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Artifact Calibration of Parallel Mechanism ( 1 Report)
— Kinematic Calibration with a Priori Knowledge —

Osamu SATO, Ken SHIMOJIMA, Ryoshu FURUTANI and Kiyoshi TAKAMASU

Calibration of a parallel mechanism using a specified artifact is effective method. However, there are strong correlations
between each parameter in an artifact calibration of a parallel mechanism. Therefore, it is difficult to identify all kinematic
parameters included in a kinematic model of the parallel mechanism from measuring data. In this research, we propose
to use a priori knowledge of the kinematic parameters and to improve mathematical condition of Jacobian matrix. Using
the priori knowledge, all kinematic parameters of the parallel mechanism are identified in the artifact calibration with the
least squares method. Firstly, the least squares method with the priori knowledge is formulated. Secondly, design values
and tolerances of the kinematic parameters are used as the priori knowledge in the least squares method. Finally, the
artifact calibration for the parallel mechanism with the priori knowledge is demonstrated. Using this method, all kinematic
parameters are converged to adequate values. The simulation for this method directly implies that the kinematic calibration
with a priori knowledge for artifact calibration of parallel mechanism in this research is useful to calibrate all kinematic

parameters without divergence in the least squares method.

Key Words: Parallel Mechanism, Geometric Calibration, Kinematic Calibration, Artifact Calibration, Double Ball Bar,

Priori Knowledge, Least Squares Method
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Fig. 1  Kinematic model for calibration of parallel mechanism
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Tablel Kinematic parameters for calibration of parallel mechanism

Components Number of Parameters
Base 12
Actuator 6
End-Effector 15
Double Ball Bar 3
Total 36
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Table2 Kinematic parameters: design values (upper) and true values
(lower) for simulation

Base [mm]
Xp1  O(Nominal) | v,z  O(Nominal) | z,; O(Nominal)
O0(Nominal) O0(Nominal) O0(Nominal)
Xp2  O(Nominal) | yp 100.000 Z»  O(Nominal)
O0(Nominal) 100.074 O0(Nominal)
Xp3 -86.603 Vi3 150.000 O0(Nominal)
-86.643 150.086 O0(Nominal)
X4 -173.205 | Y 100.000 Zy 0.000
-173.209 99.845 -0.107
Xo5 -173.205 | s 0.000 Zss 0.000
-173.227 -0.168 -0.170
Xps -86.603 Ybs -50.000 Zs 0.000
-86.613 -50.030 -0.137
Actuator [mm]
Iy 235.000 I, 235.000 I3 235.000
234.934 235.048 235.124
Iy 235.000 s 235.000 ls 235.000
235.003 235.069 234.931
End-Effector [mm]
Xt O(Nominal) | yg¢ O(Nominal) | zg  O(Nominal)
O0(Nominal) O0(Nominal) O0(Nominal)
X O(Nominal) | Ve 30.000 Zo  O(Nominal)
O0(Nominal) 29.960 O0(Nominal)
Xe3 -44.010 Ve3 55.409 Zs  O(Nominal)
-43.941 55.491 O0(Nominal)
Xes -69.990 Yes 40.409 Zey 0.000
-69.919 40.538 0.067
Xe5 -69.990 Yes -10.409 Zes 0.000
-69.871 -10.529 -0.002
Xes -44.010 Yes -25.409 Zes 0.000
-44.025 -25.569 0.026
Xec -38.000 Yec 15.000 Zec 60.000
-37.881 14.996 60.033
Double Ball Bar [mm]
Xbe -86.603 Ybe 50.000 Zic 300.000
-86.268 50.063 300.128
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Table3 Results of calibration: identified values (upper) and standard
deviations (lower)
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Fig. 2 Measuring circles (target paths) for calibration of parallel
mechanism
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Fig. 3 Positioning errors before and after calibration on target path
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Base [mm]
Xpr  O(Nominal) | v,z  O(Nominal) | z,; O(Nominal)
O(Nominal) O0(Nominal) O0(Nominal)
Xp2  O(Nominal) | yp 100.464 Z»  O(Nominal)
O0(Nominal) 0.070 O0(Nominal)
Xp3 -86.666 Vi3 159.934 O0(Nominal)
0.074 0.077 O0(Nominal)
X4 -173.322 | Y 100.087 Zos -0.278
0.073 0.078 0.074
Xo5 -173.112 | s -0.201 Z5 -0.231
0.074 0.078 0.074
X6 -86.429 Ybs -49.822 Zos 0.029
0.074 0.077 0.077
Actuator [mm]
Iy 235.316 I, 235.378 I3 235.017
0.030 0.034 0.027
Iy 235.466 Is 235.284 ls 234.782
0.035 0.032 0.034
End-Effector [mm]
Xt O(Nominal) | yg¢ O(Nominal) | zg  O(Nominal)
O0(Nominal) O0(Nominal) O0(Nominal)
X O(Nominal) | Ve 29.586 Zo  O(Nominal)
O0(Nominal) 0.073 O0(Nominal)
Xe3 -43.903 Ve3 55.488 Zs  O(Nominal)
0.075 0.077 O0(Nominal)
Xes -69.894 Yes 40.302 Zey 0.402
0.074 0.077 0.080
Xes -70.128 Yes -10.221 Zs 0.231
0.074 0.077 0.080
Xes -44.145 Yes -25.555 Zs -0.179
0.075 0.077 0.081
Xec -37.984 Yec 14.592 Zec 59.896
0.088 0.081 0.072
Double Ball Bar [mm]
Xoc -86.603 Yoe 50.364 Zye 300.094
0.086 0.083 0.073
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