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Abstract

Controlling high degree of freedom (DOF) mobile robots in complex natural environments is challenging and is arguably beyond the abilities of developers to solve analytically in an acceptable amount of time and cost. Automated control development methods such as learning and genetic algorithms (GAs) have been successfully applied to a number of difficult robot control problems. GAs and learning methods, however, each have limitations when used as the sole method for developing control. Although neural networks are effective in dealing with complexity on the sensory side, a high-DOF robot application has both complex inputs and multiple outputs, and traditional neural network learning methods suffer from the credit assignment problem. On the other hand, a purely GA approach is limited in the number of parameters that can be handled, and thus is inappropriate when sensory input is complex, such as from video or LIDAR input. 
This paper describes the Seventh Generation (7G) Control System, a biologically-inspired software system that combines genetic algorithm methods with a reinforcement learning (RL) neural network system. A control agent, which accepts sensor data as input and outputs control actions, is based on a neural network implementing a reinforcement learning process. An integrated genetic algorithm system modifies fixed parameters of the control agent to evolve the best control agent based on fitness. Fitness is measured by the success of a control agent in learning to control behavior of a simulated model of the robot in selected simulated terrains.

An innovative feature of the 7G learning system allows developers to create a program, called a script, as a foundation from which to bootstrap 7G’s learning. The script is based on the developer’s analysis of the relations between sensory input and actions. Unlike the learning-by-example method, even if the script does not always select correct actions, it greatly accelerates the development of control by reducing the search space for the learning algorithm.
Learning and evolutionary methods require very large numbers of control agents and/or training trials, so using a real robot to develop control is rarely feasible. It is far more efficient to conduct the control development process in a simulated environment where automated tools are available. Accordingly, the 7G system was integrated with the Yobotics Simulation Construction Set, a 3D physics-based simulation system that provided measures of effectiveness of the control and allowed the developer to visualize progress during the iterative development process.
While the 7G Control System has been used to develop control of several high DOF robots, the example described in this paper is development of a control system for the OmniTread OT-4, a high DOF serpentine robot from the University of Michigan.
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