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[2] HIl
(1)  Title of the Social Experiment and organization name

Mobile Mapping System (MMS) and Continuously Operating Reference Stations (CORS) Combination for 3D
Dyke Model Generation

(2)  Abstract

Hydro-informatics Institute (HII) has a mission to develop and conduct research in Hydro-informatics technology
and database, and publish and disseminate the works for the benefit of all in water management fields. Thailand has
cooperated with Japan International Cooperation Agency (JICA) on “Request for selection of participant for
technical visit to Japan, under JICA technical support for Knowledge and cooperation on the GNSS system
development”. Under this cooperation, HII has implemented Mobile Mapping System (MMS) technology onto
Social Experiment to promote Global Navigation Satellite System (GNSS) Continuously Operating Reference
Stations (CORS) 's utilization and its application in Thailand. The roads are used as a flood barrier in Bangkok and
its outskirt was selected to measure the elevation, create a visualization 3D model and compare accuracy with RTK
in the experiment. The results of this experiment represent that MMS can obtain the ground elevation in the larger

area and the different between RTK and MMS show on 0.386 Root-Mean-Square Error (RMSE).

(3)  Background

In order to handle water disaster, it is necessary to have specific tools and technologies which could collect data
quickly, accurately, precisely, and could be met with the users’ need. The tools and technologies must generate
outcomes that support disaster preparedness and decision-making process. Steps in preparing for water disaster risk
reduction must begin with the measurement of ground elevation. Presently, HII uses Static and Real-Time
Kinematic (RTK) methods to survey which is highly accurate and useful, but in a larger scale surveying, these
methods are time-consuming and labor-intensive. Therefore, MMS has been developed for improving ground-level
observation which is significantly faster than the present methods. Application of MMS on water resource
management is one of the main objectives of this project. This project aims to find the suitability and limitation of

MMS method for effective outcomes that could represent the overall condition of particular area.

(4)  Objectives

(a) To find suitable methods in observing water ridge elevation by using MMS and CORS data.
(b) To compare the differences set of water ridge elevation data that derived from MMS and RTK.

(c) To create three-dimension water ridge model around Bangkok and outskirt area.
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(56)  Contents of the social experiment

(a) Targetarea

The target area is Bangkok and its outskirt, which can be separated into two parts. Firstly, the highway along the
Western Raphiphat canal was selected as a study area to compare ground elevation observation derived from MMS
and RTK, which is the total 14 kilometers survey distance. Another, the western-eastern ring road of Bangkok and
Paholyothin road (Zeer to Bang Pa-in) was selected to observe ground elevation by MMS because of these roads
as a flood barrier of central Bangkok, which the total survey distance is approx. 100 kilometers. (See the observed

map in [¥ 7)
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7 Target area: Highway along the Western Raphiphat canal (Yellow) and the western-eastern ring

road of Bangkok and Paholyothin road (Violet, Orange, and Blue respectively)

(b) Period of the social experiment.

1 May 2019 -31July 2019

(c) Equipment used
i) Mobile Mapping System (MMS)

- Including multi-sensors; (1) Ladybug 360° spherical camera (2) Laser Scanner, (3)

GNSS+INS receiver and Dual Antenne is shown in 8
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8 HIIMMS
i) GNSS Receiver for RTK

Leica GS10 as a multi-frequency receiver is used to survey RTK method.

(d) Precise Positioning Data used

(a) GNSS receiver of MMS is multi-frequency and GPS+GLONASS receiver.
(b) GPS+GLONASS Rinex observation data from THAI HII CORS for post-processing with MMS data. The

coverage area of HII GNSS CORS Network is shown in 9.

(c) HII GNSS CORS Network server transmits RTCM correction stream for the virtual reference station (VRS)

as correction data to Leica GS10 rover via 4G network for RTK surveying.

PP W 2 .
il Aufinarmaieastasate GHSS CORS Network luniAnats - wefuaan tszmalva

re e E

9 HIl GNSS CORS Network

(e) Methods of the social experiment

i) Ground elevation survey and data collection

- The target area is selected for this ground elevation observation, and it is separated into 2 sections for

supporting 2 objectives as mention in Target area part. Then, the survey plan is set up.
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(6)

- RTK observing method which positioned every 200 meters of the highway along the Western Raphiphat
canal, that VRS concept is used to access correction services from HII GNSS CORS Network via 4G
network.

- After that, MMS drove approx. 60 kilometers/hour to scan all target areas.
i) Data processing

- Because of having multi-sensors on MMS, it creates different types of data. Step of post-processing starts
at combination all of the data from MMS including positioning data, Point Cloud data and also observation
data from THAI HII CORS.

- Then, the processed MMS data of the highway along the Western Raphiphat canal are selected to compare
elevation with RTK. Before that, Thailand Precise Geoid Model 2017 (TGM2017) was adjusted to the RTK
and MMS data in order to convert ellipsoid height to orthometric height (above Mean sea level: MSL height).

- Finally, the processed MMS data of the western-eastern ring road of Bangkok and Paholyothin road are

used to create 3D visualization and profile leveling map.

Results

The results would be summarized based on the objectives. The three key results of this project are:
i) Suitable water ridge elevation methods that align with MMS
- One of the main goals of the project is applying MMS to collect the data and adjusting with observation
data from HII GNSS CORS. MMS obtained the multi-data including lidar data from Velodyne, the
trajectory from IMU and GNSS, and high resolution image from Ladybug. Finally, MMS achieved the total
120 kilometers. survey distance within 6 hours, and MMS observing method scanned all the points past by
vehicle at speed of 60 kilometers/hour.
i) Comparative of water ridge elevation between MMS and RTK methods
- In this part, the height above MSL of parallel Raphiphat canal road derived from the two methods for
comparison. The RTK method provides more accurate data thus RTK data as the reference. The results of
ground elevation of MMS are almost equal, and the trend of both shows in the same way. Moreover, Root-

Mean-Square Error (RMSE) between two data sets was 0.386.

10
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10 Comparative ground elevation results by RTK (Green) and MMS (Red)
ii) Three-dimension results of water ridge elevation along Bangkok’s highway

The process of data collection is done by MMS along the routes (The western-eastern ring road of Bangkok
and Paholyothin road). The results are represented in Point Cloud in LAS file format by combining data

from multi-sensors, then it was post-processing by observation data from THAI HII CORS

to increase

the position’s accuracy. Moreover, the visualization 3D results are generated in this project as 11 (Left).
The profile of water ridge elevation is created on MSL, and this result can describe the degree of elevation

is considered as a hazard area.

from the three different roads are varied. In 11 (Right), as Phahon Yothin road (mark in light blue) is at
the lowest elevation points as compare to Western Outer Ring and Eastern Outer Ring. Phahon Y othin road
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(Left) Example of visualization 3D model (Right) the Western — Eastern Outer Ring Road and
Phahon Yothin Road Profile leveling map

(7)

Discussion

While not all of the results were significant, the overall direction of results indicated that MMS could be helpful

11
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to collect the data because of the efficiency of MMS. It supported a large scale area survey faster than other methods,
which was 120 kilometers survey distance within 6 hr. while RTK method requires a longer surveying period. Time-
consuming from MMS measurement is shorter than RTK 12 times. Depending on the condition of each work. In
addition, the result of comparison of height from MMS and RTK method, it was found that the result from both
systems showed the trend in the same direction and 0.386 RMSE. Since the MMS will visualize the outcome in 3D
data such as watergates, width, and height of canals and obstacles, it helps to illustrate the overall image of the area
for better management and immediate response.

MMS is more preferable for disaster preparedness. MMS could interpret the changes in ground elevation and
easier to detect and determine the water overflow and the direction for draining water. In the future, the data from

MMS will be an effect of different ways of water management.

(8) Issues for the future

- Bangkok and outskirt areas will be considered to collect the data for further analysis.

(9)  Future Developments

- Performance of processing system to deal with huge data of MMS

- Automated filtering data system will be developed to support faster a result generation.

