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Abstract

The moisture content of abalone products is an important quality parameter, and hyperspectral
imaging technology was used to make nondestructive prediction of abalone moisture content un-
der different thermal processing (boiling, microwaving, and baking). Savitzky-Golay smoothing
(SG) and Multiplicative Scatter Correction (MSC) were used to preprocess the raw full-band spec-
tral data and select the optimal pretreatment method, respectively; the Successive Projections Al-
gorithm (SPA) and Regression Coefficient (RC) were used to select characteristic wavelengths; the
moisture prediction model of abalone was established using partial Least Squares Regression
(PLSR) based on the full wavelengths and characteristic wavelengths. The results showed that the
model established by using spectral data processed by SG and SPA has the optimal performance

(RZ =0.9376, RMSEP = 4.63%, RPD = 3.85). The optimal prediction model was used to visualize

the moisture content of abalone under three kinds of heating treatments. The study showed that
hyperspectral imaging techniques can be used for non-destructive quality monitoring of abalone
processed products.
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Figure 1. Main components of hyperspectral sorting system
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(Regression Coefficient, RC)7 il X} 4=k B 6 il A d 34T P4k . SPA & —Fhal I RpfiE B ik #5077, R
R ERIURE B LR/ ERTHS . 76 SPA I FEF, TR — R KA 2 H
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2.7. PLSR T s

fiw &z /N —. 3¢ [m] I (Partial Least Squares Regression, PLSR) & — i FHFIZ A &8 o H ik, 22T &
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THCBRE S 100 /> BEHIRE S 100 /N TSI ISR, 116 MREAROKAEFRE M 36 />y B FE i 40 A,
B 40 AN)H TR T . A2 (0 4 N R FIUA B 1R ST 350 1 B AN 22 B 4 )5 1P 25 i s, dar
(1 6ifd f1 5 K & PLSR T 45 2 ) Sl 2 LA RW-SG-PLSR. RW-MSC-PLSR. RW-SG-SPA-PLSR.
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T (R ) B HERL T M 1% 22 (RMSEC) « 28 X Bk 77 i 1% 22 (RMSECV) « A TIN5 77 i 1% 22 (RMSEP) |
FHXS 53 Lo 22 (RPD) 55 Z 3004l PLSR MUTIGINIGE /7. 4 RV RZ, « RZMAK S, 1fi RMSEC. RMSECV.
RMSEP fikff, PLSR BFE M THNMERE. 4 RPD fH/NT 1.5 B, SLBIRRY TN ME e 72, BEAY Rk
RiH]: 25 RPD B AE 1.5~2 Al d WA A B T 1 e — M =4 RPD AR T 2 I, 5 AR f) Tl 44 g
F5[20]. AHFFT PLSR MLAY (1) 57 J 4 Hr#43i ik Unscrambler (V9.7. Camo Process AS, k) #1114 i3k 47 5K
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AR RN T R R, R 5 1 B K 2 R AEAN FIRRE TR AR A, axX SR i MG H B
AR R ZE S AFAFHRIER PLSR FRIIAAL, K o A & m bl BUR T AR R S &K
EUAT IR, SCIUK AT . ZEAE BTG AR, R AR AL it b R0 ) B K B . ADoK
Ay ATAAL I SEFLEE T Matlab 2017a (The Mathworks Inc., Natick, MA, 25 [E)K 5 .
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3.1. FIE4FE

Pl 2 By =R T AR B () fifd £ 5 ROI X 350 P 1P 3565 s S 2R 1ih 28 (387.1~1024.7 nm). 7EAS
[FI I FN I (B (5 430 10 Z3%h. 15 43800 20 4380) T, = FhEin T AL BRAE 5 1T 35 60 s S 2 il 26 A
AHEFER A . BT DU S S =N B2 RIS, 4 AR #E 480 670 AT 960 nm 4b. 7ET] WOGXIE
(400~700 nm) P, 480 nm Ak FIUEAE X BT LD B 2 0 WL, 3X 54 S IR E A OC[21] s AT IO X3 )
TR LE 670 nm AL, A7 T ILZEEE A MR AL, R RS sE UL E & R B U R[22]. 1R
ZLAMEIE X3, 960 nm Kb FIW I I 5 K 4> B BRI RER DG R [10]. SRR S A6 OO R S
IKEASK KA HEVINECR, S I 2 m R B B K ERS, I 2 af VR, KEAFER
i £ 5 ot D' T S ST 2R AT G R 08 o A 3, T A aB R s 7 e o A B 7 R A B T A i n B ak 4 77 =X
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Figure 2. Average spectral reflectance curves: Bl represents boiling, Mw
represents microwaving, Bk represents baking, 5~20 represents heating times
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3.2. BKEHNEKETIN

T8 g A T P A BT 280 o T R A I ) S K B, A T R T R A O e O ) ) £ K
PLSR il #% % (RW-PLSR) . 3T SG il b B ) fifd 1 5 7K 5 PLSR T A5 7 (RW-SG-PLSR) Al 3 T MSC T
Ab £ 5 7K B PLSR Tl AL (RW-MSC-PLSR). MR RILUNE 1 iR FET 49k B TN AR Y 7 g
HEFIAE SUIRE P B R B m P RE, = /MBI R2 5 RS HI4Ext Z {8 4 %9 0.0019. 0.0064 1 0.0003; fii
RMSEC 5 RMSEP 4%t 2185 4371 4 0.15%. 0.05%7#1 0.03%, It4h, 1A RPD 43 %)A 3.48. 3.53 fll
3.13. VLS5, KA AU BOG G A 7 0 6f A 5K B PLSR FUNAR A LA 55 s O TR FE o K IR
44l BOG RSB B T A TN AR A 43 53] 55 SG AN MSC Tl AR HE I 1 4 10k B 1 B0 22 37 i T A 78 1 4T L
B, %SG AL @ AL TRINELAY RS A RPD {E3A Frd i, FIRES SG Bk ARSI B my ot i s th i
MEFE L fiiEm VMR G MSC FilAb HE S I TR A i) R2 A1 RPD B ISA i N I%, WIS MSC WHBR =
T 5 O TP P [ B 9k /N 17 M vl B 2 ) ) 22 e O o AU BB 1 T S 2 &85 SRR BE 1 R
TR AR T AN [F] 200 77 20T 85 KR 1w AT

