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Abstract Considering that the traditional method for vigor test is complex, time- consuming, with poor
reproducibility, irreversible, and likely to cause damage to the seed, a rapid and non—destructive testing method
of rice seed vigor based on photoacoustic spectroscopy technology and least squares support vector regression (LS—
SVR) is proposed. Under the condition of temperature of 45 C and relative humidity of 90%, Nanjing46 (japonica
rice) and Neibyou 8015 (hybrid rice) rice seeds are artificially aged for 0, 24, 48, 72, 96 h to get rice seeds with
different vigor. Spectral data of 100 samples for the two types of rice seeds are collected and divided into a
calibration set (60 samples) and a prediction set (40 samples). Wavelet packet analysis is used in spectral
preprocessing. Dimensionality reduction of the spectrum data is realized by covariance analysis and principal
Y B H: 2015-06-01; Yg EE 2 B HA: 2015-07-14
EEWHE: MR AR A FEE61401215) @ AR BHINL 55 28 9% (KYZ201427) JTI5E FIRBE A2 4 4R 4
4 (BK20130696) izt il 5 4 AR V1. 75 44 B2 & 90 56 25 JF 3 42 (YCCK201501)
YEHE B 25 (1994—), B AR, 2G50 R )™ S BRI AR 5 H A9 F5% . E-mail: hhlnjau@126.com
SUmE A S AE(1978—), Wi B AR, 325 AR TR AR 5 A AL g NS DT T A
E-mail: njaurobot@njau.edu.cn(il {55 2 A)

1115003-1



S I S

component analysis (PCA). Prediction models of rice seed vigor are established respectively by partial least squares

regression (PLSR), back propagation neural network (BPNN) and LS—SVR. The results show that the optimal model
is constructed by covariance analysis and LS—-SVR, and the model is not only suitable for single rice species, but
also for different types of rice seed in vigor forecast. The experiment shows that it is feasible that rice seed vigor
is detected rapidly and non—-destructively by photoacoustic spectroscopy technology and LS—SVR. The model has
better prediction accuracy in vigor detection, and provides a theoretical basis for the development of portable rice
seed vigor spectrometers.

Key words spectroscopy; photoacoustic spectroscopy; rice seed; vigor; wavelet packet; least squares support
vector regression
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Fig.1 Schematic of photoacoustic spectroscopy
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Table 1 Vigor index of rice seeds with different aging time

Material Aging time /h Vigor index Number of samples
0 12.57 10
24 10.68 10
Nanjing46 48 8.96 10
72 6.27 10
96 4.02 10
0 14.82 10
24 13.02 10
NeiSyou8015 48 9.94 10
72 7.27 10
96 5.68 10
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Fig.2 Original photoacoustic spectra of rice seeds. (a) Nanjing46; (b) NeiSyou8015
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Fig.3 Photoacoustic spectra of rice seeds after wavelet packet reconstruction. (a) Nanjing46; (b) NeiSyou8015
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Fig.4 Covariance processing results of rice seed photoacoustic spectra. (a) Nanjing46; (b) NeiSyou8015
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Table 2 Independent modeling results of Nanjing46 rice seeds

Modeling methods Calibration set Prediction set
R SEC R» SEP

PCA+PLSR 0.9349 0.6297 0.9133 1.0596
PCA+BPNN 0.9469 0.7068 0.9250 0.9430
PCA+LS-SVR 0.9549 0.5297 0.9433 0.7963
CP+PLSR 0.9439 0.5374 0.9238 0.8521
CP+BPNN 0.9501 0.5462 0.9358 0.7245
CP+LS-SVR 0.9761 0.4878 0.9544 0.5013

253 NS 8015 F gt 7 FE A 4L

Table 3 Independent modeling results of NeiSyou8015 rice seeds

Modeling methods Calibration set Prediction set
R SEC Ry SEP

PCA+PLSR 0.9313 0.6007 0.9154 1.0576
PCA+BPNN 0.9569 0.7068 0.9382 1.1028
PCA+LS-SVR 0.9529 0.5925 0.9369 0.8040
CP+PLSR 0.9426 0.5792 0.9209 1.1822
CP+BPNN 0.9513 0.4007 0.9354 0.8576
CP+LS-SVR 0.9739 0.3864 0.9638 0.5431

F4 WHE 46 RIS L 8015 FEFh ik & AR AR 44
Table 4 Hybrid modeling results of Nanjing46 and Nei5you8015 rice seeds

