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Abstract: [Objective] A low-cost 3D light detecting and ranging (LiDAR) point cloud information processing
and plant row estimation method for environment perception in agricultural robot navigation is proposed for the
areas where the satellite signal is seriously occluded in the forest or under the canopy. [ Method] First, the pass
through filter was used to filter out the target irrelevant points outside the area of interest. Secondly, the methods
of mean shift clustering and scanning area adaptation were proposed to segment the trunk of each plant, and the
vertical projection of the trunk point cloud was used to estimate the center point. Finally, the plant rows were
estimated by determing the trunk centers with the least square fitting method. The simulation experiment and

field experiment were carried out in the simulated orchard and metasequoia forest in the open field. The angle
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between the plant row vector and the due east was used as the index. The angle error between the plant row

information identified by the proposed method and the true value of the plant row measured by GNSS satellite

antenna positioning was calculated. [Result] Using the proposed method of 3D LiDAR point cloud

information processing and plant row estimation, the average errors of plant row identification in simulation

experiment and field experiment were 0.79° and 1.48°, the minimum errors were 0.12° and 0.88°, and the

maximum errors were 1.49° and 2.33°, respectively. [ Conclusion] The vehicle-mounted 3D LiDAR can

effectively estimate the plant rows of metasequoia. This research enriches the ideas and methods of crop

identification, and provides a theoretical basis for the map-free navigation of agricultural robots in areas without

satellite signal coverage.

Key words: Agricultural robot; 3D LiDAR; Point cloud processing; Plant row recognition; Field of view

adaptation; Plant trunk division
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Fig. 8 The coordinates of plants in the global coordinate system are simulated and the plant rows are extracted by least
square method in the third experiment
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Table 1 GNSS measurements of simulated plant coordinates

R Fe AT Left plant row F P47 Right plant row

Test (1, 1) (x2, 32) (x3,3) (x4, y4) (x5, ¥5) (x6, ¥6) (7, ¥7) (7, 37)
1 (3.528,-5.666) (4.145,-5.682) (4.797,-5.633) (5.494, —5.756) (5.424,—-6.895) (4.827,—-6.915) (4.054, —6.989) (3.602, —6.997)
2 (2.091,3.605) (2.683,3.522) (3.312,3.627) (3.960,3.445) (2.062,2.158) (2.753,2.187) (3.253,2.007) (3.822,2.201)
3 (2.126,3914) (2.803,3.738) (3.447,3.899) (4.112,3.837) (2.258,2.562) (2.844,2.444) (3.532,2.639) (4.174,2.553)
1)(x;, ;)1 GNSST 5 43 51 69 kAL A4 09 A 47

1)(x;, y;) is the coordinate of each simulated plant obtained by GNSS measurement

®2 RUUAETETEMITSERGHRAFIET LIDAR
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Table 2 Aaccuracy evaluation of LiDAR recognition of
plant rows based on the angle between the plant
rows and due east in simulation experiment

AT Jeff H LiDAR A #%}
75 E/(°) JEH1(°) RZE/(°)

Plant line True value of  Angle identified ~ Absolute

number the angle by LiDAR error
1 -1.97 -1.57 0.40 gl B
2 3.55 4.65 1.10 " NP
B9 #l38 ATEKFSRIAAEETTH B
3 —3.49 —2.92 0.57 Fig. 9 Robots conducting field experiments in metasequoia
4 —0.40 —0.52 0.12 forests
5 ~0.69 -2.18 1.49 e = _
. 60 057 103 RIHE . HEARAT IS S5 R 10bH7R

PIGHE AN 3 From, )i ok AR S
LiDAR M A, 105 3 4RI 0 S = 5, JrLl  H BT AR SRR AT A B 5 BOSE AE AT # JE
INTERIEE T BN B A, BT B R, Bt R PR 1.48°, S/ NAERTRZE N 0.88°, F K
KA B BN (B B O R A bR A, R A IR 220N 2.33° MIEL TR S, R 22 A B
B/ IR AE MR B ARARHEAT LA, AR EE TR RZERTER AT RR R R RO S R A
LiDAR iz (B 10a) $2EUAAEATST LG, BOTEHIE 07 A &R 22 L /N4 B 500 77 A 146
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Fig. 10 Point cloud data collection and processing result
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Table 3 Accuracy evaluation the of LIDAR recognition of
plant rows based on the angle between the plant
rows and due east in field experiment

AT KR LiDARR 5 Y%}
FP 5 1E/(°) KA/ WZ(°)
Plant line True value of  Angle identified  Absolute
number the angle by LiDAR error
1 —0.46 0.92 1.38
2 —-1.58 -2.52 0.94
3 —0.46 1.87 2.33
4 —-1.58 -2.93 1.35
5 —0.46 0.42 0.88
6 —1.58 —3.66 2.08
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