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2 GUB I BN I L AE R TR AT AR 2 X
TN S Y) . SR AR DT TR TS TAE. AN Cheng
UL E R S A R A A A SEE T A
Tl 5 o R B A A T . Gao SRR O R
ST A [ = R AU Bl A %8 . Zhao SETUTOR
TR AR XS KR F AT T 2 (AXHE G R
ESY Rl R (VR URER e S SR G b iy kN R A A
T B 5 X R R T HEAT I I SCRRB AR L .

A 3o 5 06 1% AR AR A [7] 2 A A B 1 Al R K A
FHOEIER R HEAT R, B S A I E K A 5 5 47 I
TE . GEA L Fh AL B 5 3 AW B /N 3 (8] 1T (partial least
squares regression, PLSR) 8 % & 37 4= ol B [m] U9 45 20, 075 ik
I AL BT 35 . PR % 2285058 B ¥k (Successive projec-
tions algorithm, SPA) il /4 8 ¥ (Genetic algorithm, GA)
153 50 E KAl i S R R A SO B B BT BT AS
[) 5 AE 0 B3 4 By v 6 PLSR AR 70 F0 00 e 5 SR0K5 J3E 1) 5% Wil
SR GRS i JC A EL A AR 1 T K e S R N o R R A
B A .
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1.1 ##

IR g (0 8 T KA 7, T 2016 421 T ALt
AT CR TR A R, IR &K E N 10.0% ., gk
2 000 kL4544 58 % B JC 55 42 B FF FOR B 1 T J5 82150 .

1.2 AImiEZk

#2000 BL £ KRBT OF- 5 o8 W 4 A B 500 KL
(2 000k =4 X500) , Hp—ZA 4 COHKFARAERH, HA
SHMIA 3 A KHJE I Je e M4, 2 & T IR A7 A
TG TR KA B B B L B R RHIR B2 Sy 100%6) , B FIR A
45 Cry s FERALA P&, MM 24 h B —4l, BT =
WA 7K 5 EAT o 6 T 42 4 A 5 R 0 s i
1.3 SRERGUIAXEEERERY

SR T 155 06 3% U X AR TR Zhang AL SERE R
BNSENEETERNEE 1.1 mm s, AHHLELH R
15 ms, Y8 21. 5 cm, BfJG BEAT 2R EOAR BIAGCR 48 o 5 X0 B i
Tl R AE RIS I BB AE B . REGIS(E BaT, SE¥ a4l
FRFN TP 53 A 20 By, B 25 K. LATE S — AR
Z WA EARF T IR R R A A . A
TFEHE, BGELAMEANTE. AR ENHMLET
W @G EGCR B PRAE A N 2 . R mOBIE BR (S
B A S Spectral Image Software (Isuzu Optics Corp.
Taiwan, China),

1.4 BESENZE

K FH 7 1 DDS-307 HL 5 28 430X 45 A~ 2 A 86 B 1 it K
PP EAT R BRI S BT KIS AT R KB
FT25+1) C. 40 RH f1E % P E E 24h. B ol 5 FR
50 RiAEah AP IO T B (W), BB F K Wk B — R0 F oK F
T3 W, IBARIR T R MK 53, 3 A 500 mL HEIE M A, mA
250 mL 2 B K, MER MG HL SR (Dy ) 5 B 24 h JE I E

B D), WX D FFR . A F 5 A E Y
ERMTHEFRMELRIE 1.
TR MWE R[S (em - 7' ] = (D, —D)/W

D
F1 TEZUMEPHERMTFESE
Table 1 Conductivity of sweet corn seeds
with different ageing time
Ageing Conductivity/(pS+ em™! « g7 1)
time/h Minimum Maximum Average
0 21.715 5 27.246 2 23.722 0
24 25.171 0 26.826 5 26.266 3
48 23.903 2 26.391 3 25.216 7
72 25.564 4 29.938 0 27.077 4

