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Abstract; Using hyperspectral techniques for kind discrimination of egg can provide scientific meth-
ods for non-destructive discrimination kind of egg. In this study, hyperspectral images of three kinds
of egg samples were acquired in wavelength range from 400 nm to 1 000 nm by hyperspectral sys-
tem, and pretreatment methods were used to process original spectrum. Then the characteristic
wavelengths were selected from the pretreatmented spectral data by CARS, GAPLS and IRF. KNN
and PLS-DA discriminant models of eggs were established based on full spectrum and characteristic
wavelengths, respectively. The results show that the Detrend method is the optimal pretreatment
method. And the number of the characteristic wavelengths selected by CARS, GAPLS and IRF are
31, 52 and 71, respectively. PLS-DA model based on characteristic wavelength extracted by IRF
method is optimal,, and accuracy of the calibration set and the forecast set are 97.02% , 85.71% ,

respectively. It is feasible to discriminate kind of egg based on hyperspectral reflectance imaging.

Key words: visible/near infrared; hyperspectral imaging technology; egg; non-destructive discrimination; interval

random frog

WedE BB : 2017-07-24; fEITHEA: 2017-10-02

EEWHE . F5ARP e (31560481,31060233) 5 Al B BURFALTT H (2014630000045 ) 5 2011 4727 &[] F i X BHE A
J&itHi (2011HZF05J01) % B35 H
Supported by National Natural Science Foundation of China (31560481,31060233) ; Transformation Project of Agricultural Sci-
ence and Technology Achievements (2014G30000045) ; 2011 Science and Technology Research Plan of Ningxia Hui Autonomous
Region (2011HZF05J01)



$3

T, A AT UL/ AT LT AN T B AR A E R TC A ) 395

uu\z

1 3]

WERLVEFRER DR E K2 AR EFIE,
R N B 2K 3G 82 A B AR 2 it
BEA NATAETE KT 4 v, T 2 o Ok B X
RO SR TSR Sh AP RDRE 5 37K R
F 72 IR A A5 D 2R AT R R 1 X 2 14 it B
BFRCY L ORI R0 X B Y T R | R AR
R, EFEANE 5 | AT X AR AR AR
e, BB 3, DA IR Ak T
B IR B0 AR Y IR G WA 450 35 2 4
ST, T LA S SIE I PRH0T X 2 A S 3 %
FIh T R p, e XS i By B LE R,

H AT, XGRS HDN F LR N T 25 X Fp 7
95 B0 B R ORI H A, R A b 2B
G PR S I R e TR 5 Y X A A S
o MIPLAEWTFE ToHAs I & 8 9 HoR A 2050
TECT HLAR R AE AR R A E T
T ARBARNE T XS EFPSEHRIR WARIE =G
T AR B AT AR Lok ) — Fh A LR DG
TR TCHR I T BOR , Bz v T AR
i BTC R I e R AR T AT
HMGIEHAR B AT LU SR AR AT 1Y O 13 0 5]
18, RT3 R S BAEAS  AH DG4, il 2 5
IF PR oA B m Ak Sl 3 S AR

ARSCLL 3 TG EAE B R5, F e
JRARHAFRIRE AT JLOBIX 400 ~ 1 000 nm B
WEEHE ., BT SG & BUF- I (Savitzky-Golay
smoothing , SGS) AR 1E 25 74F 2 & # ( Standardized
normal variate , SNV) | [ FRJH—4L ( Area-normaliza-
tion) Fl1 2 #434 ( Detrending ) 77 1) % 4R 1%
BEATFIAL 3R FES7 PLS-DA X925 H1) 5 455 AR Hfg A
TRIBCR LR UL TV . AR5 R sS4k I F 3
NN 7 ( Competitive adaptive reweighted sam-
pling, CARS) . it 1% 1 fic /]y — 7 % ( Genetic algo-
rithms PLS, GAPLS) . [&] P i 8k 552 (Interval ran-
dom frog, IRF) $EHURAIE I 1, 230l HE 37 3 T 406
TERERIE D 19 K it 8843 2895 ( K-nearest
neighbor , KNN) Flffi fe/» — e 51 4347 ( Partial
least squares-discriminant analysis , PLS-DA ) %) 33 £&
PPN IEAY s 43 BT LB AR SRURRIE I8 1y 1
BT ARG HE R SEANBOR 5 e th fe oAy | i
h i TG UGB AR X HE A2 sk Te b1 4] Syl 4 1t

