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Abstract

Automatic quality inspection by computer vision can be applied and give a solution to the

pharmaceutical industry field. Pharmaceutical capsule can be easily affected by flaws like dents,

cracks,

holes, etc. In order to solve the quality inspection problem,

it is required computationally

efficient image processing technique like thresholding, boundary edge detection and segmentation and

some automated systems are available but they are very expensive to use. In this paper, we have

developed a dented capsule image processing technique using edge-based image segmentation,

TLS(Total Least Squares) curve fitting technique and adopted low cost camera module for capsule

image capturing. We have tested and evaluated the accuracy, training and testing time of the

classification recognition algorithms

like PCA(Principal

Component Analysis), ICA(Independent

Component Analysis) and SVM(Support Vector Machine) to show the performance. With the result,

PCA, ICA has low accuracy, but SVM has good accuracy to use for classifying the dented capsule.
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Fig. 1. (a) Normal Capsule (b) Dented Capsule

9 A% AF
(dent), ¥ (crack) &

2 Q&) A} ole) T, AZAIRE E

SJoRE A% AN A B, BB

ole) 44 Aol AT 5 Qlow] o
paRte 37, A

o8 HUYAE AF F4o o BUNE 7o ER W
H-g o2 w2 A Hshs F4
ZWA A get1]. Fig. 12 A4 Aed =9 HAa 2] o
=

AIFEEA 719 Al 2"l A Tl g b gt A HE5HE o
Agoln A= F2 24-H|E Heo|w|R|olt), o] H w2
S M= oA A BAe ojw)A] AEriys 28R g
o} e AR ol EE Aol el A, e A 5 LA
= oto]l ZAtE ook slmE o|ux] 475 Folu #e Ve

Go] aglo] H=E wEolof gt} ojuf Fagk o] HH <]
AAZHS T3l A -&(thresholding)dl= AHolt}.

g olmAl 4 A B Oj:fLi O]H]X] 7|Hke] FH g H]
o) A2 BW A A2 <
BARE Fe 7S S O]H]X]:E’— %Qé}ﬂ o] &
7HA ol et AF[4][5], ThHEF o|n| x| £AE ARE-Sto] A
A]— 711 _4 Zz ]

AfkE A& AldEold 7o Bk A+
[81191].

e First Author: Ki-Hyeon Kwon, Corresponding Author:

Hyung-Bong Lee

*Ki-Hyeon Kwon (kweon@kangwon.ac.kr), Dept. of Electronics, Information & Communication Engineering, Kangwon National University
**Hyung-Bong Lee (hblee@gwnu.ac.kr), Dept. of Computer Science & Engineering, Gangneung-Wonju National University

* Received: 2016. 09. 30, Revised: 2016. 11. 09, Accepted: 2016. 12. 28.

» This study was supported by 2015 Research Grant from Kangwon National University (No. 201510025)



126

Journal of The Korea Society of Computer and Information

Threéholdmg Edge Filtering
Cropping by Histogram
(ot S ) Split Left &
i 3 : I Rotati
Circle Fitting mage Rotating Right Part
e Datasefs PCA ICA, SVM
Classification Preparing Classification

Fill Hole for Capsule Capsule

Moise Labeling Cropping

Total least
Edge Filtering Denoising squares (TLS)
curve fitting

Training & Decision of

Accuracy : :
Testing Time Dented Capsule

Fig. 2. Processing Flow of Classification for Dented Capsule
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[l. Processing Method

2.1 Processing Flow
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2.2 Capsule Cropping
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Fig. 3. Flow of Capsule Cropping



Quality Inspection of Dented Capsule using Curve Fitting—based Image Segmentation 127

2.3 Curve Fitting
AwE oA giste] dagk A9 7 2AS g 1
23 M(cap) -3} EAll(body) F-2 o]v]x & Heldich
wEE oA i oA FEH, wol= AAE g v
MNeo]l Axp Ao 52 9o sl TLS(Total least
squares) AE @3 [10] ¥ FAHF &S T3t
o] ARl o] Kk Mol oA FHEE Hluste] FHE =
weet). Fig. 4+ TLS(Total least squares) 7 E 3§
(@) =49 He, b) Y Aed 488 Aoz, o 44
(@] 45 (b)oll vial sL=x] Al FAIE ] Stk

=
=

3:1110}-

(a) Dented Capsule (b) Normal Capsule

Fig. 4. Curve Fitting by TLS(Total Least Squares) Curve Fitting

[I. Classification Algorithms
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3.2 ICA(Independent Component Analysis)
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3.3 SVM(Support Vector Machine)
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V. Experiment & Evaluation
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4.1 Exper imental Condition
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Table 1. Hardware Specification
[tem Value
- Aptina MTOM021 1.2M pixels CMOS Sensor
« Active pixel: 1280H x 960V
Camera Spec. - Frame rate: 60fps

- Optical format: 1/3"
« Pixel size: 3.75x3.75um

- 0S: Windows 7

System Spec. « Intel(R) Core(TM) i7-3770 CPU @ 3.40GHz

- 4G RAM
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Fig. 6. The Testing Time for Dented & Normal Capsule

4.2.2 Dented & Normal Capsule(2 parts)
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Fig. 7. The Accuracy of Classification for Dented & Normal Capsule

4.2.3 Cap & Body Part Separation(4 parts)
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Fig. 5. The Training Time for Dented & Normal Capsule
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Fig. 8. The Accuracy of Classification for Dented & Normal Capsule
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Fig. 9. The Accuracy of Classification for Dented & Normal Capsule
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Fig. 10. The Accuracy of SVM Classification
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V. Conclusions
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