
"" 

-UmJ6'l'Jlf1"	 " " 
bbVi~'l111c11Aqj~h\l1 b'lltl ~ruf1l'l"nhYl\l'JlflbbVi~\l'1j~'1Jtl bbVi~\l~(9)~lVim~~ bb6'l~bm~(9)~m~~ f11~(9)~l'Jll?) " 

bVi ml:lJb~
Arum'W'lJeJ\lJl'J~~1~1~t1th~11-rr'l.h~ b:iJtl(i\l~m'W'1JeJ\lArum'WJ 11~mh\l~1I?)b ~lbb6'l~UeJ tJA~\l bb6'l~ ~lm~t1,	 , 

6. ~~'U'Umd 
'II1E! bbm'lJUruVi1~\lbb 1 l?)~eJ~ l~vi'tlvil\lYi bb~1 tlU~~Utltl8\llliih.JAmm~ b'WtJ \l'WeJ~~~'IIltJ b~ 1~~1\ln 1~ 

v " 
Vi~mJ~:lJ1

(9)~1'J11?) Aruf11'WJl~b Y1tJ \l'WeJ ~\l~tl Aru~~l ~EJ~\ll~iJ bb tll A\?1~~~'it\9lJtl1b~eJ B(9)LtlJJ&i~-U'U bA~eJtl ~lEJ ,	 " 
b~l'1~ 1'11~ 

podded propulsion 1~~1~1~t1'1..ll1U&i\lltll~~\l1 tlJ1~l?)bb6'l~ 1tl'Vl~b6'l Ll?)mu'W1~'U~bdru'1J1EJ~\l'Vl~b6'l 'W~eJ~ 
-UeJ:lJ6'lrlru"~\liJ~~'U'U(9)~1'Jll?)bb6'l~lbml~l'1Arum'WJ11 tl~'I..l bb 'U'U~b tJtl'W6'lP\1~(9)11 ~~1~1~m1tJ\lltl~6'l1 'I..l8\l~'I..lfitwl f11~	 , 

, \J	 '\J d..1 

I d:t. oQo. If ~	 Q d dOl V' 

~ltlbA ~ eJ'1J1 EJ eJtlb(9) mbtl(9) bb 'U'U 3G bb 'U'U ru b16'l1~~ \l b'W eJ6'lI?)Al1~ b~ EJ\l bb6'l~ mtll EJ All~~~1?) In(9) eJ ~ 
" Vitldm~r 

'I..ll1u&i f11~1'Uf11~flflnc11~1'J~'U~~~\l 1l?)EJ1'Ubb~'U\ll'U'tM'U'J~'I..l~~ nfl'U1'I..l~l EJ~~'U'UVi~n 1~\l~ 
~'I..ll)~I'1f1 

1.	 ~~'U'U-U'UbA~eJ'Ubb'U'U podded propulsion ~1~~n'it\9lJ'U1~'U1~~lm~t1vll\ll'U1~~\l1'UJ1~~ bb6'l~J1 
Ll?)m~eJ~'1I'l.m

'Vl~b6'l ~\l~~1~bb~\l~~n~\l~~~\l 356 \Jl~'U vl11~~11'Um~bb~J11'U'Vl~b6'l1~~bb6'l~ l~G'1~l\l'1J~U\lA'Ub~tJl" ,	 , 
(9)~1'J1~rlruJl

bb 'U'U~lEJ'V'l1'Ubb6'l~U\lA'UA11~b ~1'lJeJ\l1 'U'it\?1~&i\?1~\l11'Vl1\lvi'lm~eJ 1~~lm~t1'it'Ubn'U1~'lJtl1tln'Ur;hb~eJl~ , 

\l1'Ui~8~1~b 
b~eJ~~l?)ln~eJ n 1~Vi6'l'UVi~n~\lnl?)'1Jl1\l1 tlJ1bb6'l~~ eJf11~'lJ'U~lEJ 1'Uf11~'I..ll1U&i\lltl'J~~l~l~t1Al'U~~ 

'I.h-U1eJ'I..lm(l
m1~b ~l1'U'itl?) bb6'l~YlP\'Vl1\lf11~Vi~'U'1JeJ\l1 'U'itl?) ~1'UAeJ~Wlb(9)eJ1 b~ml11ill-rr~1~nm~'U'UA1'UA~B(9)L'Umi ,	 , 

