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Abstract

To overcome the limitations of current quality inspection methods for food packaging bags and
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enrich the quality testing approaches for food enterprises, a laser speckle image acquisition system
was constructed. Dark-field illumination was employed to obtain laser speckle images of the seals.
For the acquired images, preprocessing was performed using threshold segmentation, Gaussian fil-
tering, and Contrast Limited Adaptive Histogram Equalization. Subsequently, the scaled images un-
derwent feature dimensionality reduction via Complete Principal Component Analysis (CPCA), and
the reduced feature vectors were classified and recognized using a One-Class Support Vector Ma-
chine (OCSVM). Experimental results indicated that the optimal detection performance was achieved
when employing the Gaussian Radial Basis Function (RBF) kernel, with a sensitivity of 94.59%,
specificity of 97.30%, precision of 95.95%, and an Area under the Receiver Operating Characteristic
Curve (AUC) of 98.24%. This study demonstrates that laser speckle technology combined with ma-
chine vision can effectively highlight the texture features of seals and significantly enhance the im-
aging quality for food packaging seal inspection, confirming its practical application value.
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Figure 1. Laser speckle imaging system
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Figure 2. Images captured by a laser speckle imaging system. (a) Normal sample; (b) Abnormal sample
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Figure 3. Images taken in natural light. (a) Normal sample; (b) Abnormal sample
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Figure 4. Packaging outer contour segmentation process. (a) Original image; (b) Binary image; (¢) Maximum contour image;
(d) Cropped image
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aEpEss T wanmss Wi
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Figure 5. Sealing contour separation process. (a) Original image; (b) Inverse binary image; (¢) Maximum contour image; (d)

Cropped image
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Figure 6. Abnormal sealing image after Gaussian filtering. (a) Original image; (b) Local features of the original image; (c)
Gaussian filtered image; (d) Noise reduction of local features in images
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Equalization, CLAHE). %515 /& H &N B 7 K347 {L.(Adaptive Histogram Equalization, AHE)[¥] 5 i3 iR A,
AL AR T b B 77 K132 17 (Histogram Equalization, HE)Z AR 4071 RS i, 1838 ok B 48 PR il A R 1
AHE fE 5] XI5 N . CLAHE BATFE R . B4R, 2 BGOT be R 5 A e Y HL
SER TR, HsRCR ] 7 AR .

Figure 7. Sealing image after CLAHE. (a) Original image; (b) CLAHE enhanced image
7. CLAHE R OB %, (a) JRE%; (b) CLAHE #5aEHETR
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Figure 8. CPCA schematic diagram
8. CPCA JREE[E
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AR FEAE FRE% (Accuracy), 751 (Specificity), R BB (Sensitivity), AUC SRIFANMERLTERE . 18
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(Structural Similarity Index Measure, SSIM) A/ 8 I 3R

3. ERESH
3.1. &fE OCSVM #EE S B SHE MR

BRI 285 NIEEREAR 73 NFEAEABNIATEL, b 37 NMEFEFEAR 37 NRH AT AR
RANREE, HA 248 N IEHFEAR 8 #1538 XIGE, B 31 M IEHFEAR 36 4\%%#2{:1@3%&% 217
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Figure 9. Optimization of different kernel function parameters. (a) Optimization of RBF kernel function parameters; (b) Op-
timization of Sigmoid kernel function parameters; (c) Optimization of Polynomial kernel function parameters

B 9. FREIMZEEBHMI. (a) RBF #Z B BB HMN; (b) Sigmoid ¥R BB EMN; (c) Polynomial F1eRE 1L
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{EAFAE 2 SRR, NS R 30 RIS SO HE i R KR 8. M2 R, RBF R EE 2300
Bl P9 R B TSP O M AR A, R TR, [AIRS LA 96.09% A HER 26 A7 J8 e i 45 SN 10 fiis o I
SR R, SRREHERESECT AR I 45 R R B RBF & R#(E Accuracy. Specificity
Sensitivity 1 AUC PUAN RS EIIOLT HAbAZ & £, 24280 gamma 75 0.0040, nu 24 0.6, $2ELE R E0N
153 (RiF 77 Z TR R T 95%)F, OCSVM BRI R R feft: IR FEAR PRI RIL F] 94.59%, - FEA A
RILF] 97.30%, FEARRHIFRILF] 95.95%, AUC iLF] 98.24%.

Table 1. Detection performance under different kernel functions

1. FRI%EH T RIRNHER

PO AR/ %
TSR
Accuracy Sensitivity Specificity AUC
RBF 95.95 94.59 97.30 98.24
Polynomial 86.49 75.68 97.30 86.85
Sigmoid 89.19 83.78 94.59 94.67

3.2. RESBRBRIRAIS SR

MR S AR R, S IEWREACE DR R R A, HARSREY T ins 0 X, &
BULTEASRHIE S R W A AR L, I B R A, ] 10(a) B, BT i 28 )l is 2: 7 EREAT W T, 4R E)
S I BB A BT R BE S X W (02200 . TR0 S W REAR I IR A S B s B A ve 4, BAFEE
SR ERR, (HTC S AL, PR RRBON IR R AEAS, Wi 10(b)Fr7m -

Figure 10. Misjudged images. (a) Identify incorrect normal samples; (b) Identify incorrect abnormal samples