12
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K4 -5.225| -5.209 -0.016| -5.245| -4.607 -0.638| -4.812| -5.350 0.539| 2.673| -6.250 8.923
SKPEAES TOPCON-VRS R HII-VRS DOL-VRS
LP GCP g LP GCP e LP GCP e LP GCP e
SK1| 23.489| 23.509 -0.020| 23.481| 23.460 0.020 20177
SK2| 21.190| 21.231 -0.041| 21.183| 21.387 20.204] | RsF—zpEEEATY  [[] RST—&ICREELH >
SK3| 19.335| 19.419 -0.084| 19.320| 19.336 20.016| | mrotzt-o, FETES (|| 1220, FECET
SK4| 18781 18813 -0.031] 18775| 18770 0.005 | | Il —rroey 1

Fo1, £ 2(TEE L7z, BOFMENTIX, SKP JEUER), TOPCON-VRS, HII-VRS, DOL-VRS 7—# %
B L. VRS OAEFHESETTNL, MMS ZHIFEF O fOA B ISR E L,

&2 8A27TH MMS (V3FvhN) DFEERLER—E
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EXREHN 2. HEEBROEERS

SKPE#EF TOPNET - VRS R HIl- VRS DOL - VRS

LP GCP = LP GCP = LP GCP = LP GCP =
K1 -4.497 |  -4.476 -0.021| -4.488| -5.295 0.807| -4.063| -4.648 0.585| 28.629| -5.398| 34.027
K2 -5.927| -5.918 -0.008| -5.932| -5536 -0.396| -6.039| -6.013 -0.027| -41.804| -6.860| -34.944
K3 -5.484|  -5.479 -0.005| -5.486| -5.539 0.053| -5.620| -5.608 -0.012| -14.681| -6.544 -8.137
K4 -5.225| -5.209 -0.016| -5.245| -4.607 -0.638| -4.812| -5.350 0.539| 2.673| -6.250 8.923

= 3 8H28H UAV L—Y (SKP &ithiA) ORERIIEE—E

SKPE#/F N TOPCON-VRS R HII-VRS DOL-VRS

LP GCP e LP GCP = LP GCP 252 LP GCP e
SK1| 23.489| 23.509 -0.020| 23.481| 23.460 0.020 20177
SK2| 21190 21.231 -0.041| 21.183| 21.387 20204 | RsTF—zAEEEATY  [[| RST— 2 ICREENH >
SK3| 19.335| 19.419 -0.084| 19.320| 19.336 20016| | mh o7z, FHMETET ||| 1212w, FECET
SK4| 18781| 18813 -0.031| 18.775| 18.770 0.005 I I T 1

MMS DFEEERREETIX, SKP FEHER 2 U CHT 24T > 727 — Z OREER RWZ L3 oD, —F
G, DOL-VRS (%, fENELS VRS OFYET — X IZHBERH S L H 2 Hivd, TOPNET-VRS LW
HII-VRS I%, GCP #llH @ FIX %54 B8 U754 L7 iud7Ze 5720,

UAV L—FOREERGECTIE, SKP JEUE$ L UV TOPCON-VRS & bR BEWVEEES LT D

LEZ D BFENRKEZ U GCP 122\ T L, GCP #%

EERTO_L2E AR 72 ED

=475
?/%EIK

MNEZ 55, HII-VRS

X, GCP BN HIZ VRS T — X 2325 TX 2o 1272, BB NS CTX 72h>> 7=, DOL-
VRS IZ, VRS 7 —Z | IREABNH o 1= 72 OEIBRNT 3N i T & 72 o T, BET — X DAREA
%I\FE EFERT D,

W

(b) GCP #817T—% DIR3E

GCP BT — % OffGiE L. FHIX 4 55005 L7-8T — 4 2 W3 L7=, GCP OB
2T F v HIX T 20 4580, SKP BN Tl 30 4580 2 AR & U C 1 BB 21T - 72, i A 4,
# 51T, AR BEAEFEEEIL FIX fROI 24 L TEH LT,

23



EXREM 2. HRIFROEEHE

x4 USFvHIX_GCP &#HAFER—E

SKPEAR TOPNET - VRS
FIX %| &THy 7 2% | STDEV Max Min Average |FIX%|&TH vy 7 2% |STDEV Max Min Average
X 0.008| 713632.452| 713632.398| 713632.423 0.794| 713633.820[ 713632.045| 713632.569
K1Y |77.4% 1212 0.006| 1452120.186| 1452120.159| 1452120.172|48.8% 1212 0.006| 1452119.535| 1452119.511| 1452119.522
Z_ 0.027 -4.369 -4.531 -4.476 0.126 -5.023 -5.457 -5.295
X 0.007| 713544.422| 713544.390| 713544.407 0.231| 713544.422| 713543.542| 713543.980
K2799.8% 1222 0.003| 1452278.519| 1452278.498| 1452278.504| 58% 1222 0.144| 1452278.797( 1452278.258| 1452278.580
Z| 0.017 -5.867 -5.961 -5.918 0.587 -5.198 -7.280 -5.536
X 0.012| 713408.647| 713408.592| 713408.619 0.016| 713408.657| 713408.592| 713408.629
K3[Y | 100% 1208 0.003| 1452446.224| 1452446.211| 1452446.217(69.1% 1208 0.003| 1452446.226| 1452446.211| 1452446.218
Z| 0.037 -5.392 -5.576 -5.479 0.050 -5.435 -5.646 -5.539
X 0.005| 713144.166| 713144.144| T713144.156 0.315| 713145.349| 713144.155| 713145.254
K47 100% 1208 0.003| 1452483.280| 1452483.264| 1452483.273|76.2% 1208 0.029| 1452483.280| 1452483.208| 1452483.235
Z| 0.013 -5.153 -5.255 -5.209 0.187 -4.509 -5.286 -4.607
HIl - VRS DOL - VRS
FIX % STDEV Max Min Average |FIX % STDEV Max Min Average
X 0.008| 713632.496| 713632.430| 713632.463 0.008| 713632.278| 713632.224| 713632.235
K1|Y|84.4% 1212 0.003| 1452120.142| 1452120.123| 1452120.132|10.8% 1212 0.006| 1452120.216| 1452120.187| 1452120.208
Z| 0.038 -4.500 -4.734 -4.648 0.037 -5.274 -5.453 -5.398
X 0.005| 713544.477| 713544.444| T713544.460 0.156| 713544.470| 713543.636| 713544.155
K2[Y |99.8% 1222 0.002| 1452278.479| 1452278.459| 1452278.465|59.7% 1222 0.007| 1452278.570| 1452278.537| 1452278.552
Z_ 0.013 -5.968 -6.050 -6.013 0.017 -6.812 -6.892 -6.860
X 0.008| 713408.690| 713408.636| 713408.658 0.011| 713408.494| 713408.429| 713408.465
K37 100% 1208 0.002| 1452446.193| 1452446.182| 1452446.187|17.5% 1208 0.006| 1452446.281| 1452446.243| 1452446.254
Z| 0.029 -5.517 -5.682 -5.608 0.037 -6.408 -6.646 -6.544
X 0.008| 713144.209| 713144.166| 713144.195 0.003| 713144.003| 713143.992| 713144.002
Ka|Y | 100% 1208 0.003| 1452483.268| 1452483.253| 1452483.261| 3% 1208 0.002| 1452483.322| 1452483.315| 1452483.319
Z| 0.018 -5.281 -5.394 -5.350 0.009 -6.231 -6.269 -6.250
#& 5 SKP BithiN_GCP #AlKER—&
SKPEAER TOPNET - VRS
FIX%|&THR v 2 2% |STDEV Max Min Average |FIX %|&T KRy 7 ¥ |STDEV Max Min Average
X 0.003| 709197.574| 709197.552| 709197.564 0.005| 709197.585| 709197.563| 709197.571
SK1 7 100% 1859 0.002| 1449240.382| 1449240.370| 1449240.375|99.5% 1859 0.004| 1449240.386| 1449240.366| 1449240.374
? 0.009 23.554 23.461 23.509 0.013 23.520 23.404 23.460
X 0.007| 709160.827| 709160.794| 709160.810 0.290f 709162.001| 709160.783| 709160.908
SK2 7 90.1% 1834 0.003| 1449284.611| 1449284.590| 1449284.599( 59% 1834 0.004| 1449284.609| 1449284.588| 1449284.599
? 0.026 21.308 21.164 21.231 0.523 23.049 21.127 21.387
X 0.007| 709123.062| 709123.018| 709123.042 0.491| 709124.307| 709121.726| 709123.213
SK3 7 85.5 1805 0.005| 1449149.643| 1449149.606| 1449149.622|27.4% 1805 0.051| 1449149.881| 1449149.595| 1449149.629
? 0.029 19.511 19.349 19.419 0.357 21.314 18.668 19.336
X 0.005| 709079.805| 709079.783| 709079.792 0.007| 709079.816| 709079.772| 709079.792
SK4 7 97.7% 1808 0.007| 1449150.090| 1449150.059| 1449150.076{99.9% 1808 0.005| 1449150.099| 1449150.071| 1449150.084
? 0.014 18.864 18.774 18.813 0.018 18.832 18.722 18.770
HII - VRS DOL - VRS
FIX % | & TRy o 2#|STDEV Max Min Average |FIX %|& TRy 7 2% |STDEV Max Min Average
X 0.057| 709195.906| 709195.710| 709195.801
SK1 7 64.1% 1859 0.023| 1449240.146| 1449240.075| 1449240.099
? 0.157 20.459 19.863 20.177
X 0.018| 709160.707| 709160.577| 709160.633
SK2|Y| | VR T — 4 A2 C & T2 pr o F- Tt ERA T T nF o, || 81% 1834 0.009] 1449284.668| 1449284.630| 1449284.646
z 0.045 20.293 19.987 20.178
X 0.013| 709122.877| 709122.801| 709122.839
SK3|[Y ]| 74.4% 1805 0.008| 1449149.696| 1449149.654| 1449149.680
Z| 0.050 18.523 18.227 18.359
X 0.010| 709079.609| 709079.566| 709079.589
a 11.2% 1808 0.004| 1449150.166| 1449150.138| 1449150.152
Z| 0.018 17.739 17.650 17.692

