
METHODS 
A simulation environment—based on the Open Dynamics 

Engine—is utilized to calculate the fitness of each individual in 
the genetic algorithm’s population (A).  

Simulations also incorporate a fluid dynamics model of the 
interactions between a flexible caudal fin and water (B). 

Caudal fin motion is governed by the output of either pure 
sinusoids or Matsuoka neural oscillators. Neural oscillators 
have a wide range of possible periodic outputs (C). 
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 DESCRIPTION 
The nonlinear dynamics of an aquatic environment present 

a difficult challenge to the design of underwater robots. 
Conditions are hard to predict without a model of the physical 
interactions between robot and fluid. 

This study combines a physically-realistic simulation 
environment with a genetic algorithm to optimize both control 
and morphological characteristics of a robotic fish caudal fin. 

Control patterns are generated by evolving the parameters 
of neural oscillators and pure sinusoids. 

EXPERIMENTS 
The objective of evolutionary optimization in this study is to achieve maximal average velocity. Evolution acts 

on the control parameters (e.g. amplitude, frequency, and bias of a sinusoid) as well as on the morphology of the 
caudal fin (i.e. the Young’s Modulus which governs a material’s flexibility). 

To provide a baseline for analysis, initial evolutionary experiments involved control-only and morphology-only 
trials. In subsequent experiments control and morphology were evolved simultaneously. 
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RESULTS 
The experiments demonstrate that simultaneously evolving control  

with morphology produces the most fit solutions. Furthermore, for a  
particular fin flexibility evolution converges to a single corresponding  
control pattern, and any change to flexibility will require a correlated  
change to control. 

In this study, which does not include any control-loop feedback and  
only a single actuator, neural oscillators do not perform as well as pure  
sinusoids. A Fourier transform analysis of the two control methods shows  
that they converge to a similar solution. However, due to fewer parameters  
and simpler dynamics, the pure sinusoids are faster to converge. 

This study demonstrates that evolution  
can manage the complex interactions  
found among material properties, physical form, control patterns, and aquatic 
dynamics. 

Future work will include closed-loop control by integrating sensory feedback. 
Additionally, future experiments will rely on physical testing to validate solutions 
evolved in silico. 


