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Fig. 1 Rice hyper-spectral image acquisition experiment
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Fig. 2 Average spectra of rice from different origins
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Fig. 3 Characteristic wavelength selected by SPA
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Fig. 4 Flow chart of HOG feature extraction
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Table 2 Rice recognition rate based on single model
P /nm YR P/ nm P/ %
1 460. 30 85.5 1315.62 71.0
1 400. 20 7.5 1 220. 87 68. 5
1424.92 76.5 1 705.91 67.0

945. 98 73.5 942.53 65.5
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Fig. 5 Multi-model discrimination diagram
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Table 3 Recognition rate based on three combined models

If] 5 P I /nm B AP /nm e
1424.92 87.0
945. 98 87.5
1 460. 30 1315.62 88.0
1 400. 20 1 220. 87 85.5
1705. 91 85.5
942.53 86.5
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Table 4 Recognition rate based on five combined models

[# € # K /nm B & B /nm YU A/ Y0
1 460. 30 1315. 62 88.5
1.400. 20 1 220. 87 87.0
1424.92 1705.91 88.5
945. 98 942. 53 88.0
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Table 5 Recognition rate based on seven combined models
I 7E P 1 /nm PA WK /nm LY EI
1 460. 30
1 400. 20
1424.92
945. 98
1 315.62
1 220. 87

1705.91 90

942.53 90. 5

3 45 ®©

RET 1077 4L 4 A dhFH3ETE 1 000 L OK B A 1 5
JeiE R, R SPA 5 41 X B A 42 0638 0 28 8 A 45 Ak 3¢
Koo ar AR 8 AR AL IS XTI 1R B HOG $ ik . g o7 4
TP AR RRAL A SVM BERL 5 SRR AL 98 1 PR R 2 fY
PR SRHT )G Bed 3. 54 7 A BB R oK
P HEAT IR A, AR G /AR AR A ROK 7 3 9 U R
BRI 85. 5% B E B F 90. 5%, LU LR KW E TS
S B AR FIHL A5 27 1 5k 0 R LA T LR A O S A
i+ USRI AT B RO 7 9 R T SR A BB R 5 i 2



5% 33 Sl o 5615 M 909

References

[ 1] YING Xing-hua, JIN Lian-deng, XU Xia, et al(i 244, 4%, 18 &, %). Quality and Safety of Agricultural Products (& 7= iy it &
524, 2010, (6): 40.

[ 2] FU Long-sheng, Elkamil Tola, Ahmad Al-Mallahi, et al. Biosystems Engineering, 2019, 183. 184.

[ 3] SUN Jun, JIN Xia-ming, MAO Han-ping, et al(f) &, &5 W, BFEF, %). Journal of Agricultural Engineering Research(& # 1L HF
%), 2014, 30(21): 301.

[ 4] WANG Zhao-hui. YANG Jun-zhou, WANG Yan-hui, et al CE#I, #HU ., EHi#%, 5. Journal of Chinese Cereals and Oils Associa-
tion CHp FEAR I 24410 » 2019, 34(11): 113,

[ 5] ZHANG Min, MIAO Jing, SU Hui-min, et al(GK i, ¥ 3. J336. ). Food Science(& fiift4), 2017, 38(16) . 110.

[ 6] ZHAO Liu, QI Hai-jun, JIN Xiu, et al G X, FFil%, 4 7, %). Jiangsu Agricultural Sciences(TLIRAMEF}) , 2018, 46(17) .
235.

[ 7] Filho H A D, Galvio R K H, Aratjo M C U, et al. Chemometrics and Intelligent Laboratory Systems, 2004, 72(1); 83.

[ 8] AratujoM C U, Saldanha T C B, Galviao R K H, et al. Chemometrics and Intelligent Laboratory Systems. 2001, 57(2): 65.

[9] XU Xiao-yu, YAO Peng(%%5, # M. Computer Engineering and ApplicationsGi+ 8 HLTHE 515 D, 2016, 52(11); 175.

[10] Dalal N, Triggs B. Histograms of Oriented Gradients for Human Detection, Computer Vision and Pattern Recognition., 2005.
CVPR2005. IEEE Computer Society Conference on, 2005. 886.