BUAFER D, BHEEIIC LV FIX HOEW EBHMED T DX BRI N, T T v HiX TK4)
DX A= ETHEEOEVDDHER SN TV D, 20 OfE BRI IEHEREME 4 A B EYES NS D
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BREM 2. HRRROEREHRSE

FERES GCP BHIRF OB I EDRIOZ B RDUTEE L T D LB X s,

(c) &HB (TOPCON, Hil, DOL) @ VRS T—% DI&EEER

R U7e L0 | BAOBAENTIZ M L7- base 77— X2 L D IBEOEWHER I N7, 8 27 H
DT —H ZAEH LT SKP KHEfR & AHERID VRS 7 — & A BT LIRGEZ1T - 72, MREEREEIT 1
e OIEMER 2 CREE L, X 21~¥] 23 |Z/” T, DOL-VRS 77— C, BUET — & NOILHAE R EET
— BN F T o TEME SN TV AREIDSHER SN T2, ZOF —Z 1THIR L TREEE1T- 72 (1 20),

2019/08/27 DS:M:S[SJ.BEE 130698473 100.968708716 46, 3054

Z
2
File Fdit View Windows Help 12,
bz AWMV F s Te s HerOoHE xcd‘%

12

2019/08/27 05:5]:44 8
21/u820 08 : LRSRARL 00, 637087 46 i

100000 200000 02

-100000 1240

S0km 1252 |0 21 U5:52:15. A 100, 968708 785 46,8106

H 13.130698489 100.968708798  46.8114
13.130698477 100.968708755  46.8027
13.130698524 100.968708770  46.7980
13.130693504 100.968708787  46.7874

1IN 19IMAITT (1:37: 16 (PETAROR MN0:00 94T : Na7RA51 Ruk. 2474 Gim Na 1 T1RRAET 4501

2019/08/27 05 8.000
14256 12019/08/27 05:52:19.000

20 EERDEENEFHLI-T—4

TOPCON-VRS
TERE

0.12000
0.10000
0.08000
0.06000
0.04000

0.02000

M——A — e

00FF 01FF 02FF 03FF 048 05KF 065 0785 08%F 09FF 108F 11FF 128F 130F 1485 1585 1685 175 18FF 19FF 200F 21K 228 23K

0.00000

DN DE DU

21 TOPCON-VRS 1 BfElBDf#THER (RERE)
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EREM 2. HEEBROEERSE

HII-VRS

BERE
0.12000
0.10000
0.08000
0.06000
0.04000
0.02000

0.00000
00FF 01 02fF 035 04KF 055F 06FF 070F 08EF 09 10/F 115F 120 13F 148F 158F 1685 178F 1885 19FF 200F 21KF 22F 230F

DN DE DU

K 22 HI-VRS 1 BHEIEOFEITER BERE)

DOL-VRS

R
0.12000
0.10000
0.08000
0.06000
0.04000
0.02000

0.00000
00fF 01%F 02fF 03%F 04FF 05FF 06FF 07FF 08FF 09FF 10FF 11FF 12FF 13FF 14FF 150F 160F 170F 18FF 19FF 208F 21FF 220F 23MF

DN DE DU

23 DOL-VRS 1 FfElBDAETIER (RERE)

1 HO VRS 7—4 006, BHEBHOREIZ N T DX AR S 4L, TOPCON-VRS [IFFHTHER D/ NT S
EWDIRNT L DHER 472, DOL-VRS (%, bk L7z X 912 6T < 2 B R OB EA B 35
BGERAETTEY . TIeT — & ZHIR LT 21T o 7203, ATRESRICII NS T D& SR Sz, R
BRI CIE, & A ENO BRI (777 7 05 A4 A [EHTO 12 1) OFERTRT X DR SN,
IS IIKGIEENC & 2 FEREE ORESZERL TV D LB 61D,
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EXREHN 2. HEEBROEERS

(d) BAKETECRERAENE LTOZRET 2 ERADENME

UAV THAG L= =koeT — 2 06 BSEEHE R OFHEREHE R E L TET DT —Z 028 9 I ORGE
21777, SKP BN CTHUS L7=7 —# 1k, w72 = IRoeT — 2 b= U 7 O EfRZECHITIE O
H Lo LHERTEWS (M 24 21)

I 7ATEEER

ZIEETETLS

HIAMEIBTE TV

I TRATENER

ZIBETETLD

B 24 T30 RT—4h bR LI-EERER

L—YFRETOMABRTH OMA TOME GER) 7—Z %, Lonh LiRTtETnd (K 25) .
INGO=ILT —HEHNDHZ LI2X 0, HEERECIE, RO EZERECHETT5Z &N T
X, VEEBBYIAD Z EBNHLWEINCBO CHORBICHRET 2 Z ENFHETH S, RatBmT
72 =Rt T — 2 G LT D 2 b, (REREFT COWmRRRE S OffER 72 EHLETEE OB
FIAYATHE & 72 0 B C O FFAA /e & OBIVEENFAE LW 72 EORENHE 2 b, THIOMEHMFHCE
542,

B 25 BATOT—2OHFKE (£ BHEE A 7—52 OHREIKR)
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EXREM 2. HARIFROEEHE

(7)  MADOCA f&#f

AFGEFRTIL, MADOCA ZHIIH L7 A RS & S0t L 7=, SKP Ut CRERI L 7= GCP &Y
UAV L—FHHICELHI L7278 T > GNSS 7 —# % F it & 530 L 7=,
MADOCA #4121 RTKLIBver2.4.33b33 % fv 7=,

Options X Options *
Settingl Setting? Output Statistics Positions  Files  Misc

Satellite/Receiver Antenna PCV File ANTEX/NGS PCV 0O o

Settingl Seting? Output Statistics Positions  Files  Misc

Load...

Excluded Satelites (+PRN: Indluded) |
GPs [6LO Galleo [#]Qzss SBAS BeiDou [_]IRNSS

Save..

Cancel

(@) GCP IZ & 55T

GCP AU X BRI T3 30 2D A X T 4 7 B ZFEhE LT, AT ORER, A5 1 O 7=

X 26

Ionosphere Data File

Load...

