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Table 1 Division and statistics of colorimeter values for sample sets

R H HAHE EEECs wAME = RAA A Ao £

BHA 120 L 22.43 37.80 28.87 3.72
a 8.00 11.06 9.17 0.66

b 8.87 11.89 10.34 0.79

il 4 & 80 L 24.06 37.80 28.21 3.62
a 8.00 11.06 9.15 0.64

b 8.87 11.89 10.06 0.77

Hom & 40 L 25.02 36.41 30.24 3.31
a 8.62 10.62 9.39 0.63

10.21 11.67 10.96 0.39

22 REHIEDT 5 B2 S G Ry, 2 BV AR IR JEE X DG R A A A

AN [F) 9 B A B A5 4 R S i R A TR T FZ A HL D PR AT BB ER T UK S A AR L R I
WE 1 s, A RE R R AR A R, SRR HIE T AR B, 261 CCHI-80 Chb 3
BT R R RN RS, BRI WS B AR TRRLIE A, FE 680~970 nm Y L P ) 2 4 R
PAE 430,550,780,970 nm Ab; Hoi 7 F 430 nm B B AR T RSB A FNS A B4, FEGLILGN)
550 nm Kb 2 AW B oy AR R AT 1 SR TR B WL LS R TR R SRR R
MWL 4>, 750~970 nm 5 I BE =2 2.3 4 RMEHEERSE
2 F K G 1 BR R R BRI O—H 2 R A 1 25 il FIH ANOVA X vk 76 1% 98 A 6% 1T 22
BT g R RS SR BEW RS, UL F B BCR S B F R
WoRE T B A RARESR, RAEAREAMIK  REEBARPIZOMEM 22 580, fE 2 a5,
P BEIX I (430~550 nm) FKAFFRBERILIX B BEE K G, FERE LTS TR B TE
(750~970 nm); LR GIERRIE R H 2R A E K 660 nm Zbik F ok, HAE N 199.693, 7EiZ K
TC A I B AL T B S BER MG R X3 22 S PR AR LSk DLy

AR HRE R L R RN (-1~-80 C)TE  BF,LT52 20 B 0RE B S5 &Mk, SR TES
680~970 nm Y& [ Y 60 R BT R, R Jhoarrdr, vKFEOLIE S DRI R 22 F Rk
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Fig.1 ROIs-1 spectra curve
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Fig.2 Specific single band image was selected based

on ANOVA of F-values
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Fig.3 GTS processing

2.4 ENXEBREHM

A 4 A, 5 ROIs-1 YeigAH L (1),
ROIs—2 Sk i TE 245 K e SR Ak AT B0 | 45 U Bt
Ak B S S5 6 bR o U 22 B s/, B GTS
B RAFERRVKFE THMEE ), HiEcoR R E AR
BT A R AR G T RRAE  BE AN, 38 6 T A v
ZEWI N AAUEAS FIZEFEAR R T 5 TR ok

A A R O A ARG Y A AR 0 T R A B R

T ROIs—1 fil ROIs—2 Y6 3% fr 57 1Y PLSR
FERIZE L UL 2, 5 ROIs-1 Yei& A Lt , B ROIs—2
G T HE ST 1Y L a” A b A T 55 E A T Y
R e A e Hoh LA W0 A AL Y R AN
RPD 43 % f1 0.8839 F1 3.3419 & J+ & 0.9515 Al
4.4606,a" fH AL AL () R% A1 RPD 435l i 09124



O

418

=Y

[

H

A,
07

Hz 2024 4E55 8 ]

F13.3387 $£TF 2 0.9461 F1 4.2927 ,b* {1 75 I 45 184
B9 R% H1 0.9099 & T & 0.9441,RPD i 3.2410 42
TH 2 42963, Z5 5 R, ¥ VR A PR €8 5 1) 1 00 A5 75

RPD ¥R T 4, FWI% R IR BAT (A & 1
P, T T o A A I,

- - RbBEA
70 |- -1°C A%H
- 220°C AU
.- -80°C AU
60 | | —-- -1°C %HH
— -20°C kA |
_ ... -80°C HRA | -
=50
i g
] =
= =40
el
g 30
2
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400 500

900 1000

IS

Wave length/nm
4 ROls-2 & i £
Fig4 ROIs-2 spectral curve

% 2 ROIs-1#1 ROIs-2 R IEFTHZ NS FR B FMKE LR
Table 2 Prediction results of color of frozen pork established by ROIs—1 and ROIs-2 spectral data

o Rk R F k% R b
o (LVs) R RMSE; R RMSE, RPD

ROIs-1 L 10 0.9001 2.6104 0.8839 2.2313 3.3419

a 10 0.9324 2.1435 0.9124 1.6869 3.3387

b 10 0.9178 0.3412 0.9099 0.4233 3.2410
ROIs-2 L 8 0.9638 1.4546 0.9515 1.6717 4.4606

a 8 0.9643 1.0619 0.9461 1.3121 42927

b 8 0.9643 0.2642 0.9441 0.2785 4.2963

2.5 4FENXIEEES

SRy B Ve ASCH P Ak R R AR ARG Tl A A
B IOE FH AR | 2 — 25 0D U BB+ Ay W AR S
K H SPA FiI VIP HATRFE SIS i e, 25 &l 5
FR o 2 FRRIE DA 09 0 18 7 Tk B R 25 ek
VIP i 3 48 15 09 5 AE 4 32 24 7E B K 600
nm DL T SPA i 6 3R A5 i RRAE I 1< FEAS 52 3 ]
WOt SRS, 5 LM o [, SPA 1
VIP £ X5 ™ (A i i 0 A RR R I K B 2 B G
FEIH — 7 Y RRE

