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Control and Implementation of S-start for a Multijoint Biomimetic Robotic Fish

WU Zheng-Xing! YU Jun-Zhi' SU Zong-Shuai* TAN Min'

Abstract This paper is devoted to the S-start maneuvers for a biomimetic robotic fish using the body and/or caudal
fin (BCF) mode. Considering the morphological characteristics of Esox masquinongy in S-start and basic principles on
fluid dynamics, an S-start control method for a multijoint robotic fish is developed. Specifically, two stages of S-start
are further identified: 1) Bending stage: To ensure the maximum turning speed, fish increases the effective area in the
posterior which is far from the rotation center to gain the maximum moment. At this point, fish bends its body into
S-sharp. The other benefit from the S-sharp is to reduce the movement of center of gravity, thus helping keep body balance
and strengthen the body stability in turning. Under the action of turning moment, the fish turns to the goal direction
quickly. 2) Unbending stage: An L-shift method is designed to obtain the main propulsive force. In this method, there are
always some bending joints perpendicular to the swimming direction to provide the force. At the same time, fuzzy logic
method is adopted to control the turning action of unbending joints in a relative small angle to guarantee the turning
accuracy. At the end of S-start, central pattern generator (CPG) is employed to smoothly switch to the steady swimming.
In order to ensure the swimming direction and obtain the major propulsive force, small amplitudes and high frequency for
CPG are adopted at the beginning. Then, relatively large amplitudes and low frequency are chosen in steady swimming.
At last, the experimental results on a four-joint robotic fish demonstrate the validity of this method, in which the robot
attained a maximum turning speed of 318.08 £9.20 ° /s and a turning accuracy of 1.03 + 0.48 °. The results obtained will
shed light on the maneuverability of swimming robots.
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Fig.1 Mechanical configuration of the developed
robotic fish
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Table 1  Technical parameters of the robotic
fish prototype
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the Esox masquinongy
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Fig.3 Coordinate systems defined to describe the

multi-link robotic fish swimming
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Fig.4 Schematic diagram of bending stage
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Fig.6 Schematic diagram of unbending

stage of robotic fish
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Fig.7 Structure of fuzzy logic algorithm for robotic fish
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Table 2 Rule base of fuzzy regulator
U EC
N A P
NB PB PB PB
NS PS PS PB
E ZE PS ZE NS
PS NS NS NB
PB NB NB NB

If Eis A;, and EC'is B;, then U is Cj;
AL, HEREDT SOR A Mamdani 2878, 44
H B RO ] 0k, BRI

(12)

u =

;mlﬂi(Ui)Ui
i 1s(U;)

S, w RO A 00 A o R JE
RO BRI BB, (U;) 258 0 2600 Y
AR (11), 15 2E AL A BRI MR
SEFReE R ur.
2.3.3 RRESEE
WA B, AR EE B, B W . i S)
Wk s RATEE, 2802 H CPG B HIpglsl. i,
CPG Rf5—RAIEfE T B MM AE HESh AR N

XA Z RGE R 4 oo %Y. CPG @il &
TG A AR B AR, SEE B AR G, 7 AR R T A
WES. BERT CPG MMl ik, Iz BTl
NI AR 202 fE RS fa gt T, 5% NfA
PREBRF LG, CPG fE N —FIE LR ik, B 5
TSEMZWEEEN, H R AR S HUR R AR RS, S2I
55 PRI R2-23, AR ST Hopf R 8 i 2
CPG BB, &Ml amfadsiEs). B 11 (a) 41
Pletf CPG MBIl 8 11 (b) A
CPG M fE S 2l fJUETRY CPG Kz
RAEABAET, G T R B AT P p k. oA,
ZHEUEN: my = 8.70/13.05, m, = 19.08/28.62,
ms = 25.50/38.25, my = 40.39/60.59, w; = 38/25,
©0; = 75°, hy = 4.0, hy = 5.0, ¢; = 6.0.