RTKLIB f##T5d

THI 10cm. 15 S T OREHEFZE T 20em FRE O R2155 Z LN TE T,

= 6 SKP #ihA GCP #El#ERE—ExR (MADOCA)

Positioning Mode PPP Static ~
C:¥SK 1¥igs03.atx
Frequencies [ Filter Type LiH2 ~ ||Combined ~
vt e L C:¥SK 1¥ngs_abs.pev
Elevation Mask () / SNR Mask (dBHz) 15 e Gooid Dat Fie
Rec Dynamics | Earth Tides Correction OFF OFF - | |
Ionosphere Correction Estimate TEC e DCE Data File =
Troposphere Correction Estimate ZTD w | | "
EOP Data File =
Satellite Ephemeris/Clock Broadcast ~ | |
[satpcy [Jrec ey []PhwU []Rej Ed [] RAIM FDE []DBCorr OTL BLQ File S|

Cancel

REM | TRYIE RERE =AXfE =/IME RA—&/
X 0.027 709197.717 709197.607 0.110
SKP1 1859 Y 0.051 1449240.334 1449240.135 0.199
4 0.268 26.295 25.345 0.950
X 0.077 709161.697 709161.426 0.271
SKP2 1834 Y 0.051 1449284.420 1449284.234 0.186
Y4 0.246 23.061 22142 0.919
X 0.086 709122.684 709122.379 0.305
SKP3 1805 Y 0.057 1449149.575 1449149.347 0.228
Y4 0.275 22.551 21.508 1.043
X 0.120 709079.523 709079.147 0.376
SKP4 1808 Y 0.149 1449150.039 1449149.559 0.480
Y4 0.222 21.625 20.859 0.766
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EXREHN 2. HEEBROEERS

| B CEsKI0SEMA A pos

(b) BENMAIZ & ST

- a | x i CEKI0EAE pos - u] x
file Edit Yew Windows Help File Edit Veew Windows Help
L B GrdTrk ~ (ML ~ + + T ® &+ PO X Lo » HE 2 BTk~ (AL ~ H - T o® CA XG0
Rt 13, 1ZZM4EHEN 100, 329585162°F 25,9295m Ot 13, 101419250 100, 32809635 TE 22.0262m
AVE =E:<0.0000m N: 0,0000m U: 0.0000m AVE =E:-0.0000m Ne. 0.0000m . 000m
STD-E: 0.0273m N 0.0508m U: 0. 20m STD=L: 0.0850m N: 0.0%7m 2748m
RS =E: 0,0273m N: 0,0508m U: 0.2679m X0 0.1153m RS = 0, 0850m N: 0,0572m U: 0.7748m X0 0. 2050m
015 015
\\ 0.10
b
! i
.
\ \os
A\ n
oA
A ( It
\ 4
0. .20 4.1 QW Q.05 \._\_\ oos ow 5 0.2 o 0. . 010 5 o 0.
\‘ |
' 3 |
| | -3.nf )
B2 Y f
Y {
~ |
&% o0 |
¢
-
|
¥
.15 .15
Som Som
1 1
[12015/08/29 07:02:02 GPST-08/29 07 M 34 GPST | Ne 1859 S Oum Q- Lol " [12015/08/29 05:22:99 GPST-08/29 0% 5324 GPST | Ne 1808 Sad.Oon Q= BOS
i CESKIEOEMAIT pos - 1 * | B cEsken0sE 1 pos = m] x
File FEdit Veew Windows Help Eile Edit Mew Windows Help
LR e BdTl ~ (AL ~ 4+ T o® Ll -] A LR e Gt~ WL« - T B IR -] 0
R 13, 102635018 508 ORI= 13;
AVE=E:
0.15 ‘/r
/’ [
02 f
% O
0.0 s /
s I /
- / ,
”% A /
I\ 71 4
— N — b Y I
o e e it o \ y ¥
{ } 1 4
. I 3 kY / /J
- \ #
> 1 ’ ¥
4 42 R W s - I oos 0.0 Y 5 L5 o . a3 < a1 /ol 03 o
? i { /
e | / L
. .05 ¥ f
s W0 i / &
.
Y, -
&0 ’i/_//
.18
Som Som
1 23 I i
L1 2019/08/29 06106134 GPST-08/29 08:3%53 GPST | Ne L83 Sad.Ocn Q= B34 [ 12019/08/29 04:45:45 GPST-08/29 0% 16:08 GPST | Ne 1308 Sud.Oom Q= B

27 MADOCA f#fTI= & 5K FEARDEE)
(EL :SKP1, B :SKP2, £T : SKP3. BT : SKP4)

BENMAIZ X DM ClX, UAV L—WEHHITHUS S 417- GNSS #lHIT— & % IV ClEhT 2 5366 L 7=,
% 28. [ 29 1%, OSKP-TOPNET ZHHEf & LT-FR~T 1 v 7 MR & @MADOCA %5/ L

7= PPP fENTHERIC L D

AN, B S DEGEIC L D

PSR Z R, ZORENS, B —RIZBITS
BFEIE, ACEHENE 1.00m, & S1E-1.88m D> 7

MAETRELTWD, LinL, 8 DFHRITHIE

FON BRI OV TIIBEEN R E < RDMADH 5,
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EXREHN 2. HEEBROEERS

+2.98
+1.38
+1.10

+1.20
-1.80

29 HENKIZ&L D MADOCA fTicR (B ARNEKE)

(8) HERDEE

ZAERICERIT HDAREERD A — AL, BIRGHTERARFERE~EATE 5 L EA NS, —H T,
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EXREM 2. HARIFROEEHE

BENVAGHIO =T — % OFEEEIE, GNSS HINZORSEICRBE SN D, REBROFE RO 58
DT — 2 K 0 BT 2 =T —Z DIEERRE < BR D vREMN & 5 72, Bl CIREED
LIZ\EVC“X?)éo

I

9) S&RORZRE

e HIL-VRS 7 —# D335 TE RN 33842 LTz,

e DOL-VRS 7—# T, b T 2 RUER DOIEEMENEB T 5 BIRD 54 LTz,

o GNSS WO % ZE SEHT2OITiE, B EERROEHZ LV E< T2 ERBEL S
<T5) ZEnEEND,

: TOPCON
: DOL
2 HIl

T E 72 D,

(10) SHROERM

Eiko LB0 | WHIEEZ —EORE THASA ATRER 20, ARIO Y T F v TN OUKE R
9 70 LB N 2 MU DB SG TP A FEA~OHEH TE L L EZX biILD, LIeh->T, D LEH
PRGN 2 L L T 5 BB b D =— X% BT, HMmE b &0 THEL L TEIAARE A
BT 2 MER DD EBEZDBND,

31



EXREM 2. HRIFROEEHE

F 72— T, UAV & AW ZE R ~OFRI THREEDOFF ] 2 S35 720122 I ARESH 5T
ZNLL EOB %854 572012, UAV & AW ORI 2 Bitt 25 & . HEEOff#E bdh 5T
RS~ DB X DT NVETH D EEZ D,
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EXREM 2. HARIFROEEHE

[5]1 EfRMEHRASH
(1) HBROAH

GNSS Z V- HpRSISEhe =2 U o 7 D= CORS 12 L 51—l L EEVE S O 28 EhHg & Hifg s
FE O IE

2 =8

ABT 4 v 7 PN HS < GNSS JIERA 2 7 Mo &) Oomfe e =% U > 7B L, @
X — B NVIER AT = ) o TRR IR E D,

&AM, BEITEM L2V, AEIWED LR SIVRUVVATREMED & D v — U VBRI LT
FLHET CORS T2 T2 2 & 3B 5, Zhuck by, a— WV EHESOREZYET S L & bi
RS OEEEAHIET D Z LN TE D,

(3) EEBROER

EFSZEL, 2N E T 20 ALLEICEY | X 31 1R
TEORVAT IEREZAT D, AlReDE=FY 7

ES ol

ISDN-ADSL

H—E R shamen-net Z &L TE T\ 5, BiFFHTH ARRE <
17— B VIR R T ITEH R 2 RS 800 LA oD -l ¢
GNSS & > 23 L T 5, Y sl
TOL D RFELZED LT T, B— I LEHELOR ot b
. . aﬁ,‘@h | RARET @)\ SRR
BIEASIER S DAVEA bORNDTRIRL TRy, L “‘"géf' ;
Y\

@ GEONET (GNSS Earth Observation Network System) %~
EHLT, TOAMAMEZREEL TS,

ZO7, AlEl AR, WigELETE=21) 7
D=—=ZAWENE BN D 72 A28 TS, miko
CORS DA MEZKBRTHER T 22 L & LTz,

ZD X576, BAREND CORS Th DE L l¥§§:-,,“

311  shamen-net H—E XD AT L&
|57

(4) HEROBH

11— 7 JVERHE S CH . TR 2 i 2 &S & 0 AREEDS LR SR WEBREEAEY | RBEEO L 9
72 CORS ODH MM ZMERT 2 LB E LT,
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EXREM 2. HARIFROEEHE

(5) EERORR
(@) xR

o  HERITKBEW-ITX, SKP NORE DO H Ak AR OTFTEY A e L TGRE LT,
. 12179 L 91T, RBRHIENOREIZEHHAS G-1 &> b L., [6 UxSRHIEAN T G-1 O OF
HWAER v — D VIEHES K-1 2% > F L7=, CORS & LTIZKO010 ZfH L7z,

