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Nondestructive Detection of Internal Qualities for
Pears Using Dielectric Spectra

Guo Wenchuan Fang Lijie Dong Jinlet Wang Zhuanwei
(College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; To explore the potential of dielectric spectra in predicting internal qualities of pears, the
dielectric constants and loss factors were measured by using open-ended coaxial-line probe technology at
201 discrete frequencies from 20 MHz to 4 500 MHz on 310 pears, picked from four different orchards,
during 8-week storage. Soluble solids content, firmness, and moisture content were considered as internal
qualities. Sample set partitioning based on joint x — y distances was used to subset partitioning, and 233
samples were used in calibration set and 77 samples were used in prediction set. To simply establish
model , successive projection algorithm method was applied to extract characteristic variables (CVs) , and
15, 14 and 15 CVs were exiracted for soluble solids content, firmness and moisture content,
respectively. The modeling methods, such as least square support vector machine (LSSVM) , extreme
learning machine ( ELM) and back propagation ( BP) network were used to establish soluble solids
content, firmness and moisture content determination models based on full dielectric spectra and extracted
CVs by SPA. The results showed that the LSSVM model based on full dielectric spectra had the best
soluble solids content determination performance and good prediction ability, with the correlation
coefficient of calibration set of 0.974 and prediction set of 0.931, the root-mean-square error of
calibration set of 0.592° Brix and prediction set of 0.868° Brix, and the highest residual prediction
deviation of 2.65. The LSSVM model based on SPA could be used to predict the moisture content
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roughly. However, all models had poor prediction ability on firmness. The study indicates that dielectric

spectra combined with LSSVM could be used to predict soluble solids content and moisture content of

pears, but it is difficult to predict firmness using dielectric spectra. The study provides a method for

nondestructive determination of soluble solids content and moisture content of pears.
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Fig. 1 Dielectric spectra of &' and &” of a pear over

frequency range of 20 ~4 500 MHz at room temperature
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Fig.2 Linear correlation coefficients between permittivities

and SSC, firmness and MC at 201 discrete frequencies

from 20 MHz to 4 500 MHz

ZE T RN A B S BUE AR ME T
TIINAL ) SSC W FE A5 K 3, (R i, A A BLHR T 2
T HEFHE Z2 B9 H S BUE L 2 20 F s B0 AL Y Y
AT, A SO A HL RS 5 N T2 2% 5 TA A
SEAFHFHNALY SSC R B F & /K%

2.3 HAXSER

ZERT D A 5T TR T 4 AR AL SSC,
BRI B 7K 3R 0 3 A B R I, S ) 2R T AL
SSC B FE AN K FRAE 5% 1 B K ¥R %
a5 BRI, AR SO BT I 310 AR e — k2, R
T x -y AR B R REAR AR AL I E R
TIARFEAKL 3: 1R I FEASE 1581 233 M IESE
T AT AL RE o AT FE & B 25 A AR 4 A
SSC MERE RIS KB GIT AR R 1, hE 1 ATH
H, SSC AR 15 7K FRARAG 55 T i Y FL, 0 B 3k 1)
IFEAFT R . Ak, MIRAEFE A SSC Tl i A 7%
TR Fe/ MY/ IN T TR0 AR, T e RSB SR J
£ FRAFEAL 757
2.4 EERPERREIGSTETE

BOE SR HU R IE AR S B LR 2 ~ 25, 15
BRI R ECT 19 RMSEC, MR 4% 450/ ) RMSEC #f
E SRR AR A, A [ ARAE AR BT RMSEC
Mg R e 3 Bios. Bl 3 w5, xfF SSC,
MARAEASFE R T 15 B, RMSEC FEA R 45 A 7%
T ARAAE AR 5 B 3G 2 2 IR Y 1Y) &2 2= bk,
UL 15 /R SPA $2 B F T Tl SSC A9 R 1E 742
A X TR 5 K 2 RMSEC 1 £ /ME 43 93
AR 14 1S B UL A3 LA 14 Fi 15 A S T Ag

JEFIE K R AR IR AZ 8 4R B R AR A B L
#2,
F1 BB SSCHEEFMEBKENGITER
Tab.1 Statistics for soluble solids content, firmness

and moisture content of pears

TS FEARGE  FRAEL BoME BRI SF3E +SD
MEEA 310 6.9 18.4 11.6+2.6
SSC/°Brix KIEZE 233 6.9 18.4 11.5£2.6
w77 8.0 16.0 11.9£2.3
MEEA 310 2.7 8.6 4.5%0.5
i/ (kg-em™?) fIEHE 233 2.7 8.6 4.5+0.6
mmgE 77 3.6 5.2 4.3x0.3
BEEA 310 79.3 91.8 87.1x2.8
TR % RS 233 79.3 91.8 87.1%2.9
mmgE 77 81.4  90.9 86.92.5

T - SD FORPrifiEfw 2 .