2. ~~'Um~'I.J1 EJ m1~~eJ'U bb6'l ~ueJ\ln'U leJJ1bb6'l~lm~~~ln'Vl~ b6'lc11Vi~'UeJ'I..lmrul'l"JyhBb~n'Vl~eJ\Jn~~1-rrn'U, 
echosound€

~~'U'Um'UA~~l\l <1 Ll?)tJeJeJn bb 'U'U1~~eJ\lbn'UeJ'I..lmru~'Un'UJ1m~b~'Ubb6'l~iJ'itI?)6'l~~~€l1n 1m-rr1eJ eJn'J1n 
" 1 'I	 '\J 

~\lVi1I?)m\lbY1
~eJ\lbn'UeJ'I..l mru 'W~eJ~vY\liJ~1~~~Al1~~'Ub~ eJueJ\ln'UleJJ1~€l1'Jb -rr1m1~ ~\l'J1nf11~'Vl~~eJ'U'J~'IIl tJ1~ ,	 " 
~~'U'U'I..ll1twlf11~1~'U1'Un'h 2 ilL~\l 

3. ~~'U'l.J'Vi'U6'leJEJ'II1EJ f11~'Vl~ \l~l bb6'l~ b~~b~~mm'W1'Uf11~6'leJ EJ~l'lJeJ\lb~eJ A18fl b~m~~ru n'Ufl~'U6'l~ 11?) tJ1-rr ,	 v 

..,
~r.r€Jtl1 eJ eJ 

, 

, 

'IIltJUeJ\ln'Uf11~lfl6'l\l'lJeJ\lb~eJA18m~m-J~lfl6'l\lueJEJ nl1 30 eJ\lP\l b~eJ6'l\l'l..ll)u&i f11~1'U~'U~ IJJfl~'U~lnl1 
Mea 

50 cm bb6'l~6'l~bb~\l1~ b'II'll1'U 'Vl~ b6'l Vi~eJ 'U~bdru~eJ'U'1J1EJ~\l'Vl~ b6'l 'UeJn~ln~'Uvi'U6'leJEJ 1'U~'I..lbb 'U'U~i?feJ\l~~ , " 
i?f1m~t1'it'Ubn'Ubb'U'U n'Ub~eJl~~n~lm~eJ(i'eJ\lf11~Vi6'l'U~\ln\?1'lJl1\lbb6'l~1~1-rr\l1'U 

communitiE 

pollution 

4. ~~'U'Ufld'Ufl~ f11~\'A~fl'U~(9)1~'JI?)Yln\?1~ rl1Vi'U\?1\'b'U'UB(9)L'UJJ&i'IJeJ\l \'~flA18fl~-U'U\'fl~eJ'U~1 8 podded, , 

propulsion 1-1ff11~Al'U~~bb 'U'UueJ'Un~'U~l\'b'l..l~~m'U~bb6'l~ ~1~\lbnlPJn1~ruG'1m'U~ l~tJb~~I?1'U 1~~~1\l 
environmer 

measuremE 

bb 'U'U~l6'lfl\l'UeJ \lb~eJA18 A~-U'U bfl~eJ'U~lEJ podded propulsionbb6'l~~~l\l~~'U'Ufll'U~'~ bb~l'Vl\?1i?feJ'U 
knowledge, 

5. 

'I..l~'U'I..l~\l'l..l~~~'VlITm'Wf11~fld'UA~f11~bfl~eJ'Um'U1'I..l~bbm~~'U~\'\'~l ~\l'l.11~~'U'Um'UA~~1~m'l..l~~EJ n(9)1-rr
'4 'I '4 , 

n'Ub~eJA18fl~~ \l ~ \l~~'IIl EJ \, ~~ bG'1~ EJ~m'Wbb6'l ~ \,~~ m1~bbli'U~ 11'Uf11~bA~ eJ'U~(9)l~~I?)Ylnl?)~ rl1V1'U \?1, 

~~'U'U'I.11~eJ\l'lJeJ\lb~eJ LI?)EJf11~'U~ru1f11~-UeJ~6'l~lm6(j'Ub6(jeJ1 GPS ~1~f11Yln\?1~lbbViti\l b-U1n'U b6(j'Ub6(jeJ1
" " 