32 gt

(b) SErEHAR

2019 -8 H 23 H225 201948 H 30 H

(c) fHEMtkzs
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7% GNSS 24E Td % u-Blox FOP & T 20%FIX #3E < | AFMH D Bangkok Suburb course Tl POS-
LVX & u-Blox FOP [ZFEF U FIX LW O R A2, BEXONDEKE LT, POS-LVX DT 7
FUTHENREEZ M T u-Blox FOP [ZTHBHDOILHIT T T ThoHZenEALND, i
Ratchadaphisek Rd course L8 E/LNE L LB A TND Z LD GNSS [ 5L YT T F D~
NTFRADIREMREIZ AR T2 6 O EHENIT 5,

FIX RAESHMERF T & 22 BRI TlE GNSSHMU HEE OS5 513, FIX REE TORNFE R EFONHE T
IMU (Z & DEVEHIEIC X0 Eks BN Z2lki5e ™5, —7J7 GNSS $EE D55 13 DGNSS XL HHHIAL &
IRDTONEDOEENRIHE L7020, MMS 22 E7 ) r—3a IR A FHIT 5 2 & TE LY,

AEIOFERNS | ZRIMTCTIE FIX 22 0% %825 Z & FIX LW EEAS 1 [\ & SEEEAV D70 < fx
RCHINEBMSRVERTHLZ LD, = R U —LULd GNSSHMU % T4 MMS 72 £
TV =2 a ARATED LB XD, — 7Tl FIX RN 75~87% K F 95 Z &P FIX L
PRV RIRFTEIZN 1 53 2 B9 B S 3~5 [ BRI AT 5 2 Lnh = B U — L~ULd GNSS+HIMU
EHE TIIR T ORI OV TERE NS R 2155 2 LIFE LW 2/~ = R72 GNSSHIMU 257
DBEAPMELZEZ HID,

%= 9 GNSS-RTK ® FIX &

ZiEH 1 [E1H (%) 2 BB (%) 3 [EH(%)
Ratchadaphisek Rd Course POS LVX 87 85 76
uBlox-F9P 56 69 56
Bangkok Suburb course POS LVX 91 92 99
uBlox-F9P 94 92 92

& 10 POSLVXIZ&k % FIX L7G UV KEFE (GNSS-RTKRIGIARIRERFRE]) KU 60 #) & i#E 2 f-[E1%

1[EH 2[EH 3 [EH
Ratchadaphisek Rd Course 732 31[m 197.2 % 4 [F] 2812 1 5[m]
Bangkok Suburb course 1722 % 1[H] 95.2 # 1A 822 1A

7) ZEEROBE

AEIDT A MERND | BEOBE T2 X > T POS-LVX 1% FIX S o RN AT
2812 BOIFAE L=, Z0f) 5 S CORNIEELLIIEHAT 5 IMU OFAIC L - TRV | &EEE
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72 MU E EDIEIT N EV, 25 F T Applanix DA T2 KT 5 POSLV 620 LA L=z
r =L~ T D POS LVX TP, GNSS-RTK 2MEFHAR R 722> TH D 1km BEhE XL 60 F0#1C

B HAH5EMEREZ LT, 7035, Position (3 m &FC, Roll&Pitch } U Heading (3 Deg 50 T 2,

POS LV 620 KU POS LVX D4#TE%RE

TV Position X-Y Position Z Roll & Pitch True Heading
POS LV 620 0.035 0.050 0.005 0.020
POS LVX 1.000 2.000 0.090 0.300

(8) SRODRE

ARIDEBR T, RSB A2REN TSN, S MaE B MRS 24 Ly
MEMS % A 7°® POS LVX Zf#H L7=73, True Position & LT GNSS-RTK JINAS AR S TN E S
T & LT, POSLV620 fH24 0> GNSSHIMU % % H\ W TS ERRGE D FEhE 3 2 MEN H 5 LK Uiz,

9) SHROERM

AElX GNSS KON GNSSHMU HINED A FIEZ B L7223, S 5%RITFEERD MMS ZFiHIAA T,
GNSSHIMU TOBNRRGEZ T T < . Bl & 7 2 PRZEER. BlbH (B L0mEY) o
RS2 A = RO R U — LU MMS 2 UM L2V & 2T A,
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8] #A&#rTar, BELY M—ILBXS4
(1) EEROBWE &L UREAREDRTT

1-Construction Trial in Thailand

2 =8

HATIE, A D28 L T DS fBIHIGT 2720, EAREEER B DA pEME R 2 B &
L7z i-Construction 23/EH S TND, Z A IZBWTHERRINIZI @A O ORI A FEIN TS Z &
725 i-Construction D% A (Z351F D G- 27l L7,

PG AR, R Ul LY — R ERRGEHT — 2 2 LT FEERIC X A EROEETFIE T L L7256
& R i-Construction DYEZETFNETHI L L7230 & T, M LI & T2 bl U7z, Fii TRFRIS D
W, RN A5 190 43125 L. i-Construction (3 30 43 & 72V | Jiti TIRFHI5K) 80%EAE S 4D Z & 7%
BT & T, MLHEIZOWTIE, 1R T LIFFED LRV EBHERTE T,

Z 6 i-Construction 234 A TIEH SN D L 512720 ApEMD AL EL, A > 7 ZEE1IET 5
Z LT D,

3) =REBOE=R

HACIE 2016 4 K 0 AR B DA EENE ) % HAYIZ i-Construction 238 A S72,

Z ® i-Construction (Z1%, mAGERNEFRE B L2 3 RoeT7 —#IEHPLETH 5,

HATIE, B H2R@E I &L - TENIC 1,300 2L EOE SR Sh Ty, 207 —X(3—
WA S, i-Construction THANIIEH STV 5,

Z A TIE, BEOEERENZNENORHBRIDOTZDICEFHRMERZEN LTV 503, %54 OF]
HEROEHIIZE EE > TWDIRBUZH D,

Z 2T, ISTATEOE NEER G BE (JICA) 235 A THEIEL TV HillEEE [4 1 BB 2 &k
FEPINET — 2 ZIEH LTS 38R IS L, # A 123680 T i-Construction DiE &1 Z 7T 2 Z & T,
B EEE R OARNE N 2 FRET 2,

4) =REROBH

i-Construction | L7 m & 2 (HE-RGEI i L) THELSI TV D25, ARl %R
T LIZ 7 =W AT 5,

KA GERDOVEZETFNATHE L. L7356 Olii TR & i-Construction OEZETFNECTHE T L 72554 Ot I
Mz =HI L, i-Construction (Z & 2 ZAEpENER BRI 2 4Bk L TIHRES %,
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(5) EERORR
(@) xR

Geo:Informatics (SCGI)

GlSTDA\mm NN

]
p«u’mma"ﬁia nuu
BT
o™

(b) SEhtEHAR

Z”\'”—X DS d il

hemed science
,..I_earr:mg center

IR Lm-ﬂ?‘d &
"mimh, AHLNAL..
US¥EN A3y

17 Tm%] 314

X 45 xRt

20194E8 H 19 H (H) ~20194-8 H30 H

(c) fHEMtkzs

FT—HZ—7 L —X— VOLVO G930
3DMC E®—H#—J L —HF—L AT A
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GNSS
Monitor Controller Antenna

Mobile

") "\ Router

Mainfall — 4
Sensor & %“i
Q"‘ Hydraulic

Unit
Slope
Sensor Sensor

y | MC2

Sensor
46 (AL T-#3%
(d) FRLE-EFRES T LI

R7=2y TNET
(MRl b7 3 & o [ENIT 10 SRR TE L 7= AR e - FL i)

(e) EERDAAE
D) 2R

KP IO 30m X 60m D — N2, i 9m R 70m OEHKHGT—# (X 47 /5) &AL,

(72721, MR DT — & — 7 L= =D ) 722 5120, FHER TS5 0
50m &9°%)

REFT 21, PG AERE (K9 35m) LB (K 35m) THERL L. #METABCA 1.2% T—E
& LT, BABrABLIZ OV TR, R A 0% & L, HI#EENE 0% 6 3% £ T3 5 K D 1s Lz, Hifl
IRRRETT =2 TH DN, MENTIEL & BB AE S DT, BREHE OR SIEEICELT 5,

