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Fig.l1 Schematic diagram of robot online process
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Note: O is the heading deviation, rad; ¢ris the lateral deviation, m; g is the
lateral deviation that can be accommodated, m; 6 is the tolerable heading
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heading respectively. The same below.
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Fig.7 Schematic diagram of online track adjustment process of robot under different body posture states at end of fruit tree row
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A 45 R R*=0.999 1, RMSE=0.006 3 rad, J7f¢
Xl AR A R A
2.7 RREELEHERLE

N T IRURPE 2 A R ARYERE, 7E Matlab 7 HFR
BN AT AR

AR A =LA AR R B B 3 SRS ECR, &
S Ji Hb % v J Y R B A A BT JE 2 AN ve0.3 m/s
v,=0.3 m/s, JEHHIE B=0.8 m, A] YRS A1 R 2 £,=0.1 m,
AR ZE 05=3°. 14T 2.5 WL, XEMPAREH
LA N EZREE B AN AT THE, SRR 3 P

F3 ITHIEEH 03 mvs Ff ELZRMBEAEL R
Table 3  Online performance simulation results when the driving
speed is 0.3 m/s

5 [ (i 25 . R B AN
et R
deviation/m distance/m time/s

-n/4 2.75
-n/18 3.53
0.5 0 0.4 3.76
/18 3.99
/4 4.81
—n/4 434
-n/18 5.19
1.0 0 0.9 543
/18 5.66
/4 6.47
-n/4 5.71
-n/18 6.53
14 0 1.3 6.76
/18 6.99
/4 7.81

& 3 I, EMURmZ R EE LR, B R
WK, FLREESIN; FERE A I ZE AR RSN, AT
M fmzEAAk, FLRER A, R B ECRE N 1.3 m.

FEML IR 22 [ E 1 0L T, B B 223G K, B2k
I [ s FERE R 22 e S OL R, BEE MR ZE AR,
ZRI AR K 2RI ) B KA 7.81 s SCHR[26]18
PR 77 i%, TERIGEI AR ZE 5°. BEIAR % 0.01 m.

THEFE 0.3 m/s I F e BRI IR A2 I TR ZE 0.8~1.2 s, , Wik |,
A AR A A T R PR b 2R vk B DR Y R e 2 58 IR
2.
3 WIZRRERESERS
3.1 R ERE

R T BF PR E 2T AR E 2R fE, BB AT

Jridm ] 7 ARAR b B R S AL AR &, W0 10a
Ptz o

b. B AR 0 A 55

b. Simulated grape trellis test environment

B 10 KPS 5F%
Fig.10 Test platform and environment
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a. Heading information fusion
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1.Robot coordinate system 2.Fitted fruit trees line 3.Left tree row point cloud
4.Right tree row point cloud
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Fig.11 Results of fruit tree row line extraction test with different
methods at lateral deviation 1.4 m and heading deviation /4

b. bxdfi e ek
b. Standard least square method
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Table 4 Performance comparison of different row extraction
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Table 5 Online performance test results with different initial
heading deviations (¢/~=1.4 m)
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Fig.12 Fast online process (/=n/4, ¢~1.4 m)
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Fast online method and experiments of autonomous navigation robots for

trellis orchard

Liu Jizhan'?, He Meng’, Xie Binbin!, Peng Yun!, Shan Haiyong*
(1. School of Agricultural Equipment Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education, Zhenjiang 212013, China)

Abstract: Trellis cultivation is a typical fruit tree planting, where a net-like shelf cover is formed on the top using a cross bar
or lead wire with a support column to the bottom of a trellis, and the branches and vines are spread on the shelf. Grapes, pears,
and kiwis are all suitable for planting in a trellis. In this study, taking a trellised vineyard as a research object, a fast online
system of autonomous navigation was established to serve as one of the core technologies for orchard robots. The robots
needed to drive autonomously and quickly when entering the rows of fruit trees or resuming operations on the way. It was
therefore highly demanded to return independently the job line or online. Autonomous launching was widely utilized to
evaluate the capabilities and performance of robot navigation. Nevertheless, the environment of the trellised orchard was
seriously obstructing satellite signals. A natural shielding layer of satellite signals was also found under the dense tree canopy,
as well as the arrangement of branches and vines in the trellised orchard. The shielding has made the navigation of satellite
positioning unstable. An absolute satellite positioning was not suitable for the shed orchard. As such, the robots needed to
autonomously perceive the actual environment, and then determine the subsequent pose. But there were most slender stems
and sparsely planted stalks in the scaffolding in trellis structured orchard. Most autonomous navigation of agricultural
machinery at present focused mainly on the local environmental characteristics of orchards. A great challenge still remained on
the online performance of autonomous navigation, particularly on high quality and efficiency of operations. In this study, pose
detection was proposed to realize the rapid launch of robots in the environment of scaffolding orchard using the relative
positioning navigation, with emphasis on the fusion of electronic compass and LiAR heading. A priori scaffold orientation was
input to the controller at the human-machine interface of the touch-sensitive serial screen, and then the electronic compass and
LiDAR heading were combined to capture the precise pose of robots relative to the tree row, according to the dual indicators of
pose deviation. The thresholds of body pose and state were classified to trigger the online trajectory program. Fast online was
thus achieved with an optimal online angle. A self-developed grape robot was used as a test platform to carry out fast-on-line
performance tests in a simulated trellised vineyard. The test results showed that the online time was 6.11, 7.15, 7.46, 7.74, and
8.9 s, respectively, while the online distance was 1.357, 1.367, 1.387, 1.383, and 1.403 m, respectively, under the constant
speed of 0.3 m/s, the initial lateral deviation of 1.4 m, and the initial heading deviation of -n/4, -n/18, 0, @/18, and n/4. The
optimal online crawler robot was achieved for short online time and distance in the field-to-row online positioning of an
orchard. Angular implementation was also to quickly go online. Consequently, the robot can pose and go online quickly and
stably using the planned path under the conditions of large initial lateral and heading deviation. Compared with the traditional
path tracking, the online performance of the autonomous navigation system was improved significantly for the scaffold orchard,
including the less online time and shorter online distance. The finding can provide a potential reference to the unmanned
operation in scaffold orchards.

Keywords: robots; autonomous navigation; trellis orchards; rapid online; heading information fusion; optimal online angle



