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Development and Experiment of Intra-row Weeding Robot System
Based on Protection of Maize Root System

QUAN Longzhe ZHANG Jingyu JIANG Wei LI Hengda YANG Chunjie ZHANG Xilin
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; Aiming at the risk of end effector damage to the maize root system during mechanical intra-row
weeding, a novel intra-row weeding mode based on the protection of the maize root system was proposed
and an intelligent robot system for weeding was designed. The robot system consisted of a robot mobile
platform, a weeding device, a visual system and a control system. Among them, maize seedlings and
weeds were detected by the visual system using advanced YOLO V4 network model; the weeding device
was based on the three-dimensional movement of weeding shovels, so that the weeding shovel can
complete two operation models, including under and on the ground to avoid maize seedlings. Field
experiments showed that when the robot mobile platform advanced at 1.2 km/h, the detection rates of
maize seedlings and weeds were 96.04% and 92. 57% , respectively, and the weeding rate of the two
weeding modes were higher than 81% . The average root damage rate under the mode that weeding
shovels placed on the ground to avoid maize seedlings was 3. 35% , which was 36. 40 percentage points
lower than that of the mode that weeding shovels were always placed under the ground to avoid maize
seedlings. The results proved that the weeding robot system was stable, and the weeding shovel avoiding
seedlings and weeding on the soil had better protection performance of the maize root system.

Key words: maize; intra-row weeding; robot mobile platform; protection of root system; target

detection ; weeding shovel
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Tab.1 Main technical indicators of robot mobile platform

B2 1l
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Fig.2  Structure diagram of weeding system
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Fig.4 Schematic of root protection principle

of intra-row weeding
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Fig. 6  Schematic of weeding shovel work
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Tab.3 Detection results of maize seedlings

BT AHEE, 54 75 57 S 721 557 S 5 1 )
RGP

(km+h™") T R AU R R/ %
1 140 135

1.0 2 135 130 96. 40
3 141 136
1 146 140

1.2 2 143 137 96. 04
3 140 135
1 144 129

1.5 2 150 140 91.97
3 140 126
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Tab.4 Detection results of weeds
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1.5 2 99 86 86. 94
3 80 77
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Tab.5 Statistics of rate of weeding and maize seedlings injured under mode that weeding shovels were always placed

under ground to avoid maize seedlings

N — NYRETI S s B 5% S s
RPRAR, s pepom O e prBUl Rk Gitigse |/ TR
mm 53 % /%
1 141 135 112 11 79. 43 8. 15
40 2 91 130 78 11 85.71 8.46 83.19 9.01
3 122 144 103 15 84. 43 10. 42
1 135 141 105 10 77.78 7.09
60 2 160 133 131 8 81. 88 6.02 81.43 6.90
3 78 145 66 11 84.62 7.59
1 99 139 85 85. 86 4.32
80 2 129 140 102 79.07 5.71 80. 47 4.81
3 170 136 130 76. 47 4.41

xo6 T LEEBREEXTHRER GERFIT

Tab. 6 Statistics of rate of weeding and maize seedlings injured under mode that weeding shovels were

placed on ground to avoid maize seedlings

— i —
PSR, prs g O pm gl Bt fiee o TR
mm 3 /% /%
1 89 140 75 10 84.27 7. 14
40 2 124 137 105 14 84. 68 10. 22 84.76 8. 66
3 150 139 128 12 85.33 8.63
1 180 137 148 12 82.22 8.76
60 2 92 144 77 10 83.7 6. 94 82.93 7.85
3 111 140 92 11 82. 88 7. 86
1 57 137 46 80. 70 5.84
80 2 80 145 70 87.50 5.52 82.47 5.49
3 101 137 80 79.21 5.11
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Tab.7 Root damage rate of maize seedlings
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