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Computer-Aided Instruction in Robotics*
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Electrical Engineering Department, American University of Beirut, Beirut, Lebanon

This paper presents an approach (o increasing student interaction with robots via a replica of a
robot manipulator. A user-friendly package is presented that so far has achieved the important
goals of creating a complete dynamic animation of a robot manipulator for a computer user, and
reducing the capital needed to equip a robotics laboratory with physical manipulators.

INTRODUCTION

DURING recent years, almost every engineering
school has introduced robotics into its study
programs in one form or another. It is a fact that
industrial robots are replacing humans in many
dirty, repetitive, tedious, difficult, dangerous and
boring tasks in the industrial environment [1]. This
field has generated more research in robotics, and
consequently the need for engineers with prepara-
tion for this new area has increased. As usual,
universities did not overlook this opportunity, but
have introduced robotics courses since the early
seventies. Today, many excellent textbooks cover
the subject of robot manipulators, and the gamut of
coverage extends from introductory concepts |2, 3,
4, 5, 6, 7] to more advanced and specialized
theories and algorithms that deal with specific
features of robots [8, 9, 10, 1 1].

Considering the set of robotics books whose
main objective is to introduce the subject [2, 3, 4], it
can be concluded that there are common important
subjects that must be considered in any intro-
ductory treatment. Of these basic subjects the most
important are direct kinematics (DR) and inverse
kinematics (IR). Teaching experience has demon-
strated that the domination of these two subjects
together with their background and consequences,
forms a firm basis in the process of learning about
robotics. DK and IK are associated with the most
important robotics concepts, such as frames, links,
joints, transformations, axes, Jacobians, differen-
tial changes, and static point-to-point motion.
Therefore most robotics instructors spend a reas-
onable amount of time teaching DK and IK during
a robotics course. Moreover, most robotics curric-
ula are associated with laboratory experiments
where the student undergoes practical training,
particularly in point-to-point positioning with DK
and IK applications [12].
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The fact that an industrial manipulator cannot be
provided for every student has created difficulties
in such laboratories; thus, the idea arose of using
both real robot manipulators with their replicas via
computer animation. The result is that a robotics
laboratory will have a larger variety of equipment
without much duplication of any unit. At the same
time, when a student has practised on the real
manipulator, he/she can complete their training
and practical trials on an animated robot, available
on any personal computer video monitor.

DESCRIPTION OF THE SIMULATED
TASKS

The software basically deals with the problems
of direct kinematics, inverse kinematics, and pro-
gramming of the robot arm by using a teach-
pendant. Direct or forward kinematics refers to the
calculation of the position and orientation of the
arm’s tip or end-effector whenever a certain set of
joint-values is given. The purpose is to identify how
the gripper or tool is placed in space with respect to
a reference coordinate frame. The result of such
calculations is usually a 4 X 4 matrix known as an
homogenous transformation (2, 3,4].

Inverse kinematics, on the other hand, refers to
the calculation of the joint-angles after examining
the homogenous transformation that corresponds
to the tip of the arm. This calculation is usually not
unique, for an arm may reach a certain point with a
certain orientation by taking different configura-
tions and thus different joint-values. Similarly when
the given homogeneous transformation corres-
ponds toareach-point thatis outside the range of the
robot, the calculation of the joint-values is not
possible.

Thelast problem that the software emulatesis that
of positioning and orienting the tip of the robot arm
by using a teach-pendant technique. Here the differ-
ent joints are varied by direct control commands
issued through the keys of the teaching board.
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THE SOFTWARE

As Rhino robot arms [13] are the most com-
monly used training robots in educational insti-
tutes, it was decided to develop the simulation
package around a Rhino architecture. Thus, the
objective of the software is to achieve an exact
scaled model of the Rhino arm that consists of a
five-degrees-of-freedom manipulator mounted
over an x-y sliding table. Figure 1 presents a
diagram of the Rhino together with the assigned
frames and joint-variables.

The software package is implemented under
Turbo Pascal version 5.5 graphics utilities [14]. It
canrun on any IBM AT compatible system with an
EGA or higher compatible graphics monitor (the
existence of a co-processor will produce better
results). The structure of the program consists of
four modules called: Rhino, Kinematics, Barunit,

and Help. The first three modules support the
actions, commands, calculations, . . . and the initial-
ization of Rhino controller; while the fourth
module is available to provide the user with
information that assists him/her in carrying out the
simulation process.

THE PACKAGE LAYOUT

The program offers different functions in order
to simplify the understanding and operation of the
animated robot. Figures 2 to 7 show different
options and windows that are offered. Each of
these options may be selected from the main menu
shown in Fig. 2 where full assistance is provided to
smoothly guide the user through the different
stages that the software offers. Figure 3 shows the
arm with the joint variables and options available
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Fig. 1. Frames of the Rhino arm.
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when selecting Direct Kinematics in the main
menu; here the homogenous transformation cor-
responding to any set of joint-values can be calcu-
lated and realized with the arm. The student can
follow the arm’s motion as it configures itself to
comply with the desired transformation. A good
feature is that at the bottom of the viewport, the
user can always find the necessary instructions for
performing the job successfully.

Figure 4 shows the Inverse Kinematics option;
here the user may enter a homogenous transforma-
tion to verify and detect its corresponding joint-
values which could be not unique. Again a great
amount of help is provided to overcome any diffi-
culties due to errors or impossible cases.

Figure 5 is an example of point-to-point motion
by using the teach-pendant; at the bottom of the
viewport the joint-values are repeated and updated
successively as they undergo changes.

Figures 6 and 7 are examples of the static and
dynamic help provided by the software. Static help

includes the kind of information that can be found
in printed manuals which is accessed by pressing
the F1 key. Dynamic help involves automatic inter-
action with the user as shown in Fig. 7 where the
user is warned that a joint-value out of range has
been entered.

CONCLUSION

By giving the student of robotics the chance of
interacting more frequently with animated robots,
a more powerful understanding of robotics con-
cepts is achieved. Such achievement is acquired
without having to secure huge investments for
teaching robot units.
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