LL SPA FI VIP i 3 1) 55 AE 5 K h g A8 6
N7 T PLSR WA M AR 5 L3R 3, 5 VIP

ATHE  SPA B ANEE F F4F X% L7 A o {5 A9 FRAE % K
6, JTASEE Y PLSR A58 78 ELAT A vy A0 RS 1 A
‘M R 439 0.9565 A1 0.9593 .RPD 43 il
47745 F1 4.6265, YW T ROIs-2 2063 ir
Fa A TN ALY X T A B RAE b7 {1, SPA-PLSR
R Y R WA T VIP-PLSR #£81 | 1fij §if & RPD
HE TIEA, RN RAF &, 78 SPA ik
FEAE K 1 ,435~660 nm G 3 X I P4 ()RR AE 37
FEENOEH . MOEMSCOEEAMIIK
A K01 1750~970 nm i K P B FRAE I K
B K B FORAS B DI AR T 25 | RTIR  SPA TE
A U TR 8 1) R IR DI 33 0 356 7 1 3
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g Z 50 £ 50
% g 40 g i: 40 % g 40
i’g = 3 jg TLS 30 :5 E 3
U% 20 :-]- 20 fg 20
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i8S iaN Pk
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2 5 i § w5
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R g R g R g
a2 a2 B
19500 500 0o 700 800 900 1000 10700 500 00 700 800 900 1000 10300 500 600 700 800 900 1000
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Wave length/nm Wave length/nm Wave length/nm
()VIP-L' (e)VIP=a’ (H)VIP-b*
5 EF SPA i VIP & R4FHEH K IEHE
Fig.5 Selection of key wave length based on SPA and VIP algorithms
®3 ETHMEKEINEARFE PLSRRAELER
Table 3 Results of PLSR models for evaluating the pork color based on characteristic wave length
L ) SR Rl &
§i itk Ir I5 AR TEHK LVs
RMSE, R% RMSE, RPD
SPA L 9 9 0.9725 1.2802 0.9565 1.5618 4.7745
a 7 7 0.9666 1.0385 0.9593 1.2174 4.6265
b 6 6 0.9384 0.3507 0.9570 0.3257 4.2126
VvIP L 8 8 0.9669 1.4061 0.9419 1.8397 4.0532
a 8 8 0.9479 1.2988 0.9525 1.5261 3.6907
b 9 9 0.9669 0.2893 0.9590 0.3475 3.9490
25T % NTER PR E NPAVAAE IS - =9 o
3 i IEBRTEV AR R BT, B B Tl X

AT 5T 45 A T UL/ 2140 2256 1% 1% B AR
EUG BIE /> #H, JFR T Z2R05 06 MR R
A O PRI B R BFSE 28 CDA A GTS 43 %15
HRANPESS, 5 ROIs-1 Al ,ROIs=2 4964 PLSR
AR 1 SO0 R AN R O T A T — 4
o AR 5 i %) b B (1] SPA 8532 e VIP 55092 7 i
ERFAE I 7 T O L, XA LT R b
HE T 3 DR EIRIAL H R 435k 0.9565,
0.9593,0.9570, #H 1 1) RPD {H 43 5l 24 4.7745,
4.6265,4.2126, A4 R L] BT MSIHAR
A S PRV VR A TR B A RO TS R A R A 3N

& % x #
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Abstract Color is the first perceptual indicator for evaluating frozen meat quality, and establishing an in—situ method for

evaluating the color of frozen pork will be critical to stabilize the consumer market. This work proposed a real—time

method for detecting the color of frozen pork based on the image threshold segmentation algorithms including canonical

discriminant analysis (CDA) and global threshold segmentation (GTS). A total of 120 multispectral images of frozen pork

were segmented. These segmented images were then converted into corresponding spectra, which were applied to establish

calibration models for predicting the color characteristics (L*, a" and b") of frozen pork by using various algorithms such

as successive projections algorithm (SPA) and partial least squares regression (PLSR). The results showed that three op-

timal models for predicting L", @" and b" values were built by combining the GTS with SPA and PLSR, and their corre
sponding determination coefficients (R?) and residual prediction deviations (RPD) were 0.9565 and 4.7745, 0.9593
and 4.6265, and 0.9570 and 4.2126, respectively. Results of high accuracy and robustness would provide a theoretical

basis for non—destructive and rapid detection of the color of frozen pork in industrial practice.
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