Project Description

Student: Kelley Hecker

Title: Evolving Motor Techniques for Artificial Life

Background:

The purpose of my project is to simulating unique creatures in a 3D environment using co-evolution of the creatures' mental and physical structures. Creature data is stored in a one-dimensional genome consisting of various nodes for each physical body segment. The brain of the creature is controlled by neuron modification of sensor inputs. There is a system for converting genomes to physical representations to allow for physical simulation in the environment, and eventual selection of prime candidates through a genetic algorithm.

Description:

The entire simulation will be run by the Controller object. At the beginning of each simulation the Controller will create an array of genomes, and maintain this array throughout. It also displays the creatures in the physical environment and measures their fitness levels. After the fitness levels are compared, the Controller will manage the reproduction of the creatures and update the genome array with the next generation.

Each genome is make up of several nodes, each representing a body segment in the physical creature. The nodes store physical dimensions for the limb, a list of connected limbs or children, points where the segment connects to its parent and children segments, and the neurons which will control the joints.

At each time-step the joint-angle values for each node are measured and passed to the Creature Genetic Algorithm. This algorithm passes the sensor values through the neurons for that node and produces an effector, which will be the joint velocity. Possible neuron functions are sin, cos, atan, sum-threshold,sign-of, min, max, if, mem, saw-wave, log, expt, devide, interpolate, and differentiate.

At the end of each generation reproduction occurs, which involves 50% of the creatures being copied directly to the next generation and the remaining 50% having their genomes crossed over to produce offspring. There is also a chance of mutation during this process.

In the end, fitness values are measured for each generation and can be graphed. A linear regression shows whether the average fitness is increasing over time. In my tests there was a fairly consistent increase in fitness values, and creatures with different movement techniques developed. Some used their legs to roll on the ground, while others flapped them like wings to bounce along.