1.5 ShiEEGEEREDT
FEXF i G B AE B AT SR AT . 5 A HST Analyzer
B A% (Isuzu Optics Corp. » Taiwan, China) X} 6% & 1% a0 =,
Q) AT RERAIE . b, TARIEE MGIE R T )E
WEME B Ryas Bk w5 R B B ARG W o E R
M AR AR S
,_L-B
W—B
RAWRKRIEG . 7 4% 5 0 & E KR 7 & 6% B & oy
HH Sk, A ENVI4. 7 2 f4} (Research System Inc, Boulder,
Co. , USA) , TR BUR 7 F1HF 5t X3, 1+ 8 HOGIE I3
Tl A 25 L o K M O BET) S O R (DK 0 I R OR FD
TNE s EI Ok, B IS I TG 25 2 08 U5 5 8 5 4 340 4K B
JE R X B (region of interest, RODY™ ([ 1), & B4 —
FlF 400. 2~1 069. 9 nm &b 1 F 35 G 63E . 80 13 E K Fh
TG 2 s .

(2)

E1 #EXRMF(ARERSHIEERR
& (b) i K 850 nm ROI 5L E %K
Fig. 1 Hyperspectral images of sweet corn seeds (a) after cor-

rection and (b) at wavelength of 850 nm of ROI
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%39 &

HESLALIESR (4X15=60 17) . A& T BIAFE A T4 (5 X4 =20
). BEELPERE DA IE B 5F &R $X (determination coefficients of
calibration, R.), #&IE#J5 fR % 2% (root mean square error of
calibration, RMSEC), i illl ¥t & & % (determination coeffi-
cients of prediction, R,)F1 il 13 J5 4R i% 2% (root mean square
error of prediction, RMSEP) 3¢ ¥4, B g 8 4 40 Mk 14F
Matlab R2014a (The Math Works, Natick, USA),

B2 803 EXRMFHRSAE

Fig. 2 Raw reflectance spectra of 80 samples

of sweet corn seeds

2 HERSHE

2.1 ETHAEMEKELE PLSR #& A4

TERAR BRGNS , AR SCIR A L {00 1 B K Al A1 S 3R
ST IR T AME A B, BT B0 UG DGR 15 B R T
oAb B . 3 PR AT R AR B AN (R AL B Ot 1 RO A N Y
PLSR # AV RIS+ 0 o doc il TAb #0535 . Hoh b K3 iy
oAb B J5 ¥ Ry b o IE 25 78 & 7% 6 (standard normal variate,
SNV) ., — By sk & (first derivative, FD), i >k & (second
derivative, SD) & £ JCH S IE (multiplicative scatter correc-
tion, MSC), 3 2 W] JL. AN [F] i 4b B J7 3 %) i & 1) PLSR
FEA M RS AN [F] . H i MSC-PLSR BERY 1) 2 Bt . AL IE
LG TP R AR, 43512 0. 983 F1 0. 974, AH N ) RM-
SEC #1 RMSEP 435k 0. 165 F1 0. 226, 0] B, MSC il 4b B
T7 R X IR G AR B HEAT W, A RO SR AR L, R
o X E, 5 AR T K B . 42 MISC i A T A9 0 3 il £ 1] 3
Fis

F2 ETAEFALER PLSR FHRER
Table 2 PLSR model results of spectra after

preprocessing with different methods

Pre-processing Number of  Calibration sets Prediction sets
methods factors R. RMSEC R, RMSEP

None 11 0.952  0.282 0.912  0.449

SNV 9 0.961 0.216 0.938 0.283

SG1 6 0.895 0.429 0.885  0.467

SG2 4 0.769 0.716 0. 456 1. 260

MSC 10 0.983 0. 165 0.974 0.226

B3 £ MSC FiAbIE 58 R &f 5t ik
Fig. 3 Spectrograms of raw spectra after

preprocessing with MSC algorithm

2.2 BEESYHEREME
2.2.1 SPA % itk

SPA FE Ay — B0 i 1) 76 2 19 R B e R0 . B8 75 I
1 AR TUAR A5 B A8 ek 4G 14 R) B 80T o A I ) L 4R 1
(o) R, RE 9 s K KR A0 2K AR B A5 B, PR AR AL 1y &2 A
BECST, FETF SPA L %R K Bl T LS 30 AR U B O 1 2 2R
LI 4, B 4Ca) ] WLBH G AR S EO8 . 477 1225 RMSE (%
W AR R 35 B (R JTRE) . RMSE fHik /b, ZJG
g, B 4 Ri% 35 MEBUR (B0 I TEGIE T 4 |
MY EAR I A I O . SR ] SPA B0 08 H A AL e B WL 35 3.

