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ABSTRACT

In this research, motion controller is designed and constructed for a kayak boat to track
the determined positions by using a state-variable feedback-control system. First, this controller is
applied to control a mathematical model of the kayak boat dynamics. Second, this full-state
feedback controller combining with an observer estimator is applied to control the real kayak boat.

In position-tracking control tests with dynamics model of kayak boat, the state variable
feedback controller is employed with two types of the observer estimators 1) Full-Order Observer
and 2) Reduced-Order Observer. Both of these observers can still perform well in the presence of
the external sensor noise varying within the range of actual sensors and of the difference kayak
hydrodynamic parameters. This implies that this controller can be applied to other boats as well. In
the real application with 3.85-meters long kayak boat, states including position and boat heading
and rate of heading are feedbacked from GPS and IMU sensors, respectively. Two experimental
tests are set up for waypoints of a circular pattern and a reverse S shape or grid pattern.

Actual tested results with the real kayak show that position tracking accuracy of the real
kayak is less than that of the dynamics simulation of the mathematical kayak model because the
actual kayak hydrodynamics parameters are unknown. To improve the position tracking accuracy,
we can further adjust pole positions or gains of the feedback system such that a better performance

can be achieved.

Keywords : Kayak dynamics, way point-tracking, state variable feedback controller, observer

estimator
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. 2.1
Li+mx  (V+ru) =Ny +NpAu+Ny Au® + N v+ N v+ Ni+ N1+ N v + N v +
N, vAu+N_ vAu* + N_r" +N_ v’ + N_rAu+N_ rAu’ +XPP},+1\-I+(111'[e].t61‘1115) )
(Au=u-u,)
av Y a d' 1 A‘ d' aov 9 a = d' d’ d' o A
X Y = Wnas1adan lundeun X¢,Yg =W av19dveaisoMAaeun lUnuEe
X
0 _Xi
Yo -——
Yi
v
A = o 1 A J A P~ A
MNN 2.1 51EJ’€1$LEJEJ@]"IIE]WI’JL!‘]J5@1\1°]V]ﬂﬂﬂg]sluﬁllﬂﬁ‘VlNWﬁﬁTﬁGIiﬂﬁlﬂﬁ@uﬂﬂlﬂdli’ﬁ]
7
@%EJW’E]@W?EJLW1@'“HH
=~
Taof
3
m  =1ninYease (kg)
I, =T fAuR oI ULAY 2 (kgm?)
X, =39gudnalsueuia (m)
s A = Lz
XP =i$EJ%%Wﬂ%qﬂf.{uEJﬂZ‘IN“UfNiJ’Ja"lJ’é)\‘ili’é)ul,ﬂﬂﬂllﬂuLWﬁWJ?NWﬂﬂW‘i@LWWﬁ%u (m)
J <
U =nameianuiEiise (m/s)
< A v
u  =anuEalunne x (m/s)

<3 A o
v =anusluninay (m/s)



r = ﬂ’JhJL%’JL‘TN?g?JiE]D!LﬂH z (m/s)
@ = yuvosdenszAuAiad19BaLRen (earth-fixed frame) (degree)
5 —yuimeansemddunssisuiinafiadeniilUfuiSe (vehicle-fixed frame)  (degree)
g =yuanuiaSefibeununniisafinaeud lUfviSe (vehicle-fixed frame) (degree)
F, =usaluiida x nneansownd i (N)
F, =ussluiida y nnneansonnds (N)
N = Lmﬂszﬁw‘?"qmﬂﬁ’uwa@wsmwﬁﬂ?"u (Normal Force) N)
M = Tuwudiifannneansomdau (N.m)

= o A A A A Aaa A
INAUNIT 2.1 ‘ﬂfﬁllﬁﬂ\‘lwaﬁ']ﬁ@']ﬁsllﬂ\uﬁﬂ‘ﬂLﬂﬁ@uﬂ1u3$u1ﬂ 2 U 153 Fy A9y
Yy 9 Aa X 7 A 74 3 a
ﬂ']uell']\iﬂlﬂﬂélluiﬂﬂ NWOANITDWITBY M 10 Moment TOUNDANITDIWIFFUILLIHUINTNUNIT 2.1 U
Y] I 1 a 9 o o 1Y) A 1" Aa 9 a
aﬂymmﬂu uliJLGINLﬁu Glflnlﬂ']'i'f)@ﬂl!‘ﬂll@']’Jﬂ?ﬂﬂi]ﬁ"lﬁﬁﬂﬁg‘ﬂllﬂlﬂuUl‘JJLG]NLffu TUANNYINLALS
"”quj‘U“la)'ijUN']ﬂ W"Iﬂg]}'ﬂ\?ﬂﬁlﬁaﬂﬂ'J']ll%U“%}@uﬂll‘lﬂ'ﬁLL%ﬁMﬂWﬁLiWﬁTNTiﬂ Linearize 4N15 2.1 59U

