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Abstract

In Thailand, a network of GNSS Continuously Operating Reference Station (CORS) has been operating as a
Network-based Real Time Kinematic (NRTK) GNSS positioning solutions since 2008. The Department of
Lands designs a Thai-NRTK system mainly for cadastral survey using the Virtual Reference Station
(VRS) as its positioning concept. The current Thai-NRTK consists of 114 GNSS CORSs covering only some
parts of Thailand. The CORS spacing ranges from 25.1 km to198.6 km. According to previous studies, the
performance of NRTK-GPS positioning determination in Thailand is strongly depending on the dimension of
the triangular CORS locations; known as a “loop”. This research aims to examine the horizontal position
performance of this Thai-NRTK GNSS positioning solutions as a quality indicator for GNSS cadastral
surveying. The test was carried out with quite a large number of test samples (total of 2,122 points) and
where every loop is separated into 4 test groups with differing the station distances starting from the loop
spacing of: 30 km to 50 km, 50 km to 70 km, 70 km to 90 km and 90 km to 110 km, respectively. The
positioning performance test is conducted in two main folds; namely, positioning accuracy and time to
resolve its solutions. On positioning accuracy, the test results show that the spacing of every tested loop
achieves the accuracy in accordance with the cadastral surveying requirements. This proves that the Thai-
NRTK GNSS p 1 network and technique is well-d d and suitable for cadastral positioning within
its coverage areas. On time to resolve fixed solution, the test results indicate that the ‘time to first fixed” and
the ‘rate of the horizontal position jump’ increase with longer loop distance; whereby only loop length of 30
km to 50 km has 100% success ‘rate of ambiguity-fixing” solutions; therefore, in order to achieve a high
reliable performance positioning from the Thai-NRTK GNSS solutions for cadastral survey in Thailand, it is
recommended that the reference stations shall be kept within 50 km.

1. Introduction

The cadastral survey in Thailand is one of the main
procedures to acquire the Land Title Deed from the
Department of Lands (DOL) (Ministry of Interior,
1954 and Spelde, 2019). This survey technique was
designed for locating the land parcel boundaries and
computing its area. According to the DOL
regulations, the cadastral survey is divided into two
categories; namely, first-class and second-class
cadastral surveys respectively (Ministry-of-Interior
1954). These two cadastral survey techniques must
comply with DOL regulations that defines the
horizontal positioning accuracy standard i.e. shall be
better than 1:3000 (Department-of-Lands, 1999) or
achieve within 4 cm accuracy because the
dimension of DOL boundary mark is 8 cm (see
Figure 1) (Department-of-Lands, 2018). The first-
class cadastral survey must provide coordinates
according to the DOL-UTM coordinate system

based on the Everest1830 ellipsoid and Indian 1975
datum (Department-of-Lands, 2004) from the open-
traverse survey by using the total-station or
theodolite equipment (Ministry-of-Interior, 1954)
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Figure 1 Specification and description of a
boundary marker (Department-of-Lands, 2018)
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google.co.th/7gws_rd=

Web page not available

The Web page at hitps://www.google.co.th/?
aws_rd=cr sslRder=08ei=-0DBWpYSCon-

CA might be temporarily down or it
may have moved permanently to a new web
address

Here are some suggestions:

* Check ta make sure that your device has
a signal and data connection

« Reload this web page later.

« View a cached copy of the web page from
Google
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Reset to default

1d3an New APN

$ » Network s

ata conne

Preferred netw

Access Point Names
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DTAC
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Name : true

APN : www.dtac.co.th APN :internet
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SIM INFORMATION
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DEFAULT SETTINGS

GENERAL SETTINGS
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e C0566-Connect

Current Device ?luetnulil:ENSS-‘IGZBDT

Manufacturer  CHC

4
Device Type  i80
4
Connection gy oo
Type A
Bluetooth GNSS-1028071 3

AntennaType CHCIBO  NONE ‘T

Auto Connect

Connect to the Receiver !

&2 Disconnect C9 Connect

L3 C0566-Connect

Current Device ?Iue\th:GNSS-IB‘EBDT

Manufacturer  CHC

4
Device Type  i80
4
Connection
Type Bluetooth 4

Bluetooth GNSS-1028071

Antenna Type CHCIS0 NONE ?

