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Spectroscopy and Spectral Analysis
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Fig. 1  Principle diagram of multispectral diffuse reflectance

detecting sample parameters
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Fig. 2 Schematic diagram of the incident angle and

incident position of the light source
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Fig. 6 Overall structure diagram of multispectral diffuse re-
flectance detection system (a); Basic working flow

chart of light drive circuit (b)
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Fig. 7 Original intensity data of 61 beef samples (a) and Cor-

rected reflectance data of 61 beef samples (b)
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Table 3 Comparative results of beef color (", a” , b" ) and

ph value using raw light intensity data with different

modeling algorithms

Parameters R. Skc R, Skp
L* (MLR) 0.985 8 0.873 0.982 3 1.01
L* (PLSR) 0.982 8 0.963 1 0.978 6 1. 116
L* (LS-SVR) 0.982 6 0.971 4 0.974 9 1. 20
a* (MLR) 0.937 2 1.43 0.818 5 2. 67
a* (PLSR) 0.892 4 1. 85 0.844 5 2. 38
a” (LS-SVR) 0.897 5 1. 81 0.886 1 1. 96
b* (MLR) 0.934 0 0.62 0. 884 6 0. 83
b* (PLSR) 0.919 3 0.72 0.893 1 0. 80
b* (LS-SVR) 0.928 9 0. 69 0.916 0 0.73
pH (MLR) 0.876 9 0.27 0.832 4 0. 32
pH (PLSR) 0.871 0 0.27 0.830 2 0.317
pH (LS-SVR) 0.915 6 0.22 0. 908 3 0. 25

x4 FARHELEATIREEAENFREGE(L, 2",
b' )5 pHEHMEKER

Table 4 Comparative results of beef color (L*, a* , b” ) and

ph value using raw reflectance data with different

modeling algorithms

Parameters R. Skc R, Skp
L* (MLR) 0.985 6 0.88 0.983 2 1. 00
L* (PLSR) 0.987 2 0.822 0.971 1 1.29
L* (LS-SVR) 0.987 1 0. 83 0.970 6 1. 30
a* (MLR) 0.914 7 1. 54 0.907 2 2.14
a* (PLSR) 0.902 9 1. 64 0. 896 0 2.28
a* (LS-SVR) 0. 900 8 1. 70 0.906 4 2. 36
b* (MLR) 0.942 1 0. 62 0.9359 0.67
b* (PLSR) 0.927 1 0. 69 0.910 8 0.74
b* (LS-SVR) 0.945 9 0. 60 0.920 3 0.70
pH (MLR) 0.872 2 0.27 0.845 9 0. 30
pH (PLSR) 0.826 9 0. 31 0.816 3 0.33
pH (LS-SVR) 0.988 9 0.08 0.942 0 0.19
M3 AR 4 ATLLE I, S8 L, T A At

SRCBCHE 2 B R S R BOHE A, MLR @5 SRR T
PLSR 4 PL-SVR #5451, H % 4 T4 MLR 24 2%

el MR IEAEAE R B R, 7 0. 985 6., KIEHEIRZE SEC K
0.88, WML RE R, H 0.983 2, WML %2 SEP 3l
1.00, HERA@EILE R UE 8(a) Fl(b) fiR. 4 XS H 56
a” M b . 7RG R d BT RS, PL-SVR 25 U 4F T MLR
5 PLSR, | HI 5 4t 32 40 d g A, MLR B2 R adr . H
ST FE O A 2 SR A R TR A A R Hoh, B4 a
K IEEH K REC R, 7y 0.917 4, K IESE R SEC Hy 1. 54,
M RER, H0.907 2, TR SEP H 2. 14, 3H

b RIFEMIEREER. 7 0.942 1, KIFEERYE SEC 4 0. 62,
T AR AR R R, 0. 935 9, FIAE B2 SEP Jy 0. 67, B
N SRCER RS B E 9Ca, b FAE 10Ca, b) i, &
XS pH AH T8 16 R TG 3B I8 J2 S A A Bodi i, PL-
SVR #4545 B35 0 F FL AR W R AR v o LR ST S5 B30T A
ZERFTOLBREBE, SR pHEREEMAERE R K
0.9889, fRIEA 2 SEC 25 0.08, LMK RZE R, H
0. 9420, B4R 2 SEP 24 0. 19, H A a5 45 4L g 11
(a,b) 7,