AT Uy I T

(m—x,u= X,u+F, )
(m—l’:;,ji?—t-[mxcg—}’,:)f =Wt Y.rYF, > (2.2)
[mxcg — N:;,)t': + (I,z—Nz)¥ = Ny +Nr+tx,F, J
annsadouaums 2.2 Tugil Matrix 185y
MX = NX+ ByF, (2.3)

Tag X=[u v r]7 uaz

(m—x,) 0 0
M= 0 (m—¥,) (mx,—Y)|uay
0 [mxcg —N;)  (Lz—N,)



X, 0 0 0
N=|0 Y, VY, uag B, = [1]
0 N, N, X,
mannsaeoulugailives State Space Model léiilu
X = AX+BU (2.4)
Tag A=M'N uwaz B=MT1B,
Faerun1s 2.4 waraa I lugal
u Q13 B33 Qi3 by
v| = |@21 Gy Qg 15] + |52 | By (2.5)
7 3y Gz Gz |lr b,

% (xcur, ycur)

(Xprv , yprv)
A A A A '
MNN 2.2 llﬁﬂ\?ﬂ'lilﬂﬁ'f]uﬂ"ll@\uﬁf)igﬁ'J%‘Iﬂﬂﬁﬂﬂfl}ﬂiﬂﬂ

prer Sore cur'< ocur q E] !' a
=) o

A0 @g vazyuinmlanfe @ uagMuHIVeUTREUAVIUIMAUTENIN (X Vyry )

A A A A 1A A wll v
(% s Vo) NiTOIAAOUNDY AD (X, V5 ) INDINN2.2 92 LA

X, = ucos@g —vsing
(2.6)

Vy = using — vcosg



A A g v 4 A Ay Yy . N o
WeFenlng tuamsinaoun (@ UMUDY)) i]zllﬂ sing & @ ,cosp &~ 1aUN152.6

Linearize Ulﬁgf ndJu

Xp TU— VP = U,
2.7
YV, = u@ +v = Uy +v
] 1w 2 A A Y = o A
IRUNAWTANIL (State) NIHUATNNBIVDIN 10 A AD
U v r @ @y Xy Vi Ve b
d dg@; d¥ai a o o K
Tag r==%, g="00 )y, =obne siiewanlsaangnivuace lan
. T
x = ['”f VT @ P Xy Yy Yeme Iy 'F;.] (2.8)

f ] o f ' v
Fafludulsannzimuaineadesdusieyih I 1$lumsauqumsinaeuiiae 1

2.2. szvumuaunuvileunaudinlsan1izynda (Full-State Feedback Control)
o w ?.’; zd' d‘ 9 Y Y % Y
Tumsihdunlsaniie naruaninelrves mlslunmisaruauuuuileundudaiuils
Y
ANZNNANTINZADIA3 1 State Space Model A9eruns 2.4 Taoii1 dauilsan1ig (State) NI1uA

< < D3
wlszneunlu aums 2.4 luaunsaeil

-ﬂ‘ii Aq2 43 0 0 0 0 0 0] bi T
Qs @27 O3 0 0 0 0 O 0 b,
d31 3z az3 O 0 0 0 O ] by
0 0 1 0 ¢ 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
A= 1 0 0 0 000 0 0 0 (2.9)
0 1 0 wuy 0 0 0 O 0 0
0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 00 0 —(4+21,) —Ha,
L0 0 0 o 0 0 0 Q 1 o

B=[0 0 0 0 0 0 0 0 A4, 0]7 (2.10)



uag u= Fyma (2.11)
E4
iumauummmammmgmuﬁwamiugﬂfmmimmﬁmﬂiamaz"lﬁﬁu
% = Ax + Bu
(2.12)
}:I' = Cx

