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Fig.1 Examples of dataset
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2.1 REASBEER
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AT 11x11 ]RST R, BRS BB BTEOKR,
(BT ) S H e K RKIE I. GoogLeNet 17 b
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convolutio; 3D convolutigni
, - - Y]
7/
D, xDyx M Dy % Dyx M D, x D, x N

TE: D, x D, BRBBEMKA: D, xD, FRFHEE KA M 5N Jvid
Note: D, x D, is the size of the convolution kernel; D, x D, is the size of
feature map; M and N are the number of channels.
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Fig.2 Structure of depth-wise separable convolution
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Fig.3 Structure of weed segmentation model
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3x3. T RAEZ R H AR RIS R IR AR 1 &
B PURREES 1 9], Hiiimig 32 2 bzl 2x2
) 3 EIEFMERIZN 3x3 1 29 EIEE M. Upsample
layer Jy ERFER, fEHIDAN 20 KA 2x2 I BB

A1 RESFIEALKE
Table 1 Table of weed segmentation model parameter

JEF
Original image

= Lok A4
Layer Output size Model parameters
a1 2x2,3, FBAIMZ, LEN2
TR 1 192x192x32 3x3. 20, WEEBUZ, K 2
- 3x3,32%r
FRZEHL 1 (x4) 192x192x32
1x1,32
e 1t 2x2, 32, I KibibZ, KN 2
TRIFE 2 96x96x64 33 3 MBI HK N2
- 3x3,64%r
FRFEHL 2 (x4) 96 x 96 x 64 11,64
o 2x2, 64, FCNMALE, BKH 2
TRFHE 3 48x48x128 3x3. 64, WABEBUZ, KA 2
. 3x3,128%r
B3 (x8) 48x48x128 x8
1x1,128
FOREE L 96x96x64 2x2,64, HEBEEBZ, HKN2,
[3%3,64%7r ]
TRz 4 (x8) 96 x 96 x 64 x8
| 1x1,64 |
SRR 2 192x192x32 2x2,32, ¥ BERZE, HKN2
N [3%3,32% ]
FRZEHLS (x4) 192x192x32 x 4
| IxL32 |
FREEE 3 384x384x32 2x2,32, HEERZ, BKHK2
. [3%3,32% 7]
FRZEHL 6 (x4) 384x384 x4
| 1x1,32 |

e x4y x8 RIZJZ M hE I R TT NE L 4 RS 8 I r BRI
LAY *RmF. NR.

Note: x4 and x8 indicate that the layer is cascaded 4 times and 8 times in the model
respectively; r is the width factor; * indicates multiplication. The same below.
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X o MobileNet i F] 73 3 2 R 72 il 4 N\ R 70 # %
Yolov3P'UR A 320, 416, 608 = Fhor iR B I % H bx
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384x384., 512x384. 512x512 =Fhp#E3, 43 B ZAEE AL,
ARV N G o0 5 AR A B B 3R 2 o
#z2 AEEGDHEERTHEEENLLR

Table 2 Comparison of segmentation accuracy under different
image resolutions

ALIFEE
WA WAER Intersection union ratio /% EH5 %
By R SRS T H HETf 26
Input picture Size of input Mean i e g4y Mean pixel
type picture/pixel jptersection  Soil Weed Crop accuracy/%
union ratio
384 %384 80.09 98.62 53.99 87.67 98.59
RGB 512x384 81.18 98.74 55.80 89.01 98.70
512x512 83.16 98.82 60.92 89.75 98.83
384 x384 85.96 99.14 67.84 909 99.05
RGB+NIR  512x384 87.04 99.18 70.40 91.53 99.11
512x512 87.26 99.19 70.68 91.92 99.17

R 2 PR SR R I SR P R0 1, AT, 7R
3R HER T, K 3 3018 i RGB {41 4 3818 RGB+NIR
EUE 5> B ZR BT 4 1K B B 20 e 36 KM 387t 72
HINIEIEN 4 B, 2RI 384384 B A 512x384 2
Ja, PRI I 85.96%FETH 2 87.26%, A EG
HER N S12xS12 1, H3E. ZE. EMIRIAS H L ELS
BIFRCR, 508 99.19%. 70.68%A1 91.92%. Ik, &
FH 4 i#18 RGB+NIR EUR VIR AL 73 BIRE FEAL T HHER
Fi %8 RGB BN ZRIIBAY, SiBAIT 404 NIR EURAFAE
A DAFE — B L BB AN RGB BRI GRIG, 58N v
D78
4.2 TERBXDENEE NS

