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A Soybean Variety Identification Algorithm Based on Hyperspectral Image and
Neighborhood Rough Set Theory and Its Comprehensive Performance Evalua-
tion

LIU Yao', LI Zi-nan', WU Tao', LIU Lian®, MENG Xiang-li'

(1. School of Information Engineering, Lingnan Normal University, Zhanjiang 524048 , China; 2. College of Information and Communication Engineering,
Harbin Engineering University, Harbin 150001, China)

Abstract: The rapid, efficient and nondestructive identification for soybeans varieties can be realized by using hyperspectral
image technology. Hyperspectral image data is large and contains hundreds of bands, therefore it is difficult for data transmis-
sion, storage and processing. It is necessary to use band selection method for dimension reduction. At present, band selection
algorithms of hyperspectral image for variety identification mainly take classification performance as evaluation criteria, and the
stability of the algorithms is ignored. To solve the problem of variety identification for soybeans, hyperspectral band selection
algorithms based on the dependence, consistency and information entropy criteria in neighborhood rough set theory were stud-
ied in this paper. By introducing Jaccard index as a metric of stability, the changes of stability of the algorithm with the data-
set perturbation and the subset size were explored. Since the stability measurement and classification model of band selection
algorithm are independent of each other, it couldn’t pursue high stability only and ignored the classification effect. To assess
the comprehensive performance of algorithms, for the subsets with the same size, Pareto optimal solutions was proposed. For
the subsets with different size, a comprehensive evaluation function of classification performance, stability and subset size was
proposed. The results have certain theoretical and application value for obtaining the best band subset of comprehensive per-
formance.
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Table 1 The number of bands, the average accuracy and the stability of the algorithms
¥ ik 4k FHEIN PR Btk Stabilit
No. Algorithm B Size Average accuracy I=1 =3 [=5
1 DMNRS 0.12 8 93.91% 0. 66 0.34 0.30
2 DMNRS 0.20 17 97. 89% 0.51 0.35 0.26
3 VPNRS 0.15 9 95.49% 0.29 0.25 0.21
4 VPNRS 0.18 15 97.33% 0.30 0.28 0.26
5 CMNRS 0.24 9 97.76% 0.28 0.24 0.22
6 CMNRS 0.27 10 98. 02% 0.32 0.29 0.26
7 NMI 0.12 8 95.07% 0.37 0.30 0.26
8 NMI 0.20 17 98. 10% 0.33 0.29 0.27
9 MRMRD 0.15 9 94. 47 % 0.76 0. 60 0.48
10 MRMRD 0.23 13 97. 62% 0.77 0. 66 0.51
11 MRMRQ 0. 14 10 93.18% 0. 68 0. 63 0. 56
12 MRMRQ 0.19 15 97. 09% 0.57 0.49 0.41
3 2 @ Ja P2y SEAR B BURRE P B, S R 0 SRR IR A
A 4

R T gk R[4 J5i 14 73 JEMERT, AR SO R 't
T PR R 52 B L A o ) S8 S A6 0

H 1 NRS

B TR PR AR B IPAR S R E 5 A1 Ol
LA ELM BERIPEAT R A AR, VPNRS  DM-
NRS ,CMNRS ,NMI ,MRMRD Fil MRMRQ iX 6 F 3



4 34 X1

FEAE T RO RGN AR R R AR PR ) R

AR L BOLER S PR RE AL 605

ARREHUS AR 4 9 70 SRR, B K o0 JEHE 1) R 14 5]
100% ,F-2 73 MER F K F) 95.60% LI |, (HAEK
SLan MU R, BR 2> JEPEBE LA, R P L
AR — AN HEPPN AR IR S B, FESCPRRL
AT A B AT — S B B S0 B dl
R —SE R e B R T 1 PR R E R X HE
AR, R R P AR R M. X TS E K
Ui, Joidk WA 4 5 B 14 R AR A LA A9 15
B SERIETEAT R R L, 33k M I B 4R S PR 0 SO
Ko P, T 25K BE DR8N 1 HL U B
PEPRA AR E WL o AR SCAE LA Jaccard 2 BN AR
TENEREBREAR AU FEA L, B B4 /AR [ A
R PR OL, 43 B4 T Pareto S5 fIG 8 A1 HE T 43
FAPERE Ao TEA T 5 KN £35S A eR B0 h 7
VERVHAG VA VERE . 3 X AR BUZE 5 TR RE A HE Y I8¢
B A — o B Ko FHANA .

