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Vich Sriwongsa 2008: Development of Low—Cost Canal Automation System.
Doctor of Engineering (Irrigation Engineering) Major Field: Irrigation Engineering,
Department of Irrigation Engineering. Thesis Advisor: Associate Professor

Varawoot Vudhivanich, Ph.D. 169 pages.

Development of low — cost canal automation system aims to control water level in
canal at target level. The development is divided in 2 steps. Firstly, canal automation model
development, the model was constructed and tested in laboratory by combined automatic
centralized and localized control by using embedded system, call robogate. It controls upstream
water level of the regulator. The result shows that error water levels are in the range 1.22-2.83
%. The second step was the developing of Kamphaengsaen and the Songpeenong canal
automation systems. The case of Kamphaengsaen canal automation system used irrigation canal
in Kasetsart University Kamphaengsaen campus. The canal system comprises of a main canal
(MC) and lateral (1L-MC). The robogates were installed at MC km.0+725 and L-MC
km.1+200 to control the upstream target level. Telemetering stations were installed at MC
km.2+175 and 1L-MC km.2+500 to monitor water level at the tail of canal. The automatic
centralized control was used for gate opening at MC km.0+000 and 1L-MC km.0+000 and the
water level in the canal was controlled at the target level with RMSE ranging between 0.013-
0.029 m. which are lower than that of the manual controlled of 0.118-0.295 m. The reliability
of the measured and transmitted data to the master station 88.67 % by radio wave. The case of
Songpeenong canal automation system was tested at Songpeenong Irrigation project, Suphanburi.
The robogate were installed at cross regulators of SL-2L canal km.3+650, 9+813 and 20+300 to
localized the upstream at target water level. The master station was automatically centralized
control the discharge at head gate of 5L-2L km.0+000. The automatic mode showed the better
result with a lower RMSE of 0.178-0.319 m. comparing to the RMSE of 0.427-0.551 for the
manual control. The reliability of the measured and transmitted data to the master station 86.66

% by VHF radio wave.
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VHF
A/D
ADC
AFC
AFSK
API
BASIC
BBS
BRI
CARDD
CAS
CB
CSDSS
CTS
CTSS
D/A
DCD
DCT
DDE
DHCP Server
DLL
DM
DTE
DTMF
EIS
ESS

FIFO

Mmetinadydnuainazmde

ﬂi%ﬂizﬂWﬂﬁ%

Very high frequency

Analog — to — Digital Converter

Analog to Digital Converter

Analog to Frequency Converter

Audio Frequency Shift Keying

Application Programming Interface

Beginner's All-purpose Symbolic Instruction Code
Bulletin - Board - System

Basic Rate Interface

Canal Automation for Rapid Demand Deliveries
Canal Automation System

Citizen Band

Collaborative Spatial Decision Support System
Clear To Send

Continuous Tone Coded Squelch System
Converter Digital to Analog Converter

Data Carrier Detect

Data Circuit Terminating

Dynamic Data Exchange

Dynamic Host Configuration Protocol Server
Dynamic-link library

Data Management

Data Terminal Equipment

Dual-tone multi-frequency

Execution information system

Executive Support System

First In First Out
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FSL = Full Supply Level

FTO = Farm Turn Out

G = (Gate Positioning Sensor

GDSS = Group Decision Support Systems
Go = Gate Opening

GPRS = General Packet Radio Service

HF = High frequency

HY-FLO = Hydraulic Filter Offset Method

1/0 = Input Output

IFPS = Interactive Financial Planning System
IS = Intelligent Systems

ISDN = Integrated Service Digital Network
KPS CAS = Kamphaengsaen canal automation system
M = Motor,

MCC = Motor Control Circuit

MMI = Man Machine Interface

MPU = Micro-processing Unit

NSE = Nash-Sutcliffe efficiency coefficient
ODBC = Open Data Base Connectivity
OLAP = On-Line Analytical Processing
OLEDB = Linking and Embedding Data Base
oS = Operating System