(a) CPG MRHRIM
{a) The topology of the adopted CPG network

1
2.0 2.5 3.0 3.5 4.0
Time /s

() CPG M ES

{b) The outputs of CPG for robotic fish in transition stage

K11 CPG M&hihaitl KimtifEs
Fig.11 The adopted CPG network and outputs for
robotic fish
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hy (21 cos p; + yi—1 sin ;)
Ui = wizi +yi(my — af — y7) + (13)

ho (i1 SN @41 + Yir1 COS Pi41)

| % = Gl



1920 H ]|

¥ [

39 %

K, i=1,--- ,n, n ¥~ CPG BIMNL; x4, vi
RRIRELE; w;i, my 730 RIRHR G #2701 [
B AMRAE; o, RoRIRGMETTIRIAIZE; by, ho
NG R, FHORDRmISOERE; ¢ RaitifES
TR R 3L; 2 FoniE S,

MR I, Fth e ik g, U5 Sy Brffhs
TR B m RS (S sk 11 ~ 12.5 Hz), fHfeE
Gt S . 75 R B AR SCHL A O T REALG A S i
I A, R, HLES T A o0 T 3 DL A AR 4R
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(b) Turning rate in S-turning
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Fig.12 Real-time data curve in S-turning of robotic fish

F#3 WM —45° S TRHL N Git il
Table 3  Statistical data on —45° S-turning of
robotic fish

ZH #1 #2 #3 #4 #5 WA L hREE

ﬂl%(@iiz%)}ﬁ —324.8 —302.4 —319.2 —324.8 —319.2 —318.08 £ 9.20

S

‘l'i(is%)ﬁ —72.00 —66.32 —76.36 —76.36 —70.00 —72.21 4+ 4.30
°/s

%‘ll’uoﬁﬁ —46.41 —46.02 —46.36 —46.14 —45.22 —46.03 & 0.48

fﬁé‘%%{f —1.41 —-1.02 —1.36 —1.14 —0.22 —1.03+0.48

*£4 TEME CPG HSHEE

Table 4 Parameters of CPG control in transition stage
S my ma ms my 2 h1 ho C; Wi

AT 8.70  19.08 25.50 40.39 75° 4.0 5.0 6.0 38

JE#1 13.05 28.62 38.25 60.59 75° 4.0 5.0 6.0 24
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Fig.13 Snapshot sequence of a —45° S-turning of
robotic fish

T 1515 K14 45 —45° S s R M
£ R b 2. AR 2R A, BLES B0k B AR T IR ),
FrEhmEAR — NMEE IR (4 1.5 ~2.5s), RJEHE
MNEANR — KR P Fa S (4 2.5~4s). BT
CPG [EA MbtTHae /1, TERIE SN K+ K 4k
AF, CPG 9k AR e I I HE =, fRIE T
HL#S RS e e i U4, AR S TR ahid 2
Zx K 15.

Turning angle /¢

1
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Time /s
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Fig.14 Turning angle of a complete —45° S-start

IR SIS A5 RIE T A SR . B
LI A S T B I 1A TR B SRS 2. ARIESe it
AT, EOTIEIUE T RAFINEE R, R R 2 AR A
1.03 4 0.48 °, WE{HHFEIAF] 318.08 £9.20° /s, ik
s T OCHR [13] H 120° i KL mE . R RN
A E R BRI RE], B FAEHLI S0 EE K& 1A R,
TVELE L s R, B2k — Rl ffk
S 2. B, REVEAERJER BOR A T AR MR — A5
) CPG BB R w52 1) S A 42 3 S L3
PR L AR PR 2, MLES e SR L K
WEAEL A B PO T HAR SR RN, PRIE T
WEsh 75w, HAk, BT EA P iEe 71, CPG 1R
A AR IR 7 R AR AR, AT B A ST A 4

5T, PRIE LS PR L IR i RS 5 77
i s

5 B 3

/= 1742 ms

< | -

1 =2 360 ms| 1=2798 ms r=2971 ms|

Bl 15 Hlaefh —45° S FERaILAE K
Fig.15 Snapshot sequence of a complete —45° S-start of
robotic fish

4 £Eip

AR SO T SN LR 0 2 56T 7 AR B AR £
WM T —Fh S A B IS VEIEEAT T SRR
WE. 7RI ERRY B, fadk S AR RAE O TR R B
(R4 F, ORI Ju%E, RmimdE, KA T
318.08 +£9.20° /s [MUEAH % [m] 3 B ; 7EAH R EL, L
TN B ITVEFT IF AR, IRAFATHE ). RIS, BRI 1
TIERE R, B R ARAIE T 5 RS . AR IR {E — AR
(¥) CPG BEAYLECRIUEF% [ kG FE (RIS, 1F— 2D 3493
BTy, SRR AR AW P R U

HAR G, PR B A R R R T R i
SEEETH, SRS T RGP RE. Bk, T —
AT, R R I E PRI AN P AR, TR R
JFEY 8 P 5T 2 FRI K AL 28 P RO RS B AT S HE T
= YEliE s ).
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