

CANCEL 0K

6. Will see work mode name in the list. Select your work mode than <Apply> to connect and

& Rover Help

Current Mode: Rover

Work mode list
MOLMUPC CORS
CORS://221.120.160.130:2101/RTCM32

@ Default: RadioMode
Internal radio: 6/460.0500MHz

e Default: InternalGSM(ComNavServer)
SinoGNSS://211.144.120.104:8888/

Add

(@]
A

start Work.
28
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TOPCON MEGNET FIELD

A2 TOPCON
MAGNET FIELD

VACTORE AND PGEITIONNG PROFESVINA
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(VRS)

VI.  Setup and connect TOPCON MEGNET FIELD to Network RTK
(NRTK)

1. Go to < Configure >

Configure Exchange Chat Edit Calculate

Connect Setup Survey Stake Apps

2. Name the configuration, and select the Network RTK type in the Survey dialog

Survey Coord Sys Global Backup Units Display

e’

Enterprise
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(VRS)

3. Select the desired Corrections type:
¢ VRS — to receive Virtual Reference Station data.

ﬁ Configuration ’7 [—

Name 'Khmer GEONET
Type Network RTK v
Corrections ws _|*

’ Next >>

4. Select < Manufacturer > in Receiver Make

m Config: Receiver Make

B Simulation Mode

Rover
Manufacturer .

B Post Processing

<< Back ’ Next >>
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(VRS)

5. Configure the Rover Receiver. As required, select one of the following protocols from the
Protocol drop-down list.

lﬁ Config: Rover Receiver

External Receiver Bluetooth
Receiver Model

Serial Number

Elevation Mask 13 deg

Protocol NTRIP i

Serial Number —
At Ht 2000 m _ \

Peripherals } << Back Next >>

¢ NTRIP — select to receive RTK corrections from the Internet through NTRIP Caster. You have to
obtain the user name and password for NTRIP server.

6. Onthe Modem Connect dialog select the device the modem is connected to

m: Config: Modem Connect

Modem Connect Controller v

} << Back Next >> |

32
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(VRS)

7. For Rover Radio select < Existing Network Connection >

m Config: Rover Radio

Network Type Existing Network Connection v

8. Select “IP” and key in URL address Port and Name

@ Config: Internet Address

Internet Info
Address list

Address 221.120.160.130:2101 OF @Web
Name Khmer GEONET

Use GPUID ’ ’
M Use G << Back ‘ Next >> 1
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9. Key in NTRIP username and NTRIP password in < Login Info >

m‘ Config: Login Info

Credentials

User ID

Password

34
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DJI PILOT

35
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(VRS)

VII.  Setup and connect Drone DJI to Network RTK (NRTK)

1. Check if both aircraft and the remote controller is running the latest official
firmware. Then select “Fly” on the main screen.

2. Under camera view window, tap the e e on the upper right corner of the screen
to enter the main settings menu, and then select  to enter RTK setting page.
Turn on the RTK function and select “Custom network RTK” as RTK Service

Type.

SHUTTER F v wB

100 56 0.0 Grass

H 0.0Ft o: Orr
ve: 0.0rs hs: 0.0Fs
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RTK Settings X

RTK Function -

yption when you see an RTK module error. After that, you will return to

RTK Service Type wCustom network RTKY

ase ensure a sound

NTRIP Host:

Port:

User:

Password:

3. Input your URL, Port number, NTRIP username, NTRIP Password and
select Mountpoint provided by the network RTK provider under RTK settings
to config the NTRIP. Then tap “Connect” to proceed:

RTK Settings

RTK Service Type {_Custom network RTKY

work signal. Please ensure a sound

cgd09.khmergeonet.xyz
NTRIP Host:

Port: 2101

User- NTRIP username

Password:

Mountpoint; RTCM32

Connect

37
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(VRS)

4. Check if the page shows the “Connection Success” message next to “Custom
network RTK Status” and the fixed GPS coordinate of the station shows under
“‘RTK Settings” page:

RTK Settings

Custom network RTK Status  Connection Succes

Custom network

aircraft RTK

Position

Latitude 34.171447222 34.178567045
Longitude -118.316135091 -118.220003849

Altitude 130.969299316 318.201995850

GPS Satellites
BeiDou

Glonass

Galileo

5. If position shows “FLOAT” under RTK status list and error (“Cannot take off. -Weak
RTK Signal”) shows up on the camera view, reposition the DJI aircraft on a flat field
with minimal surrounding obstacles and then wait for few minutes to gain more
GPS/GNSS satellite signal:

cp Cannot take off -Weak RTK Signal R :f) ::” :
e e aaa

E wB

063 0.0 Grass 00

vs: 0.0F7s  w1s: 0.0Fs
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Once the GPS/GNSS signal is sufficient for operation, the error would automatically
disappear, the aircraft position status would be changed to “FIX” on the status bar and
“‘RTK Settings” page:

RTK 19

cip Ready to Takeoff (RTK) o A ::” o) [A 03

50 SHUTTER F

100

RTK Settings

Custom network RTK Status

Custom network

aircraft RTK

Position

Latitude 34.271178997 34.178567045
Longitude -118.316173209 -118.220003849

Altitude 357.834289551 318.201995850

GPS Satellites
BeiDou

Glonass

Network RTK is now connected, and the DJI RTK should be ready for operation.
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Unofficial Translation
18-07-2018

Kingdom of Cambodia

Nation Religion King
Royal Government of Cambodia

No.17 HS{f.UA

SUB-DECREE
On
Management on the surveying and mapping
and on the surveying and mapping businesses

Royal Government

- Having seen the Constitution of the Kingdom of Cambodia

- Having seen Preah Reach Kret No. 8/ifii/0913/903 dated 24/09/2013 on the
nomination of Royal Government of the Kingdom of Cambodia

- Having seen Preah Reach Kret No. §{u/ifit/1213/1393 dated 21/12/2013 on modification

and complementation of the composition of the Royal Government of the Kingdom of
Cambodia

- Having seen Preah Reach Kram No. 02/ 8/94 dated 20/07/1994 on promulgating law on
the organization and functioning of the Council of Ministers

- Having seen Preah Reach Kram No. 8/ifit/0196/09 dated 24/01/1996 promulgating law
on the creation of the Office of Council of Ministers

- Having seen Preah Reach Kram No. 8/ifit/0699/09 dated 23/06/1999 promulgating law
on the creation of MLMUPC

- Having seen Preah Reach Kram No. 8/ifit/0801/14 dated 30/08/2001 promulgating land
law

- Having seen Preah Reach Kram No. §#J/ifit/1199/12 dated 18/11/1999 promulgating law
on amendment of the law on commercial regulations and commercial register

- Having seen Preah Reach Kram No. §{J/ifit/0695/04 dated 26/06/1995 promulgating law

on commercial regulations and commercial register
- Having seen Anukret No0.62HS{fi.Uf dated 20/07/1999 on the organization and

functioning of the MLMUPC
- Pursuant to the approval of the Council of Ministers at its plenary session on 14/01/2016

Decides
Chapter 1
General Provisions
Article 1:

The purpose of this Sub-decree is to manage the surveying and mapping and the
surveying and mapping businesses in the Kingdom of Cambodia.

Article 2:
The goals of this Sub-decree are following:

- To strengthen and modernize the surveying and mapping system

- To determine standards and competence in surveying and mapping to ensure the
accuracy and non-overlapping work results

- To encourage the participation of private sector in surveying and mapping tasks

- To prevent public usage-dissemination of improper and unpermitted maps and
surveyed data.



Article 3:

This Sub-decree has the scope of implementation for individuals who undertake
surveying and mapping activities and who practice the business of providing surveying
and mapping services in the Kingdom of Cambodia.

Article 4:

Key technical terminologies used in this Sub-decree have definitions as
determined in the attached glossary.

Chapter 2
Management, competence
Article 5:

Ministry of Land Management, Urban Planning and Construction (MLMUPC)
has competence to recognize surveying capacity of the surveyor and surveying company,
to monitor and examine the practices of the surveyor, the surveying and mapping
businesses of the surveying companies.

Basic surveying and basic mapping is the competence of the General Department
of Cadastre and Geodesy (GDCG) of MLMUPC. If necessary, MLMUPC may cooperate
with the surveying company to conduct basic surveying and basic mapping.

General surveying or thematic mapping may be carried out by state Ministries/insti-
tutions, the surveying company or the surveyor who is employed by any company.

National boundary surveying is the competence of National Authority in charge of
Border Affairs. The use of national boundary data for surveying and mapping of the
Kingdom of Cambodia shall follow the guidance of National Authority in charge of Border
Affairs and shall comply with standards as determined in the Article 8 of this Sub-decree.
The producer of all maps that related to the line of national boundary which is not yet
clearly demarcated by National Authority in charge of Border Affairs, shall write on the
map that “Boundary line of the map does not have an official international value.”
Topographic mapping for used in the military sector is the competence of Geographic
Department of the Ministry of National Defense and shall be based on basic mapping
data.

Article 6;

Surveying and mapping in the Kingdom of Cambodia may be carried out by a
licensed surveyor who is an official of any state institution, or an employee of a licensed
surveying company in accordance with the spirit of this Sub-decree or other registered
companies at the competent Ministry.

Chapter 3
Standards for Surveying and Mapping

Article 7:

The producer of all kind of thematic map shall cooperate with and use the basic
map data of the General Department of Cadastre and Geography of MLMUPC and shall
provide two copies of produced maps to the General Department of Cadastre and
Geography, and one copy to National Authority in charge of Border Affairs in case the
map has an indication of national boundary, for archive, except the map that related to
national defense. All kind of the Cambodian map publication, inside and outside of the
country for the business shall have permission and visas from the MLMUPC.

Article 8:



Basic surveying and thematic mapping shall be carried out with the following stan-

dards:

1. The position of each point shall be indicated in geographic coordinates and the
elevation from the mean sea level. If necessary, it may be indicated in the
rectangular or polar coordinates.

2. The distance and area shall be indicated by the value on the horizontal surface
values.

3. The standard datum for geographic coordinates and the standard datum for
leveling of the Kingdom of Cambodia shall be used as the datum for every
surveying, except in case where it is permitted by MLMUPC for the purpose of
surveying an isolated island or any special reasons.

4. The numeric value for geographic coordinates of the site and the station of
horizontal datum and the standard for vertical datum of the Kingdom of
Cambodia shall be determined by Prakas of the Minister of MLMUPC.

Geographic coordinates as stated in point 1 above shall be surveyed and

determined, according to world geodetic system being the standard for the

geographic coordinates and shall be conducted, assuming that the earth is an
ellipsoid of rotation with the numeric value of the size and flattening in conformity
with the following requirements:
A. The semi-major axis and the flattening of the ellipsoid of rotation shall be the
values prescribed in the Prakas of the Minister of LMUPC.
B. The center of the ellipsoid of rotation shall agree with the center of gravity of
the Earth
C. The semi-minor axis of the ellipsoid of rotation shall agree with the revolving
axis of the earth.

Article 9:

General surveying or thematic mapping shall use the data of basic surveying or
basic maps if that general surveying or thematic mapping is conducted for the public and
business purpose.

Chapter 4
Qualifications of a surveyor and application for a surveying certificate
Article 10:
An individuals who can apply for the recognition of surveying capacity in order to
receive a surveying certificate shall have the following qualifications:

- Holding a degree or certificate in base, associate or bachelor degree in surveying
of any academic institution which is recognized by competent
Ministries/Institutions

- Having a minimum two years work experience in the field of surveying.

Article 11:

An individuals who has qualifications as stated in Article 10 of this Sub-decree may
apply for a surveying certificate at MLMUPC.

An officials who is being employed in a state institution may also apply for a
surveying certificate at MLMUPC.

Article 12:

The surveying certificate is valid for 5 years and can be extended.

The detailed procedures for providing the surveying certificate is determined by
Prakas of the Minister of MLMUPC.

The recognition of the surveying capacity and issuance of a surveying certificate
have to pay service fee. This fee shall be determined by Inter-Ministerial Prakas between
the Minister of the Ministry of Economy and Finance and the Minister of MLMUPC.

Article 13:



An individuals who does not yet have sufficient qualifications to qualify as a
surveyor can perform surveying activities under the guidance and responsibility of any
surveyor who holds the surveying certificate.

Chapter 5
Management of Surveying Company
Article 14:
The business registered company at the competent Ministry, who intends to
practice the surveying and mapping businesses in the Kingdom of Cambodia shall apply
for the surveying license at MLMUPC.

Article 15:
The company who can apply for the surveying license shall have minimum
qualifications as below:
1. Shall have one technical director, a surveyor with bachelor degree and has at
least 3 years experience in surveying.
2. Shall have an assurance deposit from 10 000 000 (Ten million) riels to 100 000
000 (Hundred million) riels, according to types of surveying and/or mapping
businesses, as stated in Article 16 of this Sub-decree. The factually amount of
assurance deposit to be paid, the management and use of the deposit shall be
determined by inter-Ministerial Prakas of the Minister of MLMUPC and the
Minister of MEF.

Article 16:
Types of surveying and/or mapping business are as follows:
- Topographic surveying for the purpose of constructing the physical infrastructure
- Topographic surveying for the purpose of civil engineering
- Producing surveying data by using photogrammetry or remote sensing
- Producing non-digital or digital thematic maps for the business purpose
- Training services on surveying
- Surveying consultation services
- Services for calculating and converting surveying data
- Services for distributing surveying and mapping data

Article 17:

Form and procedure to apply for practicing the surveying and mapping businesses
and the review for approving the surveying license shall be determined by Prakas of the
Minister of MLMUPC.

Article 18:

The company shall pay the service fee, for application and issuance of the
surveying license. That fee shall be determined by Inter-Ministerial Prakas between the
Minister of MLMUPC and the Minister of MEF.

Article 19:
The surveying license is valid for 3 years, starting from the day of its issuance.

Prior to the invalidity of 30 days, the surveying company shall submit the
application for extension of the surveying license to MLMUPC, attached with the old
surveying license and the letter certifying tax payment issued by General Department of
Taxation.

The surveying company shall report its annual activity to MLMUPC before March
31% of each year.



Chapter 6
Association of Surveyors

Article 20:

The surveyor and the surveying company have rights to create an Association of
Surveyors, according to existing laws.

MLMUPC shall support the creation of this Association.

Article 21:
Management structure and work flow of the Association shall be determined by
statutes and internal rules.

Article 22:

The Association of surveyors shall prepare the code of conduct of surveyors. The
Association of surveyors shall bring a copy of the code of conduct of surveyors to be kept
at MLMUPC.

Chapter 7
Penalties

Article 23:
The penalties in this Sub-decree include:

1. A written warning

2. Temporarily suspension of the surveying certificate or the surveying license
3. Withdrawal of the surveying certificate or the surveying license

4. Transactional fines.

The penalties as stated in paragraph 1 above is the competence of MLMUPC.
Article 24:

The surveyor or any surveying company that does not fulfill the standards and
techniques determined by this Sub-decree or related Prakas or negligence that results in
a serious error in surveying or mapping work shall be fined transactional in the amount of
15 000 000 (Fifteen million) riels.

Apart from the transactional fine as stated in paragraph 1 above, the surveyor or
the surveying company may be subject to further of one or more penalties as below:

1. A written warning
2. Temporarily suspension of the surveying certificate or the surveying license
3. Withdrawal of the surveying certificate or the surveying license

Article 25:

The person who has conducted surveying and/or mapping activities without the
surveying certificate or the surveying license shall be fined transactional in the following
amount of money:

- 10 000 000 (Ten million) riels for an individual who conducts an activity without
the surveying certificate

- 20 000 000 (Twenty million) riels for the company which conducts an activity
without the surveying license.

Apart from the transactional fine as stated in paragraph 1 above, MLMUPC shall
immediately stop all their surveying and/or mapping activities.
In case of non-compliance, that person is subject to double transaction penalties.



Article 26:

The person who uses the surveying certificate or the surveying license that is out-
of-date in surveying and/or mapping activity shall be fined transactional in the following
amount of money:

- 5000 000 (Five million) riels for an individual who conducts an activity by using
an out-of-date surveying certificate

- 15 000 000 (Fifteen million) riels for the company which conducts an activity by
using an out-of-date surveying license

- Apart from the transactional fine as stated in paragraph 1 above, MLMUPC
shall immediately stop all their surveying and/or mapping activities.

- In case of non-compliance, that person is subject to double transaction
penalties.

Article 27:

Competent institution shall compile the case to the court and may request for
confiscating materials, facilities or other equipments which are used for the activities and
products arising from the offense as stated in Article 25 and Article 26 in compliance with
existing procedures, in the case of the person who is subject to the provisions of this sub-
decree, refuses to comply with the decision of the competent authority.

Article 28:

The procedure for transactional penalty, payment for penalty, management of the
receipt of paying penalty and arrangement revenues generated from the penalty of the
offense as stated in this Chapter 7 shall be determined by Inter-Ministerial Prakas
between the Minister of MLMUPC and the Minister of MEF.

Payment for transactional penalty put an end to the prosecutor’'s complaint.
Article 29:

Any competent official who refuses to check the application files for surveying
certificate or surveying license without appropriate reasons shall be fined administrative
and/or criminal penalty if any.

Any competent official who colludes with an individual who undertakes activities of
surveying and/or mapping without the surveying certificate or surveying license or by
using out-of-date surveying certificate or surveying license that does not report to
competent authority for appropriate measures shall be fined administrative and/or criminal
penalty, if any.

Chapter 8
Inter-Provisions
Article 30:

The company who has been practicing the surveying and/or mapping businesses
in the Kingdom of Cambodia without a surveying license shall apply for the surveying
license at MLMUPC within a year, starting from the day that this Sub-decree comes into
effect.

Article 31:



An individual who has been carried out the surveying activities in the Kingdom of
Cambodia without the surveying certificate shall apply for the surveying certificate at
MLMUPC within a year, starting from the day that this Sub-decree comes into effect.

Chapter 9
Final Provisions
Article 32:

Sub-decree No. 116 HS[f. UM dated 27/12/1999 on the management of map

production and exploitation in the Kingdom of Cambodia and all provisions contrary to this
Prakas shall be abrogated.

Article 33:

The Minister in charge of Council of Ministers, Minister of Ministry of Economic and
Finance, Minister of Ministry of Land Management, Urban Planning and Construction,
Ministers, Secretaries of State, all Ministries/Institutions, Governors of the
Capital/Provincial Governing Boards shall responsible for implementing this Sub-decree,
starting from the date of signature.

Phnom Penh, February 01, 2016
Prime Minister
Signed and sealed
Samdech Akka Moha Sena Padei Techo Hun
Sen

Receiving places:

- Ministry of Royal Palace

- General Secretariat of Constitutional Council

- General Secretariat of Senate

- General Secretariat of National Assembly

- General Secretariat of Royal Government

- Cabinet of Samdech Prime Minister

- Cabinets of Samdech, Excellencies, Lok Chumteav Deputy Prime Ministers
- Asin Article 33

- Reach Kech

- Archive



Glossary
Of Sub-decree No. 17 HS[n.un dated 01/02/2016

On management of the surveying and mapping and on business of surveying and
mapping

Surveying refers to any survey of land and coastal area, including mapping and taking of
photography for surveying and mapping works.

Map refers to images or drawing which is usually in the flat surface and in the defined
scale which represents the object or natural or artificial phenomenon of any part or the
entire area of the Earth or other planets.

Basic Surveying refers to the survey which is a foundation of all surveying works
including geodetic surveying (horizontal and vertical), cadastral surveying, administrative
and national boundary surveying, basic mapping, aerial photography and other images for
the purpose of producing geographic data.

General Surveying refers to the surveying except for basic surveying which can be
conducted by public institutions, units or individuals, such as surveying in civil
engineering, non-high accuracy boundary surveying, thematic mapping.

Surveyor refers to an individual who registers for recognition of surveying capacity and
who receives the surveying certificate issued by MLMUPC.

