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Introduction 
Most physical systems experience fluctuating 

dynamics throughout their lifetime. Variations can be 
attributed, in part, to material degradation and decay of 
mechanical hardware. Practically, these variations 
worsen the reality-gap issue associated with 
evolutionary robotics. Specifically, they cause the 
reality-gap to widen after deployment. 

Designing control strategies that mitigate the 
negative effects of such variations can be difficult. One 
approach is to utilize model-free adaptive control 
(MFAC) [1], which learns how to control a system by 
continually updating link weights of an artificial neural 
network (ANN). 

However, determining the optimal values of various 
control parameters, as well as the structure of the ANN, 
is challenging. In this study, we investigate how to 
enhance the on-board adaptability of MFAC-based 
systems through computational evolution. MFACs will 
be utilized to control a robotic fish with a flexible 
caudal fin [2]. We first perform experiments in 
simulation, but in our ongoing work we are evolving an 
MFAC on-board. 

MFAC 
The MFAC controller takes an error signal as input, 

and controls the robotic fish such that this error is 
driven to zero. 

Robot 

Stickleback Sized 
 real  :  4 to 6 cm 
 robot  :  7 cm 

Electrical Components 
 μ-controller  :  32-bit ARM 
 accelerometer  :  3-axis 
 gyroscope  :  3-axis 
 sensors  :  2 light 
 wireless  :  2.4 GHz 
 motor  :  EMA 
 battery  :  150 mAh 
 untethered  :  1 hour 

Discussion 
Preliminary results demonstrate that a robot 

controlled by an MFAC is able to adapt to subtle 
changes in material properties, as well as a range of 
different commands from a high-level controller. 

Changes beyond a certain extent, however, will cause 
an MFAC to lose its adaptability. In such cases, a more 
costly technique such as self-modeling can be used [3]. 
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Experiments 
Differential evolution (DE) and the 1+1 evolutionary 

algorithm (EA) are being studied to optimize MFAC 
parameters. 

On-board 
Our ongoing work includes 

evolving MFAC parameters 
on-board the robotic fish 
pictured in the center column. 
The robot will be performing 
the station-keeping task in the 
flow tank pictured to the left. 

Simulation 
In our preliminary 

investigation we 
evolved adaptive 
c o n t r o l l e r s  i n 
simulation using 
DE. 

MFAC controllers were capable of driving the robotic 
fish at any speed specified as an input. 

Additionally, the adaptive controllers were capable of 
handling changes to the control signal and fin 
morphology. 

The (1+1)-EA will be utilized to find control 
configurations that enable the robotic fish to swim 
against differing flows. 