OR = operations research

P = Pressure Type Water Level Sensor
PC = Personal Computer

PLC = Programmable Logic Controller
PnP = Plug and Play

PPP = Point-to-Point Protocol



RMSE
SCADA
SHF
SLIP
SOC
SPN CAS
TCP/IP
TL

TTL
UART
UHF
UML
u/D
U/S
VHF
WL
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Root Mean Square Error

Supervisory Control And Data Acquisition
Super high frequency

Serial Line Protocol

System-On-Chip

Songpheenong Canal Automation System
Transmission Control Protocol/Internet Protocol
Target level

Transistor-transistor logic

Universal Asynchronous Receiver/Transmitter
Ultra High Frequency

Unified Modeling Language

Upstream

Downstream

Very High Frequency

Water level
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901G0 9021G0 9022G0 903G0
no.  remote device remote device remote device remote  device
(m.) (m.) (m.) (m.) (m.) (m.) (m.) (m.)
1 0 0 0 0 0 0 0 0
2 0.05 0.053 0.05 0.053 0.05 0.054 0.05 0.052
3 0.1 0.103 0.1 0.103 0.1 0.102 0.1 0.103
4 0.15 0.154 0.15 0.154 0.15 0.153 0.15 0.154
5 0.2 0.202 0.2 0.202 0.2 0.203 0.2 0.202
6 0.25 0.254 0.25 0.254 0.25 0.254 0.25 0.253
7 0.3 0.302 0.3 0.302 0.3 0.302 0.2 0.197
8 0.35 0.352 0.25 0.246 0.25 0.246 0.15 0.147
9 0.4 0.403 0.2 0.197 0.2 0.197 0.1 0.098
10 0.45 0.454 0.15 0.148 0.15 0.148 0.05 0.046
11 0.5 0.504 0.1 0.095 0.1 0.097 0 0
12 0.45 0.447 0.05 0.048 0.05 0.047 - -
13 0.4 0.387 0 0 0 0 - -
14 0.35 0.348 - - - - - -
15 0.3 0.297 - - - - - -
16 0.25 0.246 - - - - - -
17 0.2 0.197 - - - - - -
18 0.15 0.148 - - - - - -
19 0.1 0.095 - - - - - -
20 0.05 0.048 - - - - - -
21 0 0 - - - - - -
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M9 15 agdmsnnuszuunasda Tudamunaauluszun Insings

List Max Min average Standard Deviation RMSE
901U/S (m.MSL.) 8.999  8.367 8.761 0.119 -
901D/S(m.MSL.) 8.797  8.107 8.536 0.115 -
901G (m.) 0.522  0.000 0.331 0.096 -
901Q(m3/s.) 0.353 0.000 0.144 0.064 .
902 U/S (m.MSL.) 8.726  7.891 8.391 0.115 0.118m.
9021 D/S (m.MSL.) 8.516  7.868 8.244 0.096 -
9022 D/S (m.MSL.) 8.411 7.864 8.244 0.076 -
9021 G, (m.) 0.457  0.000 0.150 0.068 -
9022 G, (m.) 0.365  0.003 0.139 0.066 -
9021Q(m3/s.) 0.203 0.000 0.094 0.043 -
9022Q(m3/s.) 0.263 0.000 0.094 0.040 -
903 U/S (m.MSL.) 7.459  6.527 6.828 0.176 0.178m.
903 D/S (m.MSL.) 7.309  6.378 6.727 0.137 -
903 G, (m.) 0.277  0.000 0.181 0.065 -
903Q(m3/s.) 0.186  0.000 0.035 0.038 -
904 U/S (m.MSL.) 8.058  6.305 7.640 0.824 0.143m.

905 U/S (m.MSL.) 5.750  2.760 5.278 0.293 0.295m.
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A o Y A Y o <
NAMINN 15 Msnageumsinnualele laglimaudussuy Insunes maInIunNN

sza1 1uAa03A1 RMSE 934319 0.118 — 0.295 4.

