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Al Differentiation of Bok Choy Seedlings from Weeds
SUN Yanxia”, CHEN Yanfei’, JIN Xiaojun', YU Jialin’, CHEN Yong'~
(1. College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing, Jiangsu 210037, China,
2. School of Rail Transportation, Nanjing Vocational Institute of Transport Technology, Nanjing, Jiangsu 211188, China;
3. College of Forestry, Nanjing Forestry University, Nanjing, Jiangsu 210037, China)
Abstract: [ Objective]l An artificial intelligence-based identification method to effectively differentiate bok choy seedlings
from weeds was proposed to facilitate vegetable farm weeding operation. [Methods] Bok choy seedlings were recognized by
the neural network models to exclude the green pixels from other vegetations considered as weeds by color differentiation.
Effectiveness of the convolutional neural networks (CNN) and the emerging transformer models in correctly separating
the seedlings and weeds was evaluated. [ Result] Although both performed acceptable, the YOLOX model delivered a
higher average accuracy of 98.1% and a faster speed at 44.8 fps than Deformable DETR in the recognition operation.
[ Conclusion] By defining the green pixels of bok choy seedlings as target color, weeds could be rejected by the Al
recognition program providing a robust separation for efficient weeding in the field of the random-planting vegetables such as
bok choy.

Key words: Bok choy seedling; weed detection; artificial intelligence; CNN; Transformer Neural Network
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Table 1 Hyperparameters of models

A Model it~} Batch WU > Fnitial learning rate At 28 Optimizer I HDecay Il 5 ¥ Training epochs
YOLOX 4 0.01 SGD Se-4 300
Deformable DETR 1 2e-4 AdamW 0.0001 120
B 0 if(g<r|lg<b)
P = ExG = { ’ . 5
1.3.1.2 M EDR 2g—r—b, otherwise ®)
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Ip
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1 =
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Table 2 Evaluation matrixes of varied confidence scores on val

e v i o U TR 7 = U= ) e R M
J1. KEEEJTTE , YOLOX #i %! H, Deformable DETR #5i

data set
UM & 1.5%. M, YOLOX BRI A &t & iy Fy {4
iR hCREL it BIEHE Fiff , "
Model Confidence score  Precision ~ Recall ~ F) score ( 0.956 ) ° Xﬂ‘??ﬁﬁﬁf , YOLOX *%Eg%ﬂ Deformable
0.9 1000 004 0077 DETR BERIHR & F 97%, FBHHX T 4 M #0A 5
08 0993 oS0 o6 GPRGBUNE. KR F (ACPEIRGEE, YOLOX B
07 0980 093 0954 U SR RO A, pas R R, B
0.6 0.953 0.97 0.961 "~ e 11 N S e
25 W 45 BRI AR AR P 2 00 R 4T3 8K L Transformer 52
YOLOX 0.5 0.940 0.98 0.959 . R .
04 092 099 0955 RUNE e — 2%, 22BN, #{FRHE#E Transformer
0.3 0922 099 0955 BORIBEFE R — 2B IR A, Ak BT
0.2 0.877 100 0934 23 AR T YOLOX #5541 Deformable DETR
0.1 0877 100 0934 SR f%) G0 R i R O 4 P 100 K B
09 0998 054 0701 B (H . WELTT AT, YOLOX % % A1 Deformable
0.8 0.991 0.77 0.867 " N N o .
o wosl 056 ool DETR #5% R4 0 1 8 22 B B f L i i o B 2 Je 3
o oo 0o0 0oss [y 4 1. LS55 YOLOX B4 IR 5 AL BE 1%
Deformable DETR 0.5 0963 094 0951 TEAHAT o LR G AR BRI PERE, 2 T 5 FUpf
04 0958 096  0.959 228 1) YOLOX BEAY A 7% 3 4l B Ui A e AR AL
03 0930 098 0954 ] 1R S VPR R BER YOLOX: 97 340 i 5L
0.2 0.893 0.99 0.939 % N N e — N
o 05 09 093 SR o Sy B R AR B AR R R 3 5T I N B i
: : : : P, Sy BIEIRE -l & RAR BRI EZ . 1-b
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Table 3 Evaluation matrix of highest confidence score on test data set
i NCREL bt A= FifH PN o 0k
Model Confidence score Precision Recall F, score Average precision Detection speed / fps
YOLOX 0.6 0.943 0.97 0.956 0.981 44.8
Deformable DETR 0.4 0.928 0.97 0.948 0.972 10.2

a. RAFHALH

a. Grass weed

& 1
Fig. 1

b. B
b. Broadleaf weed

T EHFETHIRE R YOLOX #HE FR 4B & MR

Images of bok choy seedlings under original conditions and YOLOX model

c. AFAR I

c. Various growth stages
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Fig. 2 Image showing seedlings/weeds separation
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Fig. 3 Area filter and weed-recognized image
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