B 10. =RFEG. () RAFRBEBHLR; (b) RAFROFEHLX

3.3. TALIEHR 4

N T HEEREE AR, AT IR . TR IR RAC TS PP A R,
gt T B IE BRI UE RO FE AR, R IR AR & L0 3 x 3, PRI 2 R, 8ORERN, W
Hrig P A PSNR A SSIM B2y T Ho AR yg e 5%, RWIHRE A Bob b BB R B RIS R B
SRIARAAE I R B L G AT R R PRIE,  ASHIE TR e i A 9 R A B 5

Table 2. Detection performance under different kernel functions

2. FRIEH T RIRMZR

RAEL 7
JEIE B
PSNR SSIM
TR TR 33.65 0.90
WMEIED: 31.76 0.86
B JEV 33.48 0.85
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ARHEAT AR o ARG SR TTEINEANE A e s M5 A e 4 2 AR B AR BB T 240, (L SEBn N b AR 2%
ROZAHFRRTI, BEFEEIFAISL. HRZT, BRI E R T4 N\ BRI A BT k4T
FE N R, A AT SR 5] o X G SRR L B B SE A B, ASCXTEE T HE 355 CLAHE
BOEMARERAE R, Wl 11 R, WTRVEH, £33 CLAHE ERIEIGX LLEE &, £33 HE J5 10 EEAFE
2 M SO H R RIS

Figure 11. Images processed using different histogram equalization algorithms. (a) Original image; (b) Image after HE; (c)
Image after CLAHE

11. NEEHEASECEERLERNER. () RIGER; (b) HE FHIER; (o) CLAHE FHIE

3.4. CPCA SRR SN

NI E AR IR, A0 T F PCA Ehl EXGin CPCA. Ny E Wi 7= %23 Ta] i 42 HX
HOHRFAE 7] 2 BT s SR AR X 4, F PCA $RIH B = 4l it OCSVM 15 H B 7 5 154 iR AL KR, #8
(A2 H R TE AR N A bR, K3 HY i 2 2 TR R AR 4 2 TR B B T AR AL R an i 12 B, 7R FE 25 0A) 7w
AN FERGFAEANTT S HFIFEA, TAERN S (8] R 25 S 45 X 47 o

20

[ Main space

@ Complementary space

Variance contribution ratio/%
S

Figure 12. Feature extraction performance of CPCA complementary space
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Figure 13. ROC curves under different cumulative contribution rates of variance. (a) 60% cumulative variance contribution
rate; (b) 75% cumulative variance contribution rate; (c) 85% cumulative variance contribution rate; (d) 95% cumulative vari-
ance contribution rate

B 13, FEHERHFAETH ROC Hik. (2) C0%SERITME; () 1% HERHRBE; (0 SSUBERHR
BRE; (d) 95%FERITTEE

3.5. CPCA #2283 ERPESURE 94
SN CPCA N2 [AIRHE A I URFREE , A1 F CPCA 325 18] SN2 1) 52 i MG F A (U] 14 Fi)s

Figure 14. Image reconstruction based on the CPCA principal space and complementary space. (a) Abnormal image; (b)
Principal space reconstruction of abnormal image; (c) Complementary space reconstruction of abnormal image; (d) Normal
image; (e) Principal space reconstruction of normal image; (f) Complementary space reconstruction of normal image

14. £F CPCA XS =EMEKRENE. () REEG; (b) T=EERREEE; (o ITEHERREER;
(d) EEER; () EZHEMEEERR; () I=EEWEZER
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i ONNECE 2 € s SEpr RS T 5

Table 3. Reconstructing the textural energy characteristics of images

% 3. EMEIRHSURREEHHE

FHES %
HEHIEIE
fie
PCA FE I 55 EI1E 0.33
PCA BEMFIIEHR KB 0.43
7S ] 2 A I S AR 0.31
07 ) EE A ) IE AR 0.48

3.6. {REEM TR

N T BAEA SO 7T A 2 750 E SE PR TV S SR R I 7SR, THE T Bk RS AETRAL T . RRE A
S FIRE TR P I B TRAERT, 1% TAE WSS 4 iR, SAFERT N 16.42ms, TR TTREINZ 60 5K EUE, W2 T
PSS IN TS 3K o A SZISIZ AT LT Windows 11 #:1E 248, filifE R Intel Corei7-10875h ALFES, %
BN Python3.11.

Table 4. Time consumption statistics for each stage of a single image

4. BREGRIMERENST

Processing stage Time spent/ms
Image preprocessing 7.20
Feature reduction 8.81
Model inference 0.61
Total 16.42

4. 45ig

ASCHR T —FhE T O BB AR 2R G A e T S R I 0, 1% v R O MR R
PESEHL AR AL AR . T R GRS LSRR, RARTE T WOLHE 5 B AR S R A L A8 1 A U5 B
FER, VN T SR TALIE I ACR . SER g RN AR T B, MO O AL I 2R 1 R
T, BB O SEARE, SRRSO, RIS, SR PR ARG R A, R S e T R . [
e, T OB A R O SRR B B TR N, e e 1 SR T 4T
PR T QBT RHOR B R S R Ty %

AR AT BRI, AR A G 5 AR (5 S BB R A R o S5 SRR 5N R B
WM&, {8 F eI EI DL 2R 50, DR R AR RN 2
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