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Abstract

In response to risng equipment costs and reduced funding, the REMOTE (Redlly Exciting
Manipulator Object Tele-learning Experience) project is investigating new methods of providing
hands-on experience to students usng tde-leaning.  Tee-learning is a method of providing
disance education usng multimedia technologies via any combination of telephone, video-
conferencing, or Internet connections. The purpose of this project is to creste a Java
goplication tha endbles dudents to explore robotics programming via interactive
experimentation.

This thess project will develop a complete smulation gpplication, extending work by Ron
Racine and Scott Branden for ENSC 439. The completed environment will feature a user
interface that digplays visua smulation feedback and alows users to edit, program, and debug
gmulation files. An Internet connection to a remote server will enable users to test their
completed programs on a red manipulator, and view the result using CU-See-Me Internet
video software. The application’s underlying smulaion engine will control the internd
representation and smulation of the robot manipulator.

This project is of particular importance to future ENSC 439 classes, which will use the smulator
to provide students with more access to robot programming experience a alower cost. To suit
the purposes of ENSC 439, the software will be required to smulate a Scorbot ER 1l
manipulator and interface via the Internet to the existing Scorbot manipulator avalable in the
Engineering Science lab. By careful desgn and implementation, the completed application
should permit addition of supplementd feetures, dlowing the gpplication to suit the present and
future demands of ENSC 439.
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Introduction

As the cost of providing quaity education has continued to rise over the past few years, many
new methods of providing meaningful, hands-on experience to sudents are being investigated.
One proposed method of improving the student-to-cost retio is tele-learning: providing distance
education using multimedia technologies via any combination of telephone, video-conferencing,
or Internet connections. The purpose of this project is to create a Java gpplication that enables
students to learn robotics programming via interactive experimentation.  This thesis will extend
origina work started by Ron Racine and Scott Branden as an ENSC 439 project.

The god of the REMOTE (Redly Exciting Manipulaior Object Tele-learning Experience)
project is to enable students to explore and learn about programming a jointed robot. This
thess project is to develop an gpplication that achieves this god in two stages: the first Sageisa
software smulator that allows users to program and debug a robot manipulator; the second
dage is a dient-server connection to a real manipulator which alows usars to test their
programs and view the results using CU-See-Me Internet video. In effect, this smulator will
give a larger number of students access to a limited resource, and the mechanism to conduct
remote experiment in robotics.

This project is of particular importance to future ENSC 439 classes, which will use the smulator
to provide students with more access to robot programming experience a alower cost. To suit
the purposes of ENSC 439, the software will be required to smulate a Scorbot ER 1l
manipulator and interface via the Internet to the existing Scorbot manipulator avalable in the
Engineering Science lab.

Overview of Project Requirements

The completed project application will consst of severd subsections:

Graphicd User Interface (GUI): respongble for providing the user with a way to interact
with the smulator. The GUI will be expected to represent the Sate of the smulation to the
user and alow them to it and run the smulation, perform file operations, configure their
preferences, and send their program to the remote server.

The Smulation Engine: responsible for interpreting the robot model, congructing interna
data structures to represent the robot, and manipulating the robot’ sjoint angles, as specified
by smulation commands and the robot’ s inverse-kinemétics.

Simulation File Parsers: responsble for parang files for amulation commands, descriptions
of the physcd form of the manipulator, and pre-solved inverse-kinematics equations.
These files control the internal model of the robot used to smulate and control the
manipulator.



Remote Server Communications. responsble for dlowing the smulator gpplication to
communicate with a server, enabling the smulator to contral the red manipulator remotely
viathe server.

In addition to the parsers that will be created, the smulator will require a framework to alow
feature extenghility. This framework will ensure that additiona parsers for different modd
formats and robot languages can be easily programmed and added to the application’s existing
features.

To discuss the project requirements outlined above, the main issues have been grouped into
severd subsections Design of the Grgphicd User Interface, Integration of Interactive
Programming Features, The Simulation Engine, Server Communications, and Simulator
Generdization. In addition to the core tasks discussed in these subsections, an additiond
subsection justifies the proposed use of the Java programming language.

Design of the User Interface

The origind amulator, shown in Figure 1, is a dand done Java program with a Smple user
interface, providing minima functiondity in a non-intuitive layout. One of the main gods of the
project will be to improve the GUI to be more user-friendly and intuitive; this includes adding
functiondity to give users the ability to control al aspects of the smulator, instead of those few
controls presently provided.
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Figure1: Original REMOTE Simulator



One paticular aspect of the interface that may be redesigned is the current wire-frame
representation of the robot. The expected delivery of the Java 3D AP in the spring of 1998
could be used to replace the current wire frame mode, and provide users with a clearer three-
dimensiona representation of the manipulator. However, this work cannot be undertaken until
the arriva of the 3D API, making it alow priority for the project. More important will be the
proper implementation of other user interface eements.

