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Real-time work procedure monitoring system by deep learning and
web camera using results of work analysis at manufacturing

KOICHI MURAI™  TETSUO IMAI™
KENICHI ARAI  TORU KOBAYASHI™

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 system that instructs to rework detected work errors in a correct
procedure. Therefore, we have developed a 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. 3 Hardware configuration
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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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T3 23.91 712.33 19.67 36.22

i, CNN O8I AT 2 & BMNEREOFE T — & 12
DNTIE, BHEICHTDHRE 24 (#E AB) &€
T3V A T NGOEEEZIT L, KV A 7 Tk LT
ENEN6ODT T AGHEH L. T OONRER & STk
DOENE 2 AR AT KW iAZ, K5 ORZRFEHOFRIE
B &R LR 3 OB Y 1EHEEC 3,000 B2z 72, 3,000 £
23T 2 D BRICHBRE A D OIREICHR IR A AR L, REo%
BEBRE B O Ml o 7o T2 O BRE M CRIB N R > TV 2.

# 3 GEEMNEEOFERT — 2 EGE (%)

Table 3 Learning data for bracket assembly work
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Table 4 Learning data for bolt tightening work
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Fig. 7 Learning result of bracket assembly
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Fig. 8 Learning result of bolt tightening
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Fig. 9 Bolt tightening sequence
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Fig. 10 Misclassification case between work
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Table 6 Classification accuracy of bolt tightening work
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Table 8 Comparison of standard time and actual time

FlE1 () |FIg2 #) |FIE3 ) |FIE4 @) |F9 @
RAEEEEISR 4.5 4.5 4.5 4.5 4.5
HEREA 3.83 3.62 4.11 5.09 4.16
REREC 4.86 4.08 4.48 5.17 4.65
HHERED 4.90 3.83 4.56 4.67 4.49
i 4.53 3.84 4.38 4.98 4.43
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Z0ft 95.54% 1.79% 0.89% 0.45% 1.34%
aF 0.85%|  99.15% 0.00% 0.00% 0.00%
AL 4.35% 0.00%|  95.65% 0.00% 0.00%
ET 6.14% 0.00% 0.00%|  92.11% 1.75%
Bt 1.68% 0.00% 0.00% 0.00%|  98.32%
T 96.15%

HEREC Tt aF =id EF ELE
Zoft 90.13% 3.95% 1.97% 3.95% 0.00%
aF 0.78%|  99.22% 0.00% 0.00% 0.00%
AL 3.36% 0.00%|  96.64% 0.00% 0.00%
EF 0.98% 0.00% 0.00%|  99.02% 0.00%
ELt 0.98% 0.00% 0.00% 2.94%|  96.08%
w5 96.22%
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Zoft 91.79% 4.35% 1.45% 0.97% 1.45%
AF 0.00%|  100.00% 0.00% 0.00% 0.00%
AL 1.22% 0.00%|  98.78% 0.00% 0.00%
EF 2.99% 0.00% 0.00%|  97.01% 0.00%
EL 0.63% 0.00% 0.00% 1.27%|  98.10%
T 97.14%
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Table 9 Number of still images classified by Alexnet
FREER] (1) DREAIBER (=) DIBLBHROTS

WEREA 260 3761 14.47
WIREB 214 3322 15.52
HAREC 239 3499 14.64
Ty 237.67 3527.33 14.88
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