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Motion Feature Extraction System of the Work in a Manufacturing
Site by Regression CNN and Classification CNN
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Abstract: There are many different types of a work in a manufacturing site, and methods for evaluating the skill and work
efficiency also differs depending on the work. A number of existing systems which are to extract motion features by dedicated
methods using motion sensors or processing of images therefore it is difficult to use for general-purpose. In order to use our
system for many works in manufacturing sites, we have used end-to-end deep learning models which are prediction of the object
location by the regression CNN and classification of motions in a work by the classification CNN to extract motion features. We
have evaluated our system in the bolt tightening work using the spanner that is a general operation and have confirmed

effectiveness of our method.
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Fig. 2 Hardware configuration.
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Fig. 3 CNN for body and tool location prediction.
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Fig. 4 CNN for motion classification.
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Table 1 Classification of Bolt tightening motions.
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Fig. 6 Detection points in Spanner.
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Fig. 8 Heat map of detection points.
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Fig. 9 Training Data for Bolt tightening motion.
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Fig. 10 Learning result of CNN for Spanner location prediction.
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Fig. 11 Learning result of CNN for motion classification.
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Fig. 12 Index of prediction accuracy for Spanner.
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Table 2 Prediction accuracy of detection points in Spanner.
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Table 3 Classification accuracy of Bolt tightening motion.

E
[
|
)
®
H
b
0 5 10 15 20
BRECOTILE

SERREA DA | 0B8N | 0B () | oB® () _| o6 @ | osf &)
@1>5-)0L 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
@H (K) 0.00% 96.55% 3.45% 0.00% 0.00% 0.00%
OBH (H) 0.00% 9.09%| 86.36% 4.55% 0.00% 0.00%
@8 (1) 0.00% 0.00% 8.33% 91.67% 0.00% 0.00%
o () 0.00% 0.00% 0.00% 0.00%|  92.11% 7.89%
©fFft GE) 0.00% 0.00% 0.00% 3.13% 3.13% 93.75%
e 93.41%
SFRRED DAL | BB (X | o8B (A | oB® () | onf @ | osf &)
@1>5-)0L 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%
@FH (K) 0.00% 93.88% 4.08% 2.04% 0.00% 0.00%
BB () 0.00% 5.26%| 89.47% 0.00% 5.26% 0.00%
@8 (1) 0.00% 0.00% 7.32% 92.68% 0.00% 0.00%
o () 0.00% 0.00% 0.00% 0.00%|  96.15% 3.85%
©fFt GE) 0.00% 0.00% 0.00% 4.76% 5.95% 89.29%
w1 93.58%
ga () | ey @SN
it () —— CNNZ$ERRSAIL
W GR) | - @i (@) =
" ! Lot ] it 6B 1
iy =
!
BEON
it G2) &=
*gg‘] (I:F) L #E () (
BE(X)
2E () =
. . BE (X)
15=NIb 204348
0 1 2 3 4 5 6 7 8 9
Seconds

B 13 AT RIEFTTM#EEE A ST A

Fig. 13 Prediction error histogram of Spanner location.
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Fig. 14 Misclassification case.
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Fig. 15 Comparison of motion details.
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Fig. 17 Time series position information of Spanner.
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Fig. 16 Time series movement transition.
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Fig. 18 Spanner rotation angle.
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