An important design issue that will need to be addressed is the interface’ s usability. Testing of
severd desgns will be required to ensure that the layout and functiondity of the GUI
correspond to an average user’'s intuition and expectaions. Part of the usability testing will be
conducted in conjunction with the ENSC 439 class occurring in the 98-1 semedter; this class
will be usng the smulator to complete one or more assgnments, and will provide an opportunity
to test the Imulator’ s interface with redl users.

Integration of Interactive Programming Features

At present, the amulator provides no features that dlow the user to edit file of smulation
commands from within the smulator. Smulations are currently programmed externdly in atext-
editing gpplication and then loaded into the Smulator; once a smulation is loaded into the
current smulator, the smulation cannot be stopped, once completed it cannot be rerun, and a
new smulation cannot be loaded without restarting the smulator. This gpproach defegts the
intended interactive nature of the application, and restricts the user’s learning process.

Usng the smulator, the user should be able to follow a typica software development cycle,
shown in Figure 2. A user should be able to write a program, run the smulation, and view the

amulation results, repesting this cycle until the desred results are achieved. All of these actions
should occur within the Smulator environment, without using externd gpplications for program

o/

Figure 2: Ideal Smulation Program Development Cycle



The completed smulation environment will need to incorporate features that alow usersto load,
run, edit, rerun, partialy run, and debug therr programs.  The environment will need to include
the ability to start, stop, reset, and step the smulation, and aso edit the smulaion program
while viewing the results. In addition to programming, users should also be able to debug their
samulaions; incorporation of features such as smulation stepping and perhaps the ahility to add
breskpoints to programs would permit intuitive debugging, Smilar to other programming
environments.

These features will be accessble to the user as a part of the GUI, dlowing the user to interact
and manipulate the underlying smulaion modd of the robot. As outlined before,
implementation of these features will need to focus on both the demands of the interface for
usability and the ability of the smulation engine to provide the required outpuit.

The Simulation Engine

The core processes of reading in robot command files, robot modd definition files, performing
the required inverse kinematics cdculaions, and manipulating the date of the internd modd are
the purpose of the Smulation Engine.  The respongibilities of the Smulaion Engine can be
broken down into the following five tasks.

Reading files that define the robot, and constructing the robot’ sinternd representation
Reading command files in preparation for smulation

Manipulating the representation in accordance with the command file and the robot’s pre-
defined inverse kinemétics equations

Communicating with the GUI to obtain the user’ s updates to the smulation file

Representing the current state of the model, which can be used by the GUI to provide useful
information to the user in whichever form it deems appropriate.

The Smulation Engine should not be responsible for the lower leve tasks of parsng the modds
and the smulation files; it should only act as a coordinator over other ‘plug-in’ type modules
which carry out the parang and provide the data in the appropriate format when required.

Smilarly, the Smulaion Engine should not actudly do the inverse-kinematics caculationsitsalf,
again relying on a‘plug-in’ module to provide the required information to manipulate the internd
mode! of the robot.

The reason that the Simulation Engine will act only as a coordinator is Smple: by abdtracting as
many of the tasks that are outsde running the smulation, we can make the smulator more
maintanable. The lower-leve tasks of data format interpretation can be modularized so that
future formats and modes can be incorporated into the smulator without rewriting the centra
smulaor; new task modules would only need to be programmed according to the abstract



mode. This margind effort will ensure that the smulator can be easlly reused to Smulate other
manipulators at alater date.

Addition of Server Communications

Client-server communications is a requirement of this project to alow communication between
the smulator and the remote manipulator. This connection will dlow students to use ther
completed programs to command the remote robot via the robot server; use of the commercid
CU-See-Me software will alow students to view the results of their programs running on the
manipulator viathe Internet.

Programming the gpplication to set up network connections and exchange data between itsdlf
and the remote server is only one portion of the communication problem. In addition to
requiring a protocol to define the format that the commands are sent to the remote server,
communication between the server and the robot hardware will aso need to be implemented.
For this thess, only dient sde programming will be implemented, with another member of the
REMOTE project completing the server side programming.

A proof-of-concept server program has aready been implemented by Sean Lavin, to show that
it is possble to command the Scorbot hardware via a Smple Java client-server connection.
Due to Java's inability to communicate with hardware directly, the proof-of-concept uses a
C++ library to bridge between the Java server and the Scorbot hardware via the server’ s serid
port.

Simulator Generalization

Eventudly, this gpplication @uld be used to smulate and conduct remote experiments using
other manipulators, and other types of devices With this in mind, the smulator should
incorporate a Sizable amount of abdraction in the software design; in effect, this would be a
‘plug-in’ gyle architecture adlowing various features of the smulator to be replaced or
supplemented.

Producing a completely generd inverse-kinematics engine would be a thesis in itsdf; ingtead of
attempting to tackle that problem, the REMOTE project will atempt to make the job of adding
pieces to upgrade the smulator easier. For example, if someone cdculated the inverse
kinematics solution for a four-link manipulator, they could extend the inverse kinemétics engine
by smply programming another inverse kinematics module; the smulator could then be used to
smulate that manipulator.



