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CELL CALIBRATION AND ROBOT TRACKING
R.S. MCcMASTER & F. M. RIBEIRO
CRANFIELD INSTITUTE OF TECHNOLOGY

Introduction: When consdering off-line programming of Indugtria robots, it is important that
the amulated model of the robot and its environment is cdibrated againg the red hardware.
It is wdl known that indudtrid robots have reatively good postion repesatability
characterigtics but suffer from a lack of precison in terms of absolute accuracy. When
programmed ort-ling, thisis not gpparent since the programmer intuitively moves the robot to
location points which are rdative to the workpiece and other eements within the cell.
However, when consdering off-line programming usng Smulation software to represent the
robot and its environment, the absolute accuracy of the system becomes a criticd issue. The
effectiveness of off-line programming is only gpparent if there is a true correspondence
between the “virtud” smulation system and the “red” hardware system.

In order to provide cdl cdlibration, it is important to be able to mesasure the absolute
position of the robot and other strategic locations within the cell. This paper presents details
of ameasuring system for recording tool point absolute postions and path trgectories. It is
intended that this data is then used to improve the correation between the smulated and the
redl kinematics of the robot cell.

Sysem Design Concept: The robot tracking system (ROBOTRAK) used for providing

absolute position measurement is based on the principle of triangulation. The system utilises
three wires, the lengths of which are continualy measured over a fast time base using three
measuring units placed a known locations in space. Cdibration datum points fixed to the
measuring units are used to set the location of these rlative © each other and provide a
catesan coordinate reference framework for the absolute measurements. Through a
transformation agorithm, these measurements can be referred to the world coordinates of

the robot or any other reference framework if desired.

Knowing the relative postions of the measuring units and the ingtantaneous wire lengths, the
ingtantaneous absolute position of the robot tool point can be caculated, (Fig 1). The
cdculations are based on the following system equations derived by conddering the
geometry of the three wires, describing three spheres, the centres of which are located at the
exit points of the three measuring units. The intersection of these spheres give the absolute
ingtantaneous coordinates as follows:
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Digita signds from encoders in the three measuring units are fed to an Enconding Interface
Cad located in a gngle expanson dot of a Persond Computer. The computer system
provides data reduction, graphica andyss of results and hard copy output as well as
providing a framework for test measurement control. The software provides for the data
logging of absolute cartesian coordinates and their transformation to any reference frame
together with time dependent data for path plotting.

The principa components of the Robotrak syssem may be consdered to consst of three
basc sub sysems, the measuring units, the encoder interface card and the computer
hardware / software system.

Measuring Units & Encoder Interface Card: The three measuring units consists of astorage
drum, a pulley fitted with an incrementa encoder and a wire guide. All three parts are
mounted on asingle plate.

The storage drum is used as a take spool for a congtant tenson “tensator” spring, which is
supported on deep groove bal races to minimise torsond friction.

The main pulley and encoder unit is assembled on a single turned component which bolts
onto the mounting plate. A shaft bolts directly onto the encoder and aball race a the pulley
end of the shaft. The tensator spring is bolted onto this pulley to supply the drive. Dracon
cord is wrapped around the pulley and fed out through the wire guide. It is terminated using
an duminium coupling assembly.

Fig. 2 shows an assembly design drawing of the measuring units used.

The Encoder Interface Card is a three channel device used to produce a 16 bit up / down
count of the measuring unit encoder vaues and includes interface eectronics for decoding
and buffering to the IBM PC Bus. The 16 bit up / down counting function is provided by
three LS 2000 direction discriminator |C’'s and channdl decoding is done by asingle LS 138
IC.

Computer System: The hardware configuration is based on a “486” PC having 4MB of
random access memory a 150MB hard disk and a SVGA colour screen. The software
system iswritten both in the “C” programming language and as a Windows application using
the Visud Basic programming language.

