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Fig.1 Spectral reflectance curve of chilled pork
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Fig.2 Laser speckle image acquisition system

OLY B 4 X4¥E  SPC 6.CCD #HAL

1.2 R

WY FT A NG 24 h WA SIS RSN, BT
BT, I ETE AR S B 58 JE 2 6 cmx6 cmx
8 mm AL 84 B, B s BWIMRFRILF, '
Ji BT 4 CHEERH A 75 7 d WSSOI RFEA
WOLHE EUE IR AR TVB-N HIIE o
1.3 BMEGRE

AR TCREBE (1 B S, EBURIOE DI 6 mW
(0.11 A) , BOGNIHAA 30°. MARIEREGRI I3k,
T bR [ E R UCR AR BRI S . ki S REAR (I 1]
HIIHEPEEE (time history of speckle pattern, THSP) H I
ZHEEH, LLAT=0.06 s Jy e [a)[a] B KAE 640 MR R K
640x480 pixels JHOLHEEEG, R EGWIE 3 Prs.

1.4 BOLEIREIGAIE S %
141 HGRgtksea® ik

1) F B F 5 BB (THSP) KR, e
SR AR (1O HUOBE G S0 B A O S T, 4R 5 $ IR K
5 ] e R REAT S 42 BRI TGP I 2 5 A A ol — e
TFIRBEE, BPh THSP K.

a. P K 465 nm
a. Wavelength of 465 nm

b. K 4660 nm
b. Wavelength of 660 nm

B3 Riegis B

Fig.3 Original laser speckle image
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Table 1 Standard grades of meat freshness
PRI SIS R 25 2 TVB-N i
Freshness level of meat Value of TVB-N/(mg-100 g
B Fresh meat <15
VOB A Less fresh meat 15~25
JEWAl Putrid meat >25
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Fig.7 Results of laser speckle image processing with two
wavelengths
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activity of pork

IM{l[ Value of IM
O = N W RN N0 D

2.4 LDA HIRILERITiE

MRIEF 1 s 18 T F S5 ) o b, mlke il
311 TVB-N {H5 BOFT i JOFTEE R 3 N5, 456
660 F1 465 nm WL K NI FIEBEETE IM {5, &7
BF PSS LDA ZetEFI IR, 25505k 3 k.

AR, 465 nm P H R E T 660 nm,  HLAIIZR
EEFNTIIEE (KR AR 53551k 87.50%K11 89.29%, 1534 3-8
HE PR A PR S R DI, R A T P O Bt
KRR %, XA g TVB-N (E A BEEPE IM {5 1)
AR AT 5. TVB-N &35 W SUE A i i 724,
T At R ) SR e P 3, T OB Y T T e 1k
W A A SRS (AR A, B il ST T) 52 2 189 i [ 1 A
b, WOHE LTI TVB-N {H. (HHECEEEPE IM {EX] AT i
KRR R, i 8 WA, MO A O
PE IM (AR, 2R B3O BBt b ARG 3 A BT B P A I L
AT, I HEOGBBE BRI L e . ot IR 454
R TR D R BE AR o 5 SR AT I 3 n
I, ) 40 OB BB A 50 R B Febn i, LA
SO 3 N T A T ) P AR AR



2017 4F

272 BNV TREZAR Chttp://www.tcsae.org)
FT 3 FMUEACTNARE i)l SR EFATIN EE RO F Bl 45 R
Table 3 Identification results of training set and forecast set in prediction models with two kinds of wavelength
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ok FEA i FEAK VUM, Identifiation results I
Wavelength/nm Sample set Level of freshness Sample numbers Hrfe YOt i e Identification rate/%
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660 -
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U A _
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. o
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Laser speckle image detection of chilled pork freshness based on improved
moment of inertia algorithm

Cai Jianrong, Liu Menglei, Sun Li, Lu Yue, Yang Hang
(School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Laser speckle is a new type of nondestructive detection technology, which can be used to characterize the activity of
biological samples. Based on the laser speckle technique, an experimental platform was designed to investigate the feasibility
of detecting the freshness of chilled pork. The optical maser with the wavelength of 465 and 660 nm and the power of 6 mw
was used in this study. 84 pieces of chilled pork 24 h after slaughter, were cut into 6 cm X 6 cm x 8§ mm and placed in a
transparent dish with a lid. After numbering them, the samples were kept at 4 °C until measurement. For each sample, 640
laser speckle images with the resolution of 640 x 480 pixels were obtained at a regular interval of 0.06 s. The step was
repeated every day for 7 days. Afterwards the laser speckle images were processed with a traditional method. Firstly the
grey-scale processing was conducted, the fixed line in each gray images obtained was extracted, and the THSP (time history of
speckle pattern) image was constructed using them according to the storage time. Then the co-occurrence matrix (COM) was
calculated. Finally, the inertia moment (IM) of the COM was calculated and considered as the activity value of samples. The
results showed that the IM values obtained by the traditional method frequently had abnormal values, and the computational
stability of the method was rather poor. The IM values could be influenced by the traditional algorithm and the selection of
different row, through which it was found that the traditional method was prone to outliers in the calculation of the correction
matrix. Besides, the choices of different rows had great influence on IM values. The IM values presented Gaussian-like
distribution from the center of the laser speckle to the around. And the IM values of odd or even lines under different excitation
wavelengths were various due to the Bayer arrangement of CCD (charge coupled device) camera pixel. In this study, 3 kinds
of improvements about traditional algorithms were proposed according to above findings. First, the sort algorithm was
designed to calculate the IM values by dynamically selecting 3 lines with the highest activity in speckle images. Second, the
calculation method of modified matrix for COM was improved. Finally, the method of calculating the distance between
non-zero element and the diagonal was improved. The results exhibited that the outlier disturbance was effectively suppressed
by the improved method. The speckle activity of chilled pork showed an upward trend firstly and then downward along with
the shelf life. Besides, the activity changes of pork were more sensitive under laser wavelength of 660 nm than that under laser
wavelength of 465 nm. According to the measured total volatile basic nitrogen (TVB-N) and speckle activity IM to establish
pork freshness prediction model, and the results showed that the discrimination under the laser wavelength of 465 nm was
better than the 660 nm laser, and the recognition rate for the training set and the prediction set could reach 87.50% and 89.29%,
respectively. Therefore, using laser speckle technique to detect the freshness of cold pork is feasible, and the traditional method
can be replaced by the improved method.

Keywords: image processing; nondestructive determination; algorithms; chilled pork; freshness; laser speckle; moment of
inertia; co-occurrence matrix
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