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Detection and Compensation for Rotational Eccentricity in
Automatic Wire-traction System

WANG Yuezong, QU Daoduo, WANG Shengyi
(College of Mechanical and Energy Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract; In the automatic wire-traction micromanipulation system for the hollow cup coil, it is difficult
for the coil’s geometric center to coincide with the rotation center of the rotary stage, thus, the
eccentricity occurs during the rotation, which leads to a failure of the wire-traction. Therefore, a method
to detect and compensate the coil’s eccentricity is proposed in this paper. Based on the analysis of the
eccentricity sources, the eccentricity mathematical models were established, a bias measurement method
combining the eccentricity models with the image feature extraction algorithm was designed, and a
correction method based on control and compensation models was proposed. The accuracy of the models
and the effectiveness of eccentricity compensation were verified by experiments. Relying on the evaluation
of root mean square error ( RMSE ), the prediction for eccentricity based on models and the feature
extraction algorithm both had a high accuracy. The maximum residual error after compensation was less
than 4pum and the average compensation amplitude was about 98. 6% , and the wire-traction experiment
showed the excellent performance of the proposed method. The detection and compensation method for

eccentricity proposed in this paper has the advantages of high accuracy, low complexity, high efficiency,
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real-time and embedded, and is more suitable for a wider range of application in the field of

micromanipulation and micro-assembly.

Key words: hollow cup coil; rotational eccentricity; model; feature extraction; micromanipulation;

micro-assembly
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Fig. 1 Structure of hollow cup coil and its production
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Fig.2  Automatic wire-traction system
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Fig.3 Strategy of automatic wire-traction
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Fig.4 Sources of rotational eccentricity
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Fig.5 Eccentricity error models
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Fig.6 Image processing algorithm
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Fig.7 Error correction based on coarse-precise

combination
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Fig.9 Eccentric trajectory fitting
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Fig. 10  Line extraction algorithm for coil
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Table 2 Calibration of eccentricity parameters

Gt ML NIVAL & iRt/ ()
1 (1144.51,1267.90) 0. 194
2 (1144.92,1267.65) 0.198
3 (1145.28,1271.27) 0.203
4 (1145.02,1266.99) 0.199
5 (1144. 46,1 267.90) 0. 190
- (1144.84,1268.34) 0. 197
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Fig. 11
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Table 3 Evaluation of residual error by RMSE

—4Es

- G JRfE A iR AR Y
X Jim] Y J7 W X J7 ] Y J7 W
1 0.7490  0.8565  0.3833  0.3813
2 0.9541 1.1135  0.4819  0.3693
3 1.4708  1.7562  0.9069  0.7887
4 0.7314  1.2338 0.6136  0.6226
5 0.6648  0.7692  0.3322  0.3981
SEH 1.0300 0.5278
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Fig. 12 Comparison of bias curve
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Fig. 13 Fitting error of edge detection points
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Table 4 Accuracy of circle extraction by RMSE

i 1 2 3 4 5

RMSE 3.2355 3.2098 3.1918 3.1925 3.1925
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Fig. 14  Detection of the sample coil’s three wires
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Fig. 15  Wire-traction of the sample coil
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