Accelerometer \'b6'l~ Gyroscope ~1~f11m1~d\lbb6'l~f11B(9)~lb~lb~\l1J~1'U3 bbn'U (9)1~r;l1~'U L\?1tJ1-rr 

proposes t( 

informatio 

in situ We 

both fresh­

\''Vlfl\Jfl Extended Kalman Filter (EKF) b~eJ1m~r11'1..l~~~lru'UeJ\l~lbbViti\lbb6'l~eJ\lP\1f11~V('UbVi'UeJ\lV(1 
internet n 

dr.:(' 0 I QJ 

'Vl~fll1~bb~'UEJ1~\lbb(9)~lfl1bb'W\l n'U GPS 
" 

b~ eJvi~~1-1fc11Vi~'Um'UA~ f11~bA~eJ'U~'UeJ\l b~eJfl18Abb 'U'UBI'11'UiJ&i, 1'U~'Ubb ~nl~vhf11~b 'I..l~tJ'Ub YitJ'Uf11 

water. 

flexibility i 

1. Develo 

( 

Training05
Stamp



1'Y'j:lJ~'W'l;-'Ue.J-1Jl1 '\.J 

'l'l:lJ nl'l~'ll':\ll~ 

" 
Af-1 bb~:; G'11:lJ1'lfi 

~lm~l'l:;l-1f)1'l 

~Y\'if\JbA~e.J'\.Jtii'18 

'lJlt1~Wln~ ¥l~e.J:lJ 

~1utJ-1~ulN~ nl'l 

m1:lJG'1:;~lfl~e.J~ 

" 
~ 

-1ii 

"l'f-11tlJl~~ bb~:;Jl 

~1-1~~U-1A\Jb~81 

"'lJtlltln\J~lb~e.JMf, 
" 

:;~ 1:lJ1'lfi m 'U AJJ, 

J'Um'UA:lJel~t'\.J:W1, 

~ flVl'le.Jijfl~~1 offn'U 

eJlf11i'lboff1e.J e.J fl ':\llfl 

I'lVl~~e.J'U':\l~'li181 ~ 

" , 
ulvmtii'1'\.JoU1-1 '1J-1 
tJ, " 

~tlY\1~A~'\.J~lflr,h 

ltl'lU bb 'U'U~G'1e.J-1 ':\l:; 
~ 

. " 
Hltl~18 podded 

t~m~:lJ~'\.Jltii'G'1f1-1 

l'lJr):lJ u6i'lVl~G'1e.J'U, 

J~1~:lJ1U'l:; 8,n~1oU 
~ v d 0 

~f1~Vlnl'VI'\.J~ 

~ b~ln'U b'1l'\.Jb'1Je.J{ 

j ~1:lJ~1~'U t~tJ1off 

nf11'l~'\.Jb 'VI'Ue.J-1~1 

11'lb'tJ~t1'Ub VitJurll 

11'tJ'l:;'VItJ~1'\.J~'\.J~ 

~bVl~tJ:lJ 1:-l6'lf11'lVl~G'1e.J'UA1bt1~tJ~n~':\lln GPS ~'llA1U'l~'VI8~'VIm81~lb~e.J~~A1~il~~1:Ubf11:;fl~JJn'U 

~1~'\.J 61e.Je.J fl1U ':\l~~A11n6i'bf)8-1nUA1~n~'Ue.J-1 GPS ~ijm1JJbb:U'\.JthG'1-1 V1~-1~lfltr'\.J~-1'Vhf11'l'U'HLJ1 f11'lI	 ~ ~ 

offe.J:lj6'l':\lln GPS Accelerometer bb6'l~ Gyroscope tii'ltlbVlADA EKF ~~1tii'A1~n~~lbbVltl-1 e.J-11"11f11';i~'\.J 

b'VI m1JJb~11'\.Jf11';ibA~e.J'\.Jm'\.J 3 ml ~~8:lJ~-1A1b~tJ-1b'U'\.J'U8-1A1~1-11tii'ltJ 

6, ';i:;'UU~'l1':\l1~Aru.fl1~J1 ~~1JJ1'lfll~Aru.fl1~J1 (A18ru'VIi1iJ A1m1JJbu'Wm~-~1-1 bb6'l:; A1m1JJb~:lJ 
,	 " \J 