Surveying Company refers to a company who has registered under Cambodian laws
and receives the surveying license in the Kingdom of Cambodia.

Surveying License refers to the certificate for practicing the surveying and/or mapping
businesses, issued by MLMUPC at the request of the company.

Surveying Data refers to data in the written, image or digital format obtained from the
achieved result of surveying works. This data has two types: raw data which is not yet
processed and processed data which is calculated or prepared from the raw one.

Mapping refers to a map production work in the digital or printed format, based on official
surveying data.

Basic Map refers to the map produced from data which is the result of the basic
surveying.

Thematic Map refers to the map produced from the data which is the result of the general
surveying or by using the basic map as the base.

Photogrammetric Instrument refers to an instrument for defining size, shape and
position of the object, according to aerial photos or on the ground where the data is
obtained to be used for mapping work.

Remote Sensing refers to the technique to obtain geographic data from the distance (for
example: from the airplane or satellite).

Coordinates refers to the numeric value of the angle or line defining the position of each
point in any defined network or system.

Geographic coordinates refers to a numeric value of latitude and longitude defining the
location of each point on the Earth, based on a reference ellipsoid.

Grid coordinates refers to the coordinates in a system that the numeric and letters are
used to determine the location of each point on the Earth in a grid.



Polar coordinates refers to the coordinates which is transformed of distance and angle
survey from a fixed point.

Datum refers to a set of reference points on the Earth surface from that each location is
surveyed, defined and attached with the model of Earth shape (namely, reference
ellipsoid), which is used for determining the geographic coordinate system and altitude.
Datum has two types: horizontal datum used for describing a point on the Earth as
latitude and longitude or other coordinates, and vertical datum used for measuring altitude
or depth.

Ellipsoid which is generally called a reference ellipsoid refers to a mathematic surface
which is almost same as the Earth surface and defined for surveying and mapping works.

Topography refers to a detailed and accurate record of the geographic location.
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[1] Testing data distribution
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[2] Paid data distribution
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When the number of use cases increases
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[1] Holding seminars A Held before paid service Held before nationwide service A
[J] GNSS trial A Held before paid|service Held before nationwide service A
[K] Khmer GEONET User Meeting Once a earA Once a earA
[L] GNSS training at GDCG Once a earA Once a earA
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1.

1

1.2. Definition of terms

Introduction

.1. Purpose of the guideline

The purpose of this guideline is to provide necessary and useful information for GNSS beginners and
for those who use Khmer GEONET for the first time.

This guideline describes (i) how Khmer GEONET can be used, (ii) how to use it, and (iii) what to keep

in mind when using it.

The followings are some important technical terms to be familiarized with.

Continuously
Operating Reference
Station (CORS):
Global Navigation
Satellite System
(GNSS):

Multipath:

Network RTK (NRTK):

*under edit

Real Time Kinematic
(RTK):

*under edit

Rover:

RINEX:

*under edit

GNSS reference station that provides continuous and permanent

real-time positioning information for a specific area.

A constellation of satellites providing signals from space that
transmit positioning and timing data to GNSS receivers. The
receivers then use this data to determine location.

Examples of GNSS include GPS (USA), Galileo (EU), GLONASS
(Russia), QZSS (Japan), and BeiDou (China).

This is caused by anything which can reflect a satellite signal and is
one of the sources of errors of GNSS observations,

Atechnique which produces real-time corrections from a network of
CORS, to reduce the uncertainty in the position of the rover.

A technique which uses real-time corrections from reference
stations, either as a temporary setup or as a CORS, to reduce the
uncertainty in the position of the rover.

A rover is a small GNSS receiver with data-collecting, and usually
transmitting, capability.

Receiver INdependent EXchange — An internationally accepted
format for the exchange of GNSS data between software

applications and for GNSS data archiving.



Khmer GEONET utilization guideline

2. What is Khmer GEONET?

2.1. Overview of Khmer GEONET
It is the GNSS EARTH OBSERVATION NET WORK OF CAMBODIA.
It is Real-time positioning service*.
It using GNSS observation data collected from all CORS to provide correction data for registered
GNSS uses to achieve a few cm level precision in real-time around CORS.
Currently, it has 5 network CORS stations located in Phnom Penh, Kandal, Kampong Speu,
Siemreap and Stung Treng province and the Data Center located in MLMUPC building.

In future, it is anticipated that Khmer GEONET will be nationwide covered.

2.2. Specifications of Khmer GEONET

A) Accuracy

You can get correction data for Network RTK positioning (such as VRS and Single Base) from
mount points on Khmer GEONET.

The typical precision within 20 km around the CORS would be 3 cm in horizontal, and 5 cm in vertical

(standard deviation), which may change according to time, conditions and location.

B) Service Area

The service areas are in the following three locations: Phnom Penh, Stung Treng and Siemreap.

Kampong Tralach Kang Mas Angher Chum

nnnnnnnnnn

SIE100

1000
Kiong g o Mamvacas oy

Kaoh Thum

0 510 20 30 40 0 5 10 20 30 40 0 5 10 20 30 40
[ = —

Figure 2-1: Service area of Khmer GEONET

C) Service time
Khmer GEONET service is available 24 hours a day. However, as the internet is used for use of

Khmer GEONET, users might be affected during the busy hours of internet usage.
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D) Satellites in use
GPS (US), QZSS (Japan), GLONASS (Russia), Galileo (EU), BeiDou (China)

2.3. Khmer GEONET utilization fields
Khmer GEONET can be utilized in various fields. The followings are some example:
A) Surveying:
Khmer GEONET can be used for land surveying, e.g. control point survey, topographic survey,

boundary survey of cadastral survey, as well as for aerial/drone survey,

Please refer to the appendix below for examples of utilization of Surveying pilot projects.
»  Cadastral Survey
Appendix1 KhmerGEONET Use cases leaflet Cadastral Survey Aruna.pdf

»  Topographical Survey
Appendix2 KhmarGEONET Use cases _leaflet Survey KCC.pdf

»  Survey of water facilities
Appendix3 KhmarGEONET Use cases leaflet Survey PPWSA.pdf

B) Construction:

Khmer GEONET can help a range of work at construction sites: surveying and measuring ground
and/or features, scanning the surface, guide and/or control construction machines, operating drones
for surveying and monitoring, and so on. By using Khmer GEONET, human resources as well as
time and cost can be reduced while work efficiency is increased. Please refer to the following report
from Report from Ministry of Land, Infrastructure, Transport and Tourism, Japan for more details.

https://www.mlit.go.jp/road/road e/pdf/i-Construction2019.pdf

Figure 2-2 Image of construction machine control
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Source: Topcon https://www.topconpositioning.com/gb/insights/machine-control-basics

Please refer to the appendix below for examples of utilization of the Construction pilot project.
Appendix4 KhmarGEONET Use cases leaflet Construction IKEE TOPCON.pdf

- Use cases in other countries.
By attaching a GNSS receiver to construction machines, civil engineering works can be made more

efficient and more precise. Examples are shown below.

https://construction.trimble.com/en/solutions/construct/construction-field-technology

In Japan, precise positioning technology is applied to public construction works. Examples are
shown below.

https://www.nilim.go.jp/english/annual/annual2017/pdf file/k.pdf

C) Agriculture:

Khmer GEONET can help a range of agricultural work: monitoring growing conditions, crop-spraying
and fertilization using drones, cultivation, planting, and harvest using agricultural machinery.
Automatic steering systems and guidance systems equipped with GNSS receivers are commercially

available.

Figure 2-3 Image of fertilization using a drone

Source: Unmanned Systems Technology https://www.unmannedsystemstechnology.com/2020/11/key-

trends-for-drones-in-the-agricultural-sector/
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Please refer to the appendix below for examples of utilization of the Agricultural pilot project.
Appendix5 KhmarGEONET Use cases leaflet Agriculture JCAC.pdf

- Use cases in other countries.
Attaching a GNSS receiver to agricultural machines will improve the efficiency and accuracy of

agricultural work. Examples are shown below.

https://www.yanmar.com/global/agri/smart_agri/agricultural machinery.html

https://sveav.com/blogs/industry-news/gnss-in-precision-agriculture-all-the-basics-you-need-to-

know

D) Others

Here are some examples from other fields.

GNSS positioning technology is also used in port logistics and port handling.

https://guide-gnss.com/maritime-port/

3. How to use Khmer GEONET
3.1. What to prepare
The following equipment and environment are required for measurement using Khmer GEONET.
A) Equipment:
- GNSS receiver:
GNSS receiver capable of receiving correction data distributed from Khmer GEONET. It can be

purchased for anywhere from $1,000 to several hundred thousand dollars.

Source: https://geospatial.trimble.com/

- Antenna:
Antenna is required to receive the satellite signal. It is sold as a set with a GNSS receiver.
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Source: https://geospatial.trimble.com/

- Pole/Stand:
Need a pole or stand to install the antenna.

Q

Source: https://geospatial.trimble.com/
- PChtablet/smartphone:
Need a computer, tablet, or smartphone to control the receiver. Use equipment recommended by

the receiver manufacturer.

Source: https://geospatial.trimble.com/
B) Environment
Internet communication is required to use Khmer GEONET. Correction data is distributed via the

Internet.

3.2. Usage Procedures
It describes the procedure before using the Khmer GEONET.

A) Apply for Khmer GEONET and obtain an account
To use Khmer GEONET, you need to apply for an account.
You can apply from the website below.

http://app.khmergeonet.xyz:8080/TrimblePivotWeb/RegisterAccount.aspx
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Please refer to the document below for how to apply the Khmer GEONET.
Appendix6 1. Instruction on how to register with KhmerGEONET. pdf

(2) Registration of Khmer GEONET to GNSS receivers

It is necessary to register the following information with the acquired account in the GNSS receiver.

- IPAddress:
- Port

- Mount Point
- Username

- Password
Please refer to the following document for the registration method.

Appendix7 2. Instruction Setup and Connection to CORS.pdf

(3) Position measurement using Khmer GEONET

After connecting to Khmer GEONET and receiving correction data, it will be in Float mode or FIX
mode. If it does not go into these modes, it may be experiencing the following problems.

- Internet is not connected. Or your internet connection is weak.

- Incorrect settings.

- Thereis an obstacle.

- Far away from CORS.

4. Notes on using Khmer GEONET
4 .1. Compliance with regulations
Survey work should be carried out according to survey regulation (Management on the surveying
and mapping)
Please refer to the document below for SUB-DECREE.
Appendix8 SUB-DECREE on Management on the surveying and mapping.pdf

4.2. Service usage environment
A) Reference coordinate system
The reference coordinate system to be used to begin surveying must first be checked.
Khmer GEONET uses the latest reference coordinate system, CGD23 (ITRF2020).
This is not a problem for new surveying, but if you are comparing old survey results or using old
survey results, the difference in coordinate systems may be seen as an error.

Examples of the verification are described below.

7
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Positioning accuracy was verified through 2 pilot projects.
The first one used the same reference coordinate system. Both horizontal position and height

were verified to be a few centimeters as shown in the table below.

Table 4-1 Comparison of accuracy between RTK surveying using national geodetic control point and
network RTK using Khmer GEONET

RTK vs N-RTK

Source : Demonstration project Implementation Report "IKEE PAVING SYSTEMS&
TOPCON CORPORATION”

Another pilot project compared accuracy in different reference coordinate systems.
The maximum error in horizontal position was approximately 3 cm, but the height position error was
approximately 30 cm due to a comparison between old and new reference coordinate system. The

height position error is due to differences in reference coordinate system and is not an actual error.

Table 4-2 Comparison of RTK and static surveying results

| DIFFERENCE
POINT ‘ Northing (m) | Easting (m) £ (mj)

CKH-01 00112 | -0.0051 -0.2244
' CKH-02 -0.0319 -0.0026 -0.2932
CKH-03 -0.0172 0.0032 -0.2622
' CKH-04 -0.0234 0.0224 -0.2625
"CKH-05 0.0049 0.0007 02573
Mean -0.0158 0.0037 -0.2599
'Standard Deviation | 0.0139 0.0109 0.0244

Source : Demonstration project Implementation Report ” Aruna Technology Ltd.,”

When using such old survey results, first find out what reference coordinate system the survey
results use.

If it is a geodetic control point, it will be listed in the control point description.

If it is a map or drawing, it will be listed in the legend.

If it is not listed in the document, ask the client for the reference coordinate system.

Then, use a surveying program to convert the coordinates to match the reference coordinate system.

8
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B)

Usage environment:

Use of Khmer GEONET and its results are affected by several environmental conditions. In order

not to reduce the precision and/or accuracy of RTK/NRTK derived positions, users should pay careful

attention to the followings when selecting sites to use Khmer GEONET.

Signals from the satellites should be received properly. Therefore, Khmer GEONET should be
used in an open sky area, not under tree canopy nor built up areas, otherwise the time required

for a solution to initialize will be lengthened and erroneous positioning will be caused.

Position errors occur when GNSS signals reach the GNSS antenna via indirect paths, called
“‘multipath”. Walls, buildings, trees, poles, water bodies, etc. around the site reflect GNSS
signals and cause indirect paths. Khmer GEONET should be used at the site not surrounded

by any of such features.

In addition to the above, users should make sure that the internet is available around the site because

the internet communication is essential for use of Khmer GEONET. Overall, it is highly recommended

that users visit the sites and carefully check the environment before conducting the actual work.

4 .3. Recommendations from verification results

The following are recommendations found by the Khmer GEONET pilot project.

A)

B)

Observation time and time to connection of Khmer GEONET

Connection to Khmer GEONET usually takes only a few minutes after the receiver is activated.
However, in area with a weak internet communication signal, the connection may take longer
than 5 minutes or may not be possible.

If you cannot connect to Khmer GEONET after waiting for more than five minutes, check the
strength and congestion of the internet communication signal and take measures such as

changing the SIM card or changing the observation time zone.

Distance from CORS

It is recommended that observation sites should normally be within 30 km of CORS.

The further away from CORS, the worse the accuracy and the more difficult it is to connect to
Khmer GEONET.

A pilot project investigated the feasibility of observations at a distance from CORS. It was found
that surveys could be performed up to 50 km without any accuracy or connectivity problems.
Based on its result, it is safe to assume that the distance away from CORS maximum should
be up to 50 km.
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C) Difference by receivers

When using Khmer GEONET, the use of a dual-frequency GNSS receiver is recommended.

Receiving conditions may vary depending on the performance of the receivers.

The performance of different receivers was investigated in the pilot project.

The table below compares the performance of 5 receivers.

For a distance of about 30 km, there was almost no difference between the different models.

For the low-cost GNSS receiver (ZED-F9P), it was observed that the connection to Khmer
GEONET decreased when the distance from CORS was further than 30 km.

When using low-cost GNSS receivers, attention should be kept on the distance.

Table 4-3 Performance evaluation of GNSS receivers according to distance (100 is assessed as the

correct state).

Distance ZED-FaP Trimble Trimble SinoGNSS CHC ig0
(km) R10 Ras
10 100
20 100 100 100 100 97
30 96
40 85
50 T4 100 100 100 100

Source : : Demonstration project Implementation Report ” Aruna Technology Ltd.,”

*For more detailed results of the pilot project, please refer to the implementation report of the

pilot project.

5. Reference information
5.1. Equipment Required to Use the Service

Users of Khmer GEONET have to have a GNSS receiver(s) and antenna(s) to use the service, The

below table lists some of the commercially available GNSS receivers.

Table 5-1 Some examples of GNSS receivers

Manufacture Product name Satellite system Max accuracy URL

Trimble R12 GPS, H: 8 mm http://trl.trimble.com/docushare/dsw
GLONASS, V: 15 mm eb/Get/Document-
Galileo, BeiDou, *RTK 928106/Sales%20sheet%20-%20Tri

10
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Manufacture | Product name Satellite system Max accuracy URL
QZSS, NavlC, mble%20R12%20GNSS%20Sytem
SBAS %20-%20English%20(US).pdf
Topcon HiPer HR GPS, GLONASS, H: 5 mm +0.5 ppm https://www.topconpositioning.com/s
Galileo, BeiDou, V: 10 mm +0.8 ppm ites/default/files/product_files/hiperhr
QZSS, SBAS, *RTK _datasheet_7010-
IRNSS 2321 _revb_ltr_en_us_lores.pdf
Leica GS18T GPS, GLONASS, H: 8 mm +1 ppm https://bynder.hexagon.com/m/7597
Gallileo, BeiDou, V: 15 mm +1 ppm 20648e914a2a/original/Leica-GS18-
QZSS, NaviC, *RTK (Single) T-DS-866429-0422-en-LR.pdf
SBAS, TerraStar
CHC NAV i73+ GPS, GLONASS, H: 8 mm +1 ppm https://chcnav.com/uploads/i73+_D
Galileo, BeiDou, V: 15 mm +1 ppm S__EN.pdf
QZSS, SBAS *RTK
Sino GNSS Comnav T300 GPS, GLONASS, H: 8 mm +1 ppm https://globalgpssystems.com/wp-
Gallileo, BeiDou, V: 15 mm +1 ppm content/uploads/2020/03/SinoGNSS
QZSS, NavlC, *RTK T300GNSSReceiver K8.pdf
SBAS
Septentrio AsteRx SB3 GPS, GLONASS, H: 6 mm + 0.5 ppm https://septentrio.sharepoint.com/Ma
Pro Galileo, BeiDou, V: 10 mm +1 ppm rketingdSales/Shared%20Documen
QZSS, NaviC, *RTK ts/Forms/Allltems.aspx?id=%2FMar
SBAS keting4Sales%2FShared%20Docu
ments%2FDatasheets%2FAsteRx%
2FAsteRx%20SB3%20Pro%2F Sept
entrio%5FAsteRx%5F SB3%5FPro
%5FLR%2Epdf&parent=%2FMarke
ting4Sales%2FShared%20Docume
nts%2F Datasheets%2FAsteRx%2F
AsteRx%20SB3%20Pro&p=true&ga
=1
u-blox ZED-F9P GPS, GLONASS, H: 10 mm + 1 ppm https://content.u-
module Galileo, BeiDou, V: 10 mm +1 ppm blox.com/sites/default/files/ZED-

QZSS, SBAS

*RTK

FOP-04B_DataSheet UBX-
21044850.pdf

11
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5.2. Reference materials, websites, etc.
Here are some videos for beginners to learn about GNSS technology that they should learn when
using the Khmer GEONET.
If you feel you don't know enough about GNSS, please watch the following sites.
A) Online Course
In late 2014 Stanford hosted a Massive Open Online Course (MOOC) entitled “GPS: An Introduction
to Satellite Navigation, with an interactive Worldwide Laboratory using Smartphones”. AMOOQOC is
an online course aimed at unlimited participation and open access via the web.

https://scpnt.stanford.edu/about/gps-mooc-massive-open-online-course

B) Video introduction of each technology
This Youtube site introduces GNSS technology.

- What is GNSS and how does it work?
https://www.youtube.com/watch?v=CCKisghkcA4

- Whatis CORS
https://www.youtube.com/watch?v=4SIXyXufmHI

- Howtouse RTK
https://www.youtube.com/watch?v=ieearzZWTCZw

5.3. Contact information
If you have any questions about Khmer GEONET, please contact Telegram Group for a quicker
answer.
Location: Lot 2005, Street 307, Phnom Penh, Cambodia
Email: khmergeonet@gmail.com
Telegram Group: https://t.me/khmergeonet

Telegram Channel: https://t. me/khmergeonet_channel

Monday - Friday: 9am - 5pm
Saturday - Sunday: Closed

12
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5.4. Expansion of the Khmer GEONET

As mentioned above, Khmer GEONET has three locations in Phnom Penh, Siem Reap and Stung

Treng provinces.