(% A " T
Tasdwlsanng vosszuufe x=[u v r @ @u %, Ve Veme by Bl
<3 [ <3 a
Tag w , v AoAuF luuuILNY X 1Az ¥ Y0950 1Az ©, @ APOATIINTIYN HAZOIAINITHU
v A A o 1 A 1 . A v J
VBIHIITO LaE xy, ¥, ABAILNUAYDAIT & 1IA1ANY Lag F, , F, feusuazonwuiveduss
A ° P A A A v A ' A ~
NUINTLFNANOANTOINTTULAL @ye Vi AONOU UGUAUVRUTO TUTIIMTIAROUR
I Aov A v Ao = ¢ - -
Aluduasanninaisudulldimnadare lumsisenld A, =64, =4,y =1
3’, 1 d' Y [ Y a
Tusunsn szuaasmseonuuy Amnsnlunisatuguuuuiloundulag 1Ne13an

Y| v W Y o A o = Y I
szvumuquuuuiloundudlsannignnda a3 2.3 Taesimua ngufszuuaiuguliiu

yormd

111U PID Control 1134 Tunumnu v ( ) ondugu THGemdeun muuuiduasiaings

v
a

9
wnasudu ldgandadats Tasvziiow (F,,..) 498 [2]

Fyema = _KpH(‘P — @) — Kyyr — Ky [ (0 — @, )dt (2.13)

System Model

» X = AX + BU

Control Law

-K

A

WA 2.3 Full-State Feedback Block Diagram

= Y a

Fa92ADINIUIVIA K Mz auas ll

- o4 e . 3 ,
wnsanluvaznGomdounlaveguondumailuszes Yy awdaalugln 2.4
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d
|
. y |
ATUAU b dp, qailans
|
>
Xprv, Yprv) (Xcur , Yeur)
~ A A A v
MNN2.4  UWUNINVALITBIAADUNBYUDNITUNS
wlan Pap = —tan~ ' (2.14)
Y = 3 = . . RS
oyulvA@ng aun13(2.14) 914159 Linearize 1a1i
— 1 —_—
Pap = —3¥5 = —HKp¥y (2.15)

1 ' d 1

%471 1/d NA® Proportional Gain (K) Y84 AAILAYN  (Control Law) &IUAILAN

4 1 v 7 . . 9
uuUHUS (Integral Control) 18 FIUAIVANUVUOYNUT (Derivative Control) gnsaud 11 1u

4 A 9 1 o w [ 4
NRAIUAN (Control Law) IHOFAITNIININAWIAAONNWUBNNVINTZIINVGO IUAAY AN

A 9 = ' o | o w Aa v A AY A '

wazieldszuul Msunle NVRMNE1aY TasNNANIIUeIHIIT0NA0IN151HBIINT I

Y4
mmmmuﬂ?wuﬁ(lntegral Control) Ao
GRS e e (2.16)
a v A Ay A U A . . A
LAZNANNUDINAIDNADINITIUDINN TIUAIVANUUVDYNUT (Derivative Control) D

Pag = —Kz(v+uy0) (2.17)

wg}/ A

A o Ay A ' = Y 3
JUUNANNUYDINATONABDINITIUDINN TIUAIUAY ﬂﬂ@]’flﬂlﬂullmﬂl!

Pa = Pap T @y 0 (2.18)
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11 (2.15),2.16),2.17) wag (2.18) unulu (2.13) nazsagi lmioz 14

F}'G?’J‘ld = —KI (2.19)
Taeh
K=1I[0 KpHHd Kay H;:H(1+Hduu] Kgy O HPHHP HpHHi 0 0] (2.20)

= d' o ] 9] [} a d‘
AMIANINTasuIladued @nUe Pole-Zero voamstlounauuuvgiiaiie
a1 d Wasuudases 1ddan d i ldszuudinstiaesnm Taeliarogluyag 1-15 (K ogluwa
] Y [
0.066-1) aauaadluninn 2.5 luanuideillanon d=4 (K,=0.25) o ld d=4 tazmIAn¥ING
wasuuasues dumiia Pole-Zero yoamsilounduunugilie e K, K, uazk, lasunilas
Y 1 A o 9 Y = ~ a1 ] ] A ] [}
vz lanm K, i sz uudinadiitesnim Taeglurieo - 0.15 wag K, Ia1eglusie 0 - 0.3

aqaaalunni 2.6 tag K, 1A108 11999 0 — 0.004 aaaaalunini 2.7

Pole-Zero Map
3 T T 5 T T
x ¥
2k -
X
1 - -
X
2]
-2 X
2 o- b'e XK .
2 X
(<) X
g .
- H
-1 -
%
2+ -
X%
&
3 r r r r r r r r r
9 8 7 -6 5 -4 3 2 1 0 1

