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[bookmark: _GoBack]In terms of animation representing realistic movements and behaviors has always been difficult. While from a programmatic perspective we could directly manipulate each joint into the desired movement it becomes hard to make it look fluid and organic. On the other hand if we were to purely use physics via torques and forces it becomes increasingly difficult to get the desired behavior or movement. Thus the approach usually taken is by using a genetic algorithm which eliminates the need for entities to know the parameters by which they were created. Fitness evaluations can be automatically calculated or at run time. For the scope of this paper genetic evaluations would be searching for the optimal candidate in terms of efficient movement, determining the creature’s morphology and control system via their individual fitness. The genetic morphology is a directed graph of nodes and connections, each of which contain developmental instructions for the creature. Starting at the root-node a phenotype is generated by tracing through the connections of the graph. If a recursive or fractal structure is desired Nodes may connect to themselves or in cycles. A node contains information describing each rigid body part as well as its joint type.  Each connection contains the placement of a child relative to its parent, orientation, scale, and reflection. By using a terminal flag which is fired at the recursive limit or last connection tail or hand like components are permitted to occur at the end of chains. A creatures behavior is solely dependent on its brain, which is a dynamic system that takes input sensor values and outputs effector values. Aforementioned outputs are forces or torques at the DOF for the body joints. Sensor, effector, and internal neuron signals are variable scalars which can be negative or positive. By using signed values rather than unsigned single effectors are able to push and pull regardless of its realistic biologically. Each sensor is contained within its own respective part of the creature’s anatomy. These sensors measure aspects of its own part or world information relative to that part. Joint angle sensors measure the current DOF for each joint while contact sensors are Booleans which activate when contact is made and deactivate otherwise. Contact sensors are on a 1 to 1 ratio with the faces of the 3D mesh. Photo sensors react to global light source position; by utilizing photo sensors in pairs of triplets they provide the coordinates of the normalized light source direction relative to the sensors part orientation. Additionally accelerometers, sound detectors, or other proprioceptors may be included to gather more world information relative to the agent. Neurons give creatures the possibility of arbitrary behavior. Neural nodes can contain a set of mathematical functions to evaluate its history for better genetic evolution. An Effector simply contains a connection to a neuron or sensor from which it receives a value which is scaled by a weight and then exerted as joint force. An Effector might be used to emit a sound or smell based on the input from its synapses. The external forces that are exerted onto an Agent which would be used in its fitness are determined by the behavior that the Agent must represent. In the instance of walking friction and gravity would be calculated and applied to the Agent. For swimming we would calculate viscosity and perhaps even stream force.  

