Proposal:

Implement a Unimation© Puma 600, an industrial robot with six revolute joints, in three dimensions.  Implementing an interpreter for MIT's VAL-II language will control it.  A user will be able to drag-and-drop objects such as cubes, spheres, and cylinders from a palette into the factory floor.  The factory floor for the first version of the project will have the robotic arm at a fixed location; further versions of the project will have robotic arms that a user will be drag-and-drop from the object palette.  

A user will also be able to cause the robotic arm to pick up items and move them to a particular location.  These items will have a pre-defined orientation determining how they may be picked up.  The application will maintain a database to track the location and orientation of all the objects located on the factory floor at any moment.  The robot’s movement and movement of all other objects in the factory floor will be smoothly animated and incorporated into an easy-to-use interface.  Our current platform and API are as follows:

Platform
Windows NT as there is currently no Linux port of Java 3D.  If this becomes available our project will be transplanted to Linux.

Applications Programming Interface (API)
Java 1.2, Java 3D which currently relies on the lower-level OpenGL graphics system.

The robot will be using the Denavit-Hartenburg (D-H) representation.   The direct kinematic solution of the arm will be the product of each joint’s D-H transformation.  Our implementation will not follow the D-H method exactly, though, because of the transformation methods built into Java 3D.  The D-H matrices will be used, but in the Java 3D API it is easier to attach the transforms to the appropriate BranchGraph object in the robot's SceneGraph tree.  If structured that way, Java 3D will find the direct kinematic solution automatically.


In an issue of the IEEE Transactions on Aerospace and Electronic Systems, Lee and Ziegler present an algorithm for finding a unique solution to the inverse kinematic problem of a Puma 600.  Hopefully, we will be able to implement this solution to the problem.  If we find that it does not perform, as we need it to, more research will have to be done on the problem.

Interface:

User Program Interface
A user will be able to input commands to have the robot move to a particular position.  There will be three buttons located at the bottom of the section – one will allow the user to submit a list of commands, the second will allow the user to clear the user program interface of commands, and the third will reset the factory floor to empty.

Factory Floor

Factory Floor (con’t)
The factory floor will initially be empty.  The user can move objects from the object palette and place on the factory floor.  There will be a tile floor laid back at an angle so that the user will be able to see where the object is being placed in the third dimension.  The mouse will control two dimensions of this movement and the arrow keys will control the third.

Object Palette
The object palette will contain various objects including smaller objects that the robot will pick up such as spheres, cones, and cylinders; robotic arms; conveyor belts; and light sources.  A user will be able to assign attributes to each object including a unique name, size, weight, orientation, and slipperiness.  At the far right there will be a trashcan on the object palette so that if a user desires to rid the factory floor of an object, the user may drag the object into the trashcan to delete it.

Database
The database will track the information about all objects on the factory floor at any given moment.  The user will be able to see what objects are on the floor at any given moment so that they can direct the robot to pick a particular object.

Schedule:


Weeks one to three

Complete a model of the robotic arm.

Weeks four and five
Work with inverse kinematics to teach our robot arm where its joints are.  

Weeks six and seven 
Write VAL-II interpreter for our user program interface. Have our database and object palette effectively communicating with one another.  

Weeks eight and nine 
Develop our robot arm control system.  

Weeks ten and eleven 
Enhance the animation of the robotic arm and objects in the screen to enhance smoother movement and realism. 

Weeks twelve to fifteen
Debugging and work out other major and minor problems.

Group:

Our group consists of Danyel Bruggink, Will Holcomb, and Andy Trent.  Trent worked on a two-dimensional robotic arm project in the Fall of 1998 in Java which was a precursor to this project; He thus has a basic familiarity with the ideas behind our project.  He has a rudimentary understanding of robotic arm kinematics and dynamics.  He will spend ten to twenty hours a week on this project.  Bruggink has a solid mathematical background including linear and matrix algebra which pertain to several aspects of robotic motion, strong organization skills, as well as a talent for layout in presentations and web design.  Holcomb is very persistent in solving difficult problems and often discovers creative solutions with his dedication and work.  He has a talent for finding smaller problems in applications that are often overlooked by others.

Meetings for our group will be held on Sunday evening from 6:00 p.m. until necessary work is completed.  We will also meet on Wednesday afternoons at 2:00 pm with Dr. S. Ramaswamy.  Our Sunday evening meetings will include a brief update session on where we are on our individual progress on the project.  We will then discuss problems that we have encountered or other concerns about the project.  At our Wednesday meetings, we will present our progress to Ramaswamy and have the opportunity to ask clarification questions and receive input on where our project needs to be moving.

Detailed information about our continuing project can be found at http://www.csc.tntech.edu/~dmbruggi/; it is maintained by Bruggink.  She will also be working on the implementation of the VAL-II interpreter for the program as she continues working on learning Java.  Holcomb will be learning Java; his major task on the project will be moving objects into the factory floor from the object palette and updating the database.  Trent will be working on the rendering the robot and object in three space, managing the branch group objects, and implementing direct kinematic solution and inverse kinematic solutions for the robot.

Conclusion:

This project has several different possibilities.  One feature that can be implemented after the initial design is allowing a robotic arm that dropped an object to be able to retrieve it from the factory floor.  This added feature would allow modeling of a control system with a higher fault tolerance than we are currently working with.  Another advantage of this application would be that it could serve as a tool for teaching people factory design and as a way to test the efficiency of different factory layouts.  Another option that this application could incorporate would be to include in the database information about how different parts fit together.  This would essentially lead to an intelligent factory that would be able to assemble different products correctly. 
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Direct kinematic solution – given the base, where is the hand in space

Inverse kinematic solution – given a point in space, where do all the joints need to end up.
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