Besdes different manipulators, incorporating the ability to read different file formats for the
smulator data should aso be easy. The data parsers include parsers for different 3D formats
for representing the robot, and parsers for different robot languages.

Producing a smulator that incorporates flexibility will require that portions of the origind code
for the amulator be updated or rewritten; in some cases, newer features of the Java language
will replace obsolete or ‘deprecated methods. Upgrading to the new verson of the Java
Developer’s Kit (JDK) ensures that the smulator can take advantage of the newest features of
the language, improve the gpplication’s speed, and implement severd bug fixes.

Use of the Java Programming Language

There are severd reasons that the programming language for this project has dready been
sdected. The main reason is that the origind program completed by Ron Racine and Scott
Branden was written in Java; attempts to use what has aready been done will reduce the time to
complete the project. Features that make Java the candidate for this project include:

Java gpplications can be run on any platform that has an implementation of the Java
interpreter (known asthe Java Virtua Machine).

Java provides ingtant access to a collection of pre-exising networking, security, user
interface, graphics and other libraries.

Javalibraries are being created and improved a a phenomenal rate.

The use of Java means that a user is presented with familiar user interface dements.

The features of Java diminate code porting and ensure that the find product can reach the
widest audience of users, while reducing programming outside the scope of the centrd task.
Java provides a user interface that is consstent with the native platform, taking advantage of the
user’s previous knowledge of their platform’s interface. Using Java means results are quickly
achieved, while maintaining the flexibility required to incorporate new features as additiona
libraries become available.

For the given reasons, it seems gppropriate that the smulator development should continue
using Java, extending the origind smulator programmed.

Project Planning Horizon

The Gantt chart in Figure 3 summarizes the estimated project milestones.
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Figure 3: Gantt Chart of Project Milestones

At the gart of the thess project in January, a functional specification and a high-level desgn
specification will dready complete, and significant amount of time dreedy invested in the project
during my year gbroad in Britain. Additiond time is required to add festures that could not be
added due to pending software rel ease dates (such as the Java 3D API), to properly design and
test the GUI, and to implement the remote communications portion of the application. The find
piece of work required to complete my thess will be the drafting and revision of the thess
document.

Project work will be supervised by Dr. John Dill (Technica and Academic Supervisor), Dr.
Kama Gupta (Committee Member), and Brian Fisher (Committee Member). Other members
of the REMOTE project will provide feedback and input to refine and revise the application.
The evauation and guidance of the thes's committee members and the students of ENSC 439 in
98-1 will guide the development of the smulator to completion.

Project Resource Requirements

The project requires access to computing facilities capable of compiling and running the Java
Virtud Machine and the Java compiler in a timdy fashion. For this purpose, | have dready
secured access to the Sun workstation resources available in the School of Engineering Science,
in addition to my own Macintosh PowerBook computer. The compiler, interpreter,
documentation, tutorials and dl other required software for Java are available free of cost on the
Internet from JavaSoft and other corporations.

Resources required for the remote server include the Scorbot ER 111, the server computer, the
video camera, and the CU See Me software. Funding for the hardware portion of this project
has dready been provided to Dr. Dill by the Ministry of Labour and Training Innovation Fund,
and the required hardware has aready been obtained.

In addition to the materia resources required to complete the project, a suitable student to
design, program, test, and document the project will be required. This project will require a



background in object-oriented programming, preferably in the Java language, and familiarity
with the concepts of robotics. From my recent work experience at ICS Net, | have acquired
close to two years of experience with object-oriented programming in the Java language, and |
have also completed an equivalent to ENSC 438 (“Introduction to Robotics’) at the Universty
of Sussex. | believe my experience, coupled with my experience as an undergraduate
engineering student, is more than enough to carry this project through to completion.

Conclusion

This project is desgned to fill the immediate needs of Dr. Dill's ENSC 439 course, namely
providing a system to dlow students to interactively program a robot smulation which can dso
be used to conduct robotics experiments remotely. In turn, this project aso seeks to
incorporate flexibility in its desgn that will alow the environment to be essily updated to smulate
other manipulators in accordance with foreseesble future requirements. The project cdls for a
redesign of the current user interface, and the addition of ements to dlow usars to interactively
dmulate, debug, and remotely operate a robot using the proposed improved simulator
environmen.

The project timeline is being set to accommodate my year aoroad a the University of Sussex,
with the provison that additional work on the project will be required on my return. The thesis
will be completed during the 98-1 semegter, with the fina thes's defense expected to take place
at the end of the pring term of 1998.

All project requirements, including required hardware, software, and the knowledge
requirements have been addressed; the procurement of the appropriate facilities and my
background are more than adequate to carry this project through to its objectives. to create a
tool that enables useful robotics tele-learning.



