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Robotics researchers at the University of Kansas have designed a system for autonomous mapping, exploration, and experimentation in environments with uneven terrain, which consists of two parts: (1) a team of inexpensive mobile robots which cooperate to develop a topological map of the terrain and its outstanding features, including navigation complexity and potentially interesting areas; and (2) a single, more expensive robot which collects and evaluates this terrain data to determine both ideal areas for further map development and investigation, as well as optimal path-planning for subsurface remote sensing, sensor deployment, acquiring terrain samples, or other various actions. In this respect, the system could be utilized as a general mapping and exploration system for data collection about the environment or terrain.
The distributed process relies on cooperation among the mobile robots to create a topological map of the environment robust to any one single point of failure. Each of these robots maintains its own local map, which is integrated with the local maps of all other exploration robots upon returning to base. Working together, this team constructs a global map of the environment as they explore, while seeking to minimize overlap and maximize coverage. Efficient map storage and integration techniques have been developed to fuse local maps and information from the individual smaller robots into a global map for the larger mobile robot to use in path-planning while it performs its experiments in the environment.
The system is comprised of four exploration robots and one science or experimentation robot. Each exploration robot is a four-wheel custom Vex robotics platform, utilizing a CMUcam3 for object detection, tracking, and imaging; two Java Sun SPOT free range sensor boards for onboard computation and communication; a dual-axis gyro, single axis gyro, three-axis accelerometer, and optical shaft encoders for localization and inertial measurement; and dual-range IR range sensors for obstacle distance and avoidance. Each uses an online SLAM algorithm and builds a map using an occupancy grid approach. The robots cooperate with one another and coordinate with the lead robot to efficiently explore and map the environment.
The science robot is a MobileRobots Pioneer 3-AT platform, utilizing a SICK laser range finder together with front and rear sonar rings for high-resolution object mapping, localization, and path-planning. A gyroscopic correction system is used for improved localization on slippery and variable terrain. A Sony PTZ camera is used for object detection and additional imaging. A Java Sun SPOT base station facilitates communication with the exploration robots to coordinate efficient mapping, build a global map, and receive status updates. Two lightweight linear actuators are used for general sensor deployment. All components for this platform are managed by an onboard laptop, using customized localization and path-planning based on the MobileRobots ARNL software.
Overall system architecture and design will be presented, as well as experimental results from experiments in a planetary-analog sandbox. Although designed for a planetary surface, the system could also be used and/or adapted for mapping of structured environments, polar regions, and search and rescue applications.
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