V1~8'lgJJ1ru88n68b~'\.J~6'l~mtJ1'WJ1) t~8G'11JJ1';ifl~'l1':\lG'18'UA1b V1~lJ11tii'~ ';i~~'Um1JJ~ fl~1-111:Ubn'\.J 5 

b:lJ~'l ~1:lJr)li-1'U8-1~U~U~f)1';i~1'\.Jb';i1b~8{~'\.Jb~81dJ~bbUU 3G ~~~~-111~-1'U'\.Jb~mb6'l~'U'\.J~-1 t~t1 

ie.JJJ6'lAru.fl1¥lJ1~1~;i':\l~ fI flG1-1 ~l'\.J'l~'UU bA~8'1i1 tJ ~'\.Jb~8~ biJ~ bbUU 3G 1U8-1 Web Server bb6'l:;
" , " 

A8JJ~lb~8~'U8-1~'\.J~U~f11';i ltii'bbuu ru bl6'l1':\l~-11'\.J~'W~1A';i8UA~:lJtii'ltJ'l~UUbA~8'1i18 3G t~8':\ldJA1 

V1tll-1bl6'llt~mt1~8U';i~JJ1ru 6 1'\.J1Vi 1'\.Jf11';ifuoff8:lj6'l':\llm~8JJ18-1~'\.J~U(9)f11';i 'VI~8 1'\.Jf11';i~-1r)li-1':\llfl 

~'\.J ~U(9) f11';i1'\.J 8-1 b~e.J1'Wf11';i'\.Jfm~ ~Um1:lJ~n'U8-1~11~ ~ru.fl1¥lJ1 

t~tIb~e.J~-VUbA~e.J'WbbUU8~t 'WiI~~ltJ podded propulsion ~~~'\.J1~'\.JJJ1;i ':\l~mJJ1';im..hl'\.J'\.J';i~ ~fl~1off 

m1~rr~~ru.fl1~J 1~lJJ~~~~8-1f11';i ':\l~'1i1tJ6'l~m1JJb~tJ-1 bb6'l~'\.J';i~'VI8~b 1m'U8-1~'\.J~U~-11'\.J 1'\.J.fI1A~'\.J1:lJ 1'\.J 

-11'\.Jl~8.Q\~b U'W1'\.J~f11';i~~'\.J1bb6'l~'\.Jfu'\.J';i-1';i~UU\9i1-161 1~ij'\.J'l~~Vl15.f11~~~-1~'\.Jbb6'l~'1i186'l~~'\.JVl'\.J1'Wnl';i, I '\l	 , 

111 boff18'\.Jm tlh1A1bb~-1 bb6'l~ b~JJ#(ntJ .fI1¥l1~bbri ';i~UU~ ';i1':\l1~Aru.fl1~J 1 bb6'l~ ';i~UUf11';i';i18-11'\.Ji8:lJ6'lt~ tJ,	 , ~ 

~ 1'\.J ';i~UU bA ~8'lh 8~'\.Jb~ 8 ~ biJ~ 1~8 ~ 1-1 ';i1 ~ b~1 '\.J8 fl ':\llfl tr'\.Jbb6i'l b~8 A18Atr'\.J fI n~ ~~-1tii'1 m'1l'\.Jb'1l8~ 
~ 

echosounder bb6'l~ltii'f1n1111'\.J'\.J';i~tJ,fl~1 i-11'\.J1 '\.J.fI1AG'1'\.J1:lJ~~-1 b~8~ltJr.11';i1':\lm1JJ~fl'U8-1A6'l8-1\9i1-111 '\.J 
~ 

~-1V1l~ m -1b Vl~'1 bb6'l~ '\.JVl:lJl'il'U t~tJ ltii'fum1JJ~1:lJ~8':\lln~mu'\.J~1';iG'1'\.JbVlI"1Vlf~mmJ1bb6'l~f)1';ibn'l;-~';i, , 

(8 -1 fin 1';iJJVl1'U'\.J) b~e.J'111i8:lJ6'l1'tJ1m'\.J n 1';iU~'VI1'l~~ f11';iJ1 bb6'l~ b~ 8 bU'\.J :Ol'\.Ji8:lJ6'l'U8-1U';i~ bVll"18 ntii'l tJ 
~	 ... " 