B4 (a)SPA EIFIERIFIERBRHEE;
(b)FFEH BB GE

(a) Number of characteristic wavelengths selected by

Fig. 4
SPA algorithm; (b) Detailed position of characteristic

wavelengths
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2.2.2 GAZ &k

GA BIA Ry —FoA 2000 4 Ja) 1 S W 4 R, A
DR IR R AR ) B B SR BB B AL ML . B 3E S X AR A
AT, CHh . B RFBBHRAME, AWEMR, fEHR KR
JE i1 2= %38 I BE IR AY AN 0 ) Bt A B 3 N RE T A AR RIS
PR E ORIk B T 6 1 A8 B v 5 BE 65 7 A ok
AL R A P AR T, RASE AR R, HERTLR
AR BT B A P . BT GA B R AE
T B 07 e 45 SR UL IR 5. &L 5 Ca) Hh I8 B 05 32 1 51 B s 3
W2 i B i 3 N PE R S R OR AN i R R0 R

& 5

(a) GA TR R R AE IR BRSAE 2 45
(b) BRI EmNE 5L

(a) Frequency of wavelengths screened by GA algo-

Fig. §
rithm; (b) Explained percentage of wavelength num-

ber

Vo DIARK 3 N BB (L 4R . B4k K LA b (38 43 Sy 0 16
WA R, APFFTRA GA B3k T 256 5. Bl 5(b) Al
U4 kBB IR B 25 AN B, AR A 0 BRI e R E 43 Ik
98. 810 o RHI GA 10 3k H 1 R AE Wk B P 3% 4.
2.3 BEFAEEZEMEHZH PLSR HEER

SPA FI GA i i H A FRE P Bt PLSR H R A 5% i 0L 3%
3. Al MSC-GA-PLSR # I By 45 IE 4 5 il 4 R, 1 R, 73
B 0.976 F1 0.973, AN 9 RMSEC #1 RMSEP 4} %l %
0.194 F1 0. 212, Ti MSC-Full-PLSR, MSC-SPA-PLSR #% 7
R IEE S HM 4 R, H R, 48 %% 0.983 F1 0.974, 0.982
1 0.970, RMSEC #1 RMSEP 4354 0. 165 F1 0. 226, 0. 168
F1 0. 245, MSC-GA-PLSR #5578 () 151 0 4% J5 % R W A% F MSC-
Ful-PLSR #8, HZE & W BRI, T GA LE#M
MSC-PLSR #5575 2t R A5 RURS B AR A (i 2t - LA T
25 AHERAE P BE (i AU BRI 2. 9% o R M AT T B A 1 2
FERAS B, 4 7 BB, 53 4h, MSC-GA-PLSR i 7
1) T0 DU RS B2 W R T MISC-SPA-PLSR #L AL, A %0 % F 150 il Fff
FORFIF LT3R, G 45 TR R Al B S SR YA & Y R AE
W BB, GA JE—F LT SPA ByAS ik 57 9% .

3 BETABZTEMEFEMN PLSR ERER
Table 3 The results with PLSR model based on

different variable selection methods

Number Variabl Calibration Prediction
Models of anable sets sets
number
factors R. RMSEC R, RMSEP
MSC-Full 10 853 0.983 0.165 0.974 0.226
MSC-SPA 9 35 0.982 0.168 0. 970 0. 245
MSC-GA 10 25 0.976 0.194 0.973 0.212

2.4 YSMERES

T #E— 0 M SPA F GA Bk Tk R R AE D B, R
J& B2 T 22 B A 1Y) i R R P T S SRR I B R A o S Y 2
VO A 33 R B O R A R AE B B T ER 4 vh, AT,
SPA FI GA 53 0 3% 0 0 D B A B 22 5, b SPA i 3% 1)
W B AE 400~600 F1>760 nm Ay X 1, GA % £ a9 Ik Bt
D4 #2550 nm il X3, O A7 5 & 4 o] Ot X 3

R4 BT SPA T GA I & K 1E K B
Table 4 Characteristic wavelengths selected by SPA and GA

