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Abstract A method for discriminating the appearance quality of soybeans based on the low-rank sparse (LRS)
representation frame of multimodal lexicon features in the visible spectrogram is presented to accurately determine
the soybean quality level. Firstly, multi-scale spatial gradient features and YCbCr color space features of the visible
spectrogram of soybeans are extracted and regarded as visual vocabularies. The Kernel K-means clustering
algorithm is used to form the local distribution cluster center of visual vocabularies in kernel space, thereby
generating a vision lexicon. Secondly, the LRS representation method is used to couple the two type of features,
thereby eliminating the effect of redundant information in high-dimensional heterogeneous modal dictionary
descriptors. Finally, the LRS representation coupling multi-modal dictionary features are classified according to the
metric between samples in the high-dimensional coupling space. The proposed method makes full use of multi-modal
and multi-scale spatial gradient features and YCbCr color space features to describe the semantic feature attribution
of appearance quality of soybeans. The experimental results show that the recognition accuracies of training set and
prediction set are 92.7% and 80.1% respectively, and the discrimination accuracy of the proposed method is better
than that of single-visual-mode based vision lexicon feature representation method.
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Fig. 2 Visible spectrograms of soybeans are classified into three grades according to their appearance quality.

(a) Good grade; (b) medium grade; (c¢) inferior grade
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Fig. 3 Conversion of RGB color space images of raw soybeans collected from 3CCD charge-coupled imager

to YCbCr color space images
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Fig. 4 Visible spectrograms of soybeans with multi-scale spatial gradient characteristics. (a) Good grade; (b) medium grade
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Table 1 Modeling and prediction accuracies of soybean discrimination using single-modal and low-rank sparse

coupling representation features, respectively %

Method

Modeling accuracy Prediction accuracy

Gradient-based + K-means+ LMNN
YCbCr-based+K-means+ LMNN

LRS-based+ Kernel K-means+ LMNN

79.2 64.4
86.5 70.8
92.7 80.1

0815002-6



n
¥

{5

TE U B B, 4 0 K ok A R ) 2
U 23 (A B B AR AE A YCbCr B (025 [ 4R AE . K 1
IR B HCE P AR IR 2 0l R B R L 38 3 Kernel
K-means 5156 3K PO 5 1030 1Y Gaussian #% 25
(i) Joy 35 43 A1 F S v I JlTa) B 5 X b A 7 A R TR
I TR0 €0, A G 174 S B AR 2 G 1 A0 0 1) B AR SR T
TR AN & R I AT 1 38, T 09 B e 4 S5 o
BT AR AT T ICARAR B 0952, K B2 IR 1 1%
TR 1 3% 78 22 W28 1) SRR IR R 5 g B0 A A\ 380 A ST 1Y
R[] o e SR T B AL oy, IR AT 00, F9T 00 45 2R ik 1
7R o S B T PR BE 3K 80.1 %6 » bh B B T 8
FEAE AR B R AR R A 77 9k 43 0l s 15.7 26 F1 9.3 %0 .

4 4k 1w

TEAEGE I FE T B4 10 RGB (A 25 [a] v, 2T (7
75 [] 3| ok 40 23 () ke = 8 (6 F HAh (% 5 B 4 i A
(0,23 6] B 5 (025 8] AEAE I 2 1 3 U (R (5 By
i, RGB (%25 [ (19 B 53 16 38 B {8 22 18] 47 76 38/
922 5, AL RGB R SRS 3 /4> 143 (8 0 o S
Ew i, 7E5E A RGB 3] YCbCr B 8% 25 [A] 5% 4
J&i » YCbCr {08 23 [ (4 43 5 7E 3 A ] 19 (0 % 38 1
Z I BA W E 25, YChCr AT LR b L 31 (5 2 1]
R BE 22 S5 TR I T LA T 2 Al b 36 8 K 9k T 9 B0
CRRIE . 22 RUBE 25 (BB BE R AR 207 5 vk R 2 T
JEEBE AT ARG I 31 PR A5 35 AH A5 A 5 R 1 X8
G0 58] F T 4 A ) B A 6 A5 BT RAAE Al ik K
HNULER B S SR, A B 1 2SR Y
{87 B 21 A 45 S T ORE o b S BCEMR 1 R AE T AR KAk
I HAE— 8 R BE b 52 w43 28 25 0 0 00 e L 4t
ZRS R R R KR B TR T AN ., AT
i — A i R X R A L 5 0 B R &R G
[ERE o R L R T i e AN I BUR (X (1 s
73 51 - 25 [00) v A T 1 AP A S 3R 45 ok BB 5 AN [
25 590 B4 AL D 1 ST ML L I I B AN A DG B T SR B A
AR LM B 25 18] o = A B LB 7R L #E Gaussian 58
Vi) i SR T A ) I i 8 A0 B0 3 o IR B s i 6 s 248 S
S TR SRR A A A HEAT 4 25 SR T R BRI
fite ST 1) 43 RS BE SRy S B R A in T H A O JB A
N33 T2 AR AL B S AR IS AR S H

