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Fig.2 Block diagram of the control system of aquaculture robotic fish
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Fig.3 The structure diagram of the aquaculture
robotic fish software system

Frene AR F o { B} AHR & B9 545 117 A= HLAS fL BT
HA, Ho, BRI LS AR TT 18],y 18 AL, 2
-5 o ANy AR A T AR 2R 5{ SF FARAR R A4 I
RO EE A AT — i P, Al i Y 1) i g T
[6] ety AR 0] i 2ge 2B 55 O P RO R AL AR
o () F ey (5) 2030 0y AR R AR A e A . Rk
i (LOS)jIl o Oross MUITR ZE AR 4, 0,5 Ay AH

MR RS
B4, (z,y,2

VAT ARRR R O s AR AR

-
A, i
, |
P A
e -
XA A i
I
z Uy \9 i
v-‘ |
I
o Za AN i |
! 9105‘ 7
/‘;
| < v /
<
! Pt L 9
s N )
{{/ :{w// . e V
Vo meme
{1} v sm
S VS,
A
! 17

B4 ZEREREREF SRR
Fig.4 Space path tracking control coordinate system

B (2, y.2) B ASF} AR RN P i 0907 E
w, v, w, g Mror 5 g Hlas 7E { B} AR bR 2T B9k

R EE R ) R RE T ] ORE AN A R R TR A
B 5 AL 0 0 ) AR S0 R AR R = ¢ B,
0.=0+a; H | =
arctan (v/ Vu’ +w?® )43 B BCF ST A 5 5 L{SF )
AR R AT TF{ T} AR BR R RS 1N 0 = arctan (—
$p/ Jir+ e ) M gp=arctan (yp/dp), H HAH ¢pr=
c1($)$,00=1c,(s5)50

AT 05 A= L 0 T i B3 5 43 A, HLo %07
I3, AW T 2 B AR ek Bl T B I, A 5 TR PR
B RS, R, KN HLER R 5 [ B Is Bl 2 A

a=arctan (w/u ),



262 LRI I NI <3 4 41 %

RUTRIS Jy 2 AL T Horp o, (i=1,2, 3,5, 6) Sy ML f B Bt A
&= ucos¢gcosd — vsing -+ weosgsing BN d,(i=1,2,3,5,6) Fles 2k Pk m ik
y = usingcosf + vcosg + wsingsingd NS dy b= u, v, w, q, r 53 B LS A 18 B
G, O SRz 98 T4 G LB 93713 < h A
-9

VR 2 I BT B . o ML T o il T

¢=r/cosd .
Hilw A T, o, o, Pl 58y il = Bl A Y
L MpUr — mypwg — dyu-+tr, iy
“ mny “ Ji5E
g —Mutr —dpv HRXPFRG u, g Frfiifh
Moo ’
T
. =F,+—+d,
wzﬂlnuqmﬂ{»dh (2) u my
33 ) T,
. (myy—my)uw — dssq — Ghsind + z, Q:Fq+m*i+dq (3)
= ms; Td, v
—p T
i_:(’77117]n22)uv7d667+ TV—"d,. F=FF Mg td.
Mg

Mapvr — Mazwq — dyu
Hop F,= Fy= “ :

my Mss Mg

FERLES gk Mk IR R 40 o, BB AE A (wo — wa) /(& + w?), i, 0 Ml w i B 125 2 (2)
FEA A T 0 <, AU AR A o R 2 A E),
AMHEDLRE G 77 A o A S PRSI, VB I 2 i AR G a7 3)FE il o) A . ABFFE B B AR — R
BT G 7, B W S AT AR P AR s EAT G S 2 £ AR = 4 s (A P R B SR R AR T
PO RAL T 42 ) B, AT S Ay s DA - i 1 B AR A - A R 42 o ) 045 s ] T Rt A LS £ T 1)
JIFEARERL, SR 5 A D VR B TR W T B AR SE S B R B 0, R, JE T LS A0E B 2 MR S
HSEBRR R A AR/ e ARBFGEALET R HLER A = 1 2k (038 By 2 3 e L LA A 0T 28 110 200 f £ 3ok e
Ak BEAR IR (0] R, AT 4R O R A BT . PV £ S 1, (o AR BB A 25 1 £ — oo INF I
BB THE MM 5 A Z W AR R AL TR g3 Jp e AL 3h 2 b A | DL A 2

