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Ptimization and experimentation on the kinematic
model of bionic robotic fish

WANG Ping', XU Bingzhao', LOU Baodong®, NI Yujie'
(1. College of energy and electrical, Hohai University, Nanjing 210098, China; 2.Mechanic Skill Training Center, Hohai University,
Nanjing 210098, China)

Abstract ; Bionic robotic fish are a new type of underwater robot with the advantages of high speed, high efficiency,
and reductions in energy consumption. To further explore the mechanism used to move these bionic robotic fish, we
focus on the present kinematic model and identify defects, e.g., the head sway caused by the manufacturer and in-
herent fish structure has not yet been considered. Therefore, after considering the head sway of the bionic robotic
fish, we establish a head away equation, introduced the sway offset, and revised the kinematic model. Next, we
used MATLAB to optimize the model. Our analytic results show that the revised kinematic model more precisely de-
scribes the swimming properties of the bionic robotic fish. Finally, we applied our revised kinematic model to exper-
iments involving three-joint bionic robotic fish. Our experimental results show that our model can effectively restrain
the head sway of the fish and thereby increase the swimming speed.

Keywords : bionic robotic fish; kinematic model ; head sway; swimming speed; rotation center; swimming charac-

teristic; fish body wave; cruise
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Fig.1 Simplified physical model of robot fish
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Fig.2 The curves of robot fish
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Fig.4 Three-joint bionic robot fish
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Fig.5 Motion control experiment of bionic robot fish
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Table 1 Head swing angle experiment of three joint bionic

robotfish
S iiay i B IERERY
Kk E CkEREOE B KRR
F/Hz  SIIE /(°)  WUR/Hz ShFABE /(°)
1 1 12 1 10
2 0.9 12 0.9 10
3 0.8 11 0.8 10
4 0.7 10 0.7
5 0.6 0.6
6 0.5 0.5
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Table 2 Speed experiment of three joint bionic robot fish

N Wl o
;ﬁ Wesh SR GPEEEE Wear SoRMEN henE
BEEf /m  BE /s v/(m-s™) BEEL/m WBE:i/s v/ (mesT)
1 2.0 3.40 0.59 2.0 2.80 0.71
2 1.8 3.02 0.60 1.8 2.55 0.71
3 1.6 2.60 0.61 1.6 2.30 0.69
4 1.4 2.35 0.60 1.4 2.01 0.70
5 1.2 2.03 0.59 1.2 1.75 069
6 1.0 1.70 0.59 1.0 1.50 0.67
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Fig.6 Comparison of head swing experiment curve
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