Selection methods Variable number

Selected wavelengths/nm

400. 2

415.0

SPA 35 536. 7
965. 2

1044.4

581. 6

833.6

1 060. 3
1 066.7

400. 9 401. 6 402. 4 405. 3 406. 1 409. 0

426. 8 435. 8 455.3 482. 4 499. 2 522.9

553.7 583.9 778.3 812.0 884. 2 935. 6

982.9 1002.9 1014.1 1018.9 1019.7 1029.3
1 051.6 1 056.4 1062.7 1065.1 1 068.3 1069.9

606. 5 675.7 693. 1 758. 4 823.2 831.2

901. 8 947. 6 980. 5 1 056.4 1057.2 1 058.0
1061.1 1061.9 1062.7 1063.5 1065.1 1065.9
1067.5 1 068.3 1 069.1
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SRR E B TR S AR A G, MR 11 a 7E 430, 662
1680 nm, M2 I b 7 448 Fl 642 nm, JEHI B N EAE 448
A A71 nm BEES, AT R AR TE 535 nm fE P B
TEAEWR YU | S0 AN R IR A 760~1 070 nm #5638 4% 1k = 2
el O—H 8T, =AM C—H i = 95k
FHELHEMDT . FAh, GA kU B P m 204 i B
FEARK . &6 GA L TIE & 1 F i 2t 15 & £ oK FhF B S R %
VUM G I R AE Dl B » 7T 08 W 2R 0 5 B 760~1 070 nm i
Bl B T A KRMER.

34 ©

P T — B 3 T ] -3 41 A (VIS-NIRD 0% 3 1% &
B0 /0 i BE S B B T K Rl T S R I A T ik . RS
g R, R[] 1% TUAL B T 5k o R 5 R T I A B A RE R
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Determination of Conductivity in Sweet Corn Seeds with Algorithm of GA
and SPA Based on Hyperspectral Imaging Technique

ZHANG Ting-ting' , ZHAO Bin', YANG Li-ming®, WANG Jian-hua', SUN Qun'"

1. Department of Plant Genetics and Breeding, College of Agronomy and Biotechnology, The Innovation Center (Beijing) of
Crop Seed Sciences of Ministry of Agriculture, Beijing Key Laboratory of Crop Genetic Improvement, China Agricultural U-
niversity, Beijing 100193, China

2. College of Science, China Agricultural University, Beijing 100083, China

Abstract The vigor of seeds plays a vital role to the agricultural development. But the low vigor and storage-tolerance seeds are
common problems for sweet corn. Therefore, it has a certain practical significance to detect the sweet corn seed vigor accurately
and timely. Electrical conductivity test is a traditional method of determining the vigor ofseeds. However, it is a labor-intensive,
time-consuming, and destructive process, which is subject to human error. Given that, this study investigated the possibility of
using visible and near-infrared (VIS/NIR) hyperspectral imaging (HSI) technique to detect the electrical conductivity of sweet
corn seeds. Sweet cornseeds treated by high temperature and high humidity aging were prepared as experimental materials. The
visible and near-infrared hyperspectral imaging acquisition system (400~1 000 nm) was constructed to acquire the hyperspectral
images of the sweet corn seeds. After HSI spectra collection. electrical conductivity tests were conducted in sweet corn seeds.
The average reflectance data of the region of interest were extracted for spectral characteristics analysis. Then different pre-pro-
cessing algorithms including standard normal variate (SNV), first derivative (FD), second derivative(SD) , multiplicative scatter
correction (MSC) were conducted to build partial least squares regression (PLLSR) models of the conductivity. Lastly, the hy-
perspectral effective wavelengths related to conductivity of sweet corn seeds were extracted by SPA and GA for PLSR models.
The results showed that the best pre-processing algorithm was MSC method. The SPA was not performing as well as GA which
selected only 25 characteristic wavebands from the all 853spectral wavebands. The PLSR model built by using MSC and GA ex-
hibited the optimal performance with correlation coefficient of 0. 976 and 0. 973 for calibration set and prediction set, respective-
ly, and root mean squared error for calibration and prediction were 0. 194 and 0. 212. The results indicated that combining the
visible and near-infrared hyperspectral imaging technique with MSC-GA-PLSR can be used as a feasible and reliable method for
the determination of conductivity in sweet corn seeds. The result can provide a theoretical foundation for rapid detection of seed

conductivity using spectral information.

Keywords Hyperspectral technology; Sweet corn seed; Vigor; Characteristic wavelength; Partial least squares regression

(PLSR)
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