Real Axis

MNA 2.5 Close-Loop Pole-Zero U943 d=1 fa 15
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Pole-Zero Map
3 T T T T T T
2 = -
1k 4
@
4
>
S Ok .
c
k=)
[
E
-1 -
2 -
XE
_3 r r r r r r r
-8 -7 -6 -5 -4 -3 1 0 1
Real Axis

NN 2.6 Close-Loop Pole-Zero k) d=4, k=[0-0.15]uag k,=[0-0.3]

Pole-Zero Map
3 C T T T T

Imaginary Axis
o
x

-3 r r r r r

%

-8 -7 -6 -5 -4 -3
Real Axis

MW 2.7 Close-Loop Pole-Zero 110 1410 d=4, k=[0-0.15], k =[0-0.3] 118z K,,=[0-0.004]

v v Jo

awv Y v v A v A Y v dy
INAUIVYUD Greytak [2] Uléﬂﬁﬂ’ﬂllﬁﬂwu‘ﬁ Klel,ﬁ$ K NAUNUD Uﬁﬂllﬂiﬂl@\?liﬂuh JU

_ 24 |:.|!-2-2-_J"|'-:.-:|+J"|'-;|—
KdH - =
P

(2.21)
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— vy (lzz =2y )

L
pui

Kou (2.22)

[

a L @ { 3 $ < 1 1
Tuaddel S lddunlsvessenadavues 14 K, 0.0183 K,,~0.226 FeazimiunimIndide
d

[ 1 d' A 9
UM K., K, ag K., iisuaenly
2.3 szuumvaunuuieundudindsan1iznndasIndy Observer Estimator [5]
o 9 A 1 A A Y o
15191115011 Observer ¥ 190U IzUIMAT State VBATBIND 1H5IWA NYAIUAYY

(Control Law) A4u@ad 1y A28

System Model
r + -
—) u | X = AX +BU Y
_J _ >
+ y = Cx
v
Control Law Observer

>

-K R=(A—LO)%+Bu+Ly

A
A

A 2.8 Block Diagram U84 Full Order Observer
DG Luenberger A 141 Hen3U89 Observer V045501 13dail
£=Af+Bu+L(y—C%) (2.23)

Tae % Ao Mlszunavesdialsaning State (X) uag L A9 Observer Gain Matrix 198 Observer 1)

a (=

v < A G2y g Ay =2 9
'l’)'LW!ﬁ 2 QA0 UL v Llﬁziﬁ L't’)'W!gl L‘}J‘Ll xmmmmiﬂugmﬁumuﬂlm .‘z‘t’[tc,:] [SHENIYIRN

o

Mnua AsuduE = 01900 Observer AYATUNANNTUDI Observer ot — 0 A1TUUVDI

State 9z3iA 191 1ndAN State (£ —= x) ArnnuAanaa e(t) A1lszuan'ldan Observer uand

Tdaa

=le

e(t) = x(t) — %(t) (2.24)
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J a 9 Y, A v A o A =
uazmmmwawmmzwﬂﬂag{uﬂma t— oo ilzvl,ﬂ e(t] —= 0 21NANUITIDUU 15138 1WTD

mm L ih1d () Tannades 18 vinaums 2.24) mowiusvesanuianaa e(s) o='1d
e=x4+% (2.25)
uNu (2.12) waz (2.23) adlu (2.25) 9l
&() = (A — LC)e(D) (2.26)

w2 1d A udu e(ty) laq i £ — o0 agshld () — 0dwn

A3 A-LC U5n0gaud10iouos S-Plane
det(il — (A —LC))=0 (2.27)
ooz lFlumsdsua L 91ndumid Pole Ndoans 1a

2.4 MIAANAVFY (Reduced-Order) Vounanamsvszanamasanng

TunmslFaunemsaruguia 1l dnegnudaynin dualsaniz vedansaiaa

1 a

9 1 @ 1 [ U 9 A 1 [} d o o o A
llﬂ LL@]‘]JN@]’J”l‘JJﬁHJﬁﬂ’JﬂﬂWUIG] Luﬂﬂ%WﬂﬁWmﬂﬁNG]]l‘]J 1YY Qﬂﬂiﬂ!’)ﬂﬂ?WﬁﬁJlﬁ@iUNﬁ’JM

