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Fig. 3 Mutton hardness outliers’ detection result by 2 iteration MC sampling
(a): 400~950 nm 1st MC; (b): 900~1 650 nm 1st MC; (¢): 400~950 nm 2nd MC; (d): 900~1 650 nm 2nd MC
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Table 2 Results of spectral data preprocessing
. 400~950 nm 900~1 650 nm

T4k B ; ; ; y .
R% RMSE¢ Rp RMSEp RZ RMSE¢ Rp RMSEp
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2.4 PLSR B 37 S454F 55 KR

T 400~950 1 900~1 650 nm P 4L 2F A 75 63 B
KA — 3 X UE gy, PLSR A, 53Rk 3 fron, &
F 400~950 nm P 4 g7 1Y 3 PO AR BF PLSR 0 A5 784 1)
B (RPD>2.5), fEEIfY RE=0.947 2, RMSE, =47.789 9
g. T 900~1 650 nm K @ 57 By 2 A i I PLSR 5 ) 455 784
{9 R & 0. 978 3, RMSEp ) 30.590 1 g, B @4k F % F 400
~950 nm I K M BE AR 42 B ST B

T T R 0 T A R T A i1 & A R . B
T ARSI BR R R B ROET) L B T R AR R AR B K ST
a7 Ak TOUIARE Y, W] L A A 2R 94 TR B R 32 KR R

(7 P 5 A PR 14 AR AR i DG 3 KB O A2 2R B . AR BF R A RC
Jr R 400~950 1 900 ~1 650 nm I K 3 Bl PN 2 PO Al
ROARRIE S . SRIRES R I 4 a.b) R . dl g RC H ik
VT 2 TS AE 400~ 950 #1900~ 1 650 nm % K 7 B Y
FRAE WA 43 31 14 A F0010 Ao 56T P9 ALRRAE I 1< 43 3
FAREEE Y PLSR BEAL, 4R ANSR 3 R . 53T 2 K
ST AR B R R AR L, IR TR AR P K B S Y PLSR A
R: 43339 0. 951 9 1 0. 985 0, RMSE, 43| 2 46. 602 7 ¢ fl
24.397 0 g, T AE S35 i, TINS5 2R 43 B0 IE 5 Ca b PR
Forr, BT 900~1 650 nm ¥ 1< HE 57 Y PLSR 48 g 5 Py T
JRE TN ) B A AR AL

®3 XHNEEPLSRERPMME R
Table 3 Mutton hardness prediction results of PLSR models
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Abstract Mutton, as a kind of meat with high protein content and low fat and cholesterol content, is becoming more and more
popular with consumers. The demand for mutton is on the rise. According to the National Bureau of Statistics, China’s mutton
production rose from 6. 27 % to 9.02% from 2012 to 2019. This study proposed a quantitative detection PLSR model of mutton
hardness based on the twice iterative Monte Carlo (MC) method. In this study, the Image-A-V10E-H camera of the GaiaSorter
hyperspectral sorter was used to collect the hyperspectral data of mutton samples at 400~950 nm, and the Image-A\-N17E camera
was used to collect the hyperspectral data of mutton samples at 900~1 650 nm. Firstly, the study compared and analyzed four
spectral pretreatment methods (S-G smoothing., 2 derivations, MSC and SNV) in eliminating interference factors, such as noise
and baseline drift. Then, in the first MC sampling, the samples were divided into normal samples, suspicious samples and
abnormal samples according to the 2.5 and 3 times the means of the prediction error means and standard deviations of each
sample. The second MC sampling was performed based on rejecting abnormal samples, retaining and labeling suspicious
samples. The new abnormal samples were eliminated by 3 times of the means of the prediction error means and standard
deviations of each sample. Finally, the PLSR model based on the full wavelengths and the characteristic wavelengths extracted
by the regression coefficient method (RC) were established and analyzed. The experiment results show that the twice iterative
Monte Carlo method proposed in the study could abnormal samples, optimize the sample set, and provide a good foundation for
modeling. With MSC as the spectral preprocessing algorithm, the PLSR model based on 400 ~ 950 and 900 ~ 1 650 nm
hyperspectral data was superior to the other three spectral preprocessing algorithms Rf = 0. 947 2 and 0. 978 3, RMSE; =
47.789 9 g and 30.590 1 g. And, the accuracy and stability of the PLSR model based on 900~1 650 nm were significantly better
than that based on 400~950 nm. 14 characteristic wavelengths (410, 438, 450, 464, 539, 558, 612, 684, 701, 734, 778, 866,
884, 935 nm) and 10 characteristic wavelengths (915, 949, 1 085, 1 156, 1 206, 1 262, 1 318, 1384, 1542 and 1 580 nm) of
mutton hardness were selected by RC algorithm from 900~1 650 and 400~950 nm. The PLSR model based on 900~1 650 nm
was the optimal model for predicting the hardness of mutton with R} =0. 985 0 and RMSEp = 24. 397 0 g. In conclusion, the
PLSR model based on the twice iterative MC algorithm can effectively predict the changing trend of mutton hardness during cold

storage and provide a reference for related research on non-destructive detection of mutton quality.
Keywords Visible-near infrared spectroscopy; Twice iterative Monte Carlo; PLSR; Mutton hardness
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