It plans to expand its service nationwide with the support of the Japanese government.
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Figure 5-1 Nationwide service area

2 This layout map is just a plan. There is no guarantee that CORS will be installed exactly as shown

in this map
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Reference Station ( CORS):
(U LSIANY GNSS (Global
Navigation Satellite System ):

Multipath:

Network RTK ( NRTK):
“AnniAayt

Real Time Kinematic (RTK):
*f f AInn Liryﬁ’

Rover:

anfwiuninis  onss  fdunsAfwmsaAFaTn
annuAMATI MY Y Mugusu
ént’nﬁﬁi]ﬁu} FIEURUSTNANAYLS ]
fvmnSaisthwinnulh g s gn O nsn
fnrvumsfgsSwéaln  Summmunanigims GNss
receivers " 1 us U receivers
SnifégSwissidgiinnadaing

ZIVNNNATS GNSS JHHIS GPS (FUTNIGHIYIA ), Galileo
(EU), GLONASS ({ﬁj‘:i), Qzss (US) 81 BeiDou (G8)°]

UIGAIG Ut MITAREIM B IMBIN U AN AT real
time) UM MES CORS
IyiMAvgwmMnEsGRasnasIsIan§miveg
Rover ] .

o

urgatgutdruigmilangimuImuinmuinnia

J
o

(real time) £ A S LS TLNH
FNNMIGIE]RUIMH I YN CORS
Iy MAvgWwMNEsGRas N asISIaR§ MniveS

rover I

Rover Athguninn GNSS receiver
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joywhywsamipyuégSw W g
HERSEENTU 8
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*Anataniy (format )
fiug g ruanIINsHgIMANUMIoyiFgs
W GNSS iNPAYIE S AYIE
ENEIUIANGAF St GNSS 7

2. §1¥l Khmer GEONET?
2.1. IEJGANSJAITE U IH N Khmer GEONET
1S sH Tt GNSS EARTH OBSERVATION NET WORK OF CAMBODIA.
Ampunaginna§mnmuinsEn s
:S:ﬁmmsmgmégéwismiﬁéﬁjmﬁ'j GNSS f CORS FRHN
FRRRINFUHANGRA (real time) 1815760 coRs §iGgSwinmY 1918] GNss
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thrumsssun i gpminwesAnuAvABAT S cm Giam:
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wsgjsanu§gSwwmsFainrsiami mimure 1 IsTinusIaa §hwsiunny
Khmer GEONET {AUHANT ¢ FIN{UIF 0T

n

2.2. UFAN:UIGATE fUTS Khmer GEONET

INAHANGEGUMSSIFSwiRnn{iru{n G F AT Network RTK (BN VRS §11 Single
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emiSTG uumyi (Amangiii) fnumsiiugugmsnuinn agan Shéaiin
B) AUSIUNAY
RUSIUNAY B 0, sgiimn 8 agunu

Mukh Kamgul

JjUG 2-1: AUSIRUNAYES Khmer GEONET
c) IAGNsIINAY
ﬁﬁq‘is khmer ~ GEONET ~ ®18 24  IHwWwgugwigl  AYlg
Hin s e EE TS ] {5 (M G Khmer GEONET [gimifistinia
grigmsmsinmEuiimaigaigamuativmnsmiudmaisinia
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p) thwinnutibd
BeiDou(ﬁS)

GPS (FUTNIEHIIYIRA ), QZSS (HUS ), GLONASS ( ﬁj;i ), Galileo (

2.3. Tedwidnsmoi{d Khmer GEONET
MG M Khmer ~ GEONET  TISFU{HIUI{GESIATS QRI{MUISS
Apnsiathenuinigwmatnms
A) mMinastn

Khmer GEONET #1GIHTfuimuminetini 9. MIEOANGANGHANSH]
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EISIUBUNE S ONIMEINTENUIRATS MM g A an sl
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> minaglinagiiund

Appendix1 KhmerGEONET Use cases leaflet Cadastral Survey Aruna.pdf

> minaglinrunmsid

Appendix2 KhmarGEONET Use cases leaflet Survey KCC.pdf

> minagtinismaGA§aans
Appendix3 KhmerGEONET Use cases leaflet Survey PPWSA.pdf

B) MU :

Khmer GEONET HMGHWminihiGsIsiminsainnd  gohmisdfp
Samimnesd Sivy yeini taysiyg fnns) Sivy (AOHNIFE)RGASANG Sindimiggs
FOUIGMIROAN  Stganss] thifivd mui:mMIU{MmaAS  Khmer  GEONET
IHHIGM AU WM U S ] AGGHInnLan Smitamti
enn:fdru{prd gmnmimiSnIAsIging

IS UINWMINA NNIMBIU RS AR {AU{ARTESE TR

pm(d}
=]
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&EB
[45]

SIgeuGINAUIS NS U ARISuEa "
https://www.mlit.go.jp/road/road e/pdf/i-Construction2019.pdf
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JU§ 22 urd AMIAG{ARIF) R WS ASnni

{U& A : Topcon https://www.topconpositioning.com/gb/insights/machine-control-basics

AJHIBIgUNE§NNIMuYIS:

B RTINS MM A AR AN NAFISMiani fuil
Appendix4 KhmerGEONET Use cases leaflet Construction IKEE TOPCON.pdf

ATANIOIST{UTG Ut jin
My MiMuauAing GNSS receiver I S h o aiani
MmN AN TN GWSURS gmamsiag el Sueg{inmhiygs
gAINATISISI DRI 3

https://construction.trimble.com/en/solutions/construct/construction-field-technology

isints  wigAihAnnaimanAapimsimasimeminsainni agin
gauIANTMSISIImy

https://www.nilim.go.jp/english/annual/annual2017/pdf file/k.pdf

C) ARIAY:
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Khmer GEONET HIGHWMINIARS AYMSIGS §G
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MIMYMSANSMANANASISIAM, mimmuiusam Shmod huipygs,

mifig: mil SumUy BN WHTIIE) NGRS AYT  (UASERRN WYY
S AgIANSITH UG MATNGNSS receiver 1S MAMUIARNF I

JU§ 2-3 jundAmIin G ihwidygs

wan: vigminisungigudsiius g

https://www.unmannedsystemstechnology.com/2020/11/key-trends-for-drones-in-the-agricultural-

sector/

BBINNIF QUG S INIMBIS:

U g UIAAIS MM eI gl aInn A IsA Ay
Appendix5 KhmarGEONET Use cases leaflet Agriculture JCAC.pdf

- AIRNOIST{UIG Ut
mﬁiﬁj:miﬁﬂﬁaﬁﬁi&ﬁ GNSS receiver
ISRl usAs Ay SIE g nwssngigiugmn

Shnginmaismininaing 1 gnuinAmsIsianmy

https://www.yanmar.com/global/agri/smart_agri/agricultural machinery.html

https://sveav.com/blogs/industry-news/gnss-in-precision-agriculture-all-the-basics-you-need-to-

know
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D) I{jiY

gumusiamenuminig:atsmindpuiawigig)ag

sIgAmimAnna§ain GNSS AgimsHBimasanmidatms

https://guide-gnss.com/maritime-port/

3. IR{G{ Khmer GEONET fif)unmiiis ?
3.1. IA{EHYUGHg: ?
guRIAN I SAUTIN S GRIF HIMIGIMG TN STMaRmIg  Khmer
GEONET 1
A) BUAINARITI:
- GNSS receiver:
MIFNMS  Khmer GEONET 7]

Nggn Gl
ﬁganmﬁmsfﬁi walgmgigidan 1,000  UsD

{Ua N : hitps://geospatial.trimble.com/

- HAAS:
idn{gimsdiasiigjsg s AnWwinNug munygm IEUAMERNYWEN

GNSS receiver ]
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{U& 0 : https://geospatial.trimble.com/

- I/ IERNUE

OR{gImag U S lhuusghadias

{uan © https:/geospatial.trimble.com/

- PC/MIYRH/ giﬁ}g smartphone :

Il

L,,Il
D

S ggiminng s ik UGinde smartphone  IIH]ANHIU  receiver]

o

[tﬁﬁLnf[LUZUniﬂﬂ[uﬂjmﬂS“I[LﬂtﬁLnH U1STiFUR receiver
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A) ENAMA]ATID Khmer GEONET [Tt § (URANS (U UYL
I E]H{O M8 Khmer GEONET IUTAHAGIMGINAMAJAIANNS YW 1
INAHAMGIAMAImui:iunnmuis: 9

http://app.khmergeonet.xyz:8080/TrimblePivotWeb/RegisterAccount.aspx

ysISrunaminnmurs: Ifu] 3w indatEmAmAja B m A Khmer
GEONET ]

Appendix6 1. Instruction on how to register with KhmerGEONET.pdf

(2) MiG:inn 218 Khmer GEONET [‘.}”I@“Itifl GNSS receivers
INAYAFIGSINAmsidumssgruygearg G AUTFIR 1 GNSS receiver

- HIRWINS IP:

- Port

- GANGIH UG Y Mount Point

- N EHANDIMES

- MAjEIMA

FYHIE URA NI NN EIS SR UTGEG IS

Appendix7 2. Instruction Setup and Connection to CORS.pdf

(3) Minesti G MU tsI{S Khmer GEONET

UIUNNSAMULE Khmer GEONET 5§ ¢ g S winnyiuiw
tAgASHAIAISIAR Float mode U FIX mode 1 ITFSENINNAEAT S AIAISIAN mode
AMYUITS 1§ (PIUINAHAM G ASE AU N IMEIS: 3

- SsesmsmudSnfisinia ypngAstinAnidumsMUI IgnwING
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IR GANGAN{H UGB EN{RYINA (national geodetic control point) SNUM () RTK I
Khmer GEONET
RTE va N-RTK
» ¥ k
.01 0.009) -0.057

-0.003] -0.004

e o
.I I-'I.-I- . .I I'\.' .!I-\

L0004 - (.062

L
0.018 0.013 -0.013
|
[
|

Wan : IMWmInAISMIHSIRAIERAY]IGMIUN A "IKEE PAVING SYSTEMS&

TOPCON CORPORATION”

ANRENAN R WIRG) am sy ug)uifsgAamnisipAgagiuminniuni

o

Sjtakelonly
Aupstvisisiga§ainmgafpinn 3em gigAvuiaiaagoapinm 30m

N AR M) U] UINR{UA§ AFITMIAN TN G A5 S5

Aup§minagridnwanidamaggusignwaggiimmnini

I WH SIS AT INHIg

MINN 4-2 UGBS MY UIR)U RTK SMisSApan G

' DIFFERENCE
POINT ‘ Northing (m) | Easting (m) £ (m)

' CKH-01 I 00m2 | -0.0051 0.2244
'CKH-02 | .0.0319 | -0.0026 -0.2932
'CKH-03 | 0.0172 | 0.0032 -0.2622
CKH-04 | .0.023¢ | 0.0224 -0.2625
"CKH-05 | 0.0049 | 0.0007 0.2573
'Mean | .0.0158 | 0.0037 -0.2599
' Standard Deviation |  0.0139 | 0.0109 0.0244

Wwan - inwminAismEsig AN IFMIUANS " Aruna Technology Ltd.,”

SN gRRUtSMird AP RS TUUISS
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4.3. HSNISSJITMIUMNANIGH

HE AN EUS NI{MBIS SR (N URIENNAFIS Khmer GEONET 7
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mm@ﬁmﬁﬁnmwmmm?mﬁsmégﬁmt@mﬁsm%msmm

Lﬁﬁfis:ﬁésmumﬁm Khmer GEONET ByEIN G NN §

N
[and
=3
Z/:Jv

=
@e
c
03
A,
}:F
min
2,

AyiIg)a TS TR T S i

iy]
gﬁmmﬁgm}ﬁmﬁ um ﬁ'j;q ﬁf§i‘] UIN RS EU I 6 T

GHIWH CORS

MynYEM Algh M AgidaAISsighomwi{my 30 A¢{I6{A CoRs I

(9%

msfamuwn cors ¢ ay{inmnmst

hal]

H{An IwmMSIRAMAMTEN Khmer

GEONET]

o
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IGRHEGIY CORS GRGHIWHAUIY 50 A §{I6{H 7
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{3 Khmer GEONET, AUTHT TNt 11 GNSS receiver T IEN S U AR

ggnnismig g uanMGHUUuMpSWwiFimyganmnis receivers ]

S
>

O]
AANMNLS receivers LnfmeljnLﬂ[S‘lniﬁn[[}H‘lﬁ Ajl

MNRAN{MBIS AN M) UIE] BN receivers EI{F |11
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B8NS INUTHUGYHIWA COoRs IG5 aih 30 AG{IH{A T

[0 U AT GNSS receiver i UTNA (BB RIANGHIWIS :5jMS U5

N 4-3 MINWHTHHANTINTS GNSS receivers IFIMUGHIL (100

Fimshwalgmmansma{fivig)

Distance ZED-Fap Trimble Trimble SinoGNSS CHCig0
{(km) R10 R8s

10 100

20 100 100 100 100 97

30 96

40 85

50 74 100 100 100 100

Wwan - imwminAISMIESIAAIENNIIY]IGMIUANA " Aruna Technology Ltd.,”

* UG H B ATSAIING] agBIBUImMWmMInA e A MIHSIRAIINAS ]

5. ARSI

5.1. guRindliusImGIdyjdiunny

HAIUUMAS  Khmer  GEONET  {gilAtN8  GNSS  receiver(s)  Siuwiins
U O M eI AYIS MR ORIMBIS A GNSS receivers

YW §siiumSUARn NN

MINi 5-1 8ANINAZ: IIS GNSS receivers
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(ABUISHGA | mipendan | pignwinny yifinmnsA v URL
38}
Trimble R12 GPS, H: 8 mm http://trl.trimble.com/docushare/dsw
GLONASS, V: 15 mm eb/Get/Document-
Galileo, BeiDou, *RTK 928106/Sales%20sheet%20-%20Tri
QZSS, NaviC, mble%20R12%20GNSS%20Sytem
SBAS %20-%20English%20(US).pdf
Topcon HiPer HR GPS, GLONASS, H: 5 mm +0.5 ppm https://www.topconpositioning.com/s
Galileo, BeiDou, V: 10 mm +0.8 ppm ites/default/files/product_files/hiperhr
QZSS, SBAS, *RTK _datasheet_7010-
IRNSS 2321 _revb_ltr_en_us_lores.pdf
Leica GS18T GPS, GLONASS, H: 8 mm +1 ppm https://bynder.hexagon.com/m/7597
Galileo, BeiDou, V: 15 mm +1 ppm 20648e914a2a/original/Leica-GS18-
QZSS, NavIC, *RTK (Single) T-DS-866429-0422-en-LR.pdf
SBAS, TerraStar
CHC NAV i73+ GPS, GLONASS, H: 8 mm +1 ppm https://chcnav.com/uploads/i73+_D
Galileo, BeiDou, V: 15 mm +1 ppm S__EN.pdf
QZSS, SBAS *RTK
Sino GNSS Comnav GPS, GLONASS, H: 8 mm +1 ppm https://globalgpssystems.com/wp-
T300 Galileo, BeiDou, V: 15 mm +1 ppm content/uploads/2020/03/SinoGNSS
QZSS, NavIC, *RTK T300GNSSReceiver_K8.pdf
SBAS
Septentrio AsteRx SB3 GPS, GLONASS, H: 6 mm + 0.5 ppm https://septentrio.sharepoint.com/Ma
Pro Galileo, BeiDou, V: 10 mm +1 ppm rketing4Sales/Shared%20Documen
QZSS, NavlIC, *RTK ts/Forms/Allltems.aspx?id=%2FMar
SBAS keting4Sales%2F Shared%20Docu
ments%2F Datasheets%2FAsteRx%
2FAsteRx%20SB3%20Pro%2F Sept
entrio%5FAsteRx%5FSB3%5FPro
%5FLR%2Epdf&parent=%2FMarke
ting4Sales%2FShared%20Docume
nts%2FDatasheets%2FAsteRx%2F
AsteRx%20SB3%20Pro&p=true&ga
=1
u-blox ZED-F9P GPS, GLONASS, H: 10 mm + 1 ppm https://content.u-
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(ABUISHGA | mipendan | pignwinny yifinmnsA v URL
38}
module Galileo, BeiDou, V: 10 mm +1 ppm blox.com/sites/default/files/ZED-
QZSS, SBAS *RTK FOP-04B_DataSheet_UBX-
21044850.pdf

5.2. DRANIHAR, IHNEAT thids

IssAmTdgywigsunuHAnGIfudyn  lgjlghwrsSAvIGRTeN  GNss

4

B U {ed AN ESTINRUI{D Khmer GEONET']
A SITIMNAHAT SHIYAN T BSWUGNRIANSHD GNSS

YT IS IR § Nims

A) TBEOANMEHSENM
IsTgig) 2014 anAmigNASwia SWHMSIHUGIFUANUAMUHSENMARYW

HOMIAIAMUINWINNG

(Mooc) IdrumisGanigam  'eps . milans) ]
mytwShu§iftannsugingganiantanahwidanau s MOOC

-

amigedapmufisiniaidumnsimuianigrujsmsidsian
SnmIg IS {m A MBI UMM

https://scpnt.stanford.edu/about/gps-mooc-massive-open-online-course

B) THHNSJUHAUIGAIGNS YW

IS SH LN Youtube TR RUNSRAIFAUIGATSN GNSS «

- 18 GNss A iwh S Indimitn eIy ?
https://www.youtube.com/watch?v=CCKisghkcA4

- I8 cors Ath{ ?
https://www.youtube.com/watch?v=4SIXyXufmHI

- ) uId RTK

https://www.youtube.com/watch?v=ieearzZWTCZw
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5.3. AGMSENAFLH
IR0 STNIMNAHAMSAINNIAIN  Khmer  GEONET  SJHRAIAGNMU[Y  Telegram
NIMUIS: IRY[¢ grUmMSgiARtSMUIvI ey
G« gJitue 2005, Biteue 307, {10, Ay
Email: khmergeonet@gmail.com
Telegram Group: https://t.me/khmergeonet

Telegram Channel: https://t. mne/khmergeonet_channel

IGGS - TG I : 9am - 5pm
tgreuli - ignéay: 09 g1

5.4, MIiN{Aifi Khmer GEONET
JGIdrumengjrie i IS s Khmer GEONET 18T §min Adnm raf)unu Snagniipin

I SAPRNAAIUNAYGANUIF S ENWHSESWATNATNUNGES

A CORS (Existing 5 points)
— Cambaodia Boundary

@ Grand Ad Sdpoints

ofry — Digtarce
1B0g Ngu U DU

Tt ph Buffer_A0km

Long Xuyén

B OpenStreethlap land)contrbutors, CO-EY=5 A
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1. Introduction

The objective of this manual (draft) is to provide basic information for surveyors to
conduct GNSS survey for cadastral survey using Khmer GEONET (CORS).

Particularly, the static GNSS method as well as GNSS Network RTK (NRTK) method are
explained with some examples.

Figure 1 describes the mechanism of the Virtual Reference Station (VRS) method of NRTK
method.

1. APPIOXITAte positon of
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Dot e -
* Cope—
Onf,nuér—-,.,_,

" Observation by cors
Figure 1 Mechanism of the GNSS survey using VRS method of NRTK method

There are three possible ways to use Khmer GEONET for cadastral survey.

[A] Directly calculate the coordinates of a Boundary point by the GNSS survey using
NRTK method.

[B] When the sky visibility around a Boundary point is poor, set up a surveying control
point near the Boundary point by the GNSS survey using NRTK method, and
calculate the coordinates of the Boundary point using a total station placed at the
control point.

[C] In case a surveying control point cannot be set up near a Boundary point by the
GNSS survey using NRTK method, set up a surveying control point by the GNSS
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survey using STATIC method, set up another surveying control point near the
Boundary point by the traverse survey using the total station placed at the above
mentioned surveying control point, and calculate the coordinates of the Boundary

point using the total station placed at the surveying control point by traverse survey.
The surveying control points described above are installed for the purposes of 1) using
them as checking control points for the GNSS survey using NRTK (VRS) method and 2)

using them as known points for the total station survey.