]
@

A a 'd % 1 v Y o a aa Y A o
31NN ‘Vii@WTﬁTNLGISTUNG]’JlliJfﬂNWﬁﬂ IAAFUFDT IUNUITINTANININdouNTINA

18 1519115016480 Reduced-Order 100141 Observer Yszmnaadnsaniiei laiuse

[ %

o WYY PR a oA ~ o A
m”lﬂmmmuwmmagclumm gl 1519 lsaAL 10 91 A

x=[u VT @ P Xy Vo Veme by F"]T (2.28)

oF o

(2

a ° L <3| { ' v 1
awuarsidmuald v v F, Fodludaulsaangi ldennsadanla mas

o [ v J
UszgnA 14Mann15 Reduced-Order 14 1Agn159Ai389aun15621150n 192 (Partition  State

Equation) Wiiluduiianm Idazauindan 1uld
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ﬂ'lE ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ‘ii ﬂ-iz ﬂ bl
azg 0 0 0 0 0 aq ai 0 b,
azz 0 0 0 0 0 azy ai 0 by o 1y oy
1 0 0000 0 0 0 0 Taritlild
4= 0 1 0 0 0 0 0 0 0 0
0 o 0 0 0 0 1 0 0 0
"i]"""ﬂ'f,""U""ﬂ'""ﬂ""ﬂ ..... .EI ........ 1 P Ty T .EI ................ ﬂ .....
0 o 0 0 0 0 0 0 0 0 SR
0 0 0 0 0 0 0 0 i=(Q+1) —Ha,
L 0 o 0 0 0 0 0 0 1 0
annsoeuedlugduny
mx1 mxm mx(n-m) mx1
= . = ol I = . =I ﬂ
x [x:],,-q ngl Al B B, ;C=[I, 0] (2.29)
(n-m)x1  (n-m)xm (n-m)x(n-m) (n-m)x1
TasluszuvaesForsiannlsanzuaziuasnggos luauns 2.29 aeil
T
= @ Pine X% Vs }’bm:]r,x:=[u v F, F,
ﬂ-lg ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ’ll ﬂ.j_g ﬂ bi
gz 0 0 0 0 0 ay as 0 b,
a 0 0 0/ D—a o 0 b
A, = |233 31 3z A= 3
1711 00000 0O O NNA 7
0 1 00 0 0 0 0 0 0
o 0 0 D0 0 1 0 00
0 wp 00 0 0 0 1 0 1]
o o o o0 0 o0 O ot 0 0
Ay = Agp =
0 0 0 0 0O OO D —(A + 14, =44,
O 0 0 0 0 0 0 0 1 0

Bi=[0 0o o 0o 0o o] waz B,=[0 0 A4, 0]F

nnau aumsaulsaanzndam lildnmeduarsluaums 2.29) a2 '1édn
xy + {4y x4 + Byu} (2.30)

nnau aumsaulsaniznian ldnedmuuluanns 2.29) a'1édn
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{£; — Ay xy — Byju} = Ay, (2.31)

14

Taw {45, %, + Byu} Ao duwnd uaz {&, — Ay, x, — Byu} Aodsiung

ﬁﬂﬁ}mllﬁ}iﬁwu Reduced-Order Observer Aau@Ad UM NN 2.8 Reduced-Order

v Y v 1
Observer 71 1991035 MHV19AT ¥ N Luenberger Reduced-Order Observer

System Model
r + - y
u | X = AX +BU o
+ y = Cx
L 4
Control Law Observer
_ P XD A
K A X—(AEZ_Lﬁz)X"‘BzU""AlzXz -~

NN 2.9 Block Diagram U84 Reduced Order Observer

Worffouiiounuan1An19e 581319 Full-Order Observer 1182 Reduced-Order
A 9 Yo A < 1 a J o ] =
Observer ﬂﬂizq%ﬂ%’ﬂmi@ LHUNVUIAUDN LUATNY 11 TU Reduced-Order Observer HUUIA

ﬁ}@ﬂﬂ’jﬂjuTﬂﬂJ@QLM@%ﬂﬁffﬁﬂﬁ%}ﬂ Full-Order Observer Lﬁi’)ﬂfﬂ”lﬂmlumﬂﬁﬂ Reduced-Order