M519N 16 MIMNULVVER TUTAVDITLUUAADION TUUAN LWL

Standard Deviation RMSE(m.)

List Max Min average
901U/S(m.MSL.) 9.008 8.609 8.895 0.086 -
901D/S(m.MSL.) 8.749 8.345 8.574 0.105 -
901G,(m.) 0.569 0.167 0.355 0.110 -
901Q(m3/s.) 0.405 0.051 0.202 0.091 .
902 U/S (m.MSL.) 8.436 8.309 8.409 0.013 0.013m.
9021 D/S (m.MSL.) 8.424 8.097 8.312 0.090 -
9022 D/S (m.MSL.) 8.367 8.140 8.292 0.037 -
9021 G, (m.) 0.357 0.043 0.195 0.065 -
9022 G, (m.) 0.321 0.087 0.180 0.038 -
9021Q(m3/s.) 0.127 0.000 0.085 0.021 -
9022Q(m3/s.) 0.152 0.000 0.115 0.012 -
903 U/S (m.MSL.) 6.849 6.610 6.830 0.020 0.009m.
903 D/S (m.MSL.) 6.775 6.385 6.555 0.096 -
903 G, (m.) 0.389 0.023 0.187 0.070 -
903Q(m3/s.) 0.054 0.000 0.005 0.012 -
904 U/S (m.MSL.) 7.756 7.621 7.681 0.022 0.023m.
905 U/S (m.MSL.) 5.364 5.251 5.294 0.017 0.029m.

A o Y A Y o I
INAITNN 16 ﬂﬁ‘l/lﬂﬁ’@‘llﬂﬁ‘ﬂNTL!@’JEJSJﬂiﬂﬂiﬁ‘ﬂﬁiulﬂui%ﬂ‘ﬂi‘ﬂilﬂ@i ﬂ'liﬂ’J‘lJﬂll

Y
v o

seaut1lunaeelinl RMSE 8851319 0.009 — 0.029 X,
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v oy Y 1A o ya 1 o @ OZ
nmsmuguszauihluaaeslfegnszamthvineladaasagianshauunuda Tuia
=l J=) td' d! o o/ a1 1 1
HamsufTeumeuuanaluasan 17 $amaanmsniauuuude Tuliana RMSE 8g3g1nag

0.009 - 0.029 . Fei MR oo Tuynamiintin1 RMSE 0g321319 0.118 —0.295 .

M519N 17 1WSeuNen RMSE U995 UUAA090A 1UIANLINILEY

List RMSE(Root Mean Square Error)
Manual Mode Automatic Mode
902 U/S 0.118 m. 0.013 m.
903 U/S 0.178 m. 0.009 m.
904 U/S 0.143 m. 0.023 m.
905 U/S 0.295 m. 0.029 m.
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04/12/2549 — 1/3/2550
AN.3+650 5,447 4,253 1,193 78.09
AN.9+813 5,447 4,231 1,215 77.69
n1.20+300 5,447 4,256 1,191 78.13
% i 185 udoyama 77.97
it pc starter FEHIN
1/3/2550 — 24/6/2551
NN.3+650 22,898 18,174 7,423 79.37
NU.9+813 22,898 20,671 2,226 90.28
N1.20+300 22,898 20,680 2,217 90.32
% i 185 udeyama 86.66
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km. 3+650
date time u/S D/S

sensor staff sensor staff

reading gauge reading gauge
reading reading

(m.MSL.) (m.) (m.MSL.) (m.)