The Figure 2 and Figure 3 below show how Khmer GEONET is applied for cadastral survey.
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Figure 2 Application of Khmer GEONET for cadastral survey



GNSS Survey Manual

Is the sky visibility around a
Boundary point good?

NO

Calculate the coordinates of a
Boundary point by the GNSS
survey using NRTK method

[A]

Can-asurveying control pot
Set up near a Boundary point by

GNSS survey using N
method

YES

4

Set up a survey control point near
the Boundary point by the GNSS

survey using NRTK method

Set up a surveying control point by
the GNSS survey using STATIC

v

Calculate the coordinates of the
Boundary point using a total

station placed at the control point

[B]

method
v

Set up another surveying control
point near the Boundary point by
the traverse survey using the total
station placed at the surveying

control point

Calculate the coordinates of the
Boundary point using the total
station placed at the surveying
control point by traverse survey

[C]

Figure 3 Method Selection Criteria for applying Khmer GEONET for cadastral survey
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2.1. CGD23 (Geodetic Reference System and Map Projection)

Geodetic reference system and map projection of Cambodia is CGD23. The table below
describes the specifications of CGD23.

Table 1 CGD23

ltem Element
Geocentric Cartesian | ITRF2020 (Epoch 2023.355, 10th May 2023)
Coordinate System
Reference Ellipsoid GRS 80

Vertical Datum Mean Sea Level (Haiphong, Vietnam)
Geoid Model EGM2008
Plane Cartesian UTM Zone 48

Coordinate System Central Meridian: 105° 00’ 00" E
Latitude of Origin: 0° 00’ 00” N

False Easting: 500,000.000 m

False Northing: 0.000 m

Scale Factor at Central Meridian: 0.9996
Unit and Notation Meters, 0,001m

2.2. Scope of application
2.2.1. Scope of application
The table below shows the applicable range of surveying specified in this manual.

Table 2 Applicable range of surveying

Type of surveying Method
GNSS survey STATIC
GNSS survey NRTK (VRS)

This is a GNSS survey manual using Khmer GEONET, thus total station survey (which is
included in B and C of the three methods presented in the Introduction) shall not be
explained.
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2.2.2. Applicable area

The figure below shows the distribution map of 5 CORS of Khmer GEONET and applicable

areas.

Figure 4 Applicable area and CORS distribution of Khmer GEONET

(This figure will need to be replaced after CORS is installed throughout Cambodia.)
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2.3. Known points
The table below shows the number of known points to be required for GNSS survey.

Table 3 Known points required in the survey network

Type of surveying method The number of known points to be required
STATIC 2 points or more
NRTK (VRS) Virtual reference point (optional)

2.4. Satellite system

The table below shows the satellite systems and frequencies that can be used with Khmer
GEONET.

Table 4 Satellite system

Satellite name (Owner) Available frequency
GPS (USA) L1, L2, L5
QZSS (Japan) L1, L2, L5
Galileo (EV) L1 (E1), L5 (E5)
GLONASS (Russia) L1, L2

2.5. GNSS survey instruments
The table below shows the required GNSS survey instruments.

Table 5 GNSS survey instrument

Type of Performance i
i ) Baseline length
surveying method | (number of reception bands)

STATIC More than 2 frequencies No limit

NRTK (VRS) More than 2 frequencies No limit
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3. GNSS survey using STATIC method for control point survey

3.1. Summary

GNSS survey using the STATIC method is a surveying method in which baseline vector
between two points is calculated by analyzing signals simultaneously received from GNSS

satellites by GNSS surveying instruments placed at the two points.

3.2. Surveying network

There are three types of survey network: triangulated network traverse network, and

interconnected network. It is desirable that lengths of the baseline vectors are uniform.

3.3. Observation

3.3.1. Satellite system and the number of satellites required to calculate a
precise location

The following table shows the number of satellites required to calculate a precise location

depending on the satellite system to be used and the ranges of baseline length.

Table 6 Satellite system and number of satellites

Baselllne JEIE| 17 Less than 10km 10km - 30 km 30km - 50km
Satellite system
GPS, QZSS 4 satellites or 5 satellites or 6 satellites or
more more more
GPS, QZSS, 5 satellites or 6 satellites or 7 satellites or
GLONASS more more more
GPS, QZSS, 5 satellites or 6 satellites or 7 satellites or
Galileo more more more
GPS, QZSS, 6 satellites or 7 satellites or 8 satellites or
GLONASS, Galileo more more more

NOTE: When using GLONASS satellites and Galileo satellites, at least 2 GLONAS satellites

and 2 Galileo satellites are required.
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3.3.2. Observation time

The table below shows observation time and data acquisition interval depending on the

ranges of baseline length and the number of reception bands of the GNSS survey

instrument to be used.

Table 7 Observation time and data acquisition interval

Observation
distance

Number of
reception bands

Observation
time

Data acquisition
interval

Less than 10km

1 frequency or
2 frequencies

60 minutes or more

30 seconds or less

10km - 30km

2 frequencies

120 minutes or more

30 seconds or less

3 frequencies®

90 minutes or more

30 seconds or less

30km - 50km

2 frequencies

180 minutes or more

30 seconds or less

3 frequencies®

120 minutes or more

30 seconds or less

*: If 3 frequencies GNSS survey instruments become available in future.

3.3.3. Other observation methods and points to note

(a)

(b)

(@)

C)

(e)

()

9

For GNSS survey observation, it is important to plan efficient sessions based on the
survey network. A session is a unit of observation performed using multiple GNSS
survey instruments at the same time.

It is important to avoid the use of the one-sided arrangement in consideration of
the operational status of the GNSS satellite and the incoming information.

Please calculate the satellite placement status and DOP (Dilution of Precision) from
the broadcast history in advance. Avoid observing during times when the
arrangement is one-sided. If it is unavoidable to observe during a period where one-
sided placement occurs, measures such as extending the observation time are
effective.

In the observation of GNSS survey, the minimum receiving altitude angle is set to 10
degrees.

Measure the antenna height to the millimeter level and record it in a field note. In
addition, it is highly recommended to take photos of the antenna as well as evidence
of the antenna height because errors regarding antenna height or a type of antenna
cannot be found through accuracy evaluation of GNSS survey.

Also, be careful not to confuse whether the antenna height measurement method is
slant or vertical.

As explained in 4.4.4.(b), PCV (Phase Center Variation) correction is performed in

baseline analysis. Therefore, measure the height from the control point to the
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bottom of the antenna and record that value. The height from the bottom of the
antenna to the phase center is included in the baseline analysis software as a PCV
correction value.

(h) Perform optical or laser centering properly and precisely because errors regarding
centering cannot be found through accuracy evaluation of GNSS survey.

(i) Since the antenna of the GNSS survey instrument uses an antenna with no directivity,
a phase shift occurs depending on the incident direction of radio waves. This amount
of deviation does not extremely reduce the accuracy. However, by observing the
antennas of the same model of the GNSS survey instrument in the same direction,
the error due to the phase shift can be eliminated. Note that the error due to the
phase shift of the different model antenna is corrected during the baseline analysis,
as described in 3.4.4.

() During observation of GNSS survey, do not bring any device that transmits radio
waves close to the frequency band of GNSS satellites or high-power radio near the

antenna of GNSS survey instrument.

3.4. Baseline analysis
3.4.1. Orbit information

The orbit information of the GNSS satellite used for baseline analysis is the broadcast

ephemerides.

3.4.2. Baseline length and frequency

Baseline analysis is performed using all observed frequency bands. However, if the
baseline length is short, the accuracy may deteriorate, so it is recommended to perform

analysis using only one frequency (L1).

3.4.3. Baseline analysis fixed points

The fixed point longitude, latitude, and ellipsoidal height of the baseline analysis are
Khmer GEONET coordinates. The fixed point longitude, latitude and ellipsoidal height of
the subsequent baseline analysis are the longitude, latitude and ellipsoidal height

obtained by the baseline analysis.
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3.4.4. Other baseline analysis methods and considerations

(@) The altitude angle of the GNSS surveying instrument used for the baseline analysis
is the same angle set at the time of observation.

(b) Perform PCV correction using the value recommended by the International GNSS
Service (IGS) and the manufacturer. Correcting the effect of the phase center of the
antenna fluctuating depending on the incident direction of the radio wave from the
GNSS satellite to the phase observation value is called PCV correction. This is a
necessary correction when GNSS survey is performed by combining antennas of
different GNSS survey instruments.

(c) The results of baseline analysis are evaluated using the indicators shown below.

- Is solution type FIX (not Float)?
- Is rejection rate not abnormally high?
- Isinteger Bias reliable?

- Is the standard deviation acceptable?

3.5. Calculation
3.5.1. Weight of net adjustment calculation

The weight of the network adjustment calculation uses the inverse matrix of the
variance/covariance matrix calculated by the baseline analysis. The variance and
covariance values calculated by baseline analysis depend on the baseline length,
observation environment, observation time, radio wave delay, and the number of data
used for analysis processing. Therefore, the conditions for baseline analysis should be the

same as much as possible.

3.5.2. Checking calculation

It is recommended to perform checking calculation using "free network adjustment”
applying all of the CORS of Khmer GEONET being used as reference points. In case "free
network adjustment” is not applicable, "1 point fixed network adjustment” ,applying one
of the CORS of Khmer GEONET being used as a fixed point and the others as reference
points, can be the next option.

The residual of the reference points and the standard deviation of the new point in the
calculation results shall be checked. The tolerance of checking calculation is shown in the

table below. If the calculation results exceed the tolerance, the baseline vector which is

10
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considered to have a large error, should be analyzed and resurvey should be performed

again.

Table 8 Tolerance of residual

Iltem Tolerance
Residual of horizontal position of Khmer GEONET 0.020m
Residual of elevation of Khmer GEONET 0.030m

Table 9 Tolerance of precision

Item Tolerance

Precision of horizontal position of new point 0.020m (2- 0, 95.45% probability)

Precision of elevation of new point 0.030m (2- 0, 95.45% probability)

3.5.3. Outcome calculation

The coordinate of the new points shall be calculated on the network adjustment setting
with all known points as fixed.

The tolerance of the network adjustment calculation result is shown in the table below. If
the calculation results exceed the tolerance, the error factors should be analyzed, and

resurvey should be performed again.

Table 10 Tolerance of network adjustment result

Item Tolerance

Precision of horizontal position of new point 0.020m (2- 0, 95.45% probability)

Precision of elevation of new point 0.030m (2- 0, 95.45% probability)

3.5.4. Future consideration

If CORS is improved and semi-dynamic correction can be performed, it is necessary to
consider performing semi-dynamic correction in the network adjustment calculation.

The epoch of CGD23 is 2023.355. As crustal deformation progresses, the error will
increase if 2023.355 epoch continues to be used. In order to deal with such error, the
coordinate values of the new point are calculated using the coordinate values of Khmer
GEONET in the year (epoch) when the GNSS survey was carried out, and the coordinate

values of the new point at the 2023.355 epoch are calculated using the Helmert

11
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transformation method. This method is called “semi-dynamic correction”. In order to
perform semi-dynamic correction, it is necessary to calculate the annual coordinate
values of Khmer GEONET (for example, the coordinate values at Epoch 2030.000), and it
is also necessary to calculate the coordinate transformation parameters between Epoch
2030.000 and Epoch 2023.355.

The geoid model of CGD23 is EGM2008 (CGM2018). If a geoid model suitable for
Cambodia is constructed, the geoid model will need to be installed in the network
average calculation software. Regarding this installation, it is necessary to consult with

the developer of the network average calculation software.

12
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4. GNSS survey using NRTK (VRS) method for Control Point and

Boundary Point Survey

4.1. Summary

GNSS survey using the NRTK (VRS) method is a surveying method in which coordinates
of a rover station are calculated by analyzing signals received from GNSS satellites and
correction data distributed from the CORS data center.

The flow of the NRTK (VRS) method is shown below.

i) Receives signals from GNSS satellites with a GNSS receiver on a rover station.

ii) The rover station sends its rough position data to the data center by a
communication device.

iii) Information required for correction calculated by the data center transferred to
the rover station by a communication device.

iv) The position of the rover station is determined immediately by performing a
baseline analysis using the observation data and correction data of the rover
station.

13
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Figure 5 Image of NRTK (VRS) method
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4.2. Observation

The workflow of the observation is shown in the figure below.

Check the number of satellites and PDOP value.

A 4

Access the data center by mobile phone.

\ 4

A

Initialize

v

Obtain a FIX solution by observing more than 10 epochs.

1st set

\ 4

Re-initialize.

A

Obtain a FIX solution by observing more than 10 epochs.
2nd set

y

Perform a comparative checking of the 1st and 2nd sets.

Within the tolerance?
Out of Tolerance

YES

Calculate the average value of the 1st and 2nd sets.

Figure 6 Observation flow chart
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4.2.1. Satellite system and the number of satellites required

The following table shows the number of satellites required depending on the satellite

system to be used.

Table 11 Satellite system and the number of satellites

Satellite system number of satellites
GPS, QZSS More than 5 satellites
GPS, QZSS, GLONASS More than 6 satellites
GPS, QZSS, Galileo More than 6 satellites
GPS, QZSS, GLONASS, Galileo | More than 7 satellites

NOTE: When using GLONASS satellites and Galileo satellites, at least 2 GLONAS satellites
and 2 Galileo satellites are required.

4.2.2. Observation time

The data acquisition interval is 1 second. The observation time is 10 epochs or more after
the FIX solution is obtained.

One baseline (between the virtual reference station and the mobile station) analysis result
using the signal received by the mobile station and the information provided by the data
center is one epoch. The FIX solution is the baseline analysis result after the integer bias
has been determined.

4.2.3. Set Count

Two sets of observations are performed.

Initialize and perform the 1st set of observations. After the 1st set of observations is
completed, re-initialization is performed and the 2nd set of observations is performed.
Initialization is to obtain the FIX solution by finding the integer bias. When the
initialization is affected by strong noise or multipath, the integer bias determination
process may be erroneous. Since the NRTK (VRS) method has a short observation time,
the observation may end with an erroneous integer bias.

Therefore, for the 2nd set, it is recommended to change the time zone or change the

placement of GNSS satellites.

16
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4.2.4. Other implementation methods and points to note

(a)

(b)

(@)

(d

(e)

(f)

Consider the operating status of the GNSS satellites, incoming information and so
on, and avoid using a biased arrangement.

It is important to avoid the use of the one-sided arrangement in consideration of
the operational status of the GNSS satellite and the incoming information. It is also
important to predict the accuracy of GNSS survey using the NRTK (VRS) method by
confirming the satellite placement, the number of satellites, PDOP (Position Dilution
of Precision), etc. during the observation time period in advance. The satellite
placement should be carefully checked because radio waves from a GNSS with a low
elevation angle are prone to multipath. A PDOP of 3 or less is in good condition. In
the observation of GNSS survey, the minimum receiving altitude angle is set to 10
degrees.

Measure the antenna height to the millimeter level and record it in a field note. In
addition, it is highly recommended to take photos of the antenna as well as evidence
of the antenna height because errors regarding antenna height or a type of antenna
cannot be found through accuracy evaluation of GNSS survey. It is desirable to
change the antenna height of the 1st set and 2nd set.

Perform optical or laser centering properly and precisely because errors regarding
centering cannot be found through accuracy evaluation of GNSS survey. When using
the antenna pole, use an auxiliary device such as a support cane and install the
antenna pole vertically.

It is also necessary to pay attention to the observation of places where the radio
environment is bad, such as places near radio stations.

Do not make long distance between the baseline length of the virtual reference

station and the mobile station.

17
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4.3. Calculation
4.3.1. Checking calculation

Check by comparing the observation values of the 1st set and the 2nd set. The tolerance
for comparative checking is shown in the table below. If it exceeds the tolerance, the error

factors are analyzed, and re-measurement is performed.

Table 12 Tolerance of comparative checking

ltem Tolerance

Difference between sets of horizontal position | 0.020m

Difference between sets of elevation 0.030m

4.3.2. Outcome calculation

The result of the new point is the average of the 1st set and the 2nd set observation

values.

4.3.3. Checking survey

In order to check the results of NRTK (VRS), one or more Control Points must be installed
near the survey area. Before and after the day's work, NRTK (VRS) checking survey is
performed on the Control Point.

The tolerance for checking survey is shown in the table below. If it exceeds the tolerance,

the error factors are analyzed, and the re-survey is performed.

Table 13 Tolerance of checking survey

Iltem Tolerance

Difference between Control Point coordinate and the result of NRTK Bl
. m
(VRS) method of horizontal position

Difference between Control Point coordinate and the result of NRTK

0.030m
(VRS) method of elevation

18



GNSS Survey Manual

The beginning of the day's work, it will
perform a checking survey at Control
Point.

If it exceeds the tolerance, analyze the
error factors and perform re-
measurement so that it is within the

tolerance.

Control Point Moy 5
N
NRTK (VRS) I Obserq

Control Point or Boundary Point
NRTK (VRS)

Control point or Boundary Point

NRTK (VRS) The end of the day's work, it will

Z perform a checking survey at
Control Point.

If it exceeds the tolerance, the
work result of one day is rejected,
the error factors are analyzed, and

the re-measurement is

performed.

Control Point, NRTK (VRS)

Figure 7 Inspection survey image
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5. Appendix 1

5.1.

The flow chart of the Boundary point survey

Boundary points to be set up by cadastral survey are set up by NRTK (VRS) method, using

total station, or using them in combination.

The flow chart of the Boundary point survey installed in the cadastral survey is shown

below.

Perform work plans and field reconnaissance
(Checking of existing Control Point (CP)
and situation of the sky view above the boundary)

s there an existing CP nes
the survey area?

Install a new CP near the survey area
STATIC or NRTK (VRS)

NO
Is it open sky view above

the Boundarv point?

A

2 or more points of the existing CPs or
New CPs are required.

\ 4

Measure Boundary points using the
NRTK (VRS) method.

Perform Boundary point survey by using
a total station.

P
<

) 4

Is the checking calculation
and checking survey withi
the tolerance?

YES

Boundary point results

Out of Tolerance

Re-survey

Figure 8 The flow chart of the Boundary point survey installed in the cadastral

survey
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6. Appendix 2

6.1. Evaluation method of baseline analysis results and network adjustment
results

6.1.1. What is required of the control points

Uniformity is required for control points.
v Uniform precision

v" Uniform placement density

6.1.2. Quality evaluation procedure for baseline analysis and network
adjustment

(1) Checking input values for baseline analysis and network adjustment
(1-1) Are you using the correct type of antenna?
(1-2) Is height of the bottom of antenna correct?

(1-3) Are the coordinate values of the known point incorrect?
(2) Are the observation times used for baseline analysis uniform?

(3) Checking satellite tracking status

A typical tracking situation is shown below.

Tracking Summary
sV Invalid leap seconds Duration: 23:59:59 Major interval: 01:00:00 Invalid leap seconds
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G2 4

G3 =2

G4 e
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Hi

G9 2

G10 DpEmmmIT
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(3-1) Are trees and buildings causing intermittent tracking?

The intermittent tracking situation is shown below.

Invalid leap seconds
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(3-2) Are you in an abnormal tracking state due to a power outage or communication

failure?

The abnormal tracking situation is shown below.

Tracking Summary

sV Invalid leap seconds Duration: 23:59:59 Major interval: 01:00:00
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(4) Are there any satellites that degrade the calculation accuracy of baseline analysis?

Trimble's TBC software evaluates the calculation result based on a record which checked
the accuracy of the distance between the satellite and the GNSS antenna (difference
between the distance calculated from the phases of L1 and L2 and the pseudo distance).

A case with good accuracy is shown below.

Mean=-0.002m Std. Dev.=0.008m Min.=-0.023m Max.=0.026m

0.08

0.06

0.04

0.02

-0.04

-0.06

-0.08

S

7:00:00 AM
9:20:00 AM
11:40:00 AM
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4:00:00 AM
6:20:00 AM

G19
Invalid leap seconds - Invalid leap seconds

A case with low accuracy is shown below. In addition, if there are many satellites with low

accuracy, it is better to conduct a resurvey.