Auto Connect

Connect to the Receiver !
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#afn Manufacturer : CHC
Device Type : i80
Connection Type : Bluetooth
Antenna Type : CHC i80
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Paired Bluetooth Device

GNSS-1028071
1C:BABC:00:1E-C8

Bluetoath Manager
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(nedovaaniasiudyyuiiung Aaias
Serial Number (S/N) waaiA3as3udaynyianiu
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ALY CHC i80)

£ CD566-Connect

Current Device SiUetoothiGNSS-102807

Manufacturer CHC

A
Device Type 80
4
Connection Bluetooth
Type 4
Bluetooth GNSS-1028071 3

AntennaType CHCIBO  NONE T

Auto Connect m

Connect to the Receiver !

&2 Disconnect 69 Connect

1@an Connect




Disconnect Bluetooth ? Connect Successfully !
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Connection Failed !
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Accept the Mode Failed |
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€  C0566-WorkMode () €  C0657-WorkMode (%)

Workmode List : Workmode List :

RTK NETWORK RTK NETWORK

Delete

Multiple Operation

Upload

Download

\#an Work Mode #l#i91u vion Edit




o

Work Mode

Datalink

Protocol

Domain/IP

Port

Source Table

User Name

Password

Auto Rover

PDA Network

Ntrip

122.155.131.34

2101

VRS_RTCM32

chel

A

A

o @&

v £

__ Don't remind me next time

1021-1022

1023-1024

1025-1027

Save Password

Auto Login

< -

Use VRS
Elevation Mask 15
PDOPLimit §
RTKFREQ 1HZ

Safe Mode  Normal Mode

lonosphe
onosphere
Model 4

BaseChanged
Tip

& C0566-Work Mode (2)

Workmode List :

ATK NETWORK

o

whluseaziBeadiendel

RTK : 1d0n Yes

Work Mode : 1dan Auto Rover

Datalink : PDA Network

Protocol : Ntrip

Domain/IP : 122.155.131.34

Port : muﬁyuﬁﬂﬁﬁ’am

Source Table : VRS RTCM32

User Name : Jatnyddmivasderiiodildo
Password : sWarnudmsuT Ao ldnu
Save Password : Tu#inswarun1si g
Auto Login : astoidldnusnluiilundadaly
Use VRS : agl491usyuu VRS nisli
Elevation Mask : 15

PDOP Limit : 5

RTK FREQ : 1HZ

Safe Mode : Normal Mode

lonosphere Model : Normal

BaseChangedTip : msudafiawmn base Ansiuasunias

$8991N1UY LABN Save

1dan Work Mode #4411
waztdan Accept

Accepl the Mode Successfully |
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1dan OK
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Source
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User
Name SROMG

Password *e* Q

+' Save Password

Don't remind me next time

Cancel OK
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AT [ ve |

Work Maode  Auto Rover
4

Datalink  PDA Network
4

Protocol  Ninp
4

Domain/iP  doknknetworkeom Il
Source Toble VRS.ATCM3Z | v &

User Name  SPD15
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fdaanukaulu Controller 31 “Precision Cannot Meet Demand !”

68% 1 14:26

Precision Cannot Meet Demand !

GUISI
Wosmnluagvhmstufindeyadeiaiu Armuemaedeumssy
yiFevnsRsoriunasiinmualy ausfaniug Solution damadu Fix nieunadsieradeu
dnuz Solution 910 Fix 1Ju Single %38 Float finaliafinafiladanunainadeuiunas
firmunliiguieniu wEesruau fu HCE 300/320 aziideainuiion “Precision Cannot
Meet Demand !”
WWIEUALY
annsauddamldmutumeusl
1. selvirnaunandoundusneglunasinazyinnsisinde
Slofidoansifieu “Precision Cannot Meet Demand I” ugansiu
FufTRmUlimIe Go on tletufindeyansisinderiuil wilvijuftRnusednasuazdans
AMANAAIALAABLNITIUYE BM9Rs UShnastaineveavtinge TrrmiuamalAda U
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Network vl

Slefidemaniiou “Precision Cannot Meet Demand I” wamstu
UfuRNU na Abort Lilesnidnnstiufindeyaseln uagyinisiensessuy RTK GNSS
Network lvsidnafsau Solution egluaniug Fix Jsannsanatufindeyassiald & Solution
faegluaauy Single vi3e Float fUitRNuansaudamldmaniaton 8.3.2.1 4o 5)

7) vuziusudyaumaiiey ddeanusiauly Controller 31 “Datum
Trans Param not Received! Projection Param not Received! Geoid Grid Param not

Received!”