2 % x #

[1] Li K P. The impact and countermeasures analysis of
Sino-US trade friction on China’ s soybean [J].
Economic Relations and Trade, 2018(11): 41-44.

(2]

[3]

[4]

(6]

[7]

(8]

(9]

[10]

[11]

0815002-7

ITMG . b 26 52 5 BE 25 5T R S A% U5 3 1 2 i
Bgmg ], WHANABI5, 2018(11): 41-44.

Li P W, Xie L H, Zhang W, et al. Quality standard
and detection technique of soybean []J]. Food and
Nutrition in China, 2003, 9(4): 18-21.

Zna, W de, sKoC, AR RN AR o AR DU
AL, HEEYSETR, 2003, 9(4): 18-21.

Fang H, Zhang Z, Wang H L, et al. ldentification
of transgenic soybean varieties using mid-infrared
spectroscopy [ J ]. Spectroscopy and Spectral
Analysis, 2017, 37(3): 760-765.

Ji, KM, B, & BT P LANEIEER K
R R W TR (1], BTk 2 5 ek a4,
2017, 37(3): 760-765.

Ahmad I S, Reid J F, Paulsen M R, ez al. Color
classifier for symptomatic soybean seeds using image
processing[ J]. Plant Disease, 1999, 83 (4): 320-
327.

Shatadal P, Tan J. Identifying damaged soybeans by
color image analysis [J]. Applied Enginecering in
Agriculture, 2003, 19(1): 65-69.

LiuD J, Ning X F, Li Z M, et al. Discriminating
and elimination of damaged soybean seeds based on
image characteristics[J]. Journal of Stored Products
Research, 2015, 60: 67-74.

Olgun M, Onarcan A O, Ozkan K, et al. Wheat
grain classification by using dense SIFT features with
SVM classifier [ J]. Computers and Electronics in
Agriculture, 2016, 122: 185-190.

Xiao D Q, Feng ] Z, Lin T Y, et al. Classification
and recognition scheme for vegetable pests based on
the BOF-SVM model [ J]. International Journal of
Agricultural and Biological Engineering, 2018, 11
(3): 190-196.

Feng ] R, Ma X D, Guan H O, et al. Calculation
method of soybean plant height based on depth
information[ J]. Acta Optica Sinica, 2019, 39(5):
0515003.

WER, DR, RHERY, & ETRERFENKE
MmO ik [T b % 2 4R, 2019, 39 (5):
0515003.

Jiang X D, Yu]J Y, Zhu L K, et al. Self-calibrated
binocular ranging system based on hardware SURF
algorithm[J]. Acta Optica Sinica, 2018, 38 (10):
1036001.

B, TAF, R, % ST SURF 51k
B R X E R AR SE (1], e i, 2018, 38
(10): 1036001.

Jia L, Li M, Zhang P, et al. SAR image change
detection based on multiple kernel K-means clustering
IEEE

with local-neighborhood information [ J].



n
¥

{5

[12]

Geoscience and Remote Sensing Letters, 2016, 13
(6): 856-860.

LiFY, Huo HT, Bai]J, et al. Hyperspectral target
detection based on sparse representation and adaptive
model [J]. 2018, 38 (12):
1228004 .

e, BEWE, AN, 5. TR H RS G

Acta Optica Sinica,

[13]

0815002-8

ORI = O3 B AR A I (1], 6 4% %4k, 2018, 38
(12): 1228004 .

Shen ] Y, Huang W P, Zhu D Y, et al. A novel
similarity measure model for multivariate time series
based on LMNN and DTW [J]. Neural Processing
Letters, 2017, 45(3): 925-937.



