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LI Bo, ZHU Li’, YAO Qingyu, JIANG Hongyang
(College of Computer and Control Engineering, Northeast Forestry University, Harbin 150040, China )

Abstract: Soluble solids content (SSC) and firmness index (FI) are key factors that affect the taste of strawberries.
Accordingly, a general predictive model was established for strawberry quality parameters, SSC and FI, based on common
features. First, spectral features were extracted using competitive adaptive reweighted sampling (CARS), the successive
projection algorithm (SPA), and uniformative variable elimination (UVE). Subsequently, decision models were constructed
using partial least squares regression (PLSR), extreme learning machine (ELM), and least squares support vector machine
(LS-SVM). The whale optimization algorithm (WOA) was used to optimize the parameters of the LS-SVM model to
ultimately establish a general predictive model based on the common features of SSC and FI. The results indicated that
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spectral noise can be effectively reduced using the Savitzky-Golay (SG) convolution smoothing technique for preprocessing.

The CARS-LS-SVM model exhibited the best single-indicator predictive performance for SSC and FI, with correlation

coefficients of 0.937 and 0.898 and residual predictive deviations of 2.87 and 2.28, respectively. The SSC and FI features

extracted using the UVE method had the highest overlap rate. The LS-SVM dual-indicator model that was established based

on common features achieved effective predictions of SSC and FI, with correlation coefficients of 0.922 and 0.871 and

residual predictive deviations of 2.58 and 2.04, respectively. Near-infrared spectroscopy could simultaneously predict the SSC

and FI of strawberries. The results of this study can serve as a theoretical reference for the development of general predictive

models capable of determining multiple strawberry quality parameters.

Key words: strawberry; near-infrared spectroscopy; whale optimization algorithm; least-squares support-vector

machine; general predictive model
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Table 1 Strawberry soluble solids content and firmness index
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Table 2 Comparison of SSC prediction results under different

pretreatment methods
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bk ik B O &, W B A YA BR AN 99%.
Kl Sa 2y SSC Btk o B i ¥ 7%, &l 5b 9 FI
R Bk R R . B, AR I KRR L LA
A5 T B BB BRI e AR i, W KRR
2R USRS e BOR BT A AR &
242 FfAAEALR

5y 0K 4 SG Ak B 1) % 1 AR & 5 CARS.
SPA F1 UVE i 5 ¥ R i 9% B fr A 2] PLSR. ELM
A LS-SVM #5284 o X SSC F1 FI 3k AT il I 1,
PLSR 15 %Y % 11t LVs #. ELM F& & 2 #h 2 e A 5
(N) I LS-SVM 1R i L S nk 4 Fios.
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Fig.5 UVE characteristic band extraction process of
strawberry soluble solids content (a) and hardness (b)
R 4 AEFHEEET A THPLSR, ELM#A
LS-SVM#EE S#
Table 4 PLSR, ELM and LS-SVM model parameters under

different feature selection methods

FERE, WA ITEI T BOR I . B SPA T4t
5 A0 T Ao ALE 2% 5 7 35 AT BLA RO O 5 g

LA

R 5 TEFHEAE T % TR BTN SSCLE RAF Lk

Table S Comparison of model prediction SSC results under

different feature processing methods

Fe il ji;ili R. RMSEC R, RMSEP RPD
SG 0957 0374 0918 0404 252
CARS 0949 0324 0924 0368 2.62

PLSR
SPA 0940 0398 0.894 0424 223
UVE 0950 0362 0922 0376 2.58
SG 0963 0414 0917 0437 251
CARS 0956 0361 0925 0387 2.65

ELM
SPA 0946 0393 0.884 0417 2.14
UVE 0962 0358 0928 0372 2.68
SG 0957 0373 0925 0388 2.64
CARS 0958 0332 0937 0354 287

LS-SVM

SPA 0951 0388 0896 0.412 2.25
UVE 0956 0325 0928 0384 271

R 6 FREIFHEAIETT A T IR BTN FIZE /3T EE

Table 6 Comparison of model prediction FI results under

different feature processing methods

T, PLSR ELM LS-SVM
LVs N y o
CARS 9 35 14372 2369.2
sscC SPA 8 55 10894 3824.8
UVE 11 40 20687 30521
o CARS 9 50 10145 4136
FI SPA 7 35 37821 3915
UVE 9 45 15566  2695.8

