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pended at any time by selecting the STOP button. The FAST FORWARD and REWIND
buttons play the simulation at twice the normal speed. Selecting the MOVIE button again
returns the PATH subsystem. Figure 5.4 shows a frame from the robot simulation. The

final pyramid in shown in Figure 5.5.

Y OO S s O R T o

Figure 5.4 Simulation of the robot building the pyramid.

5.2.6 Saving the Simulation

e Select the FILE I/O button from the main menu to enter the file input/output sub-

system.

» Select the POINTS WRITE button to write out a file called ‘points.pts’ which contains

the orientation of the robot at each defined START/END point for the simulation.

» Select the RV-M1 WRITE button to write a file called ‘rvinl.bas‘ used by the RV-M1

robot.
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o Select the WORKCELL WRITE button to write out the initial positions and materials

of the workcell objects into a file called ‘workcell.obj’.

Examples of these files are given in the Appendix.

5.2.7 Running a Saved Simulation

To read in a points file copy the wanted file into ‘points.pts’ and the corresponding
workcell objects to ‘workcell.obj’. Select the POINTS READ and WORKCELL READ
buttons.

Select the COMPUTE button from the path subsystem. The robot path will be com-
puted. The RESET OBJECTS button resets the workcell objects to their new initial posi-
tions. The simulation may now be viewed using the VCR control buttons. More segments

may be added to the path by defining more start/end points.

Figure 5.5 Final pyramid of blocks.
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5.2.8 Using the Task Subsystem.

The task of building the pyramid using six blocks will be repeated using the task sub-
system instead of the path subsystem. It will quickly become apparent that using the task
subsystem is a much faster way to perform simple pick and place operations than using

the path subsystem.

» Start VRS as before and orient the blocks to their new locations using the WORK-
CELL subsystem.

» Select the TASK subsystem.
+ Pick BLOCK 1 and select the PUT button and then the AT button.

This states that BLOCK 1 will be picked and placed at a new location. A copy of
BLOCK 1 has been created. This duplicate block will designate the final location of
BLOCK 1. The same buttons used to position and orient a workcell object in the workcell
subsystem appear when the AT button is selected. These buttons are used to move the
duplicate block to the final position. Use these buttons to move the block to the final posi-
tion and select the GO button. The duplicate block is then removed and replaced with

BLOCK 1.

» Move the remaining five blocks in the same way as was done for BLOCK 1 to com-
plete the pick and placing of the block for the pyramid. Figure 5.6 shows the use of the

task subsystem as it is used to build the pyramid.

+ Go to the PATH subsystem and select the HOME POSITION button and the START/
END button to define the home position as the final position of the robot in the simula-

tion.

The robot performing this task can now be simulated by first selecting the COMPUTE

button and using the VCR control buttons.
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Robot tasks may be defined by using the task subsystem in conjunction with the path
subsystem. The task subsystem may be used to perform the simpler pick and place por-
tions of the task and the path subsystem may be used to perform the more complex path

definitions.

Figure 5.6 Using the task subsystem to build the pyramid.
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6. RESULTS

To test the various capabilities of VRS, two students were selected to learn VRS and
perform the application examples found in Chapter 5. This application required the user
to build a pyramid of blocks using to different approaches; the path subsystem and then
the task subsystem. The students were asked to perform the applications using different
display and input devices. The students recorded how long it took to perform the applica-
tion using specified display and input devices. The students were also asked to describe
the strengths and weaknesses of using a certain device with VRS.

Table 6.1 shows the recorded times to perform the application in Chapter 5. Times for
building the pyramid using the path subsystem and the task subsystem are shown. For this
limited sample, the task subsystem is more efficient than using the path subsystem for this

application. The reduced completion times for the task subsystem were present regardless

Table 6.1 Application completion times in minutes.

Display Device Input Device Sul:)s z;t:tem Sul')I:;Ssiem
Monitor Mouse 57.5 43

Stereo eyewear Mouse 52.5 4.9
Monitor Spaceball 60.0 7.0

Stereo eyewear Spaceball 445 6.4
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of which input and display devices were used. The use of the stereo eyewear decreased
completion times for most of the cases. Using the spaceball was not as efficient as the
mouse in completing the task, except when using the spaceball with the stereo eyewear.