1. UVl~~VeJ.fI1~lei'{In{)~ (Abstract) 

Measurement of water pollution is one of the most significant factors in evaluating 

pollution condition in various important water resources, like drainage water from 

communities, from industrial and agricultural areas. The objective of water quality 

measurement is to quickly and frequently monitor water quality state and to qUickly resolve 

environmental problem in time. However, one of the existing problems is insufficient 

knowledgeable personnel to help monitoring water quality. Thus, our research group 

proposes to develop a kayak boat driven by podded propulsion that can be operated in 

both fresh- and salt-water, especially along the costal lines. In additions, we developed an 

in situ water-quality measurement system that can collect dynamic water quality 

information and transfer this data from sampling points to a user in real time through 3G 

internet network. As a result, this system can help reducing the risk as well as increasing 

flexibility in field operations. This research project includes the following topics: 

1.	 Developed podded propulsion system is capable to operate in both fresh- and salt­

water. New podded propulsion provides maximum thrust of 356 N, as a result the kayak 



boat can overcome stronger flow current. This new design for timing-belt steering and 

controllins speed of podded propulsion can be folded parallel to the boat such that it 

can avoid obstacle in water and it is convenient for transporting. In field operation, both 

propeller speed as well as propeller thrust direction can be controlled through 

computer, which is useful for the autonomous way-point trackins intesration. 

2.	 Cooling and water-tight system can prevent electrical and electronics equipment for all 

control systems from over-heating in long and continuous operation and from fresh­

water and sea-water corrosion. This electronics compartment is designed to protect 

water splash and to circulate internal air flow with inlet- and outlet-fans, to absorb 

internal moisture with silica gel. From testing, boat equipment can be operated more 

than 2 hour without any accumulated heat. 

3.	 Buoy system helps increasing boat stabilizing when the boat encounters strong wind or 

wave in field operation. This buoy system, built from cylindrical foams, can extend 

outward along boat side to increase side-span water-contact area. As a result, rolling 

stability for roll angle < 30° and wave heisht < 50 cm can be achieved with this buoy 

system, thus the boat can operate in mild sea or along shore line. Moreover, the second 

buoy system can be folded along boat side for avoiding obstacle and for transporting. 

4.	 Automatic way-point trackins system for the kayak driven by podded propulsion 

combines a full-state feedback with an observer. First, the way-point tracking controller 

is constructed, tested, and improved using a mathematical model of kayak boat driven 

by podded propulsion. Second, this controller is then applied to use with the actual 

kayak boat to suarantee control system stability and to increase way-point tracking 

accuracy. 

5.	 NaVigation system for the kayak boat can fuse Latitude and Longitude coordinate from 

GPS with 3-axis acceleration and angular rotation from Accelerometer and Gyroscope, 

respectively, using the Extended Kalman Filter (EKF) technique. As a result, estimated 

position and orientation of kayak can be used for a kayak way-point tracking control. In 

the first step, a high-accuracy expensive GPS is compared against several low-accuracy 

inexpensive GPSs in terms of horizontal accuracy within a rectangular surveyins area. A 

mean horizontal position from several inexpensive GPSs, excluding GPS outliers, is 

almost equivalent to the horizontal position from the high-accuracy GPS. In the second 

step, signals from both Accelerometer and Gyroscope sensors are integrated with GPS 

position using EKF such that 3-dimensional positions, attitudes, velocities along with their 

deviations are obtained. 
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6.	 Water-quality measurement system can measure water quality (temperature, pH, salinity 

and dissoLved oxygen) at various depths upto the maximum depth of 5 meter according 

to operator's command. The command is transmitted through 3G internet routers, 

installed on the boat and on the shore. Then, the water-quality information can be 

reported to the operators in real time through Web Server using the 3G internet network 

with an average deLay of 6 second. This deLay time exists in both transmitting water­

quality information from the measurement system to operator and transmitting depth 

command from operator to the measurement system. 

This developed kayak boat driven by podded propulsion can be conveniently used for 

water-quality measurement at desired points such that the operating time and users' risk to 

expose to contamination in the fieLd can be reduced. This research emphasizes on 

developing and improving of all systems to increase efficiency and to lessen overall cost, 

particularLy expensive sensors. At the same time, the performance of water-quality 

,	 monitoring and measurement is enhanced with 3G internet network, Moreover, this kayak 

boat, equipped with an echo sounder, has been depLoyed to survey canals' depth in 

Bangkok and Pathumthani provinces by Hydro and Agro Informatics Institute cooperation, 

The canals' and rivers' depth information wiLL be used in water management and updated 

ThaiLand water resource database as weLL. 
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