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Positioning Accuracy Improvement of Robots
by Link Parameter Calibration

Eui-Chung Cho, Young-Kyun Ha,
Sang-Jo Lee and Young-Pil Park

Abstract

The positioning accuracy of robots depends upon a forward kinematics which
relates the joint variables to the orientation and position of the robot extremity in
the absolute coordinate system. The relationship between two connective joint
coordinates of a robot, which is the basis of the kinematics, is defined by 4
Denavit-Hartenberg parameters. But manufacturing errors in machining and assembly
process of robots lead to discrepancies between the design parameters and the
physical structure. Thus, improving the positioning accuracy of robots reguires the
identification of the actual link parameters of each robot. In this study, the
least-squares method is used to calibrate the link parameters and off-line parameter
calibration software is developed. Computer simulation is done to study the
dependence of the calibration performance upon the DOF of the robot and number
of acquired data set used in the least-squares method. 3 DOF Robot/Controller
and specially designed 3D coordinate measurer is made and experiment is carried
out to verify the theoretical and computational analysis.
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NOMENCLATURE

A . Homogeneous transformation
matrix from(i) th coordinate
frame to (i-1)th coordinate
frame

Ae . Actual homogeneous transfo-

rmation matrix

dA, : Differential homogeneous tr-
ansformation matrix

8A, . Homogeneous transformation
matrix due to small joint dis-
placement

Qei, aci, Aoy . Actual link parameters

Aag, Aag, Ad; - Small change of link param -

eters
6 : Joint variable of Link i
yaN/A . Small error of 6,
dp . Small position error vector
dn, d3, da : Small orientation error
vector
&i . Differential translation vector
:?‘ . Differential rotation vector
Z :Matrix Z
zZ > Vector Z
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Table 1. Actual Link Parameters.

i aci(Deg) aci (mm) dci (mm)
1 91.2 101.0 201.0
2 1.0 104. 0 2.0
3 1.8 102.0 100. 1
4 -92.1 -1.0 12.0
5 ~-0. 8 14.0 110. 0
6 91. 1 3.0 2.1

Table 2. Initially Assumed Link Parameters.

i ai (Deg) ai(mm) di (mm)
1 90. 0 100. 0 200.0
2 0.0 100. 0 0.0
3 0.0 100. 0 1060. 0
4 -90.0 0.0 10.0
5 0.0 10.0 100.0
6 90.0 0.0 0.0
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Fig.2 Flow Chart of the Parameter Calibration Software.
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Table 3. Designed Link Parameters of

3 DOF Robeot.

i ai(Deg) ai (mm) di (mm)

1 90.0 0.0 433.0

2 0.0 400.0 0.0

3 0.0 345.0 0.0
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Fig.5 Schematic Diagram of Robot/Controller System.
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Fig.7 Schematic Diagram of Measurer/ 3 2.83 342, 4 1.2 0. 69
Comuter System. J
Table 5. Experimental data
Measured position (mm)
Data object position (mm) Inverse solution (deg)
With initial parameter With calibrated parameter
no.
Xw Yw Zw 6, 4, 8, Xi Xi Xi Xci Xci Xdi
1 606.8 | 214.1 | 371.3 19.44 ) 22.00 | -59.79 | 587.4 | 216.1 | 366.0 | 594.4 | 217.2 | 365.1
2 | 6281 172.2 177. 3 16.33 | -2.84 | -40.31 | 610.5 | 185.3 166.7 | 622.7 | 181.2 | 172.1
313781 | 216.5 | 106.6 29. 80 2.391-86.40 | 365.7 | 214.3 | 105.2 | 366.1 | 216.6 | 105.0
4 | 500.8 45.9 | 220.9 524 16.23 | -86.09 | 494.6 56.8 | 219.2 | 496.7 52.7 | 223.2
5 | 534.4 46.8 | 382.4 500 | 34.39 | -87.66 | 526.2 56.4 | 373.8 | 527.3 50.2 | 384.7
6 | 652.8 | 358.8 | 438.7 28. 80 0.89 | -0.98| 621.0 | 389.4 | 418.2 | 640.7 | 388.7 | 420.6
7 | 600.0 | 345.7 | 633.0 |300.20 {299.90 | 301.02 | 601.2 | 380.6 | 610.2 | 602.3 | 378.2 | 619.4
8 | 815.0 | 887.0 | 937.0 21261 39.41 11.06 | 810.7 | 892.0 | 935.3 | 813.2 | 885.7 | 933.1
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