(3

1o & Y 1 2 o A o 1 Aw
Observer s uApasanamdmlsan1Iens 6 #9 [r, @, @, X, Vs, Vpine] H301101770
Y a 4 ] Y o ] Y 2 QY ax Y &
Tdvsannrweas 1 ldlunistloundun Gain - Tasasdldias Fuiludeadndonilavo
A o q Yo g ] & '
Reduced-Order Observer N1 1¥awals lunisaiuiutiosad ¥aazaieaanallunslssuirana

@ < 1 Ay v [ o J
"llmin’UﬂTUﬂﬂnghﬂ ﬂ\ﬁ]glwuhlﬁl')'] L'Ja'lﬂllﬂﬂ'\ﬂﬂ'li‘ﬂﬂa@\jﬂﬂllﬂﬂfﬂ’]a@\iﬂ']\iwaﬁ’]ﬁﬁieuaq

A

@ < o 4 A A w : v A
FomdalUMATLAB/Simulink Tagiflunailunmisiiaosmanaeunainyainaniillédnga

[

NOANTINUTLIZMNU 20 1UAT
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Matlab/Simulink LabVIEW

Anmsiaesaums

A4 4 A
NINADUNVDIID
A 4

Hravsmsmuguwamansmsnaoud

A o
VBIUIDAYN

A 4

ﬁmmﬁx‘uummwmu

HJoundudlsanie

3210 Observer Estimator

A 4

Uszavg 1sunsuiieum

3 SAd 11N GPS

L

UseAng Tsunsuiie e
e Tanuideanin IMU

Y

A 4

- Usvangllsunsudmiy
finyganIugw
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3.2 gunsainlFlumsdniivau

L o
3.2.1 !3'8'] Atlantis12 W%}@N woansounayuuas lunwa

AMAVLANIINEN N
ANV 385 m
ANuNa 68 cm
vwin 18.50 kg

suihminlagege 10430 kg

MNA 3.2 (59 AtlantisI2 [6]

3.2.2 DC motor tazgilnsaiane lilihiumaou

1 a & 2 & @
m‘wﬁ 3.3 NMTAAAN Wf]ﬂWi@LWTﬁ%uLLﬁXQﬂﬂiﬂ‘lﬂ’JﬂﬂﬁJ
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3.2.3 e sudyanal GPS ouand
Y
GPS (Global Positioning System) fAo3ZUUMUUARILHUILUNY TanA1ua1IRey
a o dy A Y o [ a A = ~ A [
Tagnauunuland la szu1nnmsmuiadygrauninifdinnariiion v1Nn3 o5y
@ = ~ 9 o ' Y Z Y
dygar GPS arufisy GPS fidunsaldszydmmialdi szgneenuuuiasmwiz 19 Inse
4 19 a ° Yo Ao o v¥ 9
souTan edsdoyanazih llddmnunnaseniaasanal szuu GPS azihaulauudes

Usznoulldae 3 drundnie

D amilgn - Swhiinwaumsio saudealaesvesnniios uasldan
Yoy mﬁm‘ﬁgﬂﬁ’m AUATINBN GPS
2) M1UNBY GPS : 4IUV0IA1NNEN GPS Gluﬂ%fgﬂmi“u NN 3 FIANAN9) AD
- NAVSTAR : 91nveetlszimaem3n finanua 24 a2s TasaseuTanfinnuia
12 %1 Tuasie 1 50U
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U L

3 a o
TuSonTn sgae1szidie tNMuald tazgATu 5INTIWIU 27 A

- GLONASS : (GLObal NAvigation Satellite System) N1 Iag5aide

[

. < ~ A o ~
- Beidou : 1Hua ey GPS Anaanmun lasilszmeadu

A [ 4 v o Y G4
3) nsesiudnna GPS ¢ Jldauamisasudyain GPS 1dningdnsainaies

A @
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U
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Abstract

In this research, a waypoint-tracking controller using State
Variable Feedback Control is implemented and applied to control
kayak motion. Mathematical kayak model is used for testing a Full
State Feedback Control using Observer to estimate kayak’s
states. Two configuration of waypoints, Circular configuration and
Grid configuration were tested the results showed that the kayak

was able to track 2 type waypoint configuration accurately.
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