Many advantages and disadvantages of using a certain display or input device were
reported by the students. Some of the advantages for using the mouse are that it is used in
most computer programs, therefore easy to use, and that it is quick and precise in picking
objects. However, when using the CrystalEyes stereo eyewear, picking objects became
more difficult. This is due to the way the monitor displays the graphics in the stereo
mode. Other disadvantages are that it takes many mouse picks and movements to program
the robot and that changing the viewpoint is often difficult.

A major advantage for using the spaceball is that moving the robot is more intuitive.
Moving the robot’s gripper with the spaceball eliminates the many button picks with the
mouse which would be required to move the robot. However, it is difficult to isolate the
movement of the robot’s gripper to one direction when using the spaceball. For example,
it is difficult to move the robot’s gripper in the X direction without also moving it in the Y
direction. Changing the viewpoint with spaceball was considered more difficult than with
the mouse. We believe that once the spaceball function keys are memorized, the spaceball
will be a faster and more powerful input device for VRS than the mouse.

Advantages for using thé CrystalEyes eyewear is that the stereo viewing helps in the
placing of the workcell objects and in gauging the position of an object relative to another
object. As stated before, using the CrystalEyes eyewear makes picking of objects more
difficult.

Some improvements of VRS that were suggested are simplifying the task and path
subsystems by reducing the number of commands necessary and creating a way to
quickly change to predefined viewpoints when using the spaceball. Another suggestion
was displaying a projection of the gripper’s location onto the floor to show the location of

the gripper relative to an object which is to be gripped.
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7. CONCLUSION

This thesis presented the development of off-line robot programming software which
uses several different types of Virtual Reality technology. Virtual Robot Simulator (VRS)
is capable of using Virtual Reality display devices such as a head mounted display and
stereoglasses, and interface devices such as the spaceball. The use of a virtual environ-
ment created a realistic robot workcell environment in which the operator can quickly
program a robot to do a specific task. The simulation of the robot performing the task was
found to be greatly enhanced by using the virtual environment. In addition to the Virtual
Reality capabilities of VRS, task level path generation and collision detection enabled
faster and more precise off-line robot programming.

The use of VRS to program a robot to build a pyramid of blocks was tested. It was
found that the use of the task subsystem greatly reduced the time needed to program the
robot compared to using the path subsystem. The uses of Crystaleyes stereo eyewear
helped in the positioning of the workcell objects and in relating the location of one object
to another. However, the use of the stereo eyewear hindered the ability to pick objects and
buttons using the mouse. The mouse was a more efficient input device than the spaceball.
This can be attributed to the fact that the mouse is a more common input device and is
easier to use when initially learning to use VRS. We believe that once a user becomes
more comfortable in using the spaceball and the user memorizes which spaceball function
key performs a command in VRS, the spaceball will be a faster and more powerful input

device than the mouse.
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Future development of VRS includes the following:

1.

2.

Expand VRS to include the capability to program more types of robots,
Incorporate the use of a data glove to program a robot in VRS,
Include dynamic analysis of the robot performing a task, and

Addition of a model of the RV-M1 teach pendent so that VRS can be used as a

way to teach new operators how to use the RV-M1 robot.
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APPENDIX

Color images of VRS

» Path subsystem
¢ Task subsystem
e Movie subsystem

¢ Workcell subsystem

Sample files

+ points.pts file
+ workcell.obj file
+ RV-MI device control file rvm1.bas

+ lights.lts file
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Sample Points File- points.pts

This is a sample points.pts file which saves the robot orientation at key locations
along the path of the robot as the robot performs a task. A file of this type may be read
into VRS and the path for the robot task may be computed. The robot performing the task

may then be simulated.

PATH POINTS FILE points.pts

POINT VEL ACC WAIST SHOULDER ELBOW PITCH ROLL GRIPPER
1 9.00 1.00 0.000 0.000 0.000 1.571 0.000 0.000
2 9.00 1.00 -1.292 0.374 -0.982 0.608 0.000 0.000
3 9.00 1.00 -1.292 0.374 -0.982 0.608 0.000 30.000
4 9.00 1.00 -1.292 0.374 -0.982 0.608 1.292 30.000
5 9.00 1.00 -1.292 0.074 -0.846 0.772 1.292 30.000
6 9.00 1.00 -1.292 0.074 -0.846 0.772 1.292 19.900
7 9.00 1.00 -1.292 0.553 -0.885 0.333 1.292 19.900
8 9.00 1.00 -1.292 0.553 -0.885 0.333 1.292 19.900
9 9.00 1.00 -1.849 0.553 -0.885 0.333 1.292 19.900

10 9.00 1.00 -1.849 0.553 -0.885 0.333 1.849 19.900
11 9.00 1.00 -1.849 0.214 -0.940 0.725 1.849 19.900
12 9.00 1.00 -1.849 0.214 -0.940 0.725 1.849 30.000
13 9.00 1.00 -1.849 0.553 -0.885 0.333 1.849 30.000
14 9.00 1.00 -1.849 0.553 -0.885 0.333 1.849 0.000
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Sample Workcell File- workcell.obj ‘

This file saves the position, orientation, and color of the workcell objects used in VRS.