B3 X F ARG, SPA 16 R AE 2L B AR 1Y
Y07 iR 22

Fig.3 Calculated root mean square error at different

characteristic variables of SPA for different qualities

x2 KA SPA IREUMHHETER HTERYSNZE
Tab.2 Selected characteristic variables by SPA and

frequencies in where the variables located

RS AR R i F/ MHz
& 20.0,27.2, 174.5, 2453.9
21.4, 55.4, 174.5, 867.8, 1 687.5,
SsC & 2125.5, 2 399.2, 25 08.7, 2 712.2,
4123.6, 4500.0
& 23.6,88.8, 180.8, 4405.9
20.0, 55.4, 193.4, 268.6, 645.3,
BB & 1300.3, 2 180.2, 2 618.1, 3 370.9,
4123.6
& 23.6,78.2,2453.9,3935.4
25.1, 55.4, 174.5, 287.5, 386.3,
kA & 1300.3, 2 180.2, 2 399.2, 2 618.1,

3370.9, 3841.4
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RMSEC #1 RMSEP, y5i.BH FS-LSSVM E. B B4 1#¢ 1E
PEREABUN P RE. FS-LSSVM [ Dy 29 2. 65, KT
2.5, UiW] FS-LSSVM HA R4 SSC HMAE Sy M
SPA-LSSVM [1] Dy M 2.24 75 2.0 5 2.5 Z ], 3
H] SPA-LSSVM nJ ] FRLIS L FEN AL ) SSC.o
%3 LSSVM #1 ELM #=E S#)
Tab.3 Parameters of LSSVM and ELM

R RAIEAE R LSSVM ELM

£ G £y R o’ Y B AT BB

FS 11435.8  39854.2 70

356 SPA 93.9 9972.8 60

FS 8484.2 744. 4 54

E SPA 2029.9 1169. 8 57

- FS 7170.8 1927.9 59

SPA 5006. 8 1512.6 56

*4 AEBFFEZEEESZET LSSVMELM #1
BP =B X SSC EERER
Tab.4 Soluble solids content determination results of
LSSVM, ELM and BP models based on

different variables selection methods

I 1113 B IESE T4
F2 :
. piiplis RMSEC RMSEP Dy
Jrid o R, } R, )
DiRrS /°Brix /°Brix
FS  0.974 0.592 0.931 0.868  2.65
LSSV SPA  0.946 0.850 0.901 1.027  2.24
FS  0.924 0.997 0.875 1.187 1.9
ELM SPA  0.933  0.940 0.909 0.973  2.36
FS  0.934 0.985 0.910 1.002 2.30
BP

SPA 0.931 0.967 0.902 1.068 2.15

RS ARKFEEZTERFSET LSSVM.ELM #1
BP SR IE E RIS R
Tab.5 Firmness determination results of LSSVM,
ELM and BP models based on different

variables selection methods

. FEiEAR LIRS o 4

ET’H‘ s RWSEC/  RMSER/ Dy

i Ik © (kgrem?) " (kgrem™2)
FS  0.624 0.454 0.498 0.345  0.870
ISSVME gpa 0780 0.362 0.505  0.321  0.945
FS  0.663 0.431 0.579 0.346  0.867
ELM SPA 0.782  0.359 0.631 0.286  1.049
N FS  0.570 0.476 0.513 0.325  0.923

SPA 0.585 0.468 0.494 0.338 0. 888

*6 AERFEEZEEESZET LSSVMELM #1
BP #EEIN &K R EIELE R
Tab.6 Moisture content determination results of LSSVM,
ELM and BP models based on different

variables selection methods

_ FEHEAE ReiF4E FiHIIES

- fgrines R, RMSEC/ R, RMSEP/ Dgpp
ik % ! %

FS 0. 905 1. 258 0. 869 1.242 2.013
LSSVM SPA 0.918 1.174 0. 873 1. 221 2.048
. FS 0.901 1. 286 0. 863 1. 264 1.978
ELM SPA 0.914 1.197 0. 872 1.223 2.044
Bp FS 0. 889 1.358 0. 852 1.315 1.921

SPA 0.907 1.246 0.849 1.324 1. 889
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L h—— R 2 A
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i L0 2T R
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Dy IR T 2.0 fH/NF 2.5, BEHA iy g 37 /) BP A5 78
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