Datum Trans Param not Received!
Projection Param not Received!
Geoid Grid Param not Received!

0K

GRS
lesnleia Geodetic transformation message Tudunmssann
nld1u RTK GNSS Network Talgndas shisinmaisusudagaluadausnluniesaaunu
i:u HCE 300/320 fU9A111L@8uIN “Datum Trans Param not Received! Projection Param
not Received! Geoid Grid Param not Received!” denavibigldaulianunsasudoyyin
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2. \@an Work Mode

€  zone47-Edit Work Mode

Static Settings
Source Table VR87WCM32% v i .g.

User Name SPD25

Password

[1 Carrect, dan't remind me next lime
1021-1022 4o
1023-1024 @ [ No |

1025-1027

Save Passward Yes
Auto Login Yes
Use VRS [ ves |
Elevation Mask 15

FDOP Limit 50

RTK FRE THZ

6. Un Code 1021-1027
7. 1890 Save

¥
=]

a1un5aun Wl muTURaU A9l

- zoned7-Work o, ‘e
WorkMode List: 3

ik |

@

@ New | D Preview

3. ian Work Mode fildisu

4. \@an H

Cover old mode?

8. 1d@an Yes

WorkiMade List:

rtk

Share
Load

Copy

Edit

Delete
Multiple Operations
Upload

Download

(o Lo

5. \@an Edit

Modify mode successfully!

9. 1d@an OK
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Tfvimsiarn File Type Ty Export AutunauT

[ 60030301-Project - 0

Proj. Management
Report Export

& 50030901-Main Menu -9

Import

Export

o, %+
x =+
Settings COGO

h "

P IL =0 = .
EDes% Q‘ = 65%
\8an wy Project Tulusunsy Landstar 6 \AanLay Export

60030901-Export

# Test-Select Export Directory = @

| Export Points' Type
Input ¥ Survey
Stake out  Calculate

Custom Format

DXF Layers

File Name 60121301

File Type Custom (*.%) - Iy
x y h Name (*.txt)
y x h Name (*.txt)

MMC Card

(]

\e@nUY Custom Format Tuwuy File Type \dongnAsas
=
taztaan Custom (*.%)




# Test-Import Export Confia = & # Test-Import Export Config g ., o
< Has Title + Has Title ANAINTY 6] ANATN
Spliter comma(,) z Spliter comma(,) z a .
Option  Selected Option  Selected - AanN ‘/‘I’Iﬁ'] Has Title
a PointiD A .
- , N N | -Spilter vdan comma (,)
— b - \dendaya Option NwuAlUAUIN
» E
: L : - adnY i Save to list
h 4 A waziaan
; : V)
L L
M v | “y N
| —
BLH Format 0°00'00,00000" BLH Format 0°00'00.00000" b
Sample | Sample ance,Y Dilference,HVDifference.
¥ Save to list ¥ Save to list
<o <@

@& Test-Select Export Directory — &

¥ Has Tite - Export Points' Type
Spliter 1 i | Input <! Survey
Cpton | Stake out | Calculate

File Name 60121901
File Type dol (*.csv)

%y h Name (*.txet)

v x h Name (*.txt)
Name B L H...s) (*.txt)
B L H Name (*.txt)
Name,Code,.. ,H (*.c5v)
. /|B,L,H,Name...de (*.csv)
4Name,Y,X,H...e) (*.dat)

*_ )

'\ MMC Card

u 1998-01-01 19:00:00

©
11n13 Save Format lagnae - Ty File Type (HangnAsasdnA3
o g . 1l £
Name : dol %38 dol1 (nsdide Format &) TN File Type Tnsinadevu
. ° o . -1
Suffix : csv - nsi@en File Type Tusddiadnedu
uaziian OK uazdseandayanmuisundsaly
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Inswasunuadlau 3 Datum
LUINLLA LY

