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Real-time Work Procedure Monitoring System by
Deep Learning and Web Camera Using Results of
Work Analysis at Manufacturing
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Abstract: The systems to detect work errors in real time have been proposed for the purpose of quality
improvement at manufacturing sites, however it has not been reported a generic system that instructs to
rework detected work errors in a correct procedure. Therefore, we have developed a generic system that
monitors work procedures in real time and conducts a teaching in correct procedures, if there are any errors,
using results of work analysis for improvement. This system enables to perform a teaching to workers in a
correct procedure which is a model in the analysis, when it detects errors in work procedures or deviations
of work hours by using a deep learning model learned from standard work and working hours and videos of
working in the analysis. Furthermore, by automatically generating learning data used for this deep learning
from results of work analysis and videos recording workers’ working, the system can remarkably reduce time
and labor required for preparation of learning data which is considered as a problem in using deep learning.
We conducted an experimental evaluation of this system in a simulated environment of assembly work and
clarified its effectiveness.
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Fig. 1 Method of work procedure monitoring in real time.
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Fig. 2 Use case.
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Fig. 3 Hardware configuration.
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Table 1 Result in work analysis software.
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Fig. 4 Extraction of still images from videos.
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Table 2 Generation processing performance of data for

learning.
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Table 3 Learning data for bracket assembly work.

750 REST SRR | @k [070-F] 2R | oo
I B5 w5 | 2P| i | pomw | e | me | 5
N (T 819] 3,312] 2,704] 2,068 1,889 3,560| 14,352
|zmmaEme | 1,490] 1,722] 1,812] 1,654] 1,587 2,029] 10,294
OO [T 830] 2,458] 1,773] 1,683 1,682 1,704] 10,130
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x4 RV MEONITTEED B 7 — & WGk (KO
Table 4 Learning data for bolt tightening work.
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RREA[FERBEREE | 210%] 222%)| 197%]| 203%|  75%|-
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Fig. 7 Learning result of bracket assembly.
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Fig. 8 Bolt tightening sequence.
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Table 5 Classification accuracy of bracket assembly work.

=] ™ S - i
DR EEER 81.17%| 17.86% 0.97% 0.00% 0.00% 0.00%
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Fig. 9 Misclassification case between work.
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Table 6 Classification accuracy of bolt tightening work.
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Table 7 Bolting procedure check pattern.
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Table 9 Number of still images classified by Alexnet.
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Fig. 10 Comparing probability scores.
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Table 8 Comparison of standard time and actual time.
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