ABEFEEE T B B RS b R U AR F
B, LIAWFFEAE g FE A, £ 57 R 5 6 i o A6
RGE, N T A SE B, RESE BUPRGE L iR G
5 HRE BRI, X6 S B i AG I 4 F 3l 1 A
REALA T 200 S, A M) T 0 ik R S A M 5 22 4
JE R R PRI ROM A, PR B E R 2 4

Sk

(1] BRI . FORFTmOLG G S A proE (D], TR
WHA O K2F, 2017. (Wei L F. Research on detection method
of maize variety based on hyperspectral image [ D ]. Shenyang:
Shenyang Agricultural University, 2017. )

(2] ARKUi, E3, Foute, . ORI LD/ EIERAE A
RIS [T ]. Ot 5oLig 4, 2010, 30(12): 3217-
3221. (Zhu D Z, Wang K, Zhou G H, et al. The NIR spectra
based variety discrimination for single soybean seed[ J]. Spectros-
copy and Spectral Analysis, 2010, 30(12) . 3217-3221. )

[3] B&N, Rkl . LTI 4 A0E S5 O6I5 5 BT A BP Hh 2 M 4%
RS AL ]. REREE, 2013, 32(2): 249-253.
(Yang D F,Zhu H D. Recognition of soybean varieties based on
near infrared transmittance spectroscopy and BP neural network
[J]. Soybean Science, 2013, 32(2) ; 249-253.)

[4] Zexte, gk, KA. ETROGIGEIGBORI K Er%
PRIFERIFE L] R R 24240, 2014, 45(4) . 107-
112. (Chai Y H, Hou S F, Peng C L. Identification of different
soybean grades based on hyperspectral imagery [ J]. Journal of
Northeast Agricultural University, 2014, 45(4) . 107-112. )

[5] Tan K, Chai Y, Song W, et al. Identification of soybean seed va-
rieties based on hyperspectral image[ J ]. Transactions of the Chi-
nese Society of Agricultural Engineering, 2014, 30(9) ; 235-242.

[6] LiuY, Xie H, Chen Y H, et al. Neighborhood mutual information

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

and its application on hyperspectral band selection for classification
[J]. Chemometrics and Intelligent Laboratory Systems, 2016,
157(157) ; 140-151.

Kalousis A, Prados J, Hilario M. Stability of feature selection al-
gorithms; A study on high- dimensional spaces[J]. Knowledge &
Information Systems, 2007, 12(1) ;: 95-116.

FEATRR, BRE, AR . ELLAMGRE ST I R 5
[(M].db3: th E 4 Tl A, 2013, (Yan Y L, Chen B,
Zhu D Z. Near infrared spectroscopy-principles, technologies and
applications [ M]. Beijing; China Light Industry Press, 2013. )
Dong Y, Xiang B, Geng Y, et al. Rough set based wavelength se-
lection in near-infrared spectral analysis[ J]. Chemometrics and
Intelligent Laboratory Systems, 2013, 126(126) : 21-29.

Chen Y, Xue Y, Ma Y, et al. Measures of uncertainty for neigh-
borhood rough sets [ J]. Knowledge-Based Systems, 2017, 120
(C): 226-235.

Pan X, Zhang S, Zhang H, et al. A variable precision rough set
approach to the remote sensing land use/cover classification[ J].
Computers & Geosciences, 2010, 36(12) :1466-1473.

Hu Q, Pedrycz W, Yu D, et al. Selecting discrete and continuous
features based on neighborhood decision error minimization [ J].
IEEE Transactions on Systems, Man, and Cybernetics, Part B
( Cybernetics) , 2010, 40(1) : 137-150.

Liu Y, Chen Y, Tan K, et al. Maximum relevance, minimum re-
dundancy band selection based on neighborhood rough set for hy-
perspectral data classification [ J ]. Measurement Science and
Technology, 2016, 27(12) . 125501.

Tl . m O PEARE B AL Y B AR I RRE 2R R X HAR
SEMERFZE[D]. B BWEASE KSF, 2015, ( Ji ] S, Feature
selection and its stability for typical geoobjects of the high-resolu-
tion remote sensing image[ D]. Shanghai: Shanghai Jiao Tong U-
niversity, 2015. )

Kuncheva L 1. A stability index for feature selection[ C]// Artifi-
cial Intelligence and Applications, 2007 ; 421-427.

AR, B I ARSI Y T 2 H AR YRR R
Fe[T]. AR, 2007, 34(3):197-200. (Yu Y, Huang
H. Feature selection using multi-objective genetic algorithms for
intrusion detection [ J]. Computer Science, 2007, 34 (3):197-
200. )

Saeys Y, Abeel T, Peer Y V D. Robust feature selection using en-
semble feature selection techniques[ J]. Lecture Notes in Comput-
er Science, 2008, 5212, 313-325.

XIBE, AT, BRAAE, & BT 0BRGN TR
AREKRE MRS [I]. KREFRE, 2016, 35(4) : 672-678.
(LiuY, Tan K Z, Chen Y H, et al. Variety recognition of soy-
beans using segmented principal component analysis and hyper-
spectral technology [ J]. Soybean Science, 2016, 35(4): 672-
678.)

Liu Y, Xie H, Wang L, et al. Hyperspectral band selection based
on a variable precision neighborhood rough set[ J]. Applied op-

tics, 2016, 55(3) ; 462472.