Mean = 0.000 m Std. Dev. =0.007 m Min. =-0.016 m Max. =0.016 m
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Invalid leap seconds - Invalid leap seconds
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Mean=-0.005m Std. Dev.=0.039m Min.=-0.089m Max.=0.073m

0.085
0.064
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6:19:00 AM

R20
Invalid leap seconds - Invalid leap seconds

(5) Is there a baseline where the residual difference between the network adjustment
result and the observed value is large, as in the example below?

Observation ID Observation A-posteriori Error Residual  Standardized
Residual
KCO03 --> KHO01 (PV4716) Az. 312° 53'01" 0.068 sec 1.920 sec 13.979
AHt. -0.208 m 0.052 m -1.086m =~ -29.153
Ellip Dist. 66334.490 m 0.026 m -0.858m =~ -19.652
KCO01 --> KHO01 (PV380) Az. 287° 40'45" 0.043 sec -0.467 seC -4.599
AHt. -7.392 m 0.060 m 0.604 m 17.777
Ellip Dist. 90499.956 m 0.028 m 0.090 m 2.071
KC03 --> KH01 (PV378) Az. 312° 53'01" 0.068 sec -0.481 seC’ -3.505
AHt. -0.208 m 0.052 m 0.580 m 15.676
Ellip Dist. 66334.490 m 0.026 m 0.125m 2.854
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(6) As in the example below, are the standard deviations and error ellipses of the
calculated coordinates small?

Point ID Easting Easting Error Northing Northing Error Elevation Elevation Error
(Meter) (Meter) (Meter) (Meter) (Meter) (Meter)
BBO1 304659.8965 0.011 1448519.2643 0.010 25.6562 0.066
BB02 331264.4601 0.012 1413127.7884 0.010 22.9264 0.069
BBO3 268542.4709 0.012 1466013.5260 0.011 34.2029 0.078
BMoO1 277236.5777 0.012 1502902.1893 0.010 32.2135 0.075
BM02 238526.4679 0.013 1509129.1315 0.012 46.6434 0.081
BMO03 289415.0199 0.012 1542224.3955 0.010 45.7638 0.074
KCo1 550057.5507 0.009 1326326.8569 0.008 27.7089 0.052
KCo02 530407.5901 0.011 1360908.6585 0.009 62.2677 0.061
KCo03 512424.4387 0.008 1308551.5319 0.007 21.5676 0.047

Error Ellipse Components

Point ID Semi-major axis Semi-minor axis Azimuth
(Meter) (Meter)
BBO1 0.014 0.012 70°
BB02 0.015 0.013 73°
BB03 0.015 0.013 78°
BMO1 0.015 0.013 84°
BM02 0.016 0.014 64°
BMO03 0.014 0.013 88°
KCo1 0.011 0.011 84°
KC02 0.014 0.012 91°
KCo03 0.011 0.009 89°
KDO01 0.006 0.006 88°
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Acronyms and Abbreviations

No. Abbreviation Official Name
1 | Al Artificial Intelligence
2 | CGD Cambodia Geodetic Datum
3 | CORS Continuously Operating Reference Stations
4 | D/C Data Center
5 | DX Digital Transformation
6 | GDCG General Department of Cadastre and Geography
7 | GIS Geographic Information System
8 | GLONASS Global Navigation Satellite System (Russia)
9 | GNSS Global Navigation Satellite System
10 | GPS Global Positioning System
11 | ICT Information and Communication Technology
12 | ITRF International Terrestrial Reference Frame
13 | JICA Japan International Cooperation Agency
14 | Khmer GEONET | Khmer GNSS Earth Observation Network System
15 | KOICA Korea International Cooperation Agency
16 | MADOCA-PPP Multi-GNSS Advanced Demonstration tool for Orbit and Clock
Analysis - Precise Point Positioning
17 | MLMUPC Ministry of Land Management, Urban Planning and Construction
18 | NMEA National Marine Electronics Association
19 | NRTK Network Real Time Kinematic
20 | QZSS Quasi-Zenith Satellite System
21 | RC Reinforced Concrete
22 | RRS Real Reference Station
23 | RTCM Radio Technical Commission for Maritime Services
24 | RTK Real Time Kinematic
25 | SEZ Special Economic Zone
26 | SLA Service Level Agreement
27 | TS Total Station
28 | UAV Unmanned Aerial Vehicle
29 | VPN Virtual Private Network
30 | VRS Virtual Reference Station
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CHAPTER 1. Overview of Master Plan

1.1. Background

MLMUPC was conducting cadastral surveys with the aim of completing land registration
nationwide by 2023. 7,000,000 parcels were to be registered as estimated in 2002. This is
based on the National Strategic Development Plan 2019-2023 established by the Cambodian
government. In addition, the Pentagon Strategy Phase-1 (2023-2028), the most important
development strategy in the Kingdom of Cambodia, has five key areas: economic growth, job
creation, equity, efficiency, and sustainability, with “Digital Economy and Society Development”
being added as a new priority. In order to achieve these goals, efficient implementation of
surveying, topographic mapping, and civil engineering work for the land development are major
issues. To solve these issues, it is effective to improve the environment for quick and highly

accurate satellite positioning with GNSS.

As of the end of 2022, the progress rate of cadastral survey by MLMUPC is 96% of the number
of parcels set in 2002. The cadastral survey work is progressing as planned with the introduction
of GNSS. However, the number of parcels, which was originally assumed to be 7,000,000 in
2002, has increased more than expected as the cadastral survey progressed. In addition, due to
division of parcels and secondary registration, etc., the required cadastral surveying work is
increasing. For this reason, it is necessary to realize the efficiency of surveying work as soon as
possible. Inorder to expedite the cadastral survey, 5 Continuously Operating Reference Stations
(CORS) were installed with the support of JICA's technical cooperation project in May 2022.
The installed CORS system was named Khmer GEONET. However, the area that can be
covered by these 5 CORS of Khmer GEONET is only a small part of the national land of
Cambodia, and in order to expedite the cadastral survey, it is necessary to expand the Khmer
GEONET by installing CORS with sufficient density to cover the whole of Cambodia. In

addition, a more stable data distribution system is necessary.

1.2. Relationship of Khmer GEONET and Pentagon Strategy

The "Pentagon Strategy 2023-2028" aims to strengthen five key sectors: the public sector, the

economic sector, the financial sector, the human and social capital sector, and the environment
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and climate change response sector. Among these, the "Digitalization and Infrastructure
Development" strategy is a crucial one for advancing Cambodia’s economy and society. This
strategy focuses on enhancing digital technologies and the infrastructure (such as roads, electricity,
and telecommunications) that underpin them, with the aim of improving national efficiency and

boosting international competitiveness. The details are as follows:
1. Promotion of Digitalization

The goal is to accelerate the growth of the country by promoting the introduction and spread
of digital technologies in Cambodia, thereby making economic activities and government
services more efficient. This includes the development of digital infrastructure, the promotion

of e-government, and the encouragement of digital education.
2. Strengthening of Infrastructure Development

Infrastructure development is a key factor that supports economic growth. In Cambodia,
improving the foundations of roads, electricity, and communication networks will help ensure
smoother economic activities. This includes the development of transportation infrastructure,
the improvement of energy infrastructure, and the strengthening of communication

infrastructure.
3. Digitalization of Industries

The aim is to introduce digital technologies into industries to enhance efficiency and strengthen
competitiveness in the international market. This includes the use of smart agriculture and the

automation and optimization of manufacturing processes.
4. Strengthening International Cooperation

International cooperation is also vital for the digitalization and development of infrastructure.
Cambodia is accelerating its digitalization and infrastructure development by collaborating

with other countries to bring in technology and funding.

Khmer GEONET is expected to contribute significantly to the strengthening of Cambodia's

infrastructure development and the digitalization of industries in the following areas:

Contribution to Strengthening Infrastructure Development

Khmer GEONET plays a significant role in improving the efficiency and accuracy of
infrastructure development. High-precision surveying is essential for the construction and
maintenance of roads and railways. Khmer GEONET can provide highly accurate positioning

data over a wide area, thereby improving the efficiency of surveying operations. This allows
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infrastructure projects to proceed more quickly and accurately. Accurate location information
is also indispensable in urban development and land management. By using Khmer GEONET,
the positions of buildings, the layout of infrastructure, and land boundaries can be measured
with high precision, enabling the efficient use of land and better planning of infrastructure.
Additionally, Khmer GEONET is useful for monitoring plate motions of the Earth, which will
change the coordinates of the ground on Earth by a few cm in a year. This monitoring is
important for maintaining Cambodia's Geodetic Datum. By using Khmer GEONET, real-
time monitoring of crustal movements and land subsidence is possible, allowing for early
preventive measures against disasters. In post-disaster recovery planning, accurate positioning
data also supports the reconstruction of infrastructure. Khmer GEONET can also support

deformation monitoring of large infrastructures such as dams and bridges.

Contribution to the Digitalization of Industries

In the digitalization of industries, Khmer GEONET can contribute, particularly in the fields of
agriculture, logistics, and construction. In smart agriculture, digital technology is used to
manage farmland and crops more efficiently. Khmer GEONET enables precise surveying of
agricultural land and the automation of tractors and drones. For example, by accurately
identifying the boundaries of farmland and the locations of crops, fertilizer and water
distribution can be optimized, leading to improved productivity and cost savings. In the
logistics and transportation sectors, route planning and autonomous driving technologies are
evolving based on accurate location data. The high-precision positioning data provided by
Khmer GEONET offers optimized routes for trucks and delivery vehicles, saving time and fuel.
It also helps track shipments, improving the overall efficiency of the logistics system. In
construction, Khmer GEONET contributes to automation and accuracy improvements. For
example, in civil engineering and building construction, the use of drones and autonomous
construction machines is increasing, requiring precise positioning data. By using Khmer

GEONET, these machines can operate more accurately, enhancing work efficiency and safety.

Khmer GEONET is a vital technology for both infrastructure development and the
digitalization of industries. It provides accurate and reliable positioning information that
supports precise surveying and management in areas such as road construction, land
management, and disaster response. It also aids in the optimization of smart agriculture,
logistics, and the automation of construction. This technology is expected to contribute to
improving project efficiency and reducing costs, thereby greatly benefiting Cambodia’s

economic growth and social development.
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1.3. Goal

The goal of the Master Plan of Khmer GEONET is as follows.

Efficient land survey, efficient development and maintenance of social
infrastructure will be realized by Khmer GEONET covered entire area of the
Kingdom of Cambodia

In accordance with this goal, GDCG will set the following goals for 10 years by 2034.

» Khmer GEONET including more than 99 CORS will provide high-precision

positioning services across Cambodia.

»  The number of Khmer GEONET registered users will be 10,000 users and more.

1.4. Roles

This master plan stipulates the development and operation policy of CORS as a social
infrastructure for geo-spatial information that contributes to Cambodia's digital economy and
society development. Future Khmer GEONET development and operation in Cambodia will be

implemented according to this plan.

1.5. Scope

This master plan applies to all CORS installed as a part of Khmer GEONET, managed and
operated by MLMUPC in Cambodia.

1.6. Period

This master plan will be applied for 10 years from 2025 to 2034. The master plan will be
reviewed every two years by MLMUPC and updated as necessary. The revised master plan will

have its applicable period updated as necessary.

An important point in reviewing the master plan is to identify issues that should be improved in
the process of CORS installation, operation and maintenance, and utilization. The identified

issues will be examined for solutions during the biennial review, and the results will be reflected
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in the master plan.

1.7. Consistency with Higher Plans

Through this series of cycles, Khmer GEONET continues to evolve.

This master plan has been developed in line with the following higher plans. When revising the

master plan, it is strongly required to fully consider consistency with these latest higher plans.

»

>
>
>

The Pentagon Strategy Phase-1
National Strategic Development Plan
Declaration of Land Policy 2009

Sub-decrees
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CHAPTER 2. Current Situation and Issues of GNSS CORS in

Cambodia

2.1. Survey Field

2.1.1. Cadastral Survey

The revision of the Land Law in 2001 established the government's responsibility to protect rights
to private land, and MLMUPC began implementing cadastral surveys, registering ownership in

the land registry, and operating the land registration system throughout Cambodia.

All cadastral surveys in Cambodia are carried out by the GDCG and local land offices, not by

private survey companies.

Cadastral surveys are carried out using the conventional method using total stations (TS) and RTK
(real-time kinematic) method using GNSS reference stations installed throughout Cambodia. In
RTK survey using GNSS reference stations, accuracy is constrained by the distance between the
reference station and the rover. Therefore, sufficient accuracy cannot be obtained in areas far
from the reference station. Additionally, failures or malfunctions of GNSS reference stations

may reduce the accuracy and efficiency of cadastral surveying.

2.1.2. Control Point Survey

Part of the establishment and adjustment calculations for the stone control points currently in use
were carried out by GDCG and with the cooperation of KOICA from 2003 to 2009. Zero order,
first order, and second order control points were established throughout Cambodia, and 3 points
of CORS were also established. However, these 3 points of CORS are not currently used. The
reference system of existing control points is mixed with ITRF2000 (CGDO03) and ITRF2005
(CGDO0Y9). The maintenance and management policy for the existing control points after the
establishment of nationwide CORS has not yet been decided. Maintenance of existing control

points has especially cost issues.

2.1.3. Topographic Survey and GIS data

Since the 1960s, 1:50,000 topographic maps have been developed by the US military. In the 1990s,
1:100,000 topographic maps were developed with cooperation by JICA project. In 2009, 1:25,000
topographic maps were developed by KOICA. The covered area of 1:25,000 maps was the urban
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areas of Phnom Penh, Siem Reap, and Sihanoukville. Also 1:5,000 topographic maps of some
areas of Phnom Penh were developed by KOICA in 2009. In the 2000s, GIS data for all of
Cambodia was created. After that only the administrative boundaries of the GIS data were

updated. However, the other features are not updated since then.

2.2. Construction Field

2.2.1. Civil Survey

Currently, more than 1,000 construction companies are registered with MLMUPC. Major
construction companies have their own survey units. In addition, MLMUPC is preparing a
registration system for surveying companies and surveyors, which will be required in order to
carry out surveying work in Cambodia in the future. In current situation, the surveying for
construction uses the existing control points established by GDCG and/or the control points
established by themselves. In the near future, GDCG's CORS data will be actively used in civil
engineering surveying work as government-approved data. Due to the high demand for CORS
data as a surveying service for construction works, these construction, civil engineering, and
surveying companies are considered to be the main target groups for CORS data user licensing

agreements.

2.2.2. UAV Survey

UAVs are used in the various fields in Cambodia such as the land conflict coordination,
administrative decision-making, etc. It is used as GIS background data in the Multi Development
Zone Plan of Sihanoukville. It is also used in various other plans. However, the main use cases
are for taking aerial photographs of construction progress records, and currently there are few

opportunities to use it for surveying.

2.2.3. i-Construction (Machine Control, Automatic Construction)

Currently, there seems no Cambodian companies using ICT construction and/or machine
guidance. However, in neighboring Asian countries, including Japan, there are many cases
where CORS data is used to control the construction machinery. In Cambodia, some foreign-
affiliated companies are considering the introduction of ICT construction. The ICT construction
is likely to be introduced in the near future due to factors such as increasing demand for high-

precision construction, rising labor costs, and increased safety awareness.
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2.3. Agricultural Field

2.3.1. UAV

There are some companies in Cambodia which have commercialized pesticide spraying and/or
image analyzing by using UAV. Using UAVs in the agricultural field can improve the efficiency
and reduce costs of large-scale agricultural work. Furthermore, by using CORS data to improve
the accuracy of work, further efficiency and cost reduction can be achieved. In Cambodia, some

companies are considering demonstration projects for UAV pesticide spraying using CORS data.

2.3.2. Agricultural Machine Operation Support and Self-Driving

At this stage, there seems no Cambodian companies that are developing business for driving
support or automatic driving of agricultural machinery. However, there are lots of research and
study by Royal University of Agriculture. The decline in the number of agricultural workers
and the rise in labor costs will increase the demand for more efficient agriculture, raising
expectations for these technologies. It is foreseen that companies from Japan and neighboring

countries will start up the businesses in this field.

2.4. Other Fields

Future utilization of CORS data can be expected in fields such as crustal movement monitoring,
land subsidence monitoring, autonomous driving, weather forecast and landmine removal.

However, at present, there seems no CORS use cases in these fields in Cambodia.

2.5. GNSS Stations Established by GDCG

2.5.1. GNSS Reference Stations

Around 2019, 60 GNSS reference stations for RTK were installed across Cambodia by MLMUPC.
They are only used for cadastral surveys as an emergency measure. These GNSS reference
stations significantly reduce the burden on cadastral survey workers and contribute to improving
work efficiency. As the Khmer GEONET is expanded in the future, these GNSS reference
stations will be gradually and steadily replaced by CORS stations.
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2.5.2. GNSS CORS

In 2022, 5 GNSS CORS have been installed by the JICA technical cooperation project and are
operating as Khmer GEONET. In the future, Khmer GEONET will be expanded by integrating
with CORS installed throughout Cambodia by the JICA grant aid project for an example.

Khmer GEONET
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Position Scatter Plot t LI KND1
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Figure 1 Installation location of S CORS

2.6. CORS Installed by the Other Agencies

In Cambodia, there are several CORS installed by public agencies and private companies, and
some companies and organizations are using it in their business activities. For example, Phnom
Penh Water Supply Authorities are locating manholes and gutters in detailed facility maps using
their fixed GNSS stations. However, there is some problems to use these CORS that the
coordinate system is not unified and the accuracy cannot be guaranteed. In addition, the

maintenance of these CORS is a burden of each user.

The expansion of CORS by GDCG and the distribution of data to the private sector will lead to
the elimination of CORS business by private companies. However, CORS data users will be
able to use high-quality real-time distribution data at a lower price by using Khmer GEONET
distribution data. In the result of it, Khmer GEONET will contribute to the development of the
countries. Also, GNSS related companies are expected to expand their sales of GNSS receivers

by expanding the scope of use of GNSS receivers by users.
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CHAPTER 3. Vision

3.1. Vision

3.1.1. Vision for Mid-Term (for 5 years, - 2029)
A) Khmer GEONET is widely recognized by the public as a social infrastructure.

Khmer GEONET including CORS by JICA grant aid have been installed nationwide and are in
operation. Khmer GEONET is a service that enables real-time high-precision positioning
throughout Cambodia and will be part of the social infrastructure of Cambodia. In order for this
service to be used widely and in a sophisticated manner, it is desirable that the existence of the
service itself be widely known to the Cambodian people. In order to be recognized by the
Cambodian people, it is necessary to promote its usage in core application and service in cadastral
surveying, and to show how Khmer GEONET is benefitting the people in Cambodia through the

development of land title services.

B) More than 1000 paid users are registered.

Usage fees collected from users are important for securing or supplementing the budget for
operation, maintenance, continuous renewal and development of the Khmer GEONET.
Therefore, it is necessary to set a goal of securing the number of paid users mentioned above, and
to plan and implement the public relations necessary to achieve that goal. In the early stages,
when awareness is low, PR is essential for showing the existence of CORS. If we can secure
1,000 paid users at a rate of $250 per year for GDCG, this revenue will be significant to cover the
outsourcing cost for nationwide CORS which is estimated to be around $184,000 per year. Note
that the effort to obtain national budget is vital for replacing equipment or expansion in a long

run.

C) The Data Acquisition Rate is 95% or more.

Actual amount of observation data

Data Acquisition Rate =
Amount of data when all CORSs are fully-operated

In order for the Khmer GEONET to be recognized as a social infrastructure in Cambodia and to

10
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secure the number of users, it is important to provide a stable, high-precision positioning service.

