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ABSTRACT

Control of Underwater Robot with 4 Thrusters

Seo, Young Nam

Advisor : Prof. Ko, Nak Yong, Ph. D.
Dept. of Control and Instrumentation Eng.,
Graduate School of Chosun University

This paper presents speed, depth, and heading control algorithms for an
autonomous underwater robot with four thrusters named the Oual Use
Semi-Autonomous Underwater Vehicle (DUSAUV). The proposed algorithm adopts
linear quadratic (LQ) controller to give an optimal solution including that
of the algebraic Riccati equation (ARE). In order to facilitate the
controller design, DUSAUV which is the generic nonlinear dynamic system of 6
degree of freedom is linearly parameterized in terms of the speed, pitch,
and yaw to state-space representation model. In this paper the LQ control
provides an optimal thrust distribution minimizing the performance indices
to speed, depth, and heading control. The simulation result is executed on
Simulink, MATLAB.
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cos@cosy singsindcosy —cos@siny  cos@sin @ cosy + singsiny
=| cos@siny singsinfsiny + cos@gcosy cos@sinfsiny —sin gcosy
—sind singcos cosgcos @

S paad:

X u

y|=Tg|v

z )

(4.4)

cosfcosy singsinfcosy —cos@siny  cosg@sinfcosy + singsiny

=| cosfsiny singsinfsiny +cosgcosy cos@sindsiny —singcosy
—sinf singcos @ cos¢@cosf
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X, ¥,z 1 N7 DHIEHOUAMNS £FZ2L9 &<

_21_



ALCHBHU:
P |4 0 o] [1 o —sing || ¢
q|=|0|+T, 0 +1,15| 0 |=|0 cosg singcos® 0
|7 0 0 4 0 —sing cos@cosd ||y
ros . -1
@ p 1 0 —sin @ P
0 |=Ty,| qg|=|0 cos¢g singcos® q
v r 0 —sing cos¢gcosd r
1 singtan@ cosg¢gtand
T,, 2|0  cos¢ sin ¢ cos 6
0 singsecl cosgseclHd
Hydrodynamic F.M, A
Forces & Moments 6-DOF Nonlinear i
»  Dynamic Equations : I
of Motion
Gravity F
ravity Force = v
/75 ¢
1(E/B) p.q.r
A v
Ti(E.»‘B)
J. « — &
Y.z &2 Fiteri
4.6,y $.0.y
Tyz, 5y :Euler Transformation Matrix
(Linear Velocity Transformation)
Tyx, 5y :Euler Transformation Matrix
(Angular Velocity Transformation)
18 4.3 =3222 MM /AXE UEHHE 2
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SE BEAZS AIESiCH. 0 SsYHdEAMNMeE 282 IEF2 FAIGHACH
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Mv=F. .+F,+F +F,,, (4.7)

v=_{1u v, Wb ¢ 2EERO DS HEHNWA ItHC8IH
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0 m pPK 0 —sz—fZAYp 0 mxc—gf}’)
Py
0 0 m-—I'Z, myg -mx,——1'Z 0
M= ) ) ) (4.8)
4 5 S
0 —mZG—El K‘v. myG ]"‘_El Kp _[xy _I:\+5[ Ki'
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Y, = 21 (YVV+XVMV|V|)+ 2l Yr+ 21 Yer|r|
_Pp 2 P 3 P g4
Zn _El (Z,,v +Zwa))+51 qu+El Zq\q\‘I|CI| (4.10)
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P 2 P 14 P 5
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Z,.. = (W—B)cosOcosg (4.11)
K, = (YW —ygB)cosOcos¢—(zoW —zzB)cosOsin ¢
M,,,= —(xgW —xgB)cosOcos¢ —(zoW —zzB)sin @
N, = (xcW —xgB)cos@sing +(y;W — yzB)sin @

Fa.e =222 Ul e =8I12 =4
Fprust = [X st Ywust Zowust Kiwust M st Nthrust]T
Xipust = X1+ Xpy + X3 + X7y
o
Zppusr = 0 (4.12)
Ky =0
M sy = =My =Mpy + Mpy + My,
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(4.14)
+w(cosy sin @sin ¢ + sin i sin ¢)
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LIEFHCH 13][14].
X = Ax+ Bu (5.4)
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(m—%pPXujd=%plsz(uL+uR+bL+bR) (5.15)
AT 1

[y—Epl M, q=5pl uqu—Epl by (u, + u,— b, — by) (5.16)
) Q- o1, | R

IZ_EPZ N, r=5pl uN,,r—Epl by(u, — u,+ b, — by) (5.17)

F=ZZRS XML FXEsE 2gd 22 0180 Us Az HIEM
[10][15][16].

Z =—usin @ +vcos@sin g+ wcos O cos ¢ ~ —usin @ = —u,0 (5.18)

O =qcosg—rsing~qcosg~gq (5.19)

,/‘/:(qsm¢+rcos¢)zrcos¢zr (5.20)
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