Modeling methods Calibration set Prediction set
R SEC Ry SEP

PCA+PLSR 0.9271 0.6547 0.9120 0.9720
PCA+BPNN 0.9371 0.6878 0.9044 1.0601
PCA+LS-SVR 0.9386 0.5462 0.9358 0.8245
CP+PLSR 0.9326 0.5704 0.9346 0.9351
CP+BPNN 0.9401 0.4325 0.9415 0.8441
CP+LS-SVR 0.9701 0.4657 0.9562 0.5729
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Table 5 Optimal results of independent and hybrid modeling of Nanjing46 and Nei5you8015 rice seeds

Calibration set Prediction set Optimal parameters
Rice seeds
R SEC R» SEP o c
Nanjing46 0.9761 0.4878 0.9544 0.5013 230 0.44
NeiSyou8015 0.9739 0.3864 0.9638 0.5431 837 0.95
Nanjing46+Nei5you8015 0.9701 0.4657 0.9562 0.5729 207 0.49

2% 5 AT DL, B A 46(CHE ) T IA 508 8015 (4% 28 FiF )R Bl B £ 455 IR A5 AL B A5 SR 18 HE e BLARL A O R U
1o ELAH X 22 88 /0N o MR ANGE 1 B0 — b 2R R i R 17 LS8 1 A ) 288 590 A b 1 A O g A 2 32
F)o TR AR A IF A AH OC 28 BN AR VE D 22 43 91 S 0.9701 F10.4657, T I 4 AH OC 28 B B AE I 22 4 5 N

1115003-7



PR M %
0.9562 F110.5729 . kA AR S B fH 55 10000 5 AH 5C 5C R an &l 5 s o

1 @) . 1 @)
w14 o 14
3 { g .
E12 S19) :
S .s.. .
$10 810 .
g e =
g 8F /‘/ g 8+ ;
= = 4
g6 W S 6
4 ¥ a4,

=46 8§ 10 1z 14 16 % : '

4 6 8 10 12 14 16

Tested vigor index Tested vigor index

5 RGBT PRE S BOEZ B ER . () BEIESE; (b) T AR

Fig.5 Relationship between actual and predicted values for hybrid modeling. (a) Calibration set; (b) prediction set

4 P54

O A RAAF R BT 2 A0 5 B0 1 09 36 S BRAK IR N & A — R A0 AR B2 A Ak il 1% 06 1 & A A4k, &
B R BE 1 R A R BB R R A Kk AR AR AL R R IR A 45 H R A AR AR IR R G A Bl R R o A R
[E] F 26 0, e 1 45 7 A IR, ol A 35 I3 AS T B AR - B T PR S A W R, AR AL
i ALY i TR U (PR 3 T R AR ) A 5 P T R AR, D R R, I A M S TR A, L
AL PAPE R R B N BRI AR IR ST R T3 3 ' 7 O B AR R A AN [ 3 g R R AR B AR A R SO ROk
AR 22 B 1 0GR, M A B A R R AN S5 1) A 2 R T TR R A TR TG R R O O 25

B X% B8 1 T3 K D 7 A A AR 5 2 RERT G T EE AR R 2 OGP Rl S A FLR AT SRS R PR T
— B LT OETE G 45 A LS-SVR M RE Rl IE I PR s JC R I 5 vk o SR FH /N A 43 A AT 1AL B 8 SRR AIE 4
TR, 45 JBCTT ik 238 K 0 AR AE B0 855 4R B 3876 .3510,3209,2943 . 1848 .1068 .756 .555 em™ 1y B B 46 i A (1 SR 11E %
#,3491.3398.2966.2704 1674 ,1466.798 .509 cm™ A N 5 1)L 8015 i il 4 ¢ A1k 8 5, 45k P K05 R b O A0l
T AL 2 R B AR AT B0 B — B a8 5 LS—-SVR B 57 AR R S A, T RE 460K R ) RN S AR 8015 (4% 58 A8 ) A il
Bl AR R A AR AR AR, A O A R T 4R R O R B e 95% FLAR R AR 22 5/ o TR A AR IF 4
HH DG 2R BRI AR HE A 22 43 531 24 0.9701 Fi10.4657 , Tl 42 AH 5C 22 450 5 Fr i 22 437y 0.9562 F10.5729 , R WL
S A I R AR P I 0 T LA R R

B A K 6 A (LED)BE AR (Pt & Ji2 25 o & 52 K ) K 78 4 LED S 8038 21, 21 4h LED 3 i 1y
FHF GRS 48 %) 356 T 47 E D 50 A0 A 44 3%, 3 3k LS—SVR S BUAE R % 7 PRl TE A I, Ry 3 Tl e
S T 1) A6 485 2K R T A D AN A AT A B T BRI AR B

