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A Biomimetic Underwater Actuator 
- Categorization of fish using swimming behavior, and development of fin actuator using electro conductive polymer - 

 by Kimikazu Sugiyama,  Student Member Kentaro Yamato 
Kazuo Ishii,  Member Keiichi Kaneto,   

Summary 

Precise motion control without mechanical noises is a technical issue on the operations of research vessels and underwater vehicles 
in order to observe creatures in actual. As a solution for the problem, we pay attentions to bio-mechanisms of underwater creatures, 
especially undulately fins being used for attitude control. Bio-mechanisms of creatures are adapted to environment as a result of
evolution. If the motor control mechanisms of the creatures can be introduced into underwater robots, there is a possibility to realize 
a high performance actuator. In this research, we have been trying to develop a bio-inspired underwater actuator instead of screw
propellers. As the material of the actuator, electroconductive polymer is used as an artificial muscle. We describe the concept of the 
developing actuator, behavior of water creatures and development of electroconductive polymer and the results of performance 
evaluation test of the developing electro conductive polymer.  
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Fig. 1 Classification of fish locomotion 11) 12)

Table 1 Feature parameters of fish 
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Fig.2 Result of categorized map using SOM
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Figs.3 Classified by each parameter 
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Fig.9 Principle of bending motion 

Fig.10 Photograph of produced PPy/CF3SO3 film on titanium 
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Fig. 11 Measurement system of the experiment 

Fig.12 Test piece for the experiment 
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Fig.13 An experimental result of PPy/CF3SO3 film (Input signal 

is sinusoidal wave 0.01[Hz] at -800 to +600[mV], weight load is 

0.6[g], driven in NaCl solution at 0.1[mol/l].) 

Fig.14 A part of close-up in Fig.13 for from 10000 to 11000[sec] 

(Solid line: Strain, Dash line: Supply voltage) 
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Fig.15 A strain data of PPy/CF3SO3 film (Input signal is 

sinusoidal wave 0.1[Hz] at -800 to +600[mV], weight load is 

0.6[g], driven in NaCl solution at 0.1[mol/l].) 

Fig.16 A strain data of PPy/DBS film (Input signal is sinusoidal 

wave 0.1[Hz] at -800 to +600[mV], weight load is 0.6[g], driven 

in NaCl solution at 0.1[mol/l].) 
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Fig.17 Amplitude spectrum data of a frequency response taken 

from PPy/CF3SO3 film and PPy/DBS film (Solid line indicates an 

approximate curve of PPy/CF3SO3 and dash line indicates an 

approximate curve of PPy/DBS.) 

Fig.18 Phase spectrum data of a frequency response taken from 

PPy/CF3SO3 film (rhombus) and PPy/DBS film (square) 

Fig.19 A strain data of PPy/CF3SO3 film driven in seawater at 

0.004[Hz] (Seawater corresponds to approximately 0.6[mol/l] in 

NaCl.) 

Fig.20 Beam model 
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Fig.21 Strain-Stress graph (CF3SO3, NaCl 0.1[mol/l], 

0.1[Hz]) 

Fig.22 Bending motion of PPy/CF3SO3 film attaching a fixed 

length film with no expansion at 0.001[Hz] 

Fig.23 Sequential photographs of bending motion at 1.0[Hz] in 

NaCl solution (frame/ sec) 

Fig.24 Trajectory of a bending motion at 0.3[Hz] in 

CF3SO3Film
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(Principle Component Analysis, PCA)
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Fig.25 Schematic view of architecture of SOM 
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