ZOBET A EMA LT L—F —TEIBEELZB 272 5720, Sem FRERE T L7oREEORER Y
— K (M 474) #1Eo7,
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47 kK ERRET—4 TER. 5 HBRv—F

i) EHiRl

(A) Z A HEFHE T

Stepl  FEHENTO KL E R D
WM LTI, 7 L—F— AR — 23T —% (L= ) 7 LR E) ZfRd 57-oic, &
WL R HMAERET D, AREIORGHT —# &l L9 286, AEUL 1B EiC 5 AR @2 AL
SHLIA) MEET, AET oW (EHEESAY 10m FRE, #ES Sm HkR) L7ed 2 &b, AFkT
45 ROBHET (M 48 &) BT Do MEROIFEEDT, F—FAAT—va 2L, 1EERIX
44 (M= NAT—vaBE14, VAL 4, bidTH24) &b (K 484) . ZONER

OVEZEICHI B R £ 5 HEI 5,

48k EEMDME. A : KEMLERDIER

Step2  FEHEHLOD 5 S G
ESHOEmI N, Ketm S EFRICIZRD KO, mSomI 2kt 5, mapud, 1 W ki3
KbHV, B TOMmERDZ NG, GEFTC2TAROE S (M 49 5) OEIZFHET 5, &Il
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BT, A= PV, fEERIE S 4 (=P L-YLEME L 4, BR 14, BfTh 240,
HENDARANT 14) &% (K 494) o ZOm STERIERICE) D R 2 5l 5,

F {
e frcci]
E_;_t TII_'_ i

Straight
Curve area

area

Straight
area

M 49 & : SSHOME. A SSRBAEER

Step3  FEN T

T—H =T L= LTI LA 2729, Hi LiffEiL, 450 i (0% 9m, ZER S0m : 4
TP OFEE) L7225, PEEROFIEIL, AL —2 NESHE R LN, v == 7 WRE
TEEEFEST D (X 50)

Fo, ML T T 5 E TR IMAMRFT 20BN S 5720, MBHEZEE L, & SHUME Lz
BAFECICE T T 5, FEBIR. 64 (FL—F—F_X—F 14, A—FL-ULEE1 4, FER 1
&, WEIE34) L, ZO~=a T U TV DR A 5,

50 ZZ=aTFILIETHER

Step4 it L& 1A

PRI L CIE b= N AT =2 g & Ui L O H A3 272 5 25, 4 [ElT i-Construction &
DHIGZ B Z oo, AFx ¥ T—%2MH LT Lo =%ocsHillz ks 2725 (K 51) .

Z D78, i g AR D IFRITE R L 720,
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51 A& —&Hfl

(B) i-Construction fifi T-

Stepl  FI it 1.

AT L—F =R L OB LA 2725, i L, ¥ A kT & F T 450m? (iR
9m, LR 50m : EfE CIXFEPORAEER) &5, SEROBIENT, 3D~ vay br—Ld 2T A
EHEHL, BEITHIZTETS (K 52) .

F7o, METAHIEE SHAHERFT 2 20 OMBBIILEZR2V A, B 2RET 2HIIE2RE T 5.,
Z ® i-Construction fiti TAFEIZE#> 2 R 2 FHII 5,

52 i-Construction T

Step2 it T & 1A
Ay =2 Ui Lo =wocsHl 217725 (X 51) .

6) HERO#ER
(A) TE3ERFH
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B A REIEHE T & i-Construction fii T.00 2T v 7 OVEEERF] & A EHEERRNIZ D@D L7 o7~ (58
12) . i-Construction fifi T.i%, F&hE T2 T2 V/EZERFRIDE) 60%554E (72 4378 30 7712) 4,
(2, FEENORRENEED BN, AFHEER 80%8HE (190 7772330 47) 47,

& 12 1EEEHH

EILLE EEMET i-Construction fit T
EEMDKTERIERD 655744 R
BEEMOE SHhHE 53954 =
BEET 7257/64 0R 24
AETERRFRE 190 537154 30724
(B) i T

PEf 1 & i-Construction fifi LD 1LEHL Dt LI D 3 RtatllftE Szt o % —F A i » Tkt
LOEFHE L ZA, EBELLEREFEIT 2cm INT, 1FIEEDLRWERE o7,

7) FEROBEE

ABEIOFFEFERBRIZE YD, Z A28V T i-Construction fifi 1235 2 72 9 Z & CHiti TRFRHI2S KIlgZ s
ENDZLDMHERTE I, £, ARIO Tl 450m* Th 73, EEEOT—X —0 = A Offi .
M 95 & KiE7eh TRFROREAED A D,

ERROM TAEETIIA B « IASERBEOR B LT, AEERUERBE LRI D LI
2RO, VBRSO OIS 5 2 N TE B,

8) SHRODZRE

i-Construction Jii LA 35272 911X, mREERALENG R E SOTRGHT — 2 BB L 72D, EfbER
PrEEEIE. Z A 2T TR AEEZ CORS ¥ 2T LAOEfHAMIET, Ho, BIEHEH SN TWAER
FHE S LA AR - Z L L EETH S,

BWILRFTT — &%, B DI LRA R L —F DER ENIEE 725,

BUROZ A TIXa A T TR TLE S EEREDEEZMD HTZT DAY » R ICT i TIZEEN
RN TAM 2T O SVE RS R D) & THEE OOV FED 23ED - BUGHNO N
W5 Z L2 XA RERRE] oD T T —F bEETHD,
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9) STROERM

HA T2 RA40 OHEEIZFES 72 ECC = U 7 DA v 7 T B0 — 4 — 7 = A L% C i-Construction %
EH L CWe2x, ApErom e THIORMNER TE 5 X 918, EREER~OWE MIES) 2 fkfkin
2B ZRWET,

REWGERE, ZAETH A 7y MHREZZEM L TWz/2E, EBICTICT Ji LOFMENMEZ A
VISR L CW et x|, OWCEE FAEROLEMEZ TR L THIER S D 2B LT 2
EREENEEZET,
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[9]

By S5 ) A%k £tt. Asia Technology Industry Co.,Ltd

(1) EEROAFR

Intelligent Transport System
F[RIZERES © ATI, Chulalongkorn University, TOKAI CLARINO, Nicon Trimble,AIT

2 =8

BT HHUES CORS v FU—27 15 L7z RTK ~/LF GNSS DS HE A - 7= [ Sl o 2
2018 FELVFaTmraryR¥EE ATI Tu—a R <A 27 o BV H B ER O 525 R
ZHETITo TWEEEMEZE > T FilFs 7V A OEITEBRHBEN AT 2HEHL T
AEIDOFEIEEBRIZSI LIz, ZOfER, dffilctr—idfibFicr—ax F TRV 3 —< X
OB HIHE & (ALEMERE & RO H B S FEEL T E 5 Z L WFEFETE 7L,

BEL LT, SHICEWHEZEBRTIZ00 Y 2RlETIZOOMARIR, HFL
% A 70 BeiDou {5 5 ~DxHGAE D23 B3 AR OFH ] E Ik S rRETh 5,

FlEfE . ZAENDAY— T 4 — & FBT DI DFEFEFERE MR D,

3) =REBOE=R

TR, @lE R7AN—IC X 2BARZBBELN LR L TVD—FT, GmEICL>T
HEHEIIAEFBIANERNZ DD, RBEORBEBFERICOVWTERINTETND,
WA, BE, 27 —REORLZEBBEMEET O TIEH D05, #L 6B 78
FEEH, FFIZ 1990 FFER TV B ORI BHIE S 472 #ill T WHR DR A2 D 70
7o OIZEBR L « WL EIT L, BRANARRCH 7 V2 S 2B T 57— AN 2 Tx
TWb, 0D, NEJE « A= "—v—F v NOEBERZ EOEEREBE~DT 7 & RIC
HZAEOHEEN T2 ORINDS, ETETELOEFHTEI Y >20b D, ZIUTKT DR
EE U CHBEITHANC X B8 3HdRANE R S Tnd,

ZOXD RMBEEMRT 21O RRETEEE OAHENDINLRNRT Y — N7 OET%
KBTHEEZHETHLAATED L @ u—a R O HEHEELHEE OV — 2 22N
BBEThHDL, T, HETVTOLAEICBN TS, ADOREEIZNZ T, a7 st
XU E L EHRF R ABERRENAEICET LTS Z b, 10 FRICIZAAL
BROHREICKD B2 DD,

4) =EEBROEH

Z v U —7 RTK %ffi- 7= Full GNSS L #UEHEEAEITT /LY X LAl CH AR EEI R =
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DERBEICIRWT S @/ 4 —~ o A OBl & (LENERE 2 FF o 72 B BEER)S WRE T 5 4 Rl 52
AIESBR CHERR T %,

