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The notion that the whole is greater than the sum of the parts is very applicable when considering the
concept of emergence in complex systems. Given a system consisting of homogenous sub-systems with a
set of behaviour and constraints, we are interested in knowing how the interaction of the Sub-systems can
lead to emergence of system level behavior. In particular we consider the brittle star typed robot as the
system which is composed of homogenous modules (sub-systems).

Emergent structures in nature, such as ant colonies, neural networks and cellular automata provide
inspiration for developing equivalent computational models for solving difficult problems. Thus we
leverage off such computational structures to develop novel control models for the modular robot.
Specifically, the research reported herein explores cellular automaton (CA), neural networks (NN) and
finite state machine (FSM) as motion control models.

In the cellular automata-based control model, the modules of the robot are modeled as cells in a lattice
configuration representing the robot. Suitable transition rules transform the lattice in a manner which
induces motion in the robot.

The neural network inspired model considers each leg of the robot as a fully connected neural
network with modules represented as neurons interconnected via synaptic weights. Motion is achieved by
propagating phase information from the modules closest to the main body to the remainder of the
modules in the leg via the synaptic weights.

One way to visualize the module is to consider it as a finite state machine with the phase angle at any
given point in time being representative of its state. This makes the robot a collection of state machines.
Therefore the problem of motion control of the robot becomes the task of finding optimal sequence of
state transitions, which would transform the robot producing desired locomotion.

The proposed control models go hand in hand with a variety of parameters. Optimal settings of these
parameters is crucial in achieving coherent motion characteristics. We have adopted the evolutionary
computational approach, specifically genetic algorithm to evolve suitable parameters for each of the
control models.

The effectiveness of the proposed approach in terms of robustness of the models to modules failures,

and adaptability to different desired movements has been verified using simulations.
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