As a measurable key performance indicator, we will use the above data acquisition rate which is

the basis for all services by Khmer GEONET. The initial target will be set to 95%. In order to

stably provide distribution data for high-precision positioning services and maintain a high data

acquisition rate which mentioned above, it is necessary to pay attention to the following items.
»  Continuous monitoring of CORS data acquisition status

Securing stable power supply at CORS and data centers

Securing stable communication at CORS and data center

Regular maintenance of CORS equipment

Quick response to CORS abnormalities

Regular maintenance of data center hardware

Periodical update of data center software and confirmation of settings

V V.V V V V V

Quick response to errors in data center

3.1.2. Vision for Long-Term (for 10 years, - 2034)
A) All of CORS in Khmer GEONET are operating normally.

It is important that all CORS installed as Khmer GEONET are properly maintained and operated.
During long-term operation, it may become temporarily inoperable due to equipment failure or
changes of the surrounding environment. Even in that case, it is required that all installed CORS
can receive GNSS data normally by replacing equipment, improving the surrounding environment,

or relocating CORS itself.

B) The goal of the land registration rate is achieved.

It is an important indicator that CORS data is fully utilized in the field of cadastral survey, which
is the main purpose of Khmer GEONET establishment. At present, no target has been set for
the land registration rate in 2034, however it is hoped that the target set in the future will be

achieved.

C) CORS data is used in fields such as agriculture, construction, and autonomous driving.

Khmer GEONET is expected to be used not only for the cadastral survey mentioned above, but
also in various fields for the development of the Kingdom of Cambodia. In particular, it will
begin to be used in the fields of Smart Agriculture, ICT Construction, and/or Autonomous Driving,

and we expect the usage in these fields to develop significantly in the future.

11
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D) Data acquisition rate is 98% or more.

From the target of 95% of the data acquisition rate in the medium-term vision, we expect to
achieve 98% of data acquisition rate in order to support real-time high-precision positioning
services such as ICT Construction, and/or Autonomous Driving through improving maintenance
work and day-to-day operations. Through this, we aim to create a society where high-precision
positioning services can be provided anytime, anywhere under the condition that GNSS are

observable.

E) The master plan for the next period is developed.

The target period of this master plan is up to 2034.  After that, the next Master Plan of Khmer
GEONET, which describes the future long-term vision and actions, will be formulated, and it is
expected that the further utilization of Khmer GEONET service will contribute to the
development of the Kingdom of Cambodia.

3.2. Action Plan for the Vision

GDCG will continue the following activities to realize the vision of Khmer GEONET. The
activities to be implemented will be divided for Mid-Term vision and Long-Term vision. Each
activity shall be implemented in a planned manner, with the Manager of the "Khmer GEONET
Center" (tentative name) under the GDCG, taking the lead and assigning a person in charge of the

activities. The activities, implementers, and timing of implementation are as follows.

3.2.1. Activities for Mid-Term vision
A) Analyze registered user information and formulate optimal PR activity strategies

About once a year, GDCG analyzes user information and service usage registered in Khmer
GEONET to understand user needs and identify issues early, leading to service improvements.
In addition, based on user attributes and usage status, it will be possible to consider effective PR
activity strategies and share user success stories, leading to the acquisition of new users and
promotion of usage by existing users, thereby making it possible to conduct effective PR activities

including to the government.
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B) Conduct PR activities

Several times a year, GDCG will conduct PR activities (holding events and placing
advertisements) to government agencies, industry associations, and users based on the PR activity
strategy developed by GDCG, in order to increase the number of new users. In addition, GDCG

will continuously monitor the awareness of Khmer GEONET through PR activities.

C) Enhancing user support

GDCG will strive to improve user satisfaction and encourage users to continue registering for the

service by providing adequate support to Khmer GEONET users and constantly improving it.

D) Review subscription plans and pricing

About once a year, GDCG will analyze usage fields of service use and time of use to consider

revisions to the subscription plan's content and pricing.

E) Continue operation, maintenance, and response to problems

GDCG and Local land offices which manages CORS will ensure that each CORS and data center
is properly and continuously inspected and maintained on a daily basis. They will also respond
promptly to problems by providing information to users in the event of trouble, and by taking

action to restore the system as quickly as possible.

F) Consider and realize the operation and maintenance system and the number of staffs

About once a year, GDCG will conduct a review of the organization and staffing structure for the
operation and maintenance of Khmer GEONET to determine the optimal operation and
maintenance structure and number of personnel. In addition, changes to the structure will be

considered and implemented as necessary.

G) Secure human resources for operation and maintenance

GDCG will continuously secure the necessary human resources to establish an organizational
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structure for proper operation and maintenance.

H) Consider outsourcing to private companies

From time to time, GDCG will consider outsourcing portions of its work as necessary to ensure

efficient operation and maintenance of Khmer GEONET and user support.

I) Stabilize power supply and network connection

GDCG will discuss with power suppliers and telecommunication providers about once a year to
ensure that the operation of Khmer GEONET will not be disrupted, and will study and take
measures to ensure a stable supply of power and telecommunications. In addition, if necessary,
the use of solar cells and radio waves will be considered to secure power and communications

without relying on other organizations.

J) Replacement of equipment, model change, and/or the relocation of CORS

GDCG will create a record of equipment problems that occur and analyze it about once a year to
consider equipment replacement cycles, securing spare equipment, and changing equipment
models. In addition, if many troubles occur due to the installation location of CORS, GDCG

will consider relocation of the CORS.

K) Secure the budget for operation and maintenance

GDCG will estimate the cost of securing personnel and equipment, outsourcing, user support, and
public relations for the operation and maintenance of Khmer GEONET. GDCG will then request

the necessary budget from the Cambodian government by the deadline.

L) Rotate the PDCA cycle

GDCG will use the PDCA (Plan-Do-Check-Act) cycle for all activities related to the operation
and maintenance of Khmer GEONET, and will work to resolve issues and improve the efficiency

and accuracy of operations as appropriate.
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3.2.2. Activities for Long-Term vision
A) Monitor the progress of the cadastral survey project

GDCG will monitor the progress of the cadastral survey project, which is the objective of Khmer
GEONET's establishment, as appropriate. It will thereby understand Khmer GEONET's
contribution to the project and consider improvements to Khmer GEONET's operations with the

aim of further increasing the project's efficiency.

B) Continue activities to promote the utilization

GDCG will promote the usefulness of the high-precision positioning services provided by Khmer
GEONET to companies and institutions operating in the fields of surveying, construction, and
agriculture at exhibitions and seminars several times a year, and provide technical assistance and
support for implementing pilot projects. By doing so, GDCG will contribute to the efficiency
of infrastructure development, the improvement of automated driving technology, and the creation

of new business innovations.

C) Investigate usage examples in neighboring countries

About once a year, GDCG will share best practices from each country with CORS operating
agencies in neighboring countries at workshops and technical exchanges with neighboring
countries to apply to their own efforts. In addition, the GDCG will improve the technical level

of the entire region through technology and knowledge sharing.

D) Planning expansion of Khmer GEONET

GDCG will study and develop an expansion plan for Khmer GEONET to meet the growing
demand for real-time high-precision positioning services and the increasing number of users,
taking into account the density distance of CORS in urban and rural areas, the intended use of the

service, and backup in case of trouble.

E) Expansion of Khmer GEONET
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GDCG will secure the necessary budget to expand and increase CORS and data center in

accordance with the established Khmer GEONET expansion plan.

3.3. Process

GDCG believes that they will be able to gain users' trust by installing CORS all over the country
at once, which can provide users with the highest positioning accuracy data, instead of increasing
the number of CORS little by little. In other words, the current 5 CORS have a limited service
area, however the benefits of high precision positioning can be enjoyed nationwide when CORS
are established nationwide and Khmer GEONET services are expanded to the entire country.
This will help promote the usefulness of Khmer GEONET and lead to its recognition as social

infrastructure.

In order to operate and maintain Khmer GEONET reliably according to the above action plan, the
following work processes are required.

1) Reliable implementation of daily operation and maintenance work: establishment of
implementation system, development and updating of manuals, creation and sharing of
implementation records, implementation of reviews, improvement of problems

2) Reliable troubleshooting: Establishment of implementation system, maintenance and
update of SLA, maintenance and update of manual, creation, accumulation and sharing
of troubleshooting records, implementation of review, improvement of problems

3) Stabilization of power supply and telecommunication: Implementation of hardware
measures by equipment, improvement by cooperation with electric

power/telecommunications companies

Since Khmer GEONET data is used not only for surveying but also for various real-time
applications, it is important to carry out operation and maintenance work appropriately so that the

service does not stop as much as possible.
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CHAPTER 4.  Plan of the Operation and Expansion of Khmer GEONET

4.1. Consideration of Khmer GEONET Expansion Plan

To modernize surveying operations in Cambodia and achieve greater efficiency and accuracy,
GDCAG is planning to build a network of CORS for Khmer GEONET. Increasing the number of
CORS points will enable rapid, accurate, and uniform surveying. Khmer GEONET will also be

used in high-precision positioning such for ICT construction besides land surveying.

Khmer GEONET already has five CORS points installed. In order to realize specific projects
covering all of Cambodia in the future and to accelerate national development, GDCG has
developed a plan to install CORS throughout the country. The future number and location of
CORS for Khmer GEONET will be determined according to construction costs, maintenance
budget, usage, number of users, and demands from users and society. Based on the provisional
technical standards, the following criteria have been used to select locations for the installation of
CORS stations. The installation sites must be in central and developed areas of villages, counties,
cities, provinces, and capital cities, and must have electricity and cellular service. The average
distance between points must be about 50 km, and a buffer of 40 km from each CORS must cover
most of Cambodia. All install locations must be secure in the long term. Based on these
criteria, the planned locations for 94 new installations have been planned. As shown in the
figure below, the 99 CORS network established by JICA grant aid will be able to cover almost all
of Cambodia in an area of 40 km from each CORS. The average of baseline length is about 50

km in this case.
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Figure 2 CORS Plan by Grant Aid Project

In general, the baseline length should be less than 70-80 km for areal operation of network RTK'.

In other words, the CORS network of Khmer GEONET (with an average baseline length of 50
km) with the above 99 CORS will enable highly accurate NRTK data distribution throughout
Cambodia. As the distance between CORSs increases, signal delays due to ionospheric and
tropospheric effects increase and become an error factor. Especially when the distance between
points is longer than 70 km, these delays cannot be fully compensated for, and positioning
accuracy may be degraded. Therefore, it is recommended that the distance between CORS be
kept as short as possible to maintain the accuracy of the entire network. Moreover, for higher
precision and more stable operation, additional CORS establishment should be considered from
the following perspectives.

1. To ensure redundancy to cope with CORS failures and maintenance, and to prevent service

interruptions.

I Alberto Cina, Paolo Dabove, Ambrogio M. Manzino and Marco Pira. “Network Real Time Kinematic (NRTK)
Positioning — Description, Architectures and Performances”. IntechOpen. 2015.
https://www.intechopen.com/chapters/47449, (15Aug.2024 referred).
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2. To ensure stable accuracy in areas surrounding the network.

Based on these perspectives, the specific areas that need to be considered for additional CORS in

the future and the reasons why are considered as follows.

»  Urban areas with high population concentrations, high commercial and industrial economic

activity, and high demand for construction of infrastructure and buildings: To ensure

redundancy by increasing the density of CORS and to prevent service interruptions and local

degradation of accuracy of Khmer GEONET.

The figure below illustrates the location and population size of Cambodia's most populous

cities.

The most populous cities are located along the Asian Highway, which runs from the

Vietnamese border through the capital Phnom Penh to the Thai border, and in the area leading

from Phnom Penh to Sihanoukville, an international port (yellow colored area in the figure).
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» High traffic arterial roads, important port areas, economic development area, special

economic zone, rivers and canals with heavy cargo traffic, and priority agricultural areas

2 "General Population Census of the Kingdom of Cambodia 2019 — Final Results". National Institute of Statistics.

Ministry of Planning. 26 January 2021. Retrieved 4 February 2021.
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where smart agriculture is deployed: To ensure redundancy by increasing the density of
CORS and to prevent service interruptions and localized accuracy degradation of Khmer
GEONET.

The figure below illustrates national highways, a major port, rivers and canals (under
construction), special economic zones (SEZs), and major agricultural areas. For the areas
that include the populous cities, the figure shows that industry, transportation, and agriculture
are thriving. In particular, the area connecting Phnom Penh, Sihanoukville, and Bavet is
expected to have high demand for high-precision positioning services, due in part to the
SEZs, highways being built and new canals being constructed. Demand for CORS is also

expected in the area leading northeast from Phnom Penh to the Laotian border.
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Figure 4 Major logistics, economic and agricultural areas

» Border/ coastal area (network peripheries), and area away from CORS: To prevent accuracy

degradation caused by longer distances from CORS.

The figure below shows areas of the Khmer GEONET network consisting of 99 CORS where

sufficient accuracy may not be guaranteed on the periphery and areas within the network that
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are far from CORS. To ensure the provision of GEONET's high-precision positioning
services throughout Cambodia and to guarantee sufficient accuracy, it is necessary to
consider the establishment of additional CORS in these areas. However, these areas
include forests and islands, and the lack of infrastructure makes it difficult to establish CORS.
Because of these reasons, compared to the areas of anticipated demand shown in the two

figures above, the addition of CORS in the areas shown in the figure below is a low priority.
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Figure 5 Borders, coasts, and away from CORS areas

Based on the above perspectives, as the results of consideration of the future expansion of CORS

to Khmer GEONET, it is appropriate the following policies and priorities.

1. Increase the density of CORS points by establishing additional CORS in the area
encompassing Phnom Penh and Sihanoukville, and reduce the distance between CORS
to 25 - 30 km. (Priority: High)

2. To establish additional CORS along the national highway in the area connecting Bavet
- Phnom Penh - Battambang / Siem Reap - Poipet to reduce the distance between CORS
from 30 to 40 km. (Priority: Medium)
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3. By establishing additional CORS at the periphery of the network and in areas far from
CORS, most of Cambodia, including island areas, will be encompassed within the area
enclosed by CORS or within a radius of 10 km from CORS, and the distance between
CORS will be reduced to 70 km or less. (Priority: Low)

For the area around Phnom Penh, which is the highest priority, examples of locations for
additional CORS installations were reviewed. The following figure shows candidate areas for
consideration of adding CORS in the Phnom Penh area. Adding these CORS sequentially is

expected to improve the accuracy of delivery data and prevent service outages.
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If the use of CORS for applications other than high-precision positioning data distribution, such
as monitoring and research of crustal movement, earthquakes, weather forecasting, space weather,
etc., becomes a full-scale application, it will be necessary to consider the expansion of CORS to
provide the optimal location and density for such applications. However, these applications are
not envisioned in Cambodia currently. Therefore, consideration of plans for the expansion of
Khmer GEONET to accommodate these applications will be undertaken in the future as necessary

and added as appropriate at the time of the Master Plan revision.
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4.2. Mid-Term Goals (for 5 years, - 2029)

4.2.1. Plan of the Operation of Khmer GEONET (Situation to be realized)
A) CORS and Data Center

Nationwide CORS established by JICA's technical cooperation project and grant aid project are
operating normally. Acquisition of GNSS data at all CORS is continuing. In addition, the data
center installed in the MLMUPC building is operating normally. Necessary maintenance contracts
are in place for the operation and maintenance of hardware and software. Software under

operation is properly updated.

B) Data Distribution

Real-time correction data is distributed 24 hours a day, 365 days a year. The delays and missing
of the correction data is properly monitored. GDCG staff are able to respond appropriately when

there is a problem with the correction data.

C) Operation and Maintenance System

Three or more full-time staff members and six or more concurrent staff members in GDCG are
assigned for operation and maintenance of Khmer GEONET. In addition, at the Provincial
Office, more than 100 concurrent staff members are in charge of CORS operation and daily
maintenance work. Further, contracts are concluded with outsourced companies in order to

carry out emergency response such as failure and/or specialized maintenance work.

D) Operational Status

All of CORS established nationwide are operating normally, and the data acquisition rate exceeds
95%. A section responsible for the operation and maintenance of Khmer GEONET will be
established within the GDCG in accordance with the information provided in the 'Responsible
Office' part of "Operation and Maintenance Manual for Khmer GEONET". GDCG and regional
land offices will assign the proper number of staffs to ensure the ongoing implementation of the
operation and maintenance activities. The average time required to recover from a CORS failure

is less than one day, and the average time to recover from a data center failure is less than 4 hours.

E) User Support

The Khmer GEONET website has FAQs, manuals, technical information, and case studies.

Responses to user inquiries are replied to the user within one day. In addition, inquiries from
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users are accumulated in a database and analyzed in order to update the FAQs and user support

manuals.

4.2.2. Plan for CORS expansion
A) Number of CORS with Draft Location Map

By 2026, nationwide CORS of Khmer GEONET will be built.  Also, by 2029, the deadline of
mid-term goal, a specific budget and establishment plan will be developed and implemented for
further Khmer GEONET expansion.

B) Datum model

"CGD23" has been officially approved as the unified geodetic coordinate system in Cambodia
and has been continuously used.

C) Vertical Standard

The Geoid model has been officially approved as the standard of unified elevation in Cambodia
and continues to be used.

D) Number of Users

As 0f 2024, over 300 GNSS receivers will be used for cadastral surveys. After that, at least 500
users will be registered by 2026. Since GNSS receivers applicable for centi-meter positioning
are becoming cheaper, we expect the number of GNSS users will grow in the future. Along with
that, the number of users of Khmer GEONET is also expected to increase, and we set a target of
1,500 users, including 1,000 paying users, by 2029.

E) Utilization Fields (Target Users)

Cadastral survey, Geodetic survey, Constriction, and Agriculture

F) Service Contents

RRS, VRS, Static Survey (RTCM data download)
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4.3. Long-Term Goals (for 10 years, - 2034)

4.3.1. Plan of the Operation of Khmer GEONET (Situation to be realized)
A) CORS and Data Center

All CORS is working fine, including additional establishment. CORS has been relocated and
modified as needed. Acquisition of GNSS data continues at all CORS. The data center is
operating normally and is continuously generating and delivering the data to be provided to users.
Maintenance contracts necessary to operate and maintain hardware and software are in place.
Software updates and replacements are implemented as needed. In addition, hardware

equipment is replaced, updated, and reinforced as necessary.

B) Data Distribution

Real-time correction data is continuously distributed 24 hours a day, 365 days ayear. The delays
and missing of correction data is properly monitored. Furthermore, as for the delay and missing
of the correction data, comparison with the set target values, review, extraction of issues,
investigation of causes, consideration of solutions, and improvement activities are being carried

out appropriately.

C) Operation and Maintenance System

GDCG staffs for the operation and maintenance of Khmer GEONET are being increased as
required. Also, some of the work for operation and maintenance is appropriately outsourced.
The personnel system for CORS operation and daily maintenance work has been appropriately
established at the provincial offices. A system for responding to emergencies has been
established, and outsourcing contracts for operations have been concluded as necessary.

Appropriate plans for securing and developing human resources are formulated and implemented.

D) Operational Status

All of the established CORS are operating normally, and the data acquisition rate exceeds 98%.
The average time to recover from a CORS failure is less than 12 hours. The average time to
recover from a data center failure is less than 2 hours. Records of the response, cause, and
recovery work in the event of failures and defects are created and shared within the staffs of
GDCG. Inaddition, the records of failures and defects are reviewed appropriately, and measures

and activities to prevent recurrence are implemented.
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E) User Support

The personnel structure required to implement user support is secured. FAQs, user manuals,
technical information, and use cases are updated accordingly. Responds to customer inquiries
within 4 hours on average. In addition, inquiries from users are accumulated in a database and

analyzed in order to update the FAQs and user support manuals.

4.3.2. Plan for CORS expansion
A) Number of CORS with Draft Location Map

The demand for CORS will be expected to increase due to Cambodia's population growth and
industrial growth. The expansion of CORS as envisioned in the mid-term plan through 2029
will be ensured, and the areas and number of points where additional CORS are needed will be
planned appropriately. In addition, the budget necessary for such expansion will be secured and

the construction of additional CORS will be carried out in accordance with the plan.

