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Abstract

The state of the art in robot motion planning applications goes far beyond situations that involve real robots. Examples include the animation of realistic digital actors, simulation of ligand-protein binding and protein folding, and planning of complicated surgeries.  While some of these applications are individually documented in the literature, the subject of “unusual” motion planning in general has received very little attention.  One limiting complication is that many of these unusual applications do not contain the rigid workspaces expected by traditional motion planning algorithms.  In addition to surveying the current unusual applications of robot motion planning, I will develop a planner for workspaces that contain deformable robots and obstacles.

I. Robot Motion Planning

Robot motion planning is the class of algorithms that accepts high-level descriptions of tasks and produces valid trajectories for a robot to follow.  Traditionally [4] the robot is defined as “any kind of versatile mechanical device equipped with actuators and sensors under the control of a computing system.”  However, if we shed this restrictive definition of a robot, we can see that a richer class of problems can be solved using motion planning techniques.  By representing synthetic, simulated humans as robots, we can use motion planning algorithms to develop convincing computer generated animation.  By representing molecules as robots, we can determine if and how they can dock onto enzymes.  Even a surgeon’s tools may be modeled as robots, which leads to the ability to plan the “best” motion of the tools for a particular surgery.

II. Deformable Workspaces 

Traditional motion planning algorithms are designed to operate on workspaces where the obstacles are rigid and the robot is rigid and possibly articulated.  This restriction is important in that it limits the complexity of the model.  However, real objects are not perfectly rigid and are often quite flexible.  Modeling the deformation of an object is a formidable task.  The naive method of doing so is to represent the object as being articulated with many degrees of freedom (DOFs).  However, since the complexity of motion planning increases exponentially in the number of DOFs, this solution does not work well in practice.  

Work on the problem of deformable workspaces deserves attention as many real world problems involve deformable objects.  In traditional robotics domains, many assembly operations involve flexible parts.  However, in “unusual” applications of robotics, non-rigidity is a dominant factor. For example, surgical planning involves moving rigid instruments through soft tissue.  By modifying the definition of path cost to take deformation into account, we have the added benefit of having minimally invasive surgeries modeled as optimal motions from the planning perspective.

Some work has already been done on planning for workspaces with deformable robots.  A planning method for flexible metal sheets has been developed by Lydia Kavraki at Rice University [3].  This method precomputes possible deformations of the object and parameterizes them by how they are grasped.  However, this method does not take the interaction of the obstacles and robot by contact into account, limiting its utility for some tasks.

III. Proposed Work

My primary honors thesis research will be on motion planning for deformable workspaces.  Initially, I will have to develop a representation for the deformability of an object, including a way to represent the actual deformation of the object.  The primary work will begin with the development of a randomized planning algorithm for workspaces where the robot is deformable but the workspace is rigid.  Initial study of this topic indicates that this will be the easiest of the three scenarios (deformable robot only, deformable obstacles only, both deformable). After this planner is implemented, I hope to extend it to handle all three scenarios.

Once the full deformable workspace planner has been constructed, I will apply it to many motion planning domains to test its performance (running time, path optimality, and deformation realism).  The experimental results, discussion of the new planning algorithm, and survey of unusual motion planning applications will form the bulk of the actual thesis.

IV. My Background

I have spent much of my time at Stanford conducting research on motion planning problems.  My affiliation with the Robotics Laboratory began in the spring of 1997, when I worked with another undergraduate on a remote, virtual-presence fishtank project.  In this project, we used computer vision techniques to determine the position and velocity of a single fish in a fishtank.  A Java equipped web browser could then connect to the fish server, which would stream data about the current position of the fish.  The applet would then display a live rendering of the observations of the remote fishtank. Data processing would be conducted at both the server and the applet to compensate for data loss or network lag.

My work in the Robotics Laboratory continued over summer of 1997, when I began a research project on an enhancement of the probabilistic roadmap (PRM) technique for randomized robot path planning for workspaces with narrow passageways.  Since the standard PRM algorithm relies on random sampling of the configuration space (abstract space of the degrees of freedom of the robot), narrow passageways tend not to be well sampled, resulting in a failure to find paths through those passages.  In this project, I implemented a new type of PRM that first searches for paths in a workspace with the obstacles contracted, so that narrow passageways appear less narrow.  The paths found in this space are then mapped back to the actual configuration space.  This work was presented at the Workshop on the Algorithmic Foundations of Robotics (WAFR) in 1998 [1].

The following summer I held a Research Assistantship in the Robotics Lab.  I developed a generic robot simulation package for the analysis of motion planning and collision checking algorithms.  This software was used to demonstrate the effectiveness of an algorithm used to optimize the base placement of a robot in an industrial workcell.  This work will be presented at the IEEE International Symposium on Assembly and Task Planning in 1999 [2].

In addition to my research experience in motion planning, I have also taken several classes that are applicable to my proposed work. The classes are CS221 (Artificial Intelligence: Principles and Techniques), CS228 (Reasoning under Uncertainty), CS326A (Motion Planning), and CS468 (Topics in Computer Graphics: Collision Checking).
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