(5) EERORE
(a) xR

Space Krenovation Park,Si Racha, Chonburi ¥5#1P
PRI, AR 2R

(b) SEhEHAR

HERYE 201946 H~201947 H 1+ HH
BT AN 201947 A~201948H 2+ HM

(c) fEFtss

FaTma K TOYOTA COMS F dfjsis e 25
GNSS Z{5# & LT POS-LVX . u-BloxF9, NetR9

(d) EFRALEEFRERVATLA

TOPCON (T-NET) SKP k& AMERZFIH  (GPS, GLONASS, BeiDou, Galileo, QZSS)

(e) EERDAE
DR

1-1 FEBREE > AT L MHERIZ 2
1-22 e —@E> AT L RAEEZSR 3

i) FHAl

6) RERDIER

MTERZN 4
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7) EEROEE

PR B BHEER L LIDAR KO A 7 & Afi o TrEfEEE 3D HIRIC KV v — 0 7 4 X%AT 5 FIEEEA
LTWb, LMLIDOVRAT AEIEFERE o —% > T Y BUECIEERAMIIE T X "3 05,
A RIOFEFEFER ClI@mfiiZet o —3fEbd RTK R hU—27 Zflisfz~/LF GNSS Z(5# & —
h~ v T afo TOb— b PRIRTEZIT) 2 L2 B—a X R TEV VST p—~ v ADOHj ]
ENLEMEREA RO HEEIR I Ch D Z L NFEIETE 72,

8) SEDERE
HAZDS GNSS SZAFHEOERAIZE] L TA5H%0D SPEC 7314(58% (Bluetooth, WiFi) 72 K ORERED &
%556 NBTC ORBGENEL L 22 Dl AZ W LTz, 7 7 IOV T B AT NBTC OFERER S AT
FOMBEL I F3, LE LT EREERINL 2 A5 C b 57291213, GPS. GLONASS, BeiDou,
Galileo, QZSS ZILH T X TORNHHEZFIAT L5 Z ENAUATH D, AFEIOT A BV TUIEZEHEH
BeiDou (25222~ v F L TWVZRWD ) BeiDou D3Z(EICE/DRIBENN A LTz, 4% 2 b 0RED
fERT s L i %,

9 S®rOEM
~A 7 v EV (B/VUEKBEIE) OV ARV T GNSS ZEHMM OEEY 2 Y, 2> b
17—/ ECU DE Y 2 — VIR EITWH A DK A~— R~ T 4 =2 CatEzED T FETH
%o F71= AARBURFMNBZE 2D T E 72 QZSS 76 DMk X vd MADOCA (2 %ty L= 25D BR %
Z1T> T FETH D,
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FEEDARE (a) MR #hig wervszm

RN

Space Krenovation Park,Si Racha, Chonburi#ith [~

1)#F (e) EERDAE RGBSR 2

1-1EBRBE@RV AT LA

Base station data
- N I "‘: = A —_—

Satellite Positioning 4G
AIS Cellular
Router
_— NS
High- accuracy Satellite Positioning [ | T“/g)l/)l/_ I“?“Jj
Multi GNSS (Nikon Trimble POS-LVX)
BESYEH
- BTN\ RarrO0— )LV AT L
Laser
rangefinder

Brakes Steering Powertrain
Deceleration Line trace and Turn Acceleration

W 1)




DEE () REROFE  wiensn o

BHENEGRER) 7 ILFALEZF—

\\\¥§\ BB EEBEEDYT LA LRGSR
-HElAIEDE=S—
EMOEIERH

3G

Camera
T

Products of Tokai Clarion (elpis)

WiFi

HASOBREELILS—EREZFALTH—N\—ZRBERVTILEIALERTS
DATLTHD, [FEKS5GEHATHETEME) T ILFIA LTIV MA—LINAIREIZHES

A TRMER i 4

Base station receiver (CORS Network)

SKP (TOPCON GRS-SO) Latit‘ude 13 06 11.42282094
) Longitude 100 55 46.14373043
Base station EL. Height 33.537(m)
GPS 11,12,15
GRONASS L1,L2
BeiDou B1,B2
Galileo E1,E5a,E5b
Qzss 11,12,15
SBAS L1,L5
Primary
Rover receiver oy antenna
Trimble POS-LVX Position (m) 0.028
Roll & Pitch (deg) 0.03
Rove r(Spec) True Heading5(deg) 0.09
GPS 11,12,15
GRONASS L1,L2
BeiDou B1,B2
Galileo E1,E5a,E5b
Qzss 11,12,15
SBAS L1,L5

TAMT 23 RESHE




SKP

Used satellite b ‘ li ved
GPS.GLONASS, BeiDou, Galileo, Qzss Number of satellites receive

FIX rate

FIX rate = 95%

FIX rate = 94%

POS-LVX Test Results

min number of satellites 5 and
maximum is 35 average is about 23

min number of satellites 10 and
maximum is 33 average is about 23

FIX rate

FIX rate =93%

FIX rate = 88%

SKP

POS-LVX Test Results

Number of satellites received

min number of satellites 5 and
maximum is 33 average is about 23

min number of satellites 11 and
maximum is 35 average is about 23




SKP POS-LVX Test Results

Number of satellites received
FIX rate

min number of satellites 8 and
FIX rate = 92% maximum is 34 average is about 22

SKPO—RIZBICBEEHDBNZNCENSZ LD/ I TEODHIDEE
NESNT-ELTE FZEFXZITTFXERL. REL-BIHEFHNAIELAE
BHREFLI_ENTMoT=,
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Multi GNSS Asia Conference

Japan - Thailand
Special Session

28 August 2019

Impact Arena Muong thong Thani Bangkok, Thailand

SURVEY FOR THE ESTABLISHMENT OF THE EXPERIMENTAL FIELD FOR THE GNSS SYSTEM DEVELOPMENT

E Japan - Thailand Special Session

9:00-

9:05-

9:15-

9:25-

9:35-

10:25-

Opening Remarks
By Dr. Damrongrit Niammuad, GISTDA
By Mr. Satoshi Kogure, National Space Policy Secretariat, Cabinet Office

Keynote Speech
By Mr. Hiroyuki Miyazaki, Ph.D., University of Tokyo & Asian Institute of Technology

Keynote Speech

By Professor Dr. Chalermchon Satirapod, Chulalongkorn University
Introduction of Establishment of National CORS Data
Center (NCDC) and JICA Technical Cooperation

By Col. Attawoot Kiatiwat, Thai Japan Cooperation WG & Royal Thai Survey Dept.
By Mr. Masaki Murakami, JICA Team (PASCO CORPORATION)

Introduction of Pilot Projects in Thailand
By Representatives of the participating companies from Japan and Thailand

Closing Remarks
By Mr. Takahiro Otsuka, JICA Thailand Office

SURVEY FOR THE ESTABLISHMENT OF THE EXPERIMENTAL FIELD FOR THE GNSS SYSTEM DEVELOPMENT




GNSS CORS as the National
Positioning Infrastructure to
support Thailand 4.0

Professor Dr. Chalermchon Satirapod
Department of Survey Engineering
Chulalongkorn University
Thailand

QOutline

m Thailand Continuous Operating Reference
Systems (CORS) : system and concept

m How GNSS CORS can support Thailand
4.0?

m Past collaboration between Thailand and
Japan




www.eng.chula.ac.th

Thailand CORS

m Many Thai organizations and
University established CORS for

their own purposes.
> Department of Public Works and Town &
Country Planning (DPT)
> Royal Thai Survey Department (RTSD)
> National Institute of Information and
Communications Technology (NICT)
> The Thai Meteorological Department
(TMD)
> Department of Lands (DOL)
Chulalongkorn University
» Geo-informatics and space technology
development agency (public organization)

A\

www.eng.chula.ac.th
Year 2019
CORS > 200 stations

GNSS CORS Installation Plan:
ORTSD: Survey (Backbone) 80 CORS
0oDOL : Land Survey 134 CORS + 47 CORS
(2020)

ODPT : Planning Town survey 15 CORS
OGISTDA: Research & App 5 CORS

OCU & KMILT : Research 4 CORS

0 HII: 6 CORS

Baseline:
30-80 km.

Service:

Collection data of CORS, Correction data for
precise positioning

Application:

Surveying, I-construction, Logistics, Precise

farming, Autonomous driving, Scientific
research




www.eng.chula.ac.th

GNSS CORS Data Services Concept

Data Service

Data/Service
DOL # Center

Data/Service | | I Applicatio
Center o ns

Data/Service |,
Center

Data/Service |’ '\ National
HAII Center =« Data/Service

Center g

ISTDA# Data/Service [/ ‘
Center

Iand man aif

www.eng.chula.ac.th

What Is next?