(m33 — mu)uw — ds55q — Ghsind F (mn — m22)uv — dgr

LEF R Rt — AN AT 1, BT, RIS 2,y 2, Bl — w7 1> oo IR
2)BEARER R IR S A . B (T} ARBR R R HOPLAY SFE

AN R ERAL S P RO ER 22 54 5 { SF AR AR 22 Sy AL e A B A DL T (e

Lk U AL 1 HLAS 0 STERER 2 . v, 2, AT T

cosgpcosly  singpcosly —sinbdp

—singp COS¢r 0

Ze
Ye | =
<.

Sy BZORIERE T R RO .
W |d,|<d,|d|<d, |d.|<d.|d,|<d,|d|<

2 2p

cos¢gpsindy  singpsinfy  costy

A (4) AR GRS RN d.|d|<d.|d|<d.|d|<d..|d,[<d, #
1:"4,: U cos 0, c?s &. eryc'l(s)-&cos 0 — Z{cz(s)f‘ — § i <2,., b ddodod,d, ;w ;w ;w zq -
y.=Ucosd,sing, — x,c,(5)5cos Or — z.c,(5)$sinOr (5) _

2, =Using, +z.0,(5)s 4+ y.c,(s)ssin G d,ﬂ‘jﬁﬁo
ST BB BRI U= Vo 4o ;4 MRBREREEMEGT
, <] £ o [ 42 HH 22 42 2l dox
7 T4 L 55 TRV 7 £ R Bl ) i 290y Kl 5 ﬁfﬁi*ﬂ%ﬁ@&%h&ﬁhﬁﬂ?ﬂ%ﬁﬂ@ el
A B AR RS, i = LOS Bk
I s AT S (6)  FCATHLAR O ITER AR G0 LA 0 L PR )
0.=q+a—cy(s)s ElE graE il . 5 RSN IS A

Hob, f=(ou? Fw — v ui + ww VU G T T TIOR8 RS R Db 2
Vit +w? fagf) 27 n)



54 EEME % KT IR RS S YR AR IR R 263
() A
25 T
2 "ff %" ] l
i - B — e [
d, . .
! . i L S LR
LI + Herem| | LOs o ) 5 By s il AR ALY
A% _ BRVSIE| A ey Rl 2 d,
[ o B T e 5y AN
6 ~ i e
E5 #las &R EREREH E
Fig.> Control block diagram of robot fish path tracking
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Fig.8 The position error between the robot fish and the expected trajectory
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Fig.9 Line speed and angular velocity of robotic fishing
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Design and three-dimensional path tracking control
of robotic fish in aquaculture

WANG Yicai, XIA Yingkai,ZHU Ming,ZENG Xin, QI Xianghong

College of Engineering/Ministry of Agriculture and Rural Affairs Key Laboratory of
Agricultural Equipment for the Middle and Lower Reaches of the Yangize River/
Key Laboratory of Aquaculture Facilities Engineering , Ministry of Agriculture and Rural Affairs,
Huazhong Agricultural University , Wuhan 430070, China

Abstract A robot fish in aquaculture for real-time monitoring of the whole water area was designed
and a control system of robot fish was built to facilitate the monitoring of water quality and underwater fish
activities. The three-dimensional spatial path tracking error model of the robotic fish was established in the
Serret-Frenet coordinate system to realize the precise operation of the robotic fish and study the three-di-
mensional path tracking control of the robotic fish. Based on the 1.LOS guidance law and Lyapunov theory, a
fuzzy sliding mode controller was designed. The algorithm has the advantages of fast convergence speed
and strong robustness. Finally, Matlab simulation was used to verify the effectiveness of the control algo-
rithm proposed in this article. The results of simulation showed that the designed controller enables the ro-
botic fish to realize three-dimensional path tracking control under the condition of model parameter uncer-
tainty and unknown external disturbance, and its control accuracy and robustness are significantly better
than those of conventional PID and sliding mode controllers.

Keywords bionic robotic fish; three-dimensional path tracking; fuzzy sliding mode control; motion

control ; autonomous underwater vehicle ; intelligent breeding equipment ; underwater vehicle
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