2021 4 11 | AT R A= 1 5§52 4 HT

doi:10.6041/j. issn. 1000-1298. 2021. S0. 069

T 5] 3 A 2R B 1 5] 4 Ml 1) S i B 12 R &l 77 0

1 1,2 a1 ' 1 1
(1. E Ay 2 T2 B, bt 100083 2. o [H 1 AIyR 4L A A IR "R W98 BBe , B 250013)

FEE B0 G 2010 R B AR R 7 1 R 70 43 25 18 AL B 2, b Sk 7% 25 B A8 VT B R AE T &, A AE il 1 XURS: 1 I7)
R, SO — TR 1) S DA R B S 1) 22 ML B T A0 5 A S AR R T v o B T O T A T e R R 3 o Tl B T
AL A RS A DU ASE TR A6 U AR ML 22 ] 2 75 R A il 43 5 o 7 ik T b B 4 B 5 B v 1 = L AR R R R R B e A A
b 7 1) AR 51 R A0 b S 7 AL TR 5 g N7 LA Ml B A2 R S0 A5 Y AR 4 2 AL 55 DAATL T B TR) A v g A X B B SRR
MALEL LAY #4278 B[R] 5% 25 S W, MR 4l S5 AL 0 DA AL 0% 5 25 IR A8 0 8 PAPILASE 2 45 g Bk 220 ik e R 6 25 B A2 22 &
SR (0 R A B o LA /N2 BOAR st He Ry 07 57 I R O P o 1R 45 SR SR WY, T At O v R 6 R0 b B R %
e AL B[R] 30 1 I FE 2 0 Z WL R VR D B8 A2 5 24 b Sk 5% 4 B AR k2R T R i, AL AL BE 0% AR BT B 1 1
[Fi) 5 5 S WS ST I B o) ol G il 4R S I 5 B AR R B B e /ML R 0.453 s R RMH R 1,563 s SFI4{E S 0. 951 s, /f
RN EWWOERAE R B Z ML E A AR 3R A 8 2 R R B AR .

KW LA 2O R AR A3 S0

FE 43S TP391. 41 X EEFRIRAD : A XEHES: 1000-1298 (2021 ) S0-0542-06

Collaborative Path Planning for Autonomous Agricultural Machinery
of Master — Slave Cooperation
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Abstract: The traditional multi-machine collaborative path planning method exists several problems
which ignore the autonomy of the slave and the turning path may overlap on the ground. A multi-machine
cooperative navigation path planning method oriented to master — slave cooperation mode was proposed.
Firstly, the safety state detection model of agricultural machinery was established based on the directional
bounding box algorithm and the separation axis theorem. By comparing the relationship between the sum
of the projection radius of each agricultural machinery envelope section on the separation axis and the
projection length from the geometric center of the section, the collision between agricultural machinery
can be detected. Then, the host path planning model based on the full coverage algorithm was
established , and the optimal operation direction angle was solved with the minimum turning number as the
optimization objective; according to the size relationship between the minimum turning radius and
operation width of the main engine, two kinds of U-shaped and T-shaped turning models were
established. Finally, the path planning model of slave was established, and the linear operation path of
slave machine was planned according to the relative distance between master and slave in cooperative
operation; The cooperative turning modes of master and slave were divided into three types: double U-
type, double-T-type and UT type. The cooperative turning strategy was proposed, according to the
turning state of the master and slave, the waiting time of the slave was determined to avoid the collision
risk caused by overlapping turning paths. Taking the wheat harvest scene under a convex polygon plot as
the experimental sample plot, the longitude and latitude coordinates of the plot vertex were extracted by

using LocaSpace Viewer, and the rectangular coordinates of the plot were obtained through coordinate
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transformation. The simulation experiment was carried out by using Matlab. The experimental results

showed that the proposed method can plan multi-machine collaborative operation path with high land

coverage, short operation time and low power consumption; the master and slave can turn successively

according to the designed cooperative turning strategy to avoid collision, when the turning path overlaped;

the minimum, maximum and average time of path planning algorithm were 0.453 s, 1.563 s and

0.951 s, respectively. The proposed method can avoid collision risk and can provide an effective global

operation path for wheat and silage harvesting.
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Fig.1 Safety model of agricultural machinery
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Fig.3 Headland turn mode
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Fig.4 Collaborative path of linear operation
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