& E ik
1 Xin Liangjie, Li Xiubin. Changes of multiple cropping in double cropping rice area of southern China and its policy implications|J]. Journal
of Natural Resources, 2009, 24(1): 58-65.
SERAS, ZEHMW AT SR IR E R O SRR XA A 4 AR A R B R (D], B SR SR A4 4, 2009, 24(1): 58-65.
2 Yu Zheng, Fang Fang, Peng Zuodeng, et al.. New technologies for detecting seed vigor[J]. Seed, 2012, 31(8): 52-55.
T MR, 5 OF,EAER, BT RS EOR RIS RN Jr S A, 2012, 31(8): 52-55.
3 Sun Qun, Wang Qing, Xue Weiqing, et al.. Advances in nondestructive detection of seed quality[J]. Journal of China Agricultural
University, 2012, 17(3): 1-6.
OB, R BEDE, & HAR I AR TE AT AR I L AR R (D). A ARl R 2 2R ik, 2012, 17(3): 1-6.
4 Han Liangliang, Mao Peisheng, Wang Xinguo, et al.. Study on vigour test of oat seeds with near infrared reflectance spectroscopy[J]. Journal
of Infrared Millimeter Waves, 2008, 27(2): 86-90.
fhstst, B, Fo8 [, A T LLAME TR R TR A BT 0 B BT AT SR L0405 2K B4R 4R, 2008, 27(2): 86-90.

5 Pourreza A, Pourreza H, Abbaspour—Fard M H, et al.. Identification of nine Iranian wheat seed varieties by textural analysis with image

1115003-8



S I S

processing[J]. Computers and Electronics in Agriculture, 2012, 83(4): 102-108.

6 Xu Sai, Zhou Zhiyan, Luo Xiwen. Classification and recognition of hybrid and inbred rough rice based on bionic electronic nosel[J].
Transactions of the Chinese Society of Agricultural Engineering, 2014, 30(9): 133-139.
T TR, FERHL, BB 3. RORLRE S A SRR AT I O 2R T B A SN D]. AOl T R4, 2014, 309): 133-139.
7 Kranner I, Kastberger G, Hartbauer M, et al.. Noninvasive diagnosis of seed viability using infrared thermography[J]. Proceedings of the
National Academy of Sciences, 2010, 107(8): 3912-3917.
8 Zheng Dezhong, Zhao Nan. Design and experimental analysis of new photoacoustic cell[J]. Chinese J Lasers, 2014, 41(4): 0415002.
HpEAL, B R OB RS I BT RSB S A (1], TR O, 2014, 41(4): 0415002.
9 Du C, Ma Z, Zhou J, et al.. Application of mid—infrared photoacoustic spectroscopy in monitoring carbonate content in soils[J]. Sensors
& Actuators B Chemical, 2013, 188(11): 1167-1175.
10 National Standardization Technical Committee. GB/T3543.4-1995 Rules for agricultural seed testing — Germination test[S]. Beijing: China
Standard Press, 1995.
[ AR AL AR 2 B 2% . GB/T3543.4-1995 AR Wy Fbt 145 46 e MR —— % 2R [S). b mt: b AR i1 it 1995.
11 Xu Huibin, Wei Yidong, Lian Ling, et al.. Comparative analysis of artificial aging and natural aging with rice seeds[J]. Molecular Plant
Breeding, 2013, 11(5): 552-556.
VFPEE, BAR, iE B, % KM F AT EAS AREAN S L] 2 F R E Fr, 2013, 11(5): 552-556.
12 Wickerhauser M V. INRIA lectures on wavelet packet algorithms[J]. Lecture Notes Inria, 1991: 31-99.
13 Gao Ling, Li Xiaoping, Ren Shouxin. Simultaneous resolution of overlapped spectra of three kinds of organic compounds using a wavelet
packet transform—based generalized regression neural network[J]. Spectroscopy and Spectral Analysis, 2008, 28(10): 2392-2395.
F B, NP AL /N T STl U 2 00 2% [ I B =R AILAL A B B O IE(]. D6 A 5 OLIE 2 B, 2008, 28
(10): 2392-2395.
14 Yang H, Irudayaraj J. Characterization of semisolid fats and edible oils by Fourier transform infrared photoacoustic spectroscopy[J]. Journal
of the American Oil Chemists’ Society, 2000, 77(3): 291-295.
15 Bernstein M P, Cruikshank D P, Sandford S A. Near—infrared laboratory spectra of solid H,0/CO, and CH;0H/CO, ice mixtures|J]. Icarus,
2005, 179(2): 527-534.
16 Barth A. Infrared spectroscopy of proteins[J]. Biochimica et Biophysica Acta (BBA)-Bioenergetics, 2007, 1767(9): 1073-1101.
17 Ren Jing, Liu Gang, Zhao Xingxiang, et al.. Study of rhizome crops by Fourier transform infrared spectroscopy combined with wavelet
analysis[J]. Chinese Agricultural Science Bulletin, 2015, 31(3): 149-154.
T &, 0 NI, B4R, 55 FTIR 2545 /N B AR 4 45 #4631 8 FAR ZE VB [J). mh B AR 2% 4k, 2015, 31(3): 149-154.
18 Lu Yuzhen, Du Luowen, Yu Changbing, et al.. Determination of nitrogen and oil contents in rapeseeds using infrared photoacoustic
spectroscopy combined with iPLS and siPLS[J]. Chinese Journal of Analysis Laboratory, 2013, 32(9): 78-82.
Bl 3=, AL 2 S0, Ay IR, 45 L LD AR OB TG H AR 5 A DX M), 4145 DX J) i fre /s — 3 il Sk AR AN SR (). S A R
2013, 32(9): 78-82.
19 Zeng Yin, Lu Yuzhen, Du Changwen, et al.. Applying infrared photoacoustics spectroscopy and support vector machine model to quantify
soil organic matter content[J]. Acta Pedologica Sinica, 2014, 51(6): 1262-1269.
JAL, B, AL B SO, AL RTZL A 7 O i B R e SfR i A AU B A AL A ], e, 2014, 51(6): 1262~
1269.
20 Su H J, Sheng Y H. Hyperspectral feature recognition based on kernel PCA and relational perspective map[J]. Chinese Optics Letters,
2010, 8(8): 811-814.
21 Weng Shizhuang, Zheng Shouguo, Li Pan, et al.. Quantitative analysis of fenitrothion based on surface—enhanced Raman spectroscopy
[J]. Chinese J Lasers, 2013, 40(8): 0815001.
Sk, FRAFE, 2 W, A T AR I B G P 8 A% R AR B 44T (], o BB, 2013, 40(8): 0815001
22 Shokri S, Sadeghi M T, Marvast M A, et al.. Integrating principal component analysis and vector quantization with support vector regression
for sulfur content prediction in HDS process[J]. Chemical Industry and Chemical Engineering Quarterly, 2015, 21(3): 379-390.
23 Zhang W J, Liu R, Zhang W, et al.. Net analyte signal with floating reference theory in non—invasive blood glucose sensing by near—infrared
spectroscopy[J]. Chinese Optics Letters, 2012, 10(8): 083002.
24 Xu Zhaomei, Zhou Jianzhong, Huang Shu, et al.. Quality of prediction of laser milling based on optimized back propagation networks by
genetic algorithms[J]. Chinese J Lasers, 2013, 40(6): 0603004.