Integrate all available GNSS CORS to provide

a real-time service to public

Propose to all organizations to use the latest

ITRF coordinate reference frame

» Decide on the nature of Thai datum (static,
semi-dynamic, dynamic???)

 Promote the use of RTK service from National

GNSS CORS to the targeted sectors (i.e.
agriculture, aviation, construction)




www.eng.chula.ac.th

www.eng.chula.ac.th

FUTURE USE OF GNSS CORS IN THAILAND

THAILAND 4.0

SMART CITY ~ SMART INDUSTRY
SMART PEOPLE

L
AGRICULTURE

AVIATION

J
SURVEYING AND MAPPING

®
AUTONOMOUS DRIVING VEHICLE




www.eng.chula.ac.th

MOU for development of CORS network (June 7, 2017)
®Establish an integrated data center

®Cooperate for integrated CORS network

®Establish GNSS Innovation Center

2016-2017 Cabinet Office cooperating with HIl Opening of GNSS Innovation Center (January 10,
Social demonstration of GNSS utilization in 2018) Japan pavilion (10 private companies,
Thailand Cabinet Office, GSI, JAXA exhibition) established

GISTDA-annexed to the Space Museum.

NISHIO RENT ALL CO.,LTD.

PASCO CORPORATION

Jenoba Co., Ltd.

KUBOTA Corporation
MAZELLAN SYSTEMS JAPAN Inc.
NIKON-TRIMBLE CO., LTD.
YANMAR CO., LTD.

TOPCON CORPORATION

Mitsubishi Electric Corporation

www.eng.chula.ac.th

1%t Technical visit to Japan in 2017




www.eng.chula.ac.th

2"d Technical visit to Japan in 2019

www.eng.chula.ac.th

Without the support from Japan,
we would not come this far.
Thank you very much!




Introduction of establishment of

National CORS Data Center (NCDC)
and JICA technical cooperation

Col. Attawoot Kiatiwat

Director of Map Information Center
Royal Thai Survey Department
28 August 2019

Japan - Thailand Special Session,
Multi GNSS Asia Conference

Outline

m The establishment of NCDC

m Organization and Management

= NCDC & JICA Technical cooperation

m NCDC: Today status & in the far future




The Establishment of NCDC

o In Thailand, governmental agencies have
owned CORS stations but not yet
integra_te‘d among agencies.

o National Geo-informatics Board (NGB)

have approved establishment of the

National

ordinatjon integration from all GNSS CORS

station's and assigned RTSD in charge of 8

Stations

ORS Data Center for co- ol Internet

(Leica)

Firewall

Firewall
National CORS
Data Center

Applications

infrastructure beneficial for international P —
ompetition and social economic (Leical Panda 2
development as well as national security.

Construction
121 . Disaster

Stations
(Trimble management

. Logistic
CHC 50) . Smart Farming
6 Stations

(Topcon 3) General users

Thai GNSS CORS Status

In the end of year 2019: 249 stations?

0 RTSD: Survey (Backbone) 80 CORS

o DOL : Land Survey 134 CORS?

o DPT : Planning Town survey 15 CORS

0 GISTDA: Research & App 5 CORS

o Hll: 5 CORS

0 KMILT : Research 8 CORS

0 CU: Research 1 CORS

o NIMT: 1 CORS
Baseline: 30-80 km.

Service: collection data of CORS, Correction data for precise

positioning

AQQ“C&tiOﬂZ Surveying, Logistics, Precise farming, Automatic
mobilization

1 As the 15t NCDC management working group meeting report
2DOL ‘s CORS 45 stations will be added in 2020

Source: RTSD GeoPortal

Surveying/Mapping

Water resource

Security & Military

https://geoportal.rtsd.mi.th/portal/apps/webappviewer/index.html|?id=34f1f8f7a4be423897f0fb930f1dffa7




NCDC: administrative workflow

Decision & Policy

National Geo-informatics Board
t Propose &
Report
Subcommittee on management of GNSS infrastructure

Propose & Supervise Propose & Propose &
Report & monito Report Report

Joint Thai-Japanese Working Group for NCDC Management ” NCDC Implementation
: Development of CORS ” Working Group Working Group

-__ Coordinate

. supervise,
monitor, ‘ -
-~ evaluate
Y

Coordinate. -

[ | |
-RTSD main Main operation Support Coordination and applications
-DOL (sup.) -RTSD -DOL -GISTDA
-GISTDA (sup.) -DPT -MHESI
-HIl
-GISTDA
-DGA

Integration/Collection of CORS Data

-Approve to conduct and integrate Data Streaming Testing on
.~ Continuously Operating Reference Station(CORS) of
associated organization

= Approved CORS Data streaming test plan which started
operation from August 2019

= Test both 2 methods; data center to data center and multi-
streaming from CORS stations

= Data streaming test evaluation for sufficient information to
make a decision and report to Sub-committee on
management of GNSS infrastructure




RTSD-DOL CORS Data streaming test

® BUENG KAN
General Hardware @
Details
Site code BGKN
RTCM ID 0197
Marker name BGKN
Marker number BGKN

Site Status Connected — receive data

Latitude 187 21'33"N
Longitude 103° 39" 19" E
Height [m] 128.5
Last update 2019-08-07 17:29:07
Site server S5S03-DOL/DPTC

Network Processing
Status Not utilised

CORS Data distribution policies

-» Approved data distribution system in Scenario B -Data holder
- send to data provider with free of charge

- Approved policy to provide CORS data services free of
charge in initiate stage in order to promote CORS data usage
and review the data charging policy every 6 months

Users

Data holder & Data provider:
NetRTK data creator; NCD(? ’
NCDC




Today NCDC

=9 April 2019, Minister of Defense has approved construction of
~~ National CORS Data Center as a new project of MOD in a fiscal
year of 2019

Because of procurement of over 100 million bath worth ICT
procurement project, National CORS Data Center project are
required to be inspected and approved by Government
Computer Procurement Committee under Ministry of Digital
Economy and Society (MDES) in aspect of Return on
Investment

NCDC in near and far future

= Foster installation the National CORS Data Center through consolation
and budgetary allocation from the Royal Thai Government.

» Uniy,f"yving CORS network/coordinate -members shall use same GNSS
etwork/coordinate after the establishment of NCDC

= COR& maintenances- maintenance cost is integrated to continue and
‘sustain system of NCDC

= GQORS data service rules - service rate, scope/term of conditions,
Imitation, security

Y Promote the application of RTK service from National GNSS CORS to
\the targeted sectors (i.e. agriculture, aviation, construction)




Thank you for your attention




E JICA Technical Cooperation

B JICA assists realization of sustainable operation
of NCDC through its technical cooperation project.

B Not only the provider side (NCDC itself) but also
user side are the key success factors to
sustainable operation of NCDC.

v
Implementation of pilot projects
to understand potential user needs and
applicability of technology in Thailand.

SURVEY FOR THE ESTABLISHMENT OF THE EXPERIMENTAL FIELD FOR THE GNSS SYSTEM DEVELOPMENT

E 10 Pilot Projects from Thailand & Japan

UAV/i-Construction Smart Agriculture
AKTIO Corporation KUBOTA Corporation

Mobile Mapping
System

Hydro - Informatics Institute

Survey and Mapping

NIKON-TRIMBLE Co., Ltd.

Mobile Mapping iI-Construction
System NISHIO RENT ALL CO.,LTD.
Iwane Laboratories(Thailand) Ltd. TOPCON CORPORATION
UAV Intelligent

Transport System

Tokai Clarion, Ltd.
Asia Technology Industry Co.,Ltd.

KAITEKI-KUKAN FC CO.,Ltd
Pasco (Thailand) Co.,Ltd.

Real-time _
displacement Smart Agriculture
monltorlng YANMAR AGRIBUSINESS Co., Ltd.

KOKUSAI KOGYO CO., LTD.

SURVEY FOR THE ESTABLISHMENT OF THE EXPERIMENTAL FIELD FOR THE GNSS SYSTEM DEVELOPMENT
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E 10 Pilot Projects from Thailand & Japan

SURVEY FOR THE ESTABLISHMENT OF THE EXPERIMENTAL FIELD FOR THE GNSS SYSTEM DEVELOPMENT
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