WORKCELL OBJECT FILE workcell.obj
POSITION

1 blockl 350.000 -100.000 20.000
2 block2 350.000 0.000 20.000
3 block3 350.000 100.000 20.000
4 block4 -350.000 100.000 20.000
5 block5 300.000 120.000 20.000
6 blocké 150.000 200.000 20.000
R

#

ORIENTATION
NAME QX QY QZ ow
1 blockl 0.00000 0.00000 0.00000 1.00000
2 block2 0.00000 0.00000 0.00000 1.00000
3 block3 0.00000 0.00000 0.00000 1.00000
4 block4 0.00000 0.00000 0.00000 1.00000
5 block5 0.00000 0.00000 0.00000 1.00000
6 block6é 0.00000 0.00000 0.00000 1.00000
COLOR
# NAME RED GREEN BLUE
1 blockl 12 12 10
2 block2 0 0 3
3 block3 4 0 0
4 block4 2 9 5
5 block5 12 12 3
6 block6 13 9 10
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Sample RV-M1 Device Control File- rvm1.dcf

This file saves a device control file written in BASIC which is used with the actual

RV-M1 robot to perform the task that was programmed in VRS.

OPEN "COM2:9600,E,7,2,CS5000,DS5000" FOR RANDOM AS #2

PRINT #2, "PD 1, 0.0, 589.0, 300.0, 0.0, 0.0"
PRINT #2, "PD 2, 350.0, 100.0, 121.0, -90.0, 0.0"
PRINT #2, "PD 3, 350.0, 100.0, 121.0, -90.0, 0.0"
PRINT #2, "PD 4, 350.0, 100.0, 121.0, -90.0, 74.1"
PRINT #2, "PD 5, 350.0, 100.0, 28.0, -90.0, 74.1"
PRINT #2, "PD 6, 350.0, 100.0, 28.0, -90.0, 74.1"
PRINT #2, "PD 7, 350.0, 100.0, 200.0, -90.0, 74.1"
PRINT #2, "PD 8, 350.0, 100.0, 200.0, -90.0, 74.1"
PRINT #2, "PD 9, 350.0, -100.0, 200.0, -90.0, 74.1"
PRINT #2, "PD 10, 350.0, -100.0, 200.0, -90.0, 105.9"
PRINT #2, "PD 11, 350.0, -100.0, 68.0, -90.0, 105.9"
PRINT #2, "PD 12, 350.0, -100.0, 68.0, -90.0, 105.9"
PRINT #2, “PD 13, 350.0, -100.0, 200.0, -90.0, 105.9"
PRINT #2, "PD 14, 350.0, -100.0, 200.0, -90.0, 105.9"

PRINT #2, "SP 9, H"
PRINT #2, "MO 1, C*"
PRINT #2, "MO 2, C"
PRINT #2, "MO 3, O"
PRINT #2, "MO 4, O"
PRINT #2, "MO 5, O"
PRINT #2, "MO 6, C"
PRINT #2, "MO 7, C"
PRINT #2, "MO 8, C*"
PRINT #2, "MO 9, C*
PRINT #2, "MO 10, C"

PRINT #2, "MO 11, C*"
PRINT #2, "MO 12, O"
PRINT #2, "MO 13, O"
PRINT #2, "MO 14, C"
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Sample Lights File- lights.lts

This file is the lighting file used in VRS. The location of the light is given by the first
three numbers in the line. The next three numbers indicate the direction of the light. The

last number gives the intensity of the light where 1.0 is the highest intensity and 0.0 is no

intensity.

0.0 0.0 200.0 0.0 0.0 -1.0 0.3
0.0 -200.0 0.0 0.0 1.0 0.0 0.3
0.0 200.0 0.0 0.0 -1.0 0.0 0.3
200.0 0.0 0.0 -1.0 0.0 0.0 0.3
-200.0 0.0 0.0 1.0 0.0 0.0 0.3