B FE R BT LI depth-wise %5 FH (4 iEE, 7F
ONRHE EIEE BB, BURRHIE AW RYE, MR
T FH A [ 3838 1) depth-wise 35 A5 T £ {5 K55 Y f 5 AE 22
TERE JJRES o &% Bl im) i, AR SCHIFFT T AN I 96 B S A
XPRERL A RS BEI A, A 1. 2. 4 =FhE R
AR T 9 MR, FHSICER24]F HIEXTEE, AR
* 3.

®3 TRTEABTHENEEALLE
Table 3 Comparison of segmentation precision under different
width factor
FIITEIRE

Mean intersection

AR ENITES

Mean pixel accuracy /%

g ARG

Size of input

~

Methods . . union ratio/%
picture/pixel
RGB RGB+NIR RGB RGB+NIR

ik 512x384 - 73.68 78.96 90.34 94.12
[24]

1 80.09 85.96 98.59 99.05

384x384 2 82.38 86.21 98.74 99.08

4 81.48 86.21 98.71 99.07

e 1 81.18 87.04 98.70 99.11

L 512x384

FiiE X 2 83.56 87.58 98.88 99.19

4 83.09 87.43 98.80 99.17

1 83.16 87.26 98.83 99.17

512x512 2 84.35 87.64 98.92 99.21

4 83.62 87.53 98.90 99.20

3, fEAHFRINER PRGN, %R
oy 2 B4 LY Sy BR RESA AR T S8 B R0 1 I
PR, 2k NG RN 512x384 I, SCHR[24] R A AY
(P52 H L 5 P 1% R e R A B B2 BN 78.96%
5 94.12%, WA SO {258 I b 5 P 5895 R ERE R
)t E 4 Tl e IR B 87.58%5 99.19%, 4373l $2 1 10.92%
H15.39%, EkE I BT .

4.3 RESHEURBITHERLE

TR S b 58 AT R R T B R S 2 SR ) — A
HESRAR, TR & AR B R, BT
TZIREE T PRSI S I HE AT SR A2 A AP T 1 M 55 1) R
AT 2 P (S5 0R RN AR Bl
T HBB ST R, AT sckd i i (75 1s
PR AR A B0 R, BAKILEE 4.

*4 RESKEBURBITHERLER

Table 4 Comparison of model parameters and operation

efficiency
Tk %)\P—é‘ ) ['R f Numbe:%f%iameters i FF;;Ze e
Methods S'1ze of mput r

picture/ pixel RGB RGB+NI RGB RGB+

R NIR
WHk[24]  512x384 1037950 10318 17" 3637 3250
1 313446 313667 86225 86.105
384x384 2 525542 525763 61.163  60.232
4 949734 949955  40.824  40.327
B 1 313446 313667  61.906  60.732
j‘jé 512x384 2 525542 525763 42,187 42.064
4 949734 949955  29.849  28.233
1 313446 313667 45814 44701
512x512 2 525542 525763  31.876  30.897
4 949734 949955  21.669 21.537

A 2 400 5 48 I 46 AU RS DL R i N i H S
K, MSMARGBRSTIER, MR 4+ 3 FifAE
By WA A R 08 T2 R BB S AR M A . S
i PRI N, B SRR R RN, R
WERECN 4 MBS HEL B EREN 1103
5. HMAMIHEESSHEARAR, HEE5HARGR
STEXR, BRSO, T SRR RS, )
4 HpiRE A N BG R ST AR R PR . A ST
FI) RGB+NIR E§ K 4 i@iE, AL R4 RGB K14
WGRMRRL, SNEN 4 BIERA P SHE ST E 2R
G, HWNENAEFE-E TR, FHESHS
RGB EMGINGIRERIAAE . 258 LA R A HE R 5N
AN 58 FE R BN T A B B S . S ERFIROR,
AR AN R F N 512 x 384 (1) 4 3 T8 Fig N A,
BRI TE B R BN 2, HAaBIFAE ik F] 87.58%,
PG EUER N 99.19%, SHEAN 525 763, W]
K 42.064 Wi/so FHXTT SCHR[24]FF RS, A SCE AR 7Y
ZREARNET 50.64%, P S FHBE
HER R IR TE T 8.62%F1 5.07%, HEIA B LR 43 E
TEV S 2= R EUR IR
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WX 52 S RSE, RN FLER A BT RO,
SO BT R B S S A BRI 5 B TS
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a. JAKE G 1D
a. Original image
(Example 1)