SSC HAE TR S 45 S 5 fn. £E PLSR A%
Airh, CARS J57 7k B0 FUI0 M e 3 4y, T4

AEAL 4%4;;&%% R. RMSEC R, RMSEP RPD
SG 0951 0336 0.869 0430 2.02
CARS 0935 0.383 0.885 0402 2.15
PLSR
SPA 0942 0363 0.868 0415 2.01
UVE  0.939 0357 0879 0391 2.10
SG 0964 0372 0.868 0381 2.01
CARS 0947 0364 0886 0.383 2.16
ELM
SPA  0.958 0354 0.859 0.384 1.95
UVE 0948 0370 0.882 0396 2.12
SG 0952 0346 0.883 0441 213
CARS 0941 0334 0.898 0375 228
LS-SVM
SPA  0.928 0.373 0.832 0421 181
UVE 0956 0357 0.891 0382 221

FaE RN TE M, Ry RMSEP F1 RPD 435179 0.924.
0.368 l12.62. £ ELM B, UVE J7i:HUS 1 &
B (PR 2R, Row RMSEP F1 RPD 43 51 24 0.928.
0.372 fi1 2.68, 7E LS-SVM # % 1, CARS J7 £ 1)
TR 2 R AE = A8 i i, Rpw RMSEP #1l RPD
3975 0.937. 0.354 F12.87, fE =R, R
CARS J77%: M UVE 771 7] DLHUAS B AS B 10 Tl
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RPD 43524 0.898. 0.375 f12.28, LS-SVM & ! 71
KB4 0T B 25 B AR P TN 3¢ 222 AR B vy (1) A D%
RHL VORI ELAE TR SSC AN FI J5 1 oA AE. R
S AEAE B CARS A1 UVE IX 9 Fih A% & 3% % 5 1L I,
LS-SVM 8 35 5 i 1 MERE .

FEXT SSC 1 FI FUMIINF, KR SPA J79%4h, CARS
A UVE #0] DLAA AR BB i s 2E 5, b
ToRAR B (1) T4
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Fig.6 The common characteristic band distribution of

SSC and FI

K CARS J5 1% B fifi izt i R 1) SSC Al FI 3L )
FRAEE A R BUR, —H KL RRAAEA 2 BLd 2
TR A A UVE J5 i3 BRI R AR B B &
IS, RHE AT 6 Pron, EA W BRI
7E 980~1 020, 1200~1225 1 1 310~1 380 nm [,
2 UVE $2HUH SSC Al FI JL [FRHIE I BEEON 118 4,
G35 FURRAE ST 52.21% 1 41.4%. A SCIiE
JFH TR0 578 ) i SSC RN FI fA 36 )R AR Sl A5, DASE
Pl— PR R Xt SSC A1 FI B AR FEFR ) 001

R 7 LS-SVMIERIR S HIA R SSCHAFIRI TN 4R
Table 7 The optimal parameters of LS-SVM model and the
prediction results of SSC and FI

f}iﬁ% /ARy o R. RMSEC R, RMSEP RPD
SSC 172413 152.8 0.953 0.348 0.922 0.384 2.58
UVE

FI 33517 901.8 0.948 0.362 0.871 0.398 2.04

1 2.4 %1, LS-SVM #% & %f SSC 1 FI Fi i H
A B I T AR, DR AR TR P AR A AT
T PSSR R 7 s, SSC Fiill 45 K1 Ry
RMSEP 1 RPD %y %] 4 0.922. 0.384 A1 2.58 ; FI
TR 45 56 R RMSEP A1 RPD 4351 4 0.871.0.398

M 2.04, —FHW RPD {EHE T 2, 2 IHFLA T
A L

3 #ip

ARSI T LA S R M B T FEERE () SSC.
FI B35 b5 TR AR 7R LA K2 SSC AT FT XUAE b FH 7501
B, R SG il b3 Ji5 1) 5% i BHE 5e % A 2k sk /b
JRaGeiE M IR B DL R TERAE R . 5 SPA T
EAHEL, UVE #1 CARS WA % B IS Ot 1 A8 & 2 [A]
AL ), ARG TE TR T AR . A
F PLSR Al ELM £ %4, LS-SVM £ %I 7£ SSC Al FI
g T B A e . Hoh CARS-LS-SVM £
A {E SSC (Rp=0.937. RMSEP=0.354. RPD=2.87)
F1FI (Rp=0.898. RMSEP=0.375. RPD=2.28) [{] i
DR T el R . FEd A T A v, 20t
UVE J5 iR AL FE () SSC AT FI 4R L B & K L
{1, SR FH PR IR 3 [R) Y B A7 1) LS-SVM B AL )]
A SSC A Fl.

ASCRE T A FH AT 2L A0 T B 3] I 0 B4
Jo DAL P00 Py w471 D R I 22 2 B0 F TR0 A
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