HAR Y,
2 MALEI*

2.1 #MHR5XE

SERPEH] 3 AR FR S Az B [ 0
A, BRI 80 A, Kb g 5 H
X EEVE 7 52 b T A [ ot R ) 7 22 4 X 2
300 X0 FE R A AR A I 7 N R TR ER
[IREE /NN L7 S PN S S = R T it v R4 (
HIA SIS B A B AR TS X R
el S & ) 75,72 R 7T M, BORE AR S
224 4~

AT UL-3E 21 Ab 55 6 T BB AR S (400 ~ 1000
nm DEHE TP HEA 4.8 nm, 125 DB WK 1 B
MNo EARGEH DL S (VIOE-QE 1Y, JF >
Spectral Imaging Ltd. 2% 7)) . CCD #H #l ( C8484-
05G %Y, H A& Hamamatsu 28 &) . Y 4F K K kT
(DCRITE!, 150 W, 25 [d Schott A Hl) HLEE 155
-5 (SC300-1A B b 5T Zolix 23 F] ) 4%,

K1 AT LDAh i iR R 5
Fig. 1 Vis/NIR hyperspectral imaging system
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Fig.2  Error rate of different principal components in cross

validation

R FETLETETHGEMEFIFA PLS-DA 8
Tab.1 PLS-DA model for kind discrimination of egg by dif-

ferent pretreatment methods

v 1A Y
B R T
/MR R
R 15 0.104 0 0.924 1
SG-smoothing 16 0.140 4 0.888 4
SNV 16 0.0815 0.937 5
Area-normalization 17 0.090 6 0.928 6
Detrend 14 0.094 6 0.942 0
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Tab.2 Results of sample division by SPXY method

HEARYUA wlXgE  EESE LAFNE At

MEIESE 59 61 48 168

UBIE:S 16 16 24 56
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Fig.4 Variation of RMSECV with number of principal com-

ponents of PLS
BE CARS Z 80 S0 R % R B KA
500, EM M EHN 31, S XEAEA KN 10, X4
W BUREAR S 115 2R A7 07 128 , X8 25 b 218 4 S s 1 i
UL S,

W
[«

(a) |

—_ =
[V -
SO

T

Number of
sampled variables

\

1 1 1 1 i T + .
0 50 100 150 200 250 300 350 400 450 500

Number of sampling runs

' J—" (b)
o

(=]

(=)
oo

RMSECV
=)
2

1 I I I I I 1 | I
0 50 100 150 200 250 300 350 400 450 500

Number of sampling runs

Model coefficients
path

,‘1 | I | I L L L L L
0 50 100 150 200 250 300 350 400 450 500
Number of MC sampling
5 SSEAZEHNHIA CARS FRAL DL K G vt i A2
Fig.5 Process of CARS characteristic wavelength selection

for the kind discrimination of the eggs
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Fig.6  GA screening of spectra of the eggs
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Tab.3  Top ranked 10 wavelength intervals of egg spectral
data
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Fig.9 K values selection for KNN algorithm
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Tab.4 KNN model based on different characteristic wavelength selection methods for kind discrimination of egg

JEL IRES FHIE D K7 AN KA KR E#%/ % T2 IE 6%/ %
FS 125 3 67.26 48.21
CARS 31 10 77.97 71.43
KNN
GAPLS 52 7 73.21 76.79
IRF 71 4 60.71 75.00
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A PEBH CARS-KNN H1 GAPLS-KNN 75 5 5 51 4
T FS-KNN #£7%1  CARS #1 GAPLS J5 ¥ B A 4%
HXT %R AE, PE X . CARS-KNN Fll GAPLS-
KNN #8  f5i # K IEEIEHE R 77.97% KFia
H ABSRH I A EA R RAR TS & (76.79% )
A S IR 31 MNP K I AR T /5 4, vl

CARS 7 [t GAPLS JEXPGIEREAERCR AF . 475
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AR R R H Y
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Tab.5 PLS-DA model based on different characteristic wavelength selection methods for kind discrimination of egg

BEOME PRERRRCRO . R B4 FIESEMER A/ % T MR A/ %
FS 125 14 96.43 83.93
CARS 31 17 95.83 80.36
PLS-DA
GAPLS 52 15 94. 64 85.71
IRF 71 15 97.02 85.71

WS AT LR AE 3 FlRRAE I K SR BUT ¥
W, 283 GAPLS F1 IRF $2HUS 21 (03 K 85000
52 FUT1 A, 16 BH 3 9 B0 5 78 0 3 R e RICR K

A3 X% 0 HE PLS-DA #ERY 3 B/ B34 o 15, KT
FS-PLS-DA FAY | 15 B 3 P B B RS e P AN 4 FS-
PLS-DA 5% ; GAPLS-PLS-DA #5& A% 1F 4 v %
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