Table 1. Evaluation index of PLSR prediction model for abalone moisture content based on full-band data

=1 ETERERBIENE 27K E PLSR FUMRELTMN fafr

e 2 IS T4
R Mk - RMSEC 2 RMSECV - RMSEP o

(%) < (%) F (%)
RW-PLSR 360  0.9219 4.95 0.9113 5.30 0.9238 510 348
RW-SG-PLSR 34 0.9213 4.97 0.9108 5.31 0.9277 492 353
RW-MSC-PLSR 360  0.9053 5.46 0.8941 5.80 0.9056 543 3.3
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SUM T B RCR AR M () . ASHT T2 3SR ) SPA H1 RC % FAL B 5 4k BOG S S h AT B 4, $REUE:
TEBE A AT A

EI % SG Al MSC TRALER 5 F 6l A di, FIF] SPA F#4E 5 4 B 3 Frias. [ 3(a)f1 & 3(c) Ml
SPA Xt SG TRALHE 5 (106 B E S L 16 MRHIESE K, 1] 3(b) AT 3(d) A H SPA X MSC T3 J5 (1)
JETE IR PR 14 MEFAEE K . 25 BRI F SPA FR4E S HII By A 7 392.2~1019.1 nm, A FITE
902.6~956.0 nm Ptz (¥ K 7T e 57K 73 IR USCH 2% 710.0~750.0 nm A1 430.0~574.0 nm Y& 4 K 3=
B R AR B S B SR 5C[23] BB FR IR B 16 1 AE B35 Hum Lo R &
BRNHEERMKBEKL R,
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Figure 3. The number of characteristic wavelengths extracted using SPA. (a) SG-SPA, (b) MSC-SPA
and specific wavelength values extracted, (c) SG-SPA, (d) MSC-SPA

[& 3. £ SPA {Z2ENAVSIER KBS . (a) SG-SPA, (b) MSC-SPA FHZE4HER 1K, (c) SG-SPA,
(d) MSC-SPA

RC B&4e2s R unls 4 Fow, THRAFIRTGEL %, 4 RC FBE4EE M KE39h 10, 5 SPA FHELIR
13 1 D BRFERE o RC R FEHIRAER: K 20 A 7E 426.0~956.0 nm G P, T2 BT EK . ML
HEAFIKS, RIS AR TR0 B T 4B A2 A 22 B A K B AR ARAE B

FIH EOA R AE e K S 6 0 K B PLSR FINAR AL 43 5 & RW-SG-SPA-PLSR. RW-SG-RC.
RW-MSC-SPA-PLSR il RW-MSC-RC-PLSR, #-# A R B U174 2 FT 7 o (5 FH RRAE 8t 4 37 1) IO ASE 24 1) R2
KT 0.90, RPD {H¥IKT 2, FBHFIFRFAE A 2 7 1) T2 A A ap i I R, HLS5 (6 4l B
KA (0 TSRS (P REAH Bl . Frf RW-SG-SPA-PLSR fJ R? (0.9356). R%, (0.9269). RZ (0.9376)f RPD
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(3.85) ¥ N % = ; RMSEC (4.50%) . RMSECV (4.81%) fll RMSEP (4.63%) % i & /Iy, A It #
RW-SG-SPA-PLSR Ay AR . 4] 5 7R Jfifd i i 25 7K B US55 SEDIME < (8] ) SE Bk &R, I
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Figure 4. Selection of characteristic wavelengths using RC. (a) SG-RC, (b) MSC-RC
B 4. £ RC MHHER KHIERE . (a) SG-RC, (b) MSC-RC

Table 2. Evaluation index of PLSR prediction model for abalone moisture content based on characteristic wavelengths

2 2. TP KHEE 27K E PLSR FUNE BTN Ha 4R

g S 2 XIGUELR g bR S
[t e
ES Ré RMSEC Rév RMSECV Ré RMSEP RPD
(%) (%) (%)
RW-SG-SPA-PLSR 16 0.9356 4.50 0.9269 4.81 0.9376 4.63 3.85
RW-SG-RC-PLSR 10 0.9011 5.50 0.8942 5.73 0.8958 5.68 2.97
RW-MSC-SPA-PLSR 14 0.9097 5.33 0.9012 5.60 0.9032 5.48 3.06
RW-MSC-RC-PLSR 10 0.9056 5.37 0.8981 5.60 0.8989 5.60 3.05
084 R,2=0.9376
RMSEP=4.63%
0.74 RPD=3.85 o
4 Py
2 0.6 o Odﬁ
< 0.5 o/oég?
70 le)
ﬂﬂ%nﬂ 0.4 1 o & %
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Figure 5. Measured moisture content vs predicted moisture content
E 5 MENSKESTUHEKE
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Figure 6. Visualization distribution maps of moisture
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