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Optimization of Input Parameters by Using DOE for Dynamic Analysis
of Bio-inspired Robotic Fish ‘Ichthus’
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Abstract: Recently, there is a rising interest on studying bio-inspired robotic fish because of real fish’s great maneuverability
and high energy efficiency. However, the researches about the robotic fish have not been done so much and there are still lots
of problems to use them in the real environment such as in the river. This paper describes a bio-inspired robotic fish ‘Ichthus’
which is developed in KITECH and has 3 DOF propulsive mechanism. We develop the dynamic motion equation of ‘Ichthus’
in the underwater environment and analyze response characteristics of ‘Ichthus’ according to the input parameters of tail fin’s
amplitude and oscillation frequency. Then we propose control parameters at the various velocities. These parameters are useful
to increase energy efficiency and it can be used when the fish robot moves in the real environment, for example, we can
propose proper amplitude and oscillation frequency when the fish robot passes through the narrow space between obstacles.
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Fig. 1. Mechanism model of ‘Ichthus’.

E L YR 7R ARE

Table 1. Specifications of ‘Ichthus’.

body size 420mm(L) x 80mm(W) x 130mm(H)
weight 1.2 kg
A= |6 (A=Y 3, I A=) 2, A& 1)
battery 7.4V Lipo
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Fig. 2. Analytical Model of ‘Ichthus’.

2. ‘lchthus’ dynamic model
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Fig. 3. Model of inertial fluid force.
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Fig. 4. Model of lift force.
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Fig. 5. Results of Simulation. In order joint 1 torque, joint 2
torque, joint 3 torque, velocity(Input : 0.8 Hz, Amplitude
20 deg, Um 0.03 m/s).
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Table 2. Factor and level for full factorial design.

Amplitu Amplitu Amplitu | Frequency

del(deg) | de2(deg) | de3(deg) (Hz)
FE 1(+]) 35 35 35 2.5
T 2(-1) 5 5 5 0.5
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Fig. 8. Result of optimization (When target velocity is 0.3m/s,
optimized RMS torque is 0.1908Nm. Input values are
Amplituel: 10.77 deg, Amplitude2: 524 deg,
Amplitude3: 35deg and Frequency: 0.5Hz).
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Table 3. Input values according to the target velocity and result of

simulation.

=E QA AR E =M AxD Simulation 2%}
4% | Amplitude | Amplitude| Amplitude |frequency| 4% | Trms
(n/s)| 1 (deg) | 2 (deg) | 3 (deg) | (Hz) | (mfs) | (Nm)

03| 1077 5.24 35 0.5 031 | 019

05| 714 35 35 0.5 053 | 035

07 | 2399 35 35 0.5 068 | 057

1 725 10.31 35 1.6 1.04 | 1.89

1.5 20 20 31.18 144 | 162 | 313

1.8 5 34.99 5 231 | 1.89 | 5.66

% 4 71& 4838 simulation 23}

Table 4. Simulation result with previous input values.

A=Az Simulation A3}

Amplitude | Amplitude | Amplitude | Frequency | &%= | Trms
1 (deg) | 2 (deg) | 3 (deg) (Hz) (m/s) | (Nm)
15 15 20 0.8 0.66 0.67

20 20 20 L5 1.57 3.18
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