b. FIWE GRfl 1
b. Prediction image
(Example 1)

c. PR ORI D
c. Tag graph
(Example 1)

-

£

f. bR ORfl 2)
f. Tag graph
(Example 2)

d. JEE ORfl2)
d. Original image
(Example 2)

e. TRME Rl 2)
e. Prediction image
(Example 2)

g B G 3)

h. BME ORfl 3) i BRZEE ORfl 3D

g. Original image h. Prediction image i. Tag graph
(Example 3) (Example 3) (Example 3)
B4 5EBRHE
Fig.4 Effects of segmentation [6]
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Real-time recognition of sugar beet and weeds in complex backgrounds
using multi-channel depth-wise separable convolution model

Sun Jun, Tan Wenjun, Wu Xiaohong, Shen Jifeng, Lu Bing, Dai Chunxia
(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Mechanical weeding can reduce the use of pesticides and is of great significance to ensure high yield of crops.
Real-time and accurate identification of crops is a key technical problem needs to be solved in mechanical weeding equipment.
Because of the subjectivity of feature extraction process in weed recognition, the accuracy of traditional methods in actual field
environment is low. In recent years, the method of weed identification based on convolution neural network has been widely
studied. Although the accuracy is obviously improved, there are still problems such as large parameters and poor real-time
performance. In order to solve the above problems, a four-channel input image is constructed by collecting near infrared and
visible images of sugar beet in the field, and a lightweight convolution neural network based on codec structure is proposed. In
this paper, Sugarbeet and weed images collected from a farm in Bonn, Germany, in 2016 were used as data sets, which covered
images of different growth stages of sugar beet, and 226 pictures of which were randomly selected as training sets, and the
remaining 57 pictures were used as test sets. The experimental data set was composed of three channels of visible light image
and one channel of near infrared image, which are merged into a four-channel image by pixel level superposition, and the
depth-wise separable convolution was used in the deep model. Firstly, the input feature image was convoluted in 2 dimensions
convolution kernel and the number of channels was expanded. Then, the 1x1 convolution kernel was used to make the 3
dimensions convolution which combined channel feature and compressed the channels to enhance the nonlinear mapping
ability of the model. In order to avoid the problem of the gradient disappearing, the residual block was used to connect the
input and output of the depth-wise separate convolution. Finally, the coding and decoder structure was designed and the
shallow features were combined with deep features to refine the segmentation effect. Due to the imbalance of pixel proportions
of soil, crops and weeds, the weighted loss function was used to optimize the model. The segmentation accuracy, parameters
and operating efficiency of models at different input resolutions and different width factor were introduced to evalute the
model. When the width factor was 1, the segmentation accuracy of the model increased with the increase of the input image
resolution, the model accuracy of four channel input was higher than that of the model based on original visible image input,
which showed that the near-infrared image features can compensate the defects of ordinary RGB images to some extent, and
make the model more suitable for the dark environment. Under the same input image resolution, the model with a width factor
of 2 or 4 performs better than the model with a width factor of 1. With the increases of width factor, the parameters of the
model increase greatly. The amount of calculation is related to the size of the input image, so the frame rate gradually
decreases with the increase of the size of input image. The experimental results show that the optimal model in this paper is a
four channel input model with a width coefficient of 2, and the average intersection union ration is 87.58%, the average pixel
accuracy is 99.19%, the parameters are 525 763 and the frame rate is 42.064 frames/s. The model has high segmentation and
recognition accuracy and good real-time performance, and can provide theoretical basis for the development of intelligent
mechanization weeding equipment.

Keywords: image segmentation; crops; convolutional neural network; deep learning; sugar beet; weed; real-time
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