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FF S FrmEHL (Support Vector Machine, SVM)
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Fig.1 Procedure of maize stubble row based on
Support Vector Machine (SVM)
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FE R4 #TiE (Principal Component Analysis, PCA)
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Fig.2 Logarithm curve of weight coeficient curve of the first

principal component
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SCERIAEML (Support Vector Machine, SVM) 24
A RBENASF I e —, HEBaEfrAs. JF
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SRAIZALEE 1, B B R R 0,

FOCER 21 4ERAE R EAE N ESIARTE SVM iR
RIS, NHRER (-1, 1D HPHEH
SARFEWGFEARPIFRZE R (1), A 1500 45 ATAFS
LR B RN AREARIAR 2 (=1, FE4 3000 />,
BEALARTE SVM R A KI5 H b2 3R B fe e kI 7 B A7
MRFE . AT RIS S A R b A AR LA 18] o e K 1
M. A, S REE A S HOE BRI AR Y
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B KAz K (Radial Basis Function, RBF) BRECHN 4 Fe
R R%L . &2 005, BRI =1 RBF B3
VERBEAARTE SVM R BIB R IAZ R 3, 25 183 B AR T |
AT SR EE R A E Y 122, DR TSR
ERIH S 15y BAS XEEESUE T /%0 C M1 Gamma
M BUE . o, ¢ MEEEREN 27°~2", Gamma
FIEEETE N 2710~2!°, 7E C M Gamma 4%~V A 48
%, LLNGREE S 228 IR E A R I (B B B RAE N TR
Pro RNEKIEFE C=72. Gamma=5 N&MNSH, ML
B HIAER R B, N 96.8%.

R EENSEMFHERENERKHIE
Table 1 The selected optimal features and logarithm of
weight coefficient

B 75 i) 43 RFAE B R B HUE
Color space component Feature Logarithm of weight

coefficient

L Iy %05 % -1.69x10*
b T ETE -1.55
a Wy 2207 % 2.92
L W5 2Ext iR R Al -5.66
UVES TN -5.66
-0.74 R+0.98 G+0.875 B['" P 25 2 571
L g -5.85
L b 75 ZE 5 S A ME -5.89
B hITETE -5.99
G W E T E -6.04
YIQ-Y UV VE -6.07
(R+G+B)/3 Wy 2 05 % -6.08
L W75 ZEAT AR AEZE R AE -6.08
L By 2 50 A AR A 2 K AE -6.08
R W5 205 % -6.11
v Wiy %05 % -6.12
L Wy 2B -6.24
L s ZAT AR EZEIE -6.29
L W5 ZE S AR EZEE -6.29
YCbCr-Y hITETE -6.34
L B 2% A B M -6.35

W L9 Lab B~ [8) R L 238 a 4 Lab 2500 T a 73-8: by Lab Bt
AT b 478 R A RGB B F# R 438 G o4 RGB B2 ] R
G 735 B 9y RGB B[] NI B 738 V O HSV B0 iV 708 YIQ-Y
N YIQ SRR Y 43 YCbCr-Y iy YebCr BIEASIAI T Y 434t

Note: L is L component of Lab color space; a is a component of Lab color space;
b is b component of Lab color space; R is R component of RGB color space; G is
G component of RGB color space; B is B component of RGB color space; V is
component of HSV color space; YIQ-Y is Y component of YIQ color space;
YCbCr-Y is Y component of YCbCr color space.
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2) RECHETE DN ETER 21 ANERE R R B E
M, REMEHBEARE SVM IR I AL 1 17 45 25 1
W, FRETM R (-1, FANTEI , RZFAND



120 My TFESHR (http://www.tcsae.org)

2021 4

®a4)

3) ¥ L 2B 5 24w &b TR R B A AR R AR
N0, [FERRESETE AR 25 MEER, B 0
Me&, FHEESED ;

4) FFMFrE O WARZ N 1, W R T EAR
T, ¥ L B S R O AL T E A B K AN
255 (IR FEHUETE Bl R K8 5 DAE e S iR 2 AT 33047
oyEl, SRJENE DR B A, R AR B EE 25 ME R
B, JFEESE2)

5) EELE3) ~4) , HEHNEEA ROL

SEHCEIR 1) ~5) J5, B EE XK A Cpk
Wl 255, WK TR N 255 IR 0 L2 Bk T 0 &,
BLIRIE SY oS BNl B WIZEY (AbIve- 90 e = e | 3K S
TSI IEF AL L BR R FLIA 50 5515 2 B 441
T KMRAEAT (R

FFUR AL T

Ie

AT EZROI

B R
S

Lot 5 % 4

P A
TRIE L 405
A B L)
v
LI L1 ELA
2% LB 255

B 5 E
JOBA IR

HEFEAT AR5

B3 ERRESTYE AL
Fig.3 Segmentation flow of maize stubble row
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Fig4 Segmentation results of maize stubble row under different light conditions with interrow maize residues quality of 0 kg/m?
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Fig.5 Segmentation results of maize stubble row under different light conditions with interrow maize residues quality of 1 kg/m?



