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Automated Visual Inspection Technology Using Image Data
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ABSTRACT

In the manufacturing process, automation of visual inspection is in high demand. Due to recent

progress in imaging technologies and computer vision technologies, use of automated visual inspection
using image data is increasing. In this paper, we describe our two methods for a visual inspection
algorithm contest as an introduction to our automated visual inspection technologies. The first method
can learn the decision boundaries of quality determining without image data of the defective parts by
using semi-supervised learning. It is difficult to prepare a large number of defective samples because
defects occur only rarely. Thus, we developed a new algorithm that can learn without defective parts by
semi-supervised anomaly detection. The second method can classify defective samples, even if the
shape of the non-defective parts has a large variance. The shapes of some products, such as primary
processing stage parts, have a large variance. Thus, we modified the Z-score calculation method to

increase robustness. As a result, we achieved a high accuracy in the contest.

* U a—ICTHFZERT v AT LWffZER L 2 —

System Research & Development Center, Ricoh Institute of Information and Communication Technology

AR, AABEGRF2CRBOEEEOR M 22T, HABR RIS, 22175, Vol. 55, No. 3 2016)IZ 8l L 7= i 30 & FIT /B L7z

Ricoh Technical Report No.42 26 FEBRUARY, 2017



[ZC&HIZ

FERRICR T 2R ONEREIL, ANCXDHE
B L, ERICE 5 BEEIRERDHS. BEIC
X oMmAEIL, AT EITHWEENITS S, AFE
WD 22 EORIBEN S D70, HEIC X 5 A
BRMEZEAL IS &R a A MLV &
WH=—ARH D, EEIC L DM T, i
PHBEAEORGEZHE LY, "I K
EHRELZVTOLERD D, 2 HIZAINHIESE
Y2 b D — L _R— R LIREN 5 ik L, BECE
BIZ XL HELELEET 2 HERSD. L—b
N— 2T, KGR 2\ e EHIT R D 72
BA, L LRNEMECR D, — L DSBS IEN
HLWEWIFREND D, BRI XD HIEE,
+or et o VB L IE LW T L EH (B
DEBTHLNAEMTH DD, W H O K ERER
JEAE 7 E DB Z) NBHIUXEVHEERE SIS T &
%.

R X DIMBURE I, M BB &
WX VIEFEEEREE->TEY, Va—Z8\ThH
ERBREZIToTWA., ZO—BLE LT, BELY
ENEMTHIABRET LY Xha T AR
AN20I4ENBBIM LTS, ZhE, EEICAEER
Gy CiRE L 72 o TV DRI L TRAET LT Y X
LEBHE L, BEHEMLE &R 250 2T
ARTHY, BEHISOOFESLEALRSINL TV
5. U a— G CIREFEICRSEBREE%
HLTW5., Afa<Tix, UVa—oSEREHMTOR
JrE LT, 20144, 201542500 L= 4Bl A 7 L
Y X LarT A NORYHRITDONTIRRD.,

NEBREZILITYX LV TAR2014
~DEYEE A

2-1 aAVTAMRE

ABURET VL TY X ha T A MIBHE3 IR
JEDFEZER, 6 IZAMEIGIEH, IAITHRET s T
LARHREOEIY, 12 ICRERARE &V ) it T D
bivs. BIMEITAR SN BB Z CICHRET 17
7 LRk, 1R S, RHmTEE I, B S 7o
GACIEABR D g 2 I A TR AT A g~ M3
o BR AL O BAHENERE, TR L 72 RMa6E & 1E
FF 0D R A BRI O AR E SV, WG B OO ALERLIE ] C

HY, ZnbrESEL, BT ENRD.
0144FOFREIL, [EREEM O mE & HHi I iRk

LT HGRAND D ORI LEIhTEY,
Fig. NI/RT X 91T, IR S o #E
DOHNBREEZITH)> LOTH D, 1HOEHFER %2 HE
BRI L7210/ 1 v e L, Aitdt v |
(8404%) DR & Z I Z IO K Iia D FERESE WA
Bl Sz, B & REOBZFig 2177, FEHFET
PHE NI ER SN K GER TH 5. K
OOEIH, ZIERHIZICAR G N 5 D b D7 &4k
s, Fio, BESEMG (B2 MO X) 1 dH—S
T,

Image sample 3 Image sample 4

Fig. 1 Example images in Visual Inspection Algorithm
Contest 20149,
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(¢) Non-defective sample 2 (¢) Defective sample 2

Fig. 2 Example images of non-defective parts and defect
parts in Visual Inspection Algorithm Contest
2015Y. The red rectangle is a defined defect area.
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(a) Supervised learning (b) Semi-supervised anomaly detection

Fig. 3 Difference between supervised learning and semi-
supervised anomaly detection in feature space.
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Table 1 Accuracy and processing time.

Defect detection rate 79% (11 / 14 defect)

False detection rate 0.12% (1 / 840 image)

Processing time 164 (ms / image)

S CPU: Core i7 870, Memory: 20GB, OS: Windows7 64bit
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(b) A false detection example

(a) A successful example of
defect detection

Fig. 4 Examples of defect detection result. The red
rectangle of solid line is a defined defect area. The
green rectangle of dot line is a detected defect area.
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(b) Image sample 2

(a) Image sample 1

Fig. 5 Example images in Visual Inspection Algorithm
Contest 20152,
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(a) Defective sample 1 (b) Defective sample 2

Fig. 6 Defect examples in Visual Inspection Algorithm
Contest 2015?. Red rectangle is a defined defect
area.

(a) Non-defective sample 1 (b) Non-defective sample 2

Fig. 7 Variations in non-defective parts.
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Table 2 Accuracy and processing time.

Accuracy 96.55% (755 / 782 image)

Miss detection rate 6.11% (27 / 442 image)

Processing time 143.7 (ms / image)

< CPU: xeon x5690, Memory: 24GB, OS: Windows7 64bit
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(b) Missed detection example

(a) A successful example of
defect detection

Fig. 8 Examples of defect detection result. Red rectangle
of solid line is a defined defect area and green
rectangle of dot line is a detected defect area.
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