B) Datum model

"CGD23" has been officially approved as the unified geodetic coordinate system in Cambodia
and has been continuously used. Alternatively, a new geodetic coordinate system is set as

necessary, and transformation parameters are created.

C) Vertical Standard

Geoid datum has been officially approved as the standard of unified elevation in Cambodia and
continues to be used. Alternatively, a more precise geoid model is constructed and applied as

needed.

D) Number of Users

10,000 users, including 8,000 paying users, have registered and are using Khmer GEONET.

E) Utilization Fields (Target Users)

Cadastral survey, Geodetic survey, Constriction, Agriculture, Automatic driving, Crustal

movement monitoring, and Weather forecast
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F) Service Contents

RRS, VRS, Static Survey (RTCM data download)
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CHAPTERS.  Standard Specification

5.1. Specification of CORS

5.1.1. Equipment

The general specifications of Khmer GEONET's CORS are given below.

Table 1 Equipment Specification of CORS

Equipment Specification

GNSS Antenna Choke ring type suitable for multipath reduction, noise reduction, and
multi-frequency reception

GNSS Receiver Compatible with GPS, GLONASS, QZSS and Galileo satellites
Receivable signals: QZSS (L1C/A, L1C, L2C, LS), GPS (L1C/A,
L1C, L2C, L2P, L5), GLONASS (L1C/A, L2C/A, L2P), and Galileo
(E1, ESa, E5b, E5-AItBOC)

Output data formats: RINEX2x, RINEX3x, RTCM2x, RTCM3x,
NMEA-0183

Data resolution: at least 10 mm (approximate distance), 0.2 mm

(carrier phase)

VPN/Mobile SIM (4G/5G) card slot for Internet connection via VPN

Router

Power control unit | Remote operation from a web browser is possible. Supports IPsec

protocol to protect data security.

Uninterruptible At least 1.6KWatts / 2.0kVA output for stable operation of receivers
power supply and VPN/Mobile routers
Output voltage: 220V to 240V

24-hour standby function

Stock up a certain number of receivers, antennas, etc., in order to shorten the interruption time of

service provision due to equipment failure.
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5.1.2. CORS Category Classification
Khmer GEONET's CORS are categorized by their functions as follows.

» Level-0 CORS (used for science, especially geodynamics) requires very stable
materialization. It corresponds to the IGS specification. Specifically, the five CORS
established under the JICA technical cooperation project fall under this category.

» Level-1 CORS (used by national geodetic organizations to maintain geodetic reference
systems) also requires very stable materialization. Level-1 CORS are usually subset of
Level-0 CORS and provides the link between the national geodetic reference system and the

ITRFE. Specifically, it applies to 94 CORS established through grant aid project.

» Level-2 CORS (used for standard surveying) require stable monuments. They are
generally established by government agencies for the purpose of densifying the CORS
national network (level-0 and level-1 CORS) and used in NRTK. Specifically, this applies
to additional CORS to be established after 2026.

5.1.3. Location Condition

As a general rule, GNSS CORSs should be installed on flat, solid ground and on public land such
as provincial land offices. Other conditions are that the power supply can be pulled in, that a
stable internet connection is secured, that there are no structures that interfere with satellite
acquisition within 15 degrees of the elevation angle of CORS, and that the natural disaster risk
such as lightning, floods, landslides, high temperatures, storm surges, and strong winds are low
historically. Furthermore, after confirming future development plans and construction plans, it
is necessary to select a location where it is assumed that CORS can be used for a long period of

time.

Surrounding trees will be felled as necessary. In addition, pruning of surrounding trees is

required as daily management.

5.1.4. Power and network

An electric (commercial power supply) cable must be laid to the equipment installation location.
Data transmission from the GNSS CORSs to the data center mainly uses the Internet line. In
addition, in preparation for problems with the Internet line, the Internet connection through the

mobile phone line is used as a backup.
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5.1.5. Construction

Equipment such as GNSS receivers, routers, and UPS should be installed indoors for security
reasons. The basic structure of CORS is that the cable runs from the GNSS antenna through the
pillar and connects to the GNSS receiver inside the building through a buried pipe. The
foundation structure is basically supported by piles. The foundation piles to be used shall be
300 mm square RC precast piles. The basic foundation structure is to install four piles to support
a footing with 2.5m wide, 2.5m long and 1.0m thick. The tip of the pile is penetrated into the
bearing layer to secure the bearing capacity. The pillar shall be an RC structure that resists
various acting forces and does not generate displacement. The inside of the pillar shall be hollow
because it is necessary to pass cables. The basic height of the pillar shall be 5Sm from the ground

surface.

5.1.6. Design

The design shall be simple considering workability and economy. The design condition is a
wind speed of 45 m/s for storms. Lightning protection is basically provided by incorporating
lightning arresters, and if it is within the protection range of an existing lightning rod, there is no
need to install a lightning rod newly. If there is no lightning rod in the vicinity, it should be

considered to install a lightning rod.

The structure and height of the pillar and the installation location of the equipment shall be
decided according to the past flood history. If the water depth of the past flood is particularly
deep, it should be considered the location of installing equipment, for example GNSS receivers

on the upper floors of the building.

5.2. Specification of Data Center

5.2.1. Equipment

The data center has two distribution servers. The first shall be the main server and the second
shall be the sub-server. By setting the sub-server as a cold standby, redundancy is ensured in the
event of a problem with the main server. In order to restrict access from the outside, a firewall

should be installed on the server.
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The storage server should have disk space large enough to store the one second data from all
installed CORS at least for three months. In addition, fault tolerance shall be provided in the
storage server to prevent data loss due to faults. Because the data is the important property for
the nation, the data acquired via CORS shall be stored in three layers, the first is in the disk space
on the storage server, second is backup copy to the data center owned by MLMUPC, and the third
is backup to magnetic tapes. Storing the tapes in a separate building prevents data loss in the

event of a fire or other failure of the building itself.

Table 2 Equipment Specification of Data Center

Equipment Specification

Distribution servers | Rack server, 16-24 cores/32-48 threads or more with 2 CPUs, Hard
drive: 600GB or more SAS, Windows Server 2022

L3 Switch Layer 3, 24 x 10GbaseE ports, Rack type

Firewall Firewall Throughput: 10Gbps, Rack type

Storage severs Hard drives: 24 x 2.4TB SAS ISE 12Gbps configured in RAID-6,
Rack type

Tape backup system | Compatible with LTO-8 or more magnetic tape, One drive or more,

Rack type

5.2.2. Software

The CORS management software is not limited to PIVOT (Trimble), which has already been
installed. However, it shall be secured to be selected the software that has the same functions
and performance as PIVOT. The number of CORS to manage and the number of concurrent

users should be carefully considered and determined according to the budget and usage situation.

5.2.3. Location Condition

The data center must be located in physically secured place. For the time being, the server room

in the MLMUPC office where the existing server is installed will be used as it is.

5.2.4. Environment

The temperature and humidity must be kept constant in the server room where the data center is
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installed.

5.2.5. Power and network

The power supply in the MLMUPC office building is used as a stable commercial power supply.

The UPS shall be installed in case of a power outage.

As for the internet connection, the optical fiber network that is connected to the MLMUPC office
building shall be used.

5.3. Specification of Distribution Data from Data Center

The specifications and details of the data distributed from the data center are described in the

separately prepared "Data Policy" and "SLA (Service Level Agreement)".
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CHAPTER 6. Budget Plan of CORS Expansion

6.1. Estimation

JICA grant aid project will provide for the expansion of 94 additional CORS and a data center.
This will enable high-precision positioning throughout Cambodia. After that, the costs for
CORS equipment procurement and installation work required for the future expansion of Khmer
GEONET's CORS are summarized below, with reference to the installation costs of the five
CORS installed in the pilot project. The costs listed in this chapter are calculated based on the
contract signed in December 2021 for the procurement and installation of CORS equipment in

Cambodia.

6.1.1. Approximation for Equipment Cost per one CORS

The following equipment is required to install one CORS. The specifications or reference models

and reference price are shown in the table below.

Table 3 Equipment Cost for CORS

No. Item Spec or Reference Model Reference Price

1 GNSS Trimble Alloy USD 20,000-
Receiver

2 GNSS Antenna | Trimble GNSS-T v2 Choke Ring Antenna USD 5,000-
Radome Hemispherical Radome USD 2,000-

4 Power Control | Cyber Power PDU81006 USD 1,500-
Unit

5 UPS APC Easy UPS On-line SRV RM 2000VA USD 1,000-

230V

6 Mobile Router | USRIOT USR-G808 USD 600-

7 VPN Router Linksys LRT214 USD 300-

8 Lightning Three arrestors, one for each antenna cable, USD 750-
Arrestor power control unit, and router

9 Storage Box IP55 USD 2,500-
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No. Item Spec or Reference Model Reference Price
Total USD 33,650-

6.1.2. Approximation for Installation Cost per one CORS

Installation of the equipment procured above to construct the CORS will require foundation work,
pillar construction, antenna installation, storage box installation, equipment installation, cable
connections, power connections, network connections, and exterior work such as fence
installation. The CORS of Khmer GEONET shall be installed on the ground. The antenna
shall be installed at a height of 5 m above the ground. Depending on the conditions of the CORS
construction site, the storage box will be installed in a pillar or in a nearby building. The cost
for these construction works will be about USD 30,000 per one CORS, including building

materials.

6.1.3. Total Cost required for one CORS Expansion

For the expansion of one CORS as described above, it is estimated that approximately USD
34,000 will be required for equipment procurement and USD 30,000 for installation. In other
words, the total cost for one additional CORS is approximately 64,000 USD. The GDCG budget
for FY2021 was 6,000,000USD®.  If 10 additional CORS were to be added in a year, the required
cost would be 640,000USD, which is 10.7% of the annual budget. In addition to these costs, the

following costs of the data center also need to be considered.

»  If the number of CORS that can be handled by the CORS management software (Trimble
PIVOT) has reached the limit, additional licenses for CORS management will need to be
procured. (Estimated cost for Pivot: 81,0008 / CORS Node License for 10 CORS)

»  If the number of users who can access the CORS management software at the same time is
likely to reach the limit by installing new CORS, procurement of additional licenses to
increase the number of users will be required. (Estimated cost for Pivot: 37,5008/ 100 TNC

users)

» If many CORS are to be added, it is needed to consider to adding or replacing server

equipment to increase the processing capacity of the data center. (It is assumed that the

3 The Preparatory Survey Report on the Project for the Establishment of Nationwide
Continuously Operating Reference Station Network in the Kingdom of Cambodia (2023,
Japanese version, JICA)
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hardware to be installed with grant aid will not need to be expanded in the foreseeable

future.)

6.1.4. Assumption of Inflation Risk

The inflation rate, which represents the rate of increase in Cambodia's consumer price index
relative to the previous year, averaged 2.9% over the 10-year period from 2014 to 2023*.
Comparing to prices in 2013, prices in 2023 increased 1.33 times. Since prices are expected to
continue to rise with economic growth in Cambodia, the risk of price increases for CORS

construction and maintenance should be taken into account for the cost of expanding CORS.

* https://www.imf.org/en/Home

35




Master Plan of Khmer GEONET

CHAPTER 7. Budget Plan of O/M

7.1. Estimation

7.1.1.

Personnel Costs

Personnel costs will be required for a manager, supervisors, and D/C operations staff to be

assigned to the "Khmer GEONET Center" (tentative name) under the GDCG, as well as

operations staff to be assigned to each CORS. These personnel costs are incorporated into the

organization's annual budget and will not be specifically considered in this master plan.

7.1.2. Operation and Maintenance cost of CORS

>

>

7.1.3

>

>

Operating costs: Power supply to CORS equipment, network usage fees.

Scheduled maintenance costs: Costs associated with hardware inspections, firmware updates,

tree trimming and cleaning, etc.

Outsourcing contracts: Costs associated with outside technical support and maintenance

contracts, such as equipment troubleshooting.

. Operation and Maintenance cost of D/C
Operating costs: Power supply and network usage fees for the data center.

System administration costs: Costs associated with maintaining and updating servers, web

networks, and databases.

Scheduled maintenance costs: Costs for inspection and maintenance of servers and network

equipment, software updates, storage checks, etc.

Outsourcing contracts: Costs for external technical support and maintenance contracts,

including support in the event of equipment problems.

Backup costs: Costs for operating backup systems and backup media for data storage.
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7.1.4. Replacement cost due to equipment failure and/or aging deterioration

»  Cost of spare parts/replacement equipment: Cost of procuring replacement equipment and

parts in case of failure or age-related deterioration.

» Maintenance contract costs: Repair and replacement costs based on maintenance contracts

with manufacturers and third parties.

» Life Cycle Management: Replacement plans and costs for receivers, routers, batteries, and

other equipment over the life of the equipment.

7.1.5. Estimated annual maintenance cost

GDCG and the regional land offices will be responsible for periodic inspection and repair of the
99 CORS after the grant aid project. However, due to the limited staffing of GDCG, it is
anticipated that this will be done through a maintenance management contract with a private
company. This cost is estimated at 184,000 USD per year. The annual replacement cost of the
equipment is assumed to be about 10% of the initial installation cost. In this case, the annual
maintenance and management costs (excluding GDCG personnel costs) would be USD 571,498,
which is equivalent to 8.3% of GDCG's annual budget of FY2021°.

7.1.6. Public Relations, Promotion, and User Education Costs

In addition to the above, GDCG should consider the following costs to promote Khmer GEONET
»  Public relations: Cost for promotion and PR activities through websites and SNS.

»  Event organization: Cost for seminars, workshops, exhibitions, etc.

»  User education tools: Cost for training materials, video materials, online manuals, etc.

»  User Support: Costs associated with providing user support, such as SNS responses, logging

inquiries, creating FAQs, etc.

> The Preparatory Survey Report on the Project for the Establishment of Nationwide
Continuously Operating Reference Station Network in the Kingdom of Cambodia (2023,
Japanese version, JICA)
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7.2. Scheme

7.2.1. Fund Procurement Method and Schedule

Every year, GDCG shall prepare a draft budget plan by March/April to submit as Annual National
Budget on the next fiscal year (January - December) for Khmer GEONET (all CORS and Data
Center).
those that can be covered by the overall budgets of the GDCG and the Regional Land Offices.

Of the operation and maintenance costs, personnel and telecommunications costs are

On the other hand, the budget for procurement of spare and replacement equipment and
maintenance contracts with private companies must be ensured each year. These are priced by
bidding, however in general, the one-year maintenance costs for both software and hardware are
generally 10-20% of the procurement cost. In addition, the cost of maintenance contracts
increases as time passes after procurement. Therefore, a budget plan should be prepared to avoid
shortfalls in the budget by obtaining estimates in advance and properly planning equipment

replacements.

7.2.2. Risk analyzation

In planning a long-term operations and maintenance budget, the following risks should be

considered and reflected in the budget plan.

Table 4 Risk and Countermeasure of O&M of Khmer GEONET

No. Risk

Contents

Countermeasure

1 Operation risk

Failure to properly operate,
maintain, and distribute data

* Increase in personnel
* Enhancement of operational

training

2 Price increase risk

Price fluctuations are higher
than expected

+ Review of fee structure
* Review of equipment

replacement cycle

- Review of maintenance costs

through contract negotiations

and data distribution.

3 Power and Power and communication | * Review of providers
communication prices fluctuate more than
price risk expected

4 Power and Power and communication | * Review of providers
communication are not supplied due to power | *+ Change of power supply and
supply risk outages communication method

5 Risk of changes Change in laws and | * Input the legal experts
in laws and regulations (e.g., Radio Law) | * Strengthen compliance
regulations related to Khmer GEONET programs

* Collaborate with industry

associations

38




Master Plan of Khmer GEONET

No. Risk Contents Countermeasure
6 Force majeure Unforeseeable and | * Ensure redundancy and system
risk uncontrollable external backup
factors that have a significant | *+ Develop the Disaster Recovery
adverse effect on the Plan (DRP)
operation of Khmer | - Strengthen cyber security
GEONET measures
* Consider applying business
interruption insurance
* Use multiple satellite systems
7 Demand risk Demand does not grow at the | * Strengthen PR activities

expected speed due to
external factors or sluggish
marketing effects

+ Review fee structure
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CHAPTER 8. Technology Innovation

It is important to incorporate the advancement of GNSS technology in updating the master plan.
Since MLMUPC has signed a Memorandum of Understanding to promote cooperation between
the two countries on the MADOCA-PPP in 2024. In the future, MLMUPC and Khmer
GEONET will contribute to the operation of the MADOCA-PPP. Note that PPP is a technology
to provide precise coordinates based on global CORS, we need some care to incorporate small

differences in the coordinates obtained from Khmer GEONET.

8.1. MADOCA-PPP

8.1.1. Outline of MADOCA-PPP

MADOCA-PPP (Multi-GNSS Advanced Demonstration tool for Orbit and Clock Analysis-
Precise Point Positioning) is a high precision positioning technology for satellite positioning
systems developed by the Japan Aerospace Exploration Agency (JAXA). MADOCA-PPP
complements existing global positioning satellite systems (GNSS: GPS, GLONASS, Galileo,
BeiDou, etc.) to provide centimeter-accurate position measurements in real time.

QZsS Other GNSS
I 1]
| |

Estimates
satellite clocks,

orbital errors, etc.

GNSS
integrated data  GNSS-based )))
Control sharing system monitoring  Terminal
station (MIRAI) station (User)

Figure 7 Overview of MADOCA-PPP¢

Features and Mechanisms of MADOCA-PPP

¢ Multi-GNSS Advanced Orbit and Clock Augmentation - Precise Point Positioning (MADOCA-PPP), Cabinet
Office, Government of Japan, https://qzss.go.jp/en/overview/services/sv13_madoca.html (16Aug.2024 referred).
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PPP (Precise Point Positioning) Technology

PPP is a technology that enables highly accurate positioning with a single GNSS receiver
PPP corrects for orbital and clock errors of global positioning satellites and models
environmental errors such as the troposphere and ionosphere to achieve single It achieves

centimeter-level accuracy at a single GNSS station.
Correction data of MADOCA

MADOCA-PPP delivers orbit and clock correction data obtained from multiple GNSS in
real time. This correction information is provided to users via Japan's Quasi-Zenith Satellite
System (QZSS) and other satellites. By using this correction data, users can achieve much

more accurate positioning than GNSS positioning alone.
Multi-GNSS Support

MADOCA-PPP is multi-GNSS compatible, allowing simultaneous use of multiple GNSS
satellites such as GLONASS, Galileo, and BeiDou, in addition to GPS. This increases the
number of observation satellites and enables highly accurate positioning even in heavily

shielded environments.
Real-time Positioning

MADOCA-PPP provides real-time correction information, allowing users to receive
correction data via terrestrial communication networks or satellite communications and

immediately obtain highly accurate positioning results.
Service Area

MADOCA-PPP is available in the range shown below, where at least one QZSS satellite
with an elevation angle of 10 degrees or more and at least 20 satellites to be augmented with

an elevation angle of 10 degrees or more are visible.

41




Master Plan of Khmer GEONET
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Figure 8 Service Area of MADOCA-PPP’

» Convergence Time

In MADOCA-PPP, the convergence time from the time the receiver receives a signal

reinforcement message until the positioning result meets an accuracy of 30 cm or less in the

horizontal direction and 50 cm or less in the vertical direction (both 95%) is less than 1800

seconds (30 minutes).

However, more than 20 satellites must be visible at an elevation

angle of 10 degrees or more, and the antenna and receiver must be capable of supporting

dual frequency.
»  Fields of Application

MADOCA-PPP is expected to be used in the following fields.

B Agriculture (Smart Agriculture): Used to control high-precision automated tractors and
agricultural machinery.

B Surveying and civil engineering: Used for infrastructure development and surveying
tasks that require highly accurate centimeter-level location information.