The primary function of the software system isto provide data reduction and data logging of
the absolute cartesian coordinates measured by the Robotrak system. In its smplest form,
this congsts of recording current tool position coordinates againgt a reference node numbe.
A file is crested consgting of X, y, z coordinates for particular reference locations in the
robot cell. Facilities exist for providing transformation of these coordinates to any user
defined cartesian coordinate system including the World coordinate system of the robot.



A more advanced feature of the software is toolpath measurement and dynamic anayss.
Daa is recorded over atime base to give time histories dong the x, y and z axes of the
measuring system. Velocity and acceleration measurement either as a resutant tool point
trgectory vaue or resolved valuesin the X, y or z directions can be recorded and presented
in graphica format. Also locus plots of the tool path in any of the three orthogond planes
can be given.

Performance Specification and Test Examples. In order to vaidate the output results from
ROBOTRAK, performance trias were conducted. Particular trgectories of known velocity
and acceeration profiles were set up under laboratory conditions and the ROBOTRAK
system used to measure these. The output from ROBOTRAK was then compared against
these known values. From these trids ROBOTRAK was found to conform to the following
performance specification:

Static repestability

Better than + 0.2 mm within 2mx 2mx 1.2m
Variable path +0.32mm within 2mx 2mx 0.7m
Absolute accuracy + 0.5mm within 2mx 2m x 0.7m

Dynamic repegatability
Same path same speed + 0.5mm with 2m x 2m x 2m
Same path variable velocity + 0.7mm within 2mx 2m x 2m

Maximum alowable tracking velocity = 4m/ s
Maximum alowable accderation = 10m/ s2

Representative test data obtained during trids on a Unimation Puma 560 industrid robot are
shown in Figures 3 to 6. A smple rectangular path was programmed by teaching the Puma
Robot four points. The plane of the rectangle was set perpendicular to the xy plane of
ROBOTRAK, and a an angle to the x axis. The Puma program was st at the taught points,
with the exception of the start / sop point. This was chosen to show the effect of tracking
around smooth corner radii. Plots of x againgt z and x againg y are shown in Figs 3 and 4

repectively.

Both velocity and acceleration profile plots were produced and are shown in Figs 5 and 6.
These plots represent the components of resolved veocity and accderation in the x and z
directions respectively.

Curret Developments and Offline Programming: In the past the system has been used for a
variety of robot performance assessment tasks and can give an indication of the absolute
position of the robot tool point. In this mode, the system is Smply monitoring the actions of
the robot. Its true benefit however is for use in improving the absolute accuracy of industrid
robots by cdl caibration. Significant advances have been made in recent years in the




devdopment of Robot Simulations and offline programming sysems and current
devdopments with the Robotrak sysem are in the integration of this sysem with
“Workspace 3’, a PC based robot smulator. The philosophy here is to provide an
integrated Cdl cdibration, offline programming and smulation sysem on an affordable PC
platform. Both Robotrak and Workspace 3 have a common synergy of low cost and
goplicability to indudriad applications such as Spot Welding, Arc Weding and other
industrial processes where a postiond inaccuracy in the region of 2 mm can be tolerated
and where “one shot” offline programming has operationd advantages. One cdibration
technique which gppears particularly feesble for kinematic cdibration involves measuring the
absolute location of a series of points throughout the working envelope of the robot and
mapping these to the inaccurate robot coordinates. From this data a “look-up table’ is
generated which through interpolation between points, gives a correction to be gpplied to
the smulation coordinates. In this way, smulation coordinates are transformed to robot
coordinates taking into account the inherent inaccuracies of the red robot sysem. This
technique is currently being developed for use with both Robotrak and Workspace
sysytems in addition to other calibration approaches.
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Figure 1. Diagram of ROBOTRAK Measuring System
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Figure 2. Measuring Unit Design Drawing
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Figure 3. Locus Position Plot on the X-Z Plane
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Figure 4. Locus Position Plot on the X-Y Plane
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TRACKER - Speed in X axis
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Figure 5. Resolved velocity Plot in the X direction

TRACKER - Acceleration in Z axis
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Figure 6. Resolved acceleration Plot in the Z direction
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