1/1/2008 9:00:00 15.457 15.41 14.666 14.65
2/1/2008 9:00:00 15.457 15.41 14.678 14.66
3/1/2008 9:00:00 15.11 15.07 14.505 14.48
4/1/2008 9:00:00 15.039 15.02 14.485 14.37
6/1/2008 9:00:00 15.72 15.71 14.876 14.81
8/1/2008 8:30:00 15.449 15.43 14.639 14.62
9/1/2008 8:30:00 15.409 15.43 14.623 14.61
12/1/2008 8:30:00 15.342 15.3 14.591 14.6
13/1/2008 8:30:00 15.362 15.36 14.611 14.6
14/1/2008 8:30:00 15.33 15.3 14.591 14.6
15/1/2008 8:30:00 15.299 15.24 14.576 14.6
17/1/2008 8:30:00 15.433 15.41 14.619 14.62
18/1/2008 8:30:00 15.646 15.6 14.725 14.73
21/1/2008 8:30:00 15.756 15.75 14.772 14.79
23/1/2008 8:30:00 15.717 15.74 14.796 14.85
24/1/2008 8:30:00 15.614 15.6 14.725 14.73
26/1/2008 8:30:00 15.587 15.52 14.721 14.71
27/1/2008 8:30:00 15.594 15.6 14.717 14.75
28/1/2008 8:30:00 15.787 15.78 14.796 14.85
29/1/2008 8:30:00 15.602 15.6 14.765 14.76
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v Y
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km. 9+813
date time u/S D/S

sensor staff sensor staff

reading gauge reading gauge
reading reading

(m.MSL.) (m.) (m.MSL.) (m.)

1/1/2008 9:00:00 14.299 14.32 13.316 13.31
2/1/2008 9:00:00 14.307 14.31 13.395 13.4

3/1/2008 9:00:00 14.063 14.11 13.292 13.3
4/1/2008 9:00:00 14.008 14.03 13.135 13.14
6/1/2008 9:00:00 14.772 14.71 13.139 13.14
7/1/2008 9:00:00 14.737 14.7 13.288 13.29
8/1/2008 8:30:00 14.347 14.36 13.277 13.28
9/1/2008 8:30:00 14311 14.38 13.403 13.4
13/1/2008 8:30:00 14.083 14.17 13.363 13.35
14/1/2008 8:30:00 14.095 14.11 13.324 13.32

15/1/2008 8:30:00 14.075 14.1 13.285 13.3
16/1/2008 8:30:00 14.087 14.12 13.155 13.18
18/1/2008 8:30:00 14.268 14.3 13.438 13.44
20/1/2008 8:30:00 14.382 14.42 13.482 13.46
21/1/2008 8:30:00 14.366 14.44 13.454 13.45
22/1/2008 8:30:00 14.366 14.43 13.454 13.45
23/1/2008 8:30:00 14.429 14.43 13.592 13.6
24/1/2008 8:30:00 14.209 14.21 13.352 13.35
26/1/2008 8:30:00 14.134 14.12 13.446 13.46
27/1/2008 8:30:00 14.138 14.13 13.529 13.53
28/1/2008 8:30:00 14.221 14.3 13.556 13.56
29/1/2008 8:30:00 14.24 14.25 13.446 13.46




staff gauge reading (M3L.m.)
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45 4 B =09970
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water level sensor Reading (MBL.m.)
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Km.20+300
date time u/S D/S

sensor staff sensor staff

reading gauge reading gauge
reading reading

(m.MSL.) (m.) (m.MSL.) (m.)

1/1/2008 9:00:00 10.688 10.69 10.177 10.18
2/1/2008 9:00:00 10.727 10.72 10.197 10.21
3/1/2008 9:00:00 10.467 10.46 9.937 9.93
4/1/2008 9:00:00 10.822 10.83 10.146 10.15
6/1/2008 9:00:00 10.735 10.73 10.13 10.13
7/1/2008 9:00:00 10.774 10.77 9.972 9.97
8/1/2008 8:30:00 11.097 11.09 10.276 10.27
9/1/2008 8:30:00 10.609 10.6 10.114 10.12
12/1/2008 8:30:00 11.149 11.17 10.351 10.36
14/1/2008 8:30:00 10.495 10.49 10.142 10.14
15/1/2008 8:30:00 10.526 10.53 10.161 10.15
16/1/2008 8:30:00 10.983 11 10.496 10.51
17/1/2008 8:30:00 10.696 10.69 10.256 10.25
18/1/2008 8:30:00 10.727 10.72 10.248 10.26
20/1/2008 8:30:00 10.818 10.82 10.327 10.32
22/1/2008 8:30:00 10.857 10.86 10.339 10.35
23/1/2008 8:30:00 10.841 10.86 10.315 10.32
26/1/2008 8:30:00 10.723 10.71 10.366 10.37
27/1/2008 8:30:00 10.605 10.61 10.299 10.31
28/1/2008 8:30:00 10.739 10.73 10.37 10.38
29/1/2008 8:30:00 10.715 10.72 10.358 10.36