B Automated driving: For automatic vehicle driving and drone positioning control.

B Disaster management: Providing real-time location information to assess the situation
and quickly respond to disasters.

B The coordinate system used in MADOCA-PPP

7 Multi-GNSS Advanced Orbit and Clock Augmentation - Precise Point Positioning (MADOCA-PPP), Cabinet
Office, Government of Japan, https://qzss.go.jp/technical/system/madoca.html (16Aug.2024 referred).
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The reference frame of the MADOCA-PPP corrections is aligned to ITRF
(https://qzss.go.jp/en/technical/dod/madoca/coordinate-system.html). Since the reference
epoch is not mentioned, MADOCA-PPP will provide the current ITRF coordinates, which

will change in time.

ITRF version Start date End date

ITRF2014 October 1, 2022 January 29, 2023

ITRF2020 January 30, 2023 =

8.1.2. Complementary of Khmer GEONET and MADOCA-PPP

MADOCA-PPP and Khmer GEONET (NRTK) are both technologies that provide highly accurate
location information, however their mechanisms and strength points are slightly different.
Because of these differences, the two technologies complement each other and can be useful in
many different places and situations. However, high-precision positioning users should be
aware of the slight differences in their reference systems, when combining MADOCA-PPP and
Khmer GEONET positioning results.

MADOCA-PPP (Precise Point Positioning)

Mechanism: Using GNSS, data received from multiple satellites is corrected to provide highly
accurate positioning with a single GNSS receiver. It provides centimeter-level positioning

accuracy by correcting for satellite orbital and clock errors in real time.

Range: The system can be used anywhere where QZSS signals can be received, and works
especially well in areas where there is no cellular signal coverage or where CORS is not

installed.

Equipment: A GNSS receiver with the capability to receive correction information distributed
by QZSS is required.

Communications: Correction data is received via radio waves from QZSS satellites.

Therefore, no communication costs are incurred.
Coordinates: ITRF2020 at the time of positioning

NRTK (Network Real-Time Kinematic)
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Mechanism: The rover's positioning accuracy is corrected in real time using data provided by
multiple CORSs installed on the ground. By exchanging differential data between CORS and

the rover, positioning with centimeter-level accuracy is possible.

Range: Works in areas where the CORS network is present, and is particularly strong in urban

and rural areas.

Equipment: A receiver compatible with GNSS-RTK surveying and communication equipment

capable of receiving correction information are required.

Communications: Uses terrestrial communications networks (Internet and wireless

communications). Communication costs are required to receive correction data.
Coordinates: ITRF2020 at the epoch of 2020. for CGD23

MADOCA-PPP and NRTK have strengths in different environments and conditions, and can

complement each other as follows.

Complementary Usage Coverage

MADOCA-PPP provides highly accurate positioning in urban areas, areas with few CORS,
maritime areas, mountainous areas, and other locations not covered by NRTK's service.
NRTK, on the other hand, is ideal for real-time, highly accurate positioning in urban and rural

areas where CORS are in place.

Complementary Accuracy and Convergence Time

NRTK can provide very high accuracy positioning of a few centimeters in real-time in areas
where CORS networks are in place, such as urban areas. Convergence times range from a
few seconds to tens of seconds. MADOCA-PPP, on the other hand, provides highly accurate
positioning over a wide area, but is slightly less accurate than NRTK. The accuracy provided

is 5-10 cm horizontally, and it takes about 30 minutes for the accuracy to converge.

Complementary Infrastructure

MADOCA-PPP does not rely on terrestrial communications infrastructure because it uses
correction data from QZSS satellites. High-precision positioning is possible even in areas
where Internet or wireless communications are unstable or where the CORS network has not
been established. However, it is important to note the heavy reliance on Japanese satellite
operation providers. NRTK, on the other hand, uses a terrestrial communications network, so
it has an advantage in positioning in urban areas and other locations where terrestrial

infrastructure is in place. The information received by Khmer GEONET's CORS is analyzed
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by the data center and the correction information is distributed, so the system operates only on

Cambodia's domestic infrastructure.

MADOCA-PPP and Khmer GEONET can be utilized in different situations due to their different
technical characteristics and strengths.  MADOCA-PPP is suitable for positioning in
mountainous areas and at sea, while Khmer GEONET NRTK service provides more accurate
positioning in urban areas and where CORS networks and ground communication infrastructure
are in place. Therefore, both have a mutually complementary relationship and can be used in
combination according to different environments and needs to obtain highly accurate positioning

information in various locations.

8.2. Towards the High Precision Positioning Society

CORS is a social infrastructure that enhances the accuracy and convenience of geospatial
information, and Khmer GEONET with CORS is expected to be applied in many fields in
Cambodia by providing real-time and accurate location information. In addition, Cambodia is
making rapid progress through economic development and the introduction of new technologies,
and efforts to combine high-precision positioning data with artificial intelligence (Al) and digital

transformation (DX) are expected to help solve social issues in a variety of fields.

Currently, Khmer GEONET is used mainly in the field of cadastral surveying in limited areas,
however the GDCG's initiative to develop Khmer GEONET will lead to the establishment of a
network of CORS throughout Cambodia. In the near future, it is expected that the fields of
application of Khmer GEONET will be diversified. In the agricultural sector, it will be used in
Smart Agriculture to improve agricultural efficiency, reduce labor, and add value. In addition,
highly accurate automatic drone flight technology will be applied in many fields. In the
construction and automated driving fields, the widespread use of various sensors and evolving

automation technologies will realize safe and efficient operations.

In the future, Khmer GEONET will be a solid foundation of a high-precision positioning society
to Cambodia. It is envisioned that new satellite systems will be used as a result of technological
advances and algorithmic improvements in positioning technology will lead to the development
of technologies for even higher precision positioning. Khmer GEONET will also have a
significant impact on Cambodian society by contributing to policy making in areas such as
agriculture, irrigation, urban planning, traffic management, infrastructure development,
environmental monitoring, forest protection, and public safety. In addition, the introduction of

new technologies will increase demand for high-skilled jobs and renew education and vocational
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training, leading to higher incomes for Cambodian citizens. Furthermore, it could contribute to
solving international challenges by sharing positioning data and technical cooperation with
neighboring countries. This will enable contributions to international cooperation for addressing
cross-border environmental and security issues. One example will be a collaboration in
monitoring ionospheric disturbances which will degrade GNSS performances at the time of high

solar activities in equatorial regions.

[End of the Document]
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NO[ 5. (RN :UIGRIS TR MI

5.1. ugan:ulgaIgsils CORS

5.1.1. SUMIAN

AURHAN:UIGAIS AU GIFIiU AT CORS IS Khmer GEONET 18 G1NI{MYIS: 3

mnié 1 ugan:uIgnieasisauninNIu AT CORS

2URIAN UT AN UIGATG fY

#3185 GNSS U ¢ Choke ring NJRI{HIUMAU S multipath, MAUFHU noise
SumoggumsgiuniIisung

GNSS Receiver HGHTMSMyWwENMWIANG GPS, GLONASS, QzSS §n

Galileo

RS ENERUENG S §RU: QZSS (L1C/A, L1C, L2C, L5), GPS (L1C/A,
L1C, L2C, L2P, L5), GLONASS (L1C/A, L2C/A, L2P), &1 Galileo
(E1, E5a, E5b, E5-AltBOC)

QL’tﬁflfS Output data: RINEX2x, RINEX3x, RTCM2x, RTCM3x,
NMEA-0183

Data resolution: W#AG 10 mm (GHIWUTUNA{UINM), 0.2 mm

(carrier phase)

o I

VPN / Router GR3& | 1§607 SIM (4G/5G) euiUMUASHEANS muity: VPN

Power control unit | MIGIURUAMIAGEIWHA web browser IS &1{§ IPsec protocol

NANAHE S UNNAG1.6KWatts / 2.0kVA fu1U{UAUH M

_ZCo
25%
=5
-l

=t
=t
@
2]
5
oy}
[7p] X

39




IemiIyiS Khmer GEONET

1§13 (Uninterruptible | [ AUINITAGIM nis receivers 811 VPN / routers G R

power supply) Output voltage: 220V [§1 240V

Y8111 24-hour standby

IR GAGSSANNALS receivers Hitfas iy iRgjmavgwinnuan

G
imﬁﬁjﬂjﬁt‘lﬁ“ﬁﬁ Uleun [MUjﬁﬂiUFmSGBUninﬂﬂ

5.1.2. GAMANA{IIIGE CORS

CORS Is Khmer GEONET ({18 GAMAYNAM Y BMIUANHEENIMEIS:

> Level-0 CORS (qﬁmmﬁ?gymw MAtedes  geodynamics) ﬁLgiﬁjms
guRiANiduMsIAIMNgaiging npuuiF Shugnn:uIgAIgaEs IGS
tiryss CORS ¢l THUUIAMUIL AN N{URUHMIVIGAIG
iU JICA ALNCORS {PIAGIS: ]

> Level-l CORS (HrsimntugmigSanpynfidgjinpuigmnngdania)
Wiwhnpignsavninnidumsigimngroginii mifsid Level
CORS thaininiis Level-0 CORS §ufrigifinninnyigiunugsaniagtni
§1 ITRF 1 th i 16U &0 CORS 94 B mﬁth;ﬁj[ﬁﬁmHin:mLH‘lhﬁ§Ujﬁfﬁﬁfmﬂﬁ
iU 80 JICA ASA{SHIS:

> Level-zCORS(ILﬁmLmﬁmmﬁj‘fihmﬁm:)ﬁLﬁféijHmsfﬁmmSIfg:mnﬂ
CORs nFaIs:manspimsanuiinwmimimnimn My
danan@asdediaisunmmomais CORS (level-0 §11 level-1 CORS) IUTtijI
nﬁqh NRTK 9 thiitauey IRIJ (G CORS uiguinmuSnufiaimwg)
2026 1

51.3. niggnniséain

al

muA[sgIel ayjdrgjh GNSS CORS isliniinutag ffn Surslibianm:
AN HEMMILNSWEIgHT  upeAnIfIg)ad  mogighithunumsn

al a

U emMimIth miamuisinnamsigimn Ssmsainndgiguinsin
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51.4. thenuShunmmAsinng

gl (migagdtsnumangay) piamudFandigiavainng

4

19jH A
G

gSwiGNSS CORSIgimunjunnuigSw marfsdigjisinna

a

MIvMS

iGeuiits s minmuigjisinnamuiw:igjgiaigonin Athunmmuipngn ]

5.1.5. MiANHY AN

BURIANGEIM GNSS receiver router 811 UPS gilafpimsiigjarsigasnmms
N W AN A G U RGIRMN T iGN UESYUNSIS CORS Awmsigjinimmindia
s1S GNSS muity: eyt IUTWMUIF GNSS receiverrmmaqammimmm:ﬁm&
fEUAG T (RIS HMIIF FINWAIUTT AT MR IR (TN S §{Ih 300
0TS RC precast 1 ismuggiAsatpidiginrunisgsys lyjisigidnian
Me¢Fin 250 UMW 258 SHA{ES 1.081 qaﬁjm@fﬁ@mmghwmﬁ
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516. MG

IBROUEHINSURAN YN ENwhnimnnwipouuEnoigm Saug
AG1 njgznanismimmﬁmanééazjn'mq::mj]s 45 /st 81 HITMAguATAN
mimiig: wwigsiama:gnisiaighidumsidvamimiig:jpnt 68
simGdgdvimimiigs§ie 1 iimsunnmufisiinus: giioinmaimi
SIGTRURN TR

snfnnyrnt  Bamndigauigupiicuamisimupifisfatss

AghuAT waosinpéaisfatssmuiysagrigin gilafiminmaniain
ISMIGIg]auAINNG G GNSS receiver iy (STt triisHmi
5.2. UAN:UIGAIGAIISYEjEANMIG SR
521 Uimi
sHfEANUESSwnine  server Inoiwigswigsing]n ywhn

al

08y WIWywIg)afth§1nisaigiT server giatEIdISgnIA|BGIAM:

ol

(cold standby) AIHim SISt server IHMISUN T IRYjIFMiAEANMI
GRIUAM My Lﬁfﬁ[?Jt’] firewall :mﬁn server [§°]

Server It ayjmS ¢uithrtiryutigjinpené gSwywisn &0 CORS finums
HIgin SnHs it Am A siwnudie T s server IHAMS
yeimwpimimavhégSwanamnitumsugnine  mwaninégswam
gnyuyifioensumumi fgSwituegrumsmuity: CORS Safpfinn
gambpuat fywhrsignmels server 1y FliAngNIAUGEANUFSSW
fHruavER W MLMUPC shgﬁﬁmmghq‘ﬁmqhtz‘jmﬁa’ﬁ;méﬁﬂ AR
Mﬁhiz‘jmﬁ’a’ﬁtméﬁ:sﬁqmm:mmmwftﬂﬁgw Athmimimimavi

g
¢gdwanninmsHiAw yugngnghiinfnmsidahamiiuim:
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mnng 2 uganugargssisauRinnisighegsanuégsw

2URINN AN UIGHIG A

Servers iGAGIL§ §§tﬁ [§iﬁjLH‘lﬁ server, 16-24 cores/32-48 threads Ut NHTG CPU

i1, Hard drive: 600GB 1j SAS I{fi 8, Windows Server 2022

L3 Switch Layer 3, 24 x 10GbaseE ports, {UIA ¢ E[}ti
Firewall Firewall Throughput: 10Gbps, {U# ¢ [§§
Servers 1jfi § 5] St Hard drives: 24 x 2.4TB SAS ISE 12Gbps 818jUfUAM S [S‘l’giﬂ

RAID-6, {5 1A § 15

whgiggnaméninp mondmywin LTO-8 ulgjmavum&nnjing)ams,

FgSw uhnfcywiga), [UIa e

5.2.2. Software

IG{pU{AN CORS %SLﬁimSﬁLﬁﬁmmfjfﬁ PIVOT (Trimble) [HRI{H{mS

Co

Srgpyswinerg 1 ApnRauiuagiinmigumsyeini Shidmnimigom
§1 PIVOT tiii1 §§8 CORS iigj{au{ph Sndgsynnpimasdnmm gila{ni

H

msicinm §adnndunnpipug rhwigassim Shansmaimas

s

52.3. IR ngpts i
sijuanugSwpinsiasinighiiumsgiimng ugyjgis: ugs
server ms;s*ln MIUNAS s MLMUPC fid nuth server B18{(fNU §IG G TG U

018

5.2.4. UTHNMAS
ISTanugy server firumsdigiutugjuannudgSw Fiipadganmn 8i

ESIANYEMSIBI T
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5.2.5. wnUShunmMMAsEANs

islanHmImiLniw  MLMUPC  iardug e mangayiinmsiagimn
UPS Sn{pifign romnininnmsIfng

puminmudsinong  mSnfunmmigimunuatiumurelami
MItN A5ty MLMUPC 1

5.3. ugan: U[Gn[gﬁj[S”’IﬂUnG‘ltﬁ mﬂﬁmﬁﬂg’lﬂj Sty

uEAN:uIgAIss  ShddwmsugnisfgSwitumsicanwisyjunnn

Gg LnimSﬂﬂﬂﬂSW[S“lnh Emuminnis§gSum 81 "SLA (Aginea]nagi

fn

al

{Barunay) lrumsusnnwigiRim
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AINSSWRANANRITES JICA ERNRI i Umin{fin 94 CORS uigy 8§11
sRjuanugSwyw  1s:Shusmagjmsmidnnaimaidutinnfiges
:Sﬁg@ﬁmﬁ:gmﬁ;—{mﬂ UItEA  mitamuwiiminiugay  Samidigih
auninn CORS Idrupimirnumininsusianis CORS iU Khmer
GEONET {(imswiugsenigme inwiuniiglinigismidiginls CORS
qﬁhuﬁ‘fﬁmmsﬁ:gjmm‘qammﬁﬁﬂﬁmjm msﬁmmfﬁmmsnmthigﬁ
:S:L‘gs’mSﬁmm:mwfgﬁm?ﬁgmsﬁﬁmmsq:mg:mmthzg 1 2021

AU gAY SMIiGIgih auRIAN CORS ISTRN{UIFUAEM

6.1.1. MITISAIYZUAIANAI{IN Y CORS YA

SURTAN I{MBIS {AIMIGINGIR Y] 31§11 CORS 5 (UFAN:UIGAIGfY

ygthuins Shalgiunia{pimsuinmanmni nmy

mning 3 alyguimiss{inG CORS y

No. uitn AUAAN:UIGAIE R UGl Alg i

1 GNSS Receiver Trimble Alloy USD 20,000-
2 #1115 S GNSS Trimble GNSS-T v2 Choke Ring Antenna USD 5,000-
3 Radome Hemispherical Radome USD 2,000-
4 Power Control Unit | Cyber Power PDU81006 usD 1,500-
5 UPS APC Easy UPS On-line SRV RM 2000VA 230V USD 1,000-
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No. uitn UANN:UIGAIE R UG algruni
6 | Router GRGR USRIOT USR-G808 USD 600-
7 VPN Router Linksys LRT214 USD 300-
8 | guRIANMAIS: ﬁ[Lﬁ]h,igtijﬁijﬁsz}ﬁiﬁfﬁS YU USD 750-

power control unit 811 gl 9:] AI38):) U router

9 | (UHUNUGA IP55 USD 2,500-

FUIU USD 33,650-

6.1.2. MITISAlYIFii CORS yuyy

midigfuuipidumsfmanmidiygjanill CORS aigjmsmiang
iA: mianhasaasr midigfnatas midigfopaiga midigihauninn
minaig] MIMUtenu mimuuamm Samunindilgsthmianisiiiviith
151 CORS I8 Khmer GEONET Safpidigjiisiinifin sirtaspidigfisinyga
5 BENGa mpdwiinigénnismignsednni CORS Lﬁﬁﬁgﬁéh@ims
ﬁsgjh:sﬁqammg:sﬁqaﬁm:fﬁjum:“1 AlG I UMINIAN N U FiIS:

ity 30,000 i ANIHIIBTAGNY W CORS JE @i asmissnni Bl

6.1.3. BIYTUAIINTMINGAR CORS yus

ATEUMINGEA CORS Y msIJunu g1l (i AM P At 34,000
USD su{HtIrigAyauninn 8 USD 30,000 ey{ptmititg]in yhnimig)a
MIGAMUW UG CORS Uiguyly A{uivins 64,000 AN §iM GDCG
FITEURI ANTE g 2021 § 6,000,000USD* 1 (783813 CORS UIgHBES 10 (HIMS
ulgunywE misamuiduiaimib 640,000USD finilaiiin 10.7% fsuim

woeig1 vigufrimisamwinrs: misamwanmuisygjvanuigsu

% The Preparatory Survey Report on the Project for the Establishment of Nationwide
Continuously Operating Reference Station Network in the Kingdom of Cambodia (2023,
Japanese version, JICA)
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Apitwaynionmuaiin,

A\

{prisiitgs CORS IRUMGAU{ARINWAYIG{AU{AN CORS (Trimble
PIVOT) MSHAIGESANNG (INIMHNUANUIRHINUMIAT{AN CORS™
(AIYTIS AN S AU G Pivot: 81,0008 / CORS Node License £3{#1U 10 CORS)

{weosiisgsumniimasidrumogunauif{at{an CORS qa;nmfﬁgm

al

MBS AEANANAIMWMIEIgIH CORS § (pithimhoaguiguiiy]
UISGSsHANTMET (RlYMSaNS ey Pivot: 37,500$/100 TNC #HA ()
ma)

WweisiB{pivigy CORs mifhs simbpificiamaimivigy yyi server
igjursweamadinnimissjvanu§gsw1  (RSHT  hardware
fﬁﬂth;imSﬁ[?jﬁqhﬁ[Lmhﬁgmﬁﬁﬁfiﬂﬂmﬁﬁﬁ JICA §hdsimsniins

HRVARIG]HIST)
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