1115003-9



A R S
VEIRSE, gt i, B &, 5% T m A B I Al I A% R i 28 090 5% 1) YOG B I )2 B TN ). DO, 2013, 40(6): 0603004,
25 Van Gestel T, De Brabanter J, De Moor B, et al.. Least Squares Support Vector Machines[M]. Singapore: World Scientific, 2002.
26 Keerthi S 'S, Lin C J. Asymptotic behaviors of support vector machines with Gaussian kernel[J]. Neural Computation, 2003, 15(7): 1667-
1689.

27 Yang Yaping, Jiang Xiaocheng, Chen Liangbi, et al.. Study on physiological mechanism in aging of rice seeds[J]. Journal of Hunan
Agricultural University (Natural Sciences), 2008, 34(3): 265-269.
B, 00, RS, 45 . KR A7~ 28 A0 A9 A2 BEALA (1], W0 ARk 224l AR BES AL, 2008, 34(3): 265-269.

28 Zhu Shiyang. Studies on Priming Technology, Its Mechanism of F1 Seed and Genetic Analysis on Anti-Aging in Rice (Oryza sativa L)
[D]. Nanjing: Nanjing Agricultural University, 2008: 42-49.
ARG KRS F_L b5 51 KR B FALE AT A6 1 L R BETE[D]. B ot B mt ARl K57, 2008: 42-49.

29 Chen Zicong, Gao Zhihui, Cao Zhi, et al.. Research on CO, gas concentration test system based on mid—infrared LED[J]. Laser & Infrared,
2012, 42(11): 1255-1258.
MR s, mscE, o & 58 LT LED 19 CO AR KL IN R SEMEFE(]). # 5 4058, 2012, 42(11): 1255-1258.

EERE: X595

1115003-10