115

Kem.204300 SL-2L U/3 Km.20+300 5L-2L D/S
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1.5 1.5
ket 3+650 gate 1 kem, 3650 gate 2
s 127 i T 137 2
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ap no
5 114 = 11+
2 g !
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5 09 5 09 7
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3¢ lnnﬂ'I‘L!L‘Viu@u'](ﬂigﬂuu“ﬁ’]ﬁn1ﬂmﬁu']ﬂ5$@1ﬂﬂ’] RMSE 0.319 . 1umm3Wﬂ15ﬂ3Uﬂu

C= 9 1 1 Lﬂ' d! Q‘J 1 1 ) 9 A
HANTTUUNNUVOYABYNABIUBIND €] A59%2 T TUr 95 EnIIMINIIUAI8U0

TagfiauiluInsinasvesszuunassdn Tuidaesiitesasd 1aluamsei 22 waginu

puusa Tudaagylaluaisen 23

d’ o Y A [V wAa Ay
M1319N 22 fffﬁ;l]fnﬁ‘ﬂWQWUQUGNGQJ@QﬁZUUﬂaﬂQ@ﬁIuﬂ@]ﬁ@ﬁwu@\i

list Max Min average  standard deviation = RMSE
Km.3+650 U/S(m.MSL.) 16915 13.603  15.720 0.506 0.551m.
Km.3+650 D/S(m.MSL.) 16.262 12950  14.989 0.557 -
Km.3+650 G,(m.) 1.825 0.127 1.401 0.266 -
Km.3+650 G,(m.) 2.174 0.615 1.479 0.306 -
Km.3+650 Q(m3./s.) 37.441 1.918 22.699 4.575 -
Km.9+813 U/S(m.MSL.) 15.036 11.770  13.990 0.353 0.541m.
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list Max Min average  standard deviation = RMSE
Km.9+813 D/S(m.MSL.) 14.205 10.898  13.193 0.340 -
Km.9+813 G,(m.) 2.627 0.082 1.673 0.461 -
Km.9+813 Q(m3./s.) 24.097  0.701 14.167 4.453 -
Km.20+300 U/S(m.MSL.) 11.855  8.912 10.614 0.425 0.427m.
Km.20+300 D/S(m.MSL.) 10.801 8.597 10.105 0.330 -
Km.20+300 G,(m.) 1.898 0.110 1.343 0.338 -
Km.20+300 Q(m3./s.) 20.186  0.000 9.498 5.253 -

! o @ v @ v { o
minﬁ 23 Wﬁﬂ’liﬂﬂﬁ@ﬂﬂ’lﬁﬂ'l\‘l'lullf]J‘UfJﬁIuyﬂﬂl@ﬁﬁgﬂﬂﬂaﬂﬂﬂﬁiuuﬁﬁﬂﬂﬁuﬂ\i

List Max Min average  standard deviation =~ RMSE
Km.3+650 U/S(m.MSL.) 15.655  13.132 15.516 0.252 0.262 m.
Km.3+650 D/S(m.MSL.) 14.775  13.413 14.630 0.178 -
Km.3+650 G,(m.) 2.058 0.000 1.496 0.533 -
Km.3+650 G,(m.) 1.655 0.916 1.295 0.339 -
Km.3+650 Q(m3./s.) 36.816 0.569 28.319 6.882 -
Km.9+813 U/S (m.MSL.) 14.597  13.879 14.440 0.077 0.178m.
Km.9+813 D/S (m.MSL.) 13.614  12.152 13.278 0.226 -
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