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Abstract. General form application is a very important issue in industrial
design. Prototyping a design helps in determining system parameters, ranges
and in structuring better systems. Robotics is one of the industrial design fields
in which prototyping is crucial for improved functionality. Developing an
environment that enables optimal and flexible design using recenfigurable
links, joints, actuators and sensors is essential for using robots in the education
and industrial fields. We propose a PC-Based software package to control,
monitor and simulate a generic SIX-DOF robot including a spherical wrist. This
package may be used as a black box for the design implementations or as a
white (detailed) box for learning about the basics of robotics and simulation
technology.

1 Introduction

To design a complete and efficient robotic system there is a need for performing a
sequence of cascaded tasks. The design task starts by determining the application of
the robot, the performance requirements, and then determining the robot configuration
and parameters suitable for that application. The physical design starts by ordering the
parts and assembling the robot. developing the required software (controller,
simulator and monitor) and hardware elements is the next task. The following stage
includes manipulator testing which determines the performance of the robot and the
efficiency of the design. Our aim is to build a complete PC-Based software package
for control, monitoring and simulation of a 6-DOF manipulator, including a spherical
wrist. The design will be independent of any existing specific robot parameters. The
package will be an integration of several packages. Figure 1 shows how such a pc-
based robot can be controlled using different schemes [2].

The idea for this work came from a project done in a robotics class at the Department
of Computer Science and Engineering, in the School of Science, Engineering and
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Technology, University of Bridgeport. The project was to design a full integrated
package to control, monitor, and simulate an SIR-1 robot. The SIR-1 robot is a 6-DOF
robot with a gripper. While work was done on that project, we were continuously
wishing for the existence of such a prototyping package in the market. We did a wide
range search and exhaustive market survey for what was available. We searched a
variety of papers, books, book chapters and Internet sites. We have also talked to a
number of companies that manufacture manipulators and we found out that
reasonable progress has been done in this field. Some of the companies introduce
prototyping for special or specific manipulators. Others try to design a whole
prototyping package introducing mainly numerical solutions rather than closed form
solutions. Unfortunately a generic pc-based controller/monitor/simulator package for
a generic manipulator does not exist at this time. Initially it looked like it is
impossible to find complete closed form solutions for a 6-DOF robot by solving a
complicated set of nonlinear equations. This view is changing nowadays. There is a
large number of research papers that scientists produce to find a general form solution
for a certain configuration of a robot [1,6,7]. If the results of these research papers can
be tested and then gathered within a complete and well designed package, the dream
of a closed form prototyping controller may be reachable. The variety of powerful
mathematical packages available nowadays such as Matlab, Mathematica, Maple,
MatCom and others help in achieving our goals. From this point of view, we may be
able to find closed form solutions for a 6-DOF robot with a spherical wrist to be the
Medicare for the complexity of robot control design.

2 Background

The final design of the software package will be a collection of smaller packages.
Each of these packages will be independent of any specific set of robot parameters.
This can be done by making all calculations symbolically. Needless to say, that will
make the mathematics more difficult. By using mathematical application packages
available nowadays such as Maple and Mathematica the job will be easier but not
trivial. The next few sections give a theoretical background.

2.1 Forward kinematics

Forward kinematics is used to describe the static position and orientation of the
manipulator linkages. There are two different ways to express the position of any link:
using the Cartesian space, which consists of position (x,,z), and orientation, which
can be represented by a 3x3 matrix called the rotation matrix; or using the joint space,
by representing the position by the angles of the manipulator's links. Forward
kinematics is the transformation from joint space to Cartesian space. This
transformation depends on the configuration of the robot (i.e., link lengths, joint
positions, type of each joint, etc.). In order to describe the location of each link
relative to its neighbor, a frame is attached to each link, then we specify a set of
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parameters that characterize this frame. This representation is called the Denavit-
Hartenberg notation. Figure 2 shows a physical six-link robot manipulator.

The Denavit-Hartenberg parameters are [1]:

a; distance along x; from O; to the intersection of the x; and z; axes.

d; distance along z;, from O,; to the intersection of the x; and z.; axes. d; is variable if
joint / is prismatic.

o; the angle between z;.; and z; measured about x;.

©; the angle between x;.; and x; measured about z;, is variable if joint i is revolute.

The Denavit-Hartenberg parameters for our prototype robot are shown in Table 1.
The parameters for the last 3 links are constants with the exception of 0's, the joint
variables and dg the offset parameter which represents the offset distance between O
and the center of the wrist O. ay,as and as are zeros because the distance along x; from

O; to the intersection of x; and z;., is zero.

The corresponding Transformation matrix is
where
6
Ay = 44, 44,44 @

4; = Rot, ., Trans, ; ,Trans, . ,Rot, . @

x,a;%
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Fig. 1. Controlling the robot using different schemes

2.2 Inverse Kinematics
Inverse kinematics solves for the joint angles given the desired position and
orientation in Cartesian space. This is a more difficult problem than forward

kinematics. The complexity of inverse kinematics can be described as follows, Given
a 4x4 homogeneous transformation which gives the required position and

orientation :
R d
H= ; 4
ii 0 1] C)]

The homogeneous transformation matrix results in 12 nonlinear equations in
16-unknown variables (aj,a,,a3,01, 05, 03,0, ... 8,dy , dy, ds, dg).

%(ql"--’q(;):Hﬁ ®)

where i=1,2,3 ,j=1,2,3,4.
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Fig. 2.

A physical six-link robot manipulator
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problem may be separated into two simpler problems, by first finding the position of
the intersection of the wrist axes, the center, and then finding the orientation of the
wrist. Lets suppose that there are exactly six degrees of freedom and the last three
Joints axes intersect at a point O. We express the rotational and positional equations as

flan )5 %

d(?(qla'"’qG):d (8)