[11] Giorgos Mountrakis, Jungho Im, Caesar Ogole. Elsevier, 2010, 66(3): 247.

[12] Baassou Belkacem, He Mingyi. Mei Shaohui. An Accurate SVM-Based Classification Approach for Hyperspectral Image Classification,
IEEE Computer Society (Geoinformatics 2013), 2013.

[13] WANG Hai-yan, LI Jian-hui. YANG Feng-lei(TEi#g . B2A N, # M ). Application Research of Computers(GFRHLR FABESE) » 2014,
31(5): 1281.

[14] SONG Xue-jian, QIAN Li-li, ZHANG Dong-jie. et al CREfi, $Rmiug. AR, 4. Food Science(& fhF} %), 2018, 39(16) . 321.

[15] DING Fei, LIU Gui-hua, GAO Jun-qiang(]" &, XIE4E, @%5#). Automation Instrument(H ZiL{X3R), 2017, 38(3) . 45.

Study on Hyperspectral Identification Method of Rice Origin in
Northeast/Non-Northeast China Based on Conjunctive Model

LIN Long', WU Jing-zhu'* , LIU Cui-ling'* , YU Chong-chong', LIU Zhi*, YUAN Yu-wei’

1. Beijing Key Laboratory of Big Data Technology for Food Safety, Beijing Technology and Business University, Beijing
100048, China

2. Key Laboratory of Information Traceability of Agricultural Products, Zhejiang Academy of Agricultural Sciences, Hangzhou
310021, China

Abstract Hyperspectral images of rice from northeast/non-northeast regions were collected, and spectral images at characteris-
tic wavelengths were screened. The clustering combination of image features and pattern recognition method was established to
quickly and accurately identify northeast/non-northeast rice origin. Northeast rice is mainly japonica rice,and the typical north-
eastern rice varieties include long-grain, round-grain, rice flower and Xiaoding rice. Considering the practicability and applicabili-
ty of rice origin identification model,samples of 10 origins and 4 varieties above were collected to form the original sample set.
Among them. there are five northeastern origins. including Heilongjiang (1), Jilin (2) . Liaoning (2), and five non-northeastern
origins, including Hebei (1), Zhejiang (1), Jiangsu (2) and Anhui (1). 100 samples were selected randomly from each produ-
cing area. Hyperspectral images of 100 X 10 rice samples were collected using SisuCHEMA hyperspectral imaging system
(Specim, Finland)in the range of 900~1 700 nm. Extracting the average spectra of a single rice sample by selecting the region of
interest according to the rice contour, Kennard-Stone method was used to divide training set and test set according to the ratio of
4 : 1. Eight characteristic wavelengths were screened by Successive Projections Algorithm (SPA). 1 460.30, 1 400. 20,
1424.92, 945.98, 1 315.62, 1 220.87, 1 705.91, 942.53 nm. The eight models were built respectively by HOG features ex-
tracted from single characteristic wavelength Image and SVM to identify the rice origin whether it was from northeast or non-
northeast China. The recognition accuracy was as follows: 85.5%, 77.5% ., 76.5%, 73.5%, 71%, 68.5%, 67%, 65.5%. In

view of the low recognition rate of single model, a strategy of establishing model cluster based on single characteristic wavelength
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image model to synthetically discriminate rice origin was proposed. According to the recognition rate of single model from high to
low, the cluster models were established by respectively combining three, five and seven the signal models above. While the
probability of the sample judged to be true predicted by the conjunctive model is greater than 50 % , the sample will be judged to
be true. otherwise it will be false. The experimental results showed that the recognition rate of the test set samples can reach
90. 5% by combining the model sets of 1 460. 30, 1 400. 20, 1 424.92, 945.98, 1 315.62, 1 220.87 and 1 705. 91 nm bands.
This study shows that hyperspectral technology combined with the strategy of conjunctive model consensus can provide feasible
and effective methods to establish a robust and wide applicability model to recognize the rice origin (northeast/non-northeast)

rapidly.

Keywords Hyperspectral image; Conjunctive model; Northeast rice; Origin identification; HOG

(Received May 13, 2019; accepted Aug. 30, 2019)

* Corresponding authors





