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Motivation
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To increase the efficiency of our banknote printing operation -~ @

By reducing defect rate with real-time banknote printing quality inspection (‘ )
- By reducing human effort involved in the inspection process @
\_—/
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number of defects from the

note printing process
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to previous steps
for quality improvement
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90%

of the errors / defects occurs in the
“simultan” and “intaglio” steps
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0.95%

~ actual defect percentage
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MANUAL

Classiiication
(Sampling)

require human inspector to manually classify and
collect statistics of defect types to inform operators
In previous steps

Inspections are carried out at the end-of-day, thus
there are gaps between when the problems was
found and when the adjustment will be made
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Real-Time a ™
Feedback automatic real-time feedback to operators of the printing
defect process, which will result in faster fixes
classification
\_ W,

_/ \ reduce the human manual work-load in the
process

QM- 20%

/\ defect target reduction of defect
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simultan intaglio quality number cut-pack
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Dot/Ink Spot Set-Off
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Automatic Defect Classification

Model: ResNet-101* + SFC
[one shared model for 5 banknote denominations]

Input: image pair (defect banknote + standard banknote)
Output: 7 defect classes

i 000000000

JO 0P OO BBHL - - -
IR0, 101 layers
D [ conv conv A -B
NG layer layer 3FC
photos are not
properly aligned, so
simply subfract two
\\ - — images won’t work
\ - »-O mEn

Resnet101 + 3FC

*K. He, X. Zhang, S. Ren, and J. Sun, Deep Residual Learning for Image Recognition, CVPR, 2016
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Training (1,659 banknote defects) Operational

0O Test Accuracy 7 4 0 / Accuracy
O (Out-Of-Sample) O Operational
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Improving performance on all 7 types of defects (90% coverage),

currently work best only on the 3 biggest defect types

- Increase accuracy to 90%-+, via more training data

- Expanding to front & bank variations (certain error types occur mostly only on one side)

Expanding to the automatic quality inspection to the cut-pack step

simultan intaglio quality number cut-pack quality
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