AufURmulidduseeentuinnisseiniv Weswnesesniunum

U LT500 @115 uiainanvinnsseingn

(% (%

16 Tduaridalulaulugd %50 Datum Tul
muUURNuAeInsla Inelivuneunsll

B Test-Main Menu

H: 1.496 i
=% N pene oL SO Hicers
[ESi65% PDA  26/26  Single RMS.2701

R e5% POA 26/26  Single RMSIZ701

- WlUsunsy Landstar 6 wasilUaldsiangd

\@aniuy CRS Params
ay o a
ffeen1svinn1sildeuley

- \&an 1y Project Tulusunsu Landstar 6

[ Test-CRS Params

& Test-CRS Manager

CRS Name  Thailand 1975 N47_52-Test 3= Selection List

IEEE rojection  Transf | WGSB4

Name EVEREST 163 Indian Thailand 1975 N47_52
a 6377276.345000

1/f  300.801700000

Indian Thalland 1975 N48_52

WGSB4 N47
WGSB4 N48

|
aH @

3 Dolue = Add Erecklined []

IHanuaUNEEAvadLY CRS Name

& a a o
Laafﬂ;@uu %99 Datum Vlgnﬁasi




‘est-CRS Params (]

= g . . j
N T 1975 W STl - AANgNASYN WBRaUMNIAY Height Adjust uaz
ELRCT Mgl Height Adjust

\dan Geoid Models 1Ju EGM96.ggf
Adjust method Nene “ o P p \
Name Value - L|@aan Q NaIVINUUY Lﬂia\‘iﬂ’J‘UQSﬂ ?L! LT500

-

agvinsulasAinaduainalulsulinladenly

Geoid Models EGMIEgaf -

aR o
& Test-CRS Params - 0 & Test-CRS Params - 0
CRS Name| Thailand 157 _Z-Test = CRS Name| Thailand 19 Z-Test =
Ellips Projection Transf | Ellips Projection Transf |
Projection: Transverse Mercator - Projection: Transverse Mercator -
Name | Value Name Value
Original Latitude 0:00:00.00000N Original Latitude 0:00:00.00000N
Central Meridian  99:00:00,00000E Central Meridian_105:00:00.00000E
False Nerthing _0‘0000 False Nerthing _0‘0000
False Easting 500000.0000 False Easting 500000.0000
Scale Factor 0.999600000000 Scale Factor 0.999600000000
Projection Height 0.0000 Projection Height 0.0000
Average Latitude 0:00:00.00000N Average Latitude 0:00:00.00000N
\Axis Direction VNmth-East \fods Direction North-East
South Azimuth  False South Azimuth  False
ahn o aRr o

v

* dadann Tulay Projection *
oy 47 2zdiAn Central Meridian  99:00:00.00000 E
oy 48 azilAn Central Meridian 105:00:00.00000 E
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3) "inswdasing HCD Wulwd HTML Tuluswnsu LSReview wd23udanqu

“windowns is checking for a solution the problem...”

LandStar 6(M) has stopped working

Windows is checking for a solution to the problem..
—

Cancel
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’ o LT
[ o
x b - New item = !
Dvlete Hew Properties ‘
- fokder . L o
€ Tk » HAPPY » New Volume (E2 » OIIL » 60030901 P
¢ Favorites
I Downloads 41 60030901
& Recent places & 50030901
b Pos 6003090%.hct
@ Dropbiox
W Desiiop
o Homegroup
W HAPPY
I Desdtop
} Documents

Js Downloads

1 Music

& Pictures

B Videos

£ WING1 PRO X64 (C

P image Catalog

4) szuuuda “Yalwd CSV, HTML uaz HCD Linsefiu ngunnsiasausnase”

LandGNSS

snuso3alaassuulnseinemMssaSadoaoaNauIUUDaU (RTK Netwaork)

Aa'lvla TSV, HTML uar HED biasariu nynnesmasuinads



MINGL)

—

Wasanlutunaun1seUlnanan CSV, HTML wag HCD 0nseuu
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Tnsanu wagyinniseUlranantnudnasa

LandGNSS

musosaloss:uulhsothemsdiadoemoifisuiuudad (RTK Network)

-’. Upload : CHC

— Upload File

CSV File

| Choose Fils| 05043001 ¢5v
HCD File

[ Choose File | 60043001 hed

HTML File
| Choose Fils | 06043001 himi
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