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Fig.1 Inside view of orchard operation robot Fig.2 Side view of orchard operation robot
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Fig.3 Hardware working principle of orchard operation robot
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Fig.4 Inter-row autonomous navigation process of orchard
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Fig.5 Algorithm diagram of RANSAC straight line fitting
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Fig.6 Direct and head—adjusting processes in autonomous navigation of orchard operation robot

R VEAV LA AR AT B = A, RO 578”8, wAES
iR, SRR LS NSRS EXF Sk S i 22 47 Bk, b X FepLge A7 A
JEREAT TP B AR 1) R 1) 22, SERF IR B B a8 shff BE RO RS , I HLagE ATk H)
W AR K3 . AILES AARYERE 0] (AL i | ARAS FA R tha SERTIREE [ SAOOIE, o REUNIE
7 i, Hod tha T AR

fm | P (8)
(1-a )
tha = axctan(a, ) = o (9)
‘P-"L.T‘%E

T o
e :.I. . | e \_Ef' . :,.. . Pis

7 REELM[ABTHOLEET

Fig.7 Warking straight along the row center of orchard operation robot
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Fig.8 Navigation experiment area of orchard operation robot
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Table 1 Accuracy comparison of linear fitting

TS RANSAC fiitlifmzs (°) RANSAC #i1i 2 (m) EKF il f@2s (°)  EKF ffmfR2: (m)
1 3.52 0.23 1.26 0.08
2 3.40 0.28 0.56 0.19
3 1.56 0.35 1.25 0.13
4 3.10 0.36 1.65 0.18
5 2.68 0.15 1.12 0.10
6 5.21 0.20 221 0.06
7 -1.25 0.12 -1.02 0.05
8 2.78 0.14 1.36 0.06
9 5.82 0.08 2.54 0.05
10 432 0.19 1.95 0.19
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Autonomous inter-line navigation system for orchard robots

. e . . *
Li Huibin, Han Wei, Shi Yun
( Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory of

Agricultural Information Technology, Ministry of Agriculture and Rural Affairs, Beijing 100081, China )

Abstract: [ Purpose ] There are a large number of tasks that are repeated and labor intensive
in the production process of the orchard. Nowadays, the labor cost of orchard is rising rapidly
and the quantity is gradually decreasing. In order to reduce the labor input of the orchard and the
cost of fruit production, the orchard operation robot is used to assist the production operation by
mounting a variety of agricultural machinery and autonomous navigation, which is an important
production choice with low—cost and high—efficiency. [ Method ] The basis of orchard operation
robot is the ability to navigate autonomously in the orchard. Given the positioning signal is easily
interfered by leaf occlusion or multi—path effect during the process of GPS—based navigation, this
reserch builds the world coordinate system whose origin is the initial position of the orchard robot
before entering the fruit tree row. Then it combines the 3D Lidar data with the RANSAC algorithm
to obtain the orchard line and record it in the world coordinate system. Next, the EKF algorithm is
used to obtain a more robust orchard line. Finally, the differential model of the orchard operation
robot is combined with the pure tracking algorithm to drive the orchard operation robot along
the center of the row at a speed of 0.4 m/s, and it can turn to the next row and continue to work.
[ Result ] (1) According to the environment of modern dwarf dense orchard, the algorithm in the
article can independently generate stable navigation position according to the three—dimensional
point cloud of fruit trees on both sides; (2) Orchard operation robot can drive along the center
of orchard and is able to correct its pose in real time based on changes in the orchard rows. When
the speed is 0.4 m/s, the lateral average deviation of the robot motion is 0.1 m, and the average
heading deviation is 1.04°; (3 ) Based on the condition that the orchard row width is equal, the
orchard operation robot can automatically turn to the next row at the end of the current row. Then
continue driving along the center of the row. [ Conclusion ] The autonomous navigation system of
the orchard operation robot in the article is reasonable in design, moreover, it has high stability
in algorithm, high accuracy in navigation, and is not affected by driving road conditions, which
can meet the autonomous driving demand of dwarf dense planting orchard operation.
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