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Goal(s) of the Project
1.To develop a simulation environment for the 

study of the dynamics involved in bipedal 
walking.

2.To design and implement an analog circuit 
capable of producing the patterns for 
dynamic walking on a level surface.

We are following this approach because of the 
simplicity of the design and modeling. 

What is a Cellular Neural Network?
A Cellular Neural Network (CNN) can be 

qualitatively defined as an array of identical, 
locally interconnected nonlinear dynamic 
circuits. Mathematically, a CNN is described 
by ([1], p. 12):
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SolidWorks (http://www.solidworks.com) model of our bipedal walker.  The top figures show the robot in 
standard view, the figure on the right is the wireframe model showing the detailed servo design.  The 
bottom figure shows a transparency view of the servo for the left knee.  The detailed modeling of the 
gears helps us analyze the stress level on the parts.

Reaction-Diffusion CPG

The reaction diffusion equation shown above is a 
very good model for bipedal locomotion since the 
reactive part of the equation corresponds to the 
dynamics and the diffusive part corresponds to the 
interaction between different neurons.  It can also be 
easily implemented using op-amps

Cellular Neural Network Based Central 
Pattern Generators for Bipedal Walkers

http://chess.eecs.berkeley.edu

http://raptor.calrobotics.com

2
|)1||1(| −−+

= ijij
ij

xx
y

What is a Central Pattern Generator?
Walking animals employ several distinct periodic 
patterns of leg movements, called gaits.  The Central 
Pattern Generator (CPG) is a network of neurons 
producing this periodic pattern for locomotion ([1], p. 9).  

In the equation above, A and B are known as the 
feedback and input cloning templates respectively.  xij
is the state of the ijth cell and N is the r-neighbourhood.  
y and u are the outputs and inputs of a cell 
respectively.  The nonlinearity arises because of y: 
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C System Block Diagram

Op-amp                           Javelin                     Walker
CNN CPG                       JSTAMP                    Servos

MATLAB Simulation (by Ishtvan)

Circuit Implementation (by Bharath)

SolidWorks Modeling (by Spence et. al.)
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