BEIEGEp 45

(@) Rc=0.9856
SEC=0.88

50

45

401

351

301

Predicted L* value

251

20 T T T T
20 25 30 35 40 45 50

Measured L* value

50-
(b)  Rp=09832 R L5 R

SEP=1.00 .
451

40
351

30

Predicted L* value

251

20

20 25 30 35 40 45 50
Measured L* value

B8 ZH#L MLRAZXEHER
(a): BIEZH; (D)« T2 5
Fig. 8 Modeling results of parameter L.* in the calibration and
prediction set based on MLR algorithm

(a): Calibration set; (b): Prediction set
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Research on Detection of Beef Freshness Parameters Based on Multi
Spectral Diffuse Reflectance Method

WEI Wen-song, PENG Yan-kun* , ZHENG Xiao-chun, WANG Wen-xiu
National Research and Development Center for Agro-processing Equipment, College of Engineering, China Agricultural Univer-

sity, Beijing 100083, China

Abstract In order to meet the development requirement of portable and low cost equipment in the field of non-destructive detec-
tion of fresh meat quality parameters, a new method based on multi spectral diffuse reflectance technology for fresh meat quality
detection is proposed. Based on the diffusion approximation theory and combined with the sample scattering coefficient, absorp-
tion coefficient and refractive index of beef and other parameters, based on Monte Carlo simulation of thin vertical beam on the
radio, on a certain divergence angle of LED light source are initialized with correction respectively from the light source position
probability distribution and different angles of the irradiation probability distribution, angle, direction angle the probability dis-
tribution and different incident light angle sample reflection caused by the energy loss and influence on the photon weight, the
LED divergence angle under different source detector diffuse reflectance and depth of detection distance, the optimum distance
between the light source and the detector is 15 mm, then according to the distance, to build a multi spectral diffuse reflection de-
tection platform, multi spectral detection platform by 8 groups of 470, 535, 575, 610, 650, 720, 780, 960 nm LLED. The source
composition corresponds to the quality parameters of fresh beef to be detected. At the same time, according to the 8 LED light
source, the light source design layout structure of probe point symmetry, 8 light sources inside the probe to the detector as the
center, symmetric distribution, while using LED light source divergence angle. determine the installation position of the light
source to the sample surface and the vertical distance of each light source. to ensure the light source to the sample area is uni-
form. In addition, the probe embedded within the design of signal acquisition, amplification and transmission components, signal
acquisition part uses the spectral response range of 400~1 100 nm light intensity detector, sample diffuse intensity after process-
ing to the host computer through the signal acquisition and amplification circuit, and the software finished modeling and analysis.
Finally in order to verify the performance of the detection system, with fresh beef freshness in the color parameter (L*, a*,
b* ) and the pH value as the index was tested using 60 samples, 8 light source under the original light intensity value and correc-
ted reflectance values respectively, and then the beef samples according to 3 : 1 the proportion is divided into set and prediction
set correction, for the original value of light intensity and reflectivity values, respectively, using multiple linear regression
(MLR), Multiple Linear Regression Partial Least Squares Regression partial least squares regression (PLSR) and partial least
squares support vector machine regression Partial Least-Squares Support Vector Machine (LS-SVM) three methods, model pa-
rameters in the original light intensity and reflectivity data of the two cases, and get the best results. The results show that the
results of modeling using reflectivity data are better than those of light intensity data. The MLR modeling results of parameters
L", a" and b* are better than those of PLSR and LS-SVR, and their correlation coefficients of prediction set are 0. 983 2,
0.907 2 and 0. 935 9, respectively, and the prediction set errors are 1. 00, 2. 14 and 0. 67, respectively. The LS-SVR modeling
results of parameter pH value are better than that of PLSR and MLR, and the correlation coefficient of the prediction set is
0. 942 0 and the error is 0. 19. Finally, using 20 pieces of beef samples which did not participate in the test to validate the model,
the colorof .* , a” , b" and pH parameters of the prediction value of the correlation coefficient and the measured value is greater
than 0. 85, the results proved that using multispectral diffuse reflection technology and building the multispectral reflectance de-
tecting system are feasible for the detection of fresh beef the quality parameters, this method can provide reference and basis for

the nondestructive testing instrument design of portable or micro fresh beef quality.

Keywords Multispectral diffuse reflectance detection; Monte Carlo simulation; Beef quality parameter; Light source system;

Prediction model
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