122 Ak TR (http://www.tcsae.org) 2021 &

I RIGOG

Front

sunligtht on =z
a sunny day %

\

[EPSUPA
Backlight
on a sunndy

R
Cloudy day

S SAR
a. JEIREE b. RIAEIFEMZEMLZ3E] o WIRFIHLFHEIAER d. BEETEIAER e. AR5 HIGE R
a. Original image ZE c. Segmentation result by d. Segmentation result by e. Segmentation result by
b. Segmentation result by Extreme Learning Machine genetic method proposed method
Back Propagation Neural (ELM) method
Network (BPNN) method

B 6 ATRAAEEZEH 2kgm’ B RELBEM T ZRRETE LR
Fig.6 Segmentation results of maize stubble row under different light conditions with interrow maize residues quality of 2 kg/m?
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Fig.7 Segmentation results of maize stubble row under different light conditions with interrow maize residues quality of 3 kg/m?
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Image segmentation of maize stubble row based on SVM

Wang Chunlei, Lu Caiyun, Li Hongwen™, He Jin, Wang Qingjie, Jiang Shan

(1. College of Engineering, China Agricultural University, Beijing 100083, China; 2. Scientific Observing and Experimental Station of
Arable Land Conservation (North Hebei), Ministry of Agriculture and Rural Affairs, Beijing 100083, China)

Abstract: Accurate identification of maize stubble row has widely dominated the automatic row-followed seeding using
machine vision. However, it is difficult to segment the images of stubble row in the maize stubble field harvested by combine
harvesters, due mainly to the indistinct chromaticity difference with naked land surface and maize residues. In this study,
image segmentation was presented using a support vector machine (SVM), in order to realize precise and rapid segmentation
of the maize stubble row. Firstly, principal component analysis (PCA) was used for dimensionality reduction and feature
optimization of the dataset, where the specific features were selected to distinguish standing stubble, naked land surface, and
maize residues. Especially, the 1 500 sample images of standing stubble, 1500 sample images of the naked land surface, and
1 500 sample images of maize residues were collected, while, 2 210 features containing 697 color features, and 1 513 texture
features were obtained using sample images. Then, PCA was used to choose 21 color features of the standing stubble, naked
land surface, and maize residues in the R, G, B, L, a, b, v, YIQ-V and YCbCr-Y components from the datasets. The selected
color features were constructed into a 21-dimensional feature vector, which was used as the input of the standing stubble SVM
recognition model. Secondly, the region of interest (ROI) was selected in the middle of the image with the integrated maize
stubble row for the higher efficiency of image segmentation. Finally, the trained SVM recognition model was used for the slide
detection of standing stubble within the ROI with a window of 25x25(pixel). If the currently detected window was standing
stubble in slide detection, the grayscale value would be set to 255. The maize stubble row was segmented by a threshold when
the slide detection was complete. The segmented binary image was then optimized using the morphological open operation
processing with a disc-shaped structural element with a radius of 2 pixels. Furthermore, 100 test images were collected to
verify the segmentation performance from the Scientific Observing and Experimental Station of Arable Land Conservation
(North Hebei), Ministry of Agriculture and Rural Affairs in Zhuozhou City, China in October 2019. The capture size was
divided into 4 classes, including 0, 1, 2, and 3 kg/mz, according to the quality of maize residues between rows. At the same
time, each class included the front lighting on a sunny day, direct sunlight, backlight on a sunny and cloudy day. Moreover, the
images of the 0 kg/m® class also involved different shapes and surface moisture contents, due to the change of time and
weather. The results revealed that the algorithm presented higher accuracy and robustness for the stubble row segmentation
under various maize residues quality between rows and different lighting conditions. The average recognition accuracy of
standing stubble was 93.8% in the SVM recognition model, whereas, those were 62.76% and 63.71% in the BPNN and ELM
model, respectively. The average segmentation accuracy, average recall rate, and F1,, in the SVM recognition model were
93.72%, 92.35% and 93.03%, respectively, whereas, those in the BPNN, ELM and genetic models were 61.88%, 86.94%,
72.3%, 62.92%, 88.75%, 73.63%, 90.13%, 51.36% and 65.43%, respectively. Additionally, the average processing time was
0.06 s for a 640x480(pixel) image using the SVM recognition models, indicating excellent real-time performance. Therefore,
the SVM recognition model can widely be expected to realize better performance than others in the segmentation of the maize
stubble row after the maize is harvested by the combine harvesters.

Keywords: machine vision; image segmentation; support vector machine(SVM); principal component analysis(PCA); maize
stubble row
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