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Note: P is the rear wheel center of agricultural machinery, Q is the centroid of
the obstacle, M and N are the projection points of P and Q on the reference line,
0, is the angle between the direction of agricultural machinery travel and the x-
axis, °; 0, is the angle between the tangent of the reference line at projection
point M and the x-axis, °; 6,=0,- 0,.
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Note: The definitions of TEI~TE4 and VE1~VE4 are shown in Tables 1 and 2.
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Fig.2 Farm road agricultural machinery driving finite-state
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Note: P; (i = 1, 2, 3, 4) is the four corners of the tractor, L, is the distance from
the center of the rear wheel to the front of the vehicle, m; L, is the distance from
the center of the rear wheel to the rear of the vehicle, m; L is the length of the
agricultural machinery, m; W is the width of the agricultural machinery, m; 6 is
the angle between the direction of tractor travel and the reference line, °.
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Table 5 Cost function value of trajectory behavior decision

PHTT R SFHPAR feR A WAL SR
Decision plan Smoothness cost Dangerous cost Offset distance cost Total cost
00 10 +o0 10 +o0
01 2x107 +0 2.6x10 +o0
10 56 6159 843 7058
11 107 oo 107 oo

e A ST “0”, AMSATIEA (17, Bl “o1” ARk
X AR ST, 0 ARSI ST

Note: The left side detour of an obstacle is marked as "0", and the right side detour
is marked as "1". For example, "01" represents detour to the left of the first obstacle
and to the right of the second obstacle.

N T kB R AN T RIS YIHIAT v P S R
5 MIFR 6 A T A B AR A AT B .
Fo REITARERNEHE

Table 6 Cost function value of speed behavior decision

VS Wi S FRAL faR A HEmZEAN B
Decision plan Stationarity cost Dangerous cost Speed deviation cost Total cost

0 25600 9223 64 000 98 823

1 1600 0 36000 37600

T RN ARG E L g, RALEEL IS “07, Rt
SN 17

Note: At the intersection of the trajectories of agricultural machinery and dynamic
obstacles, the priority passage of agricultural machinery is marked as "0", and the
priority passage of obstacles is marked as "1".

RIS HIEN T RFEEE A Werenee=100, f&
B B Wnge=1 000, FH 55 KL E W, =100, 3 AL HE
Wopeed=4 000, NIEFEALE W, =100

1E x=25 m &b, RHUEI BIHLUBHE N AETE 2 D ERASEE
G, mESTH, TR 107 KRN RAD, RER
WKHRN: WHE—ANEEYAMSAT, W5 AR
FEMGRAT o

TE 6 B %) (x=110 m &b ), A KUK I 3177 76 15 5 HL
PHER AR, HE 6 vH, HE ‘17 HEAN K
AN, EASTZENAS R T BN TERN S SRS
MR AZ AL, LSRRG i .

T BN WA D AS WA R AT R B AR AR
(RFERT, 17 B ER e FE Hp SRR IR E 586 T, R ENES
W& G, FPIRERIER/D 38ms, BIAZCRIET 44%.

R7 BEBHBZHRIFERS
Table 7 Local path planning takes time

ISR ~ - = NEEI ] -
TRk BOCRER M?ﬁ. MR et Average
i : . inimum time .
Sampling method Maximum time /ms P time /ms
s E
Static grid method 136 50 86
A E
Dynamic grid method 75 21 48
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Fig.8 Real vehicle test results in static obstacle scenarios
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Table 8 Real vehicle test data under different driving environments
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Local path planning for autonomous agricultural machinery on farm road

YANG Lili**, TANG Xiaoyu'?, WU Sixian*?, WEN Long'?, YANG Weizhong'?, WU Caicong’**

(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China; 2. Key Laboratory of
Agricultural Machinery Monitoring and Big Data Applications, Ministry of Agriculture and Rural Affairs, Beijing 100083, China)

Abstract: Path planning of agricultural machinery is currently focused on static obstacle avoidance infield operation scenarios.
The driving environment of the tractor is characterized by semi-structured roads with a width of 3-6 m. The tractor roads are
relatively complex without identification lines. Many types of dynamic and static obstacles can be found, including the
agricultural machinery temporarily parked on both sides of the road, various agricultural machinery, or other traffic participants
traveling in the same or opposite direction, even crossing the tractor road. Large-scale agricultural machinery cannot perform
the complex trajectory movements in the narrow and long path. It is highly required for the smoothness of the planned
trajectory. At the same time, the speed planning is needed to avoid the dynamic obstacles. In this study, local path planning was
proposed using quadratic programming, in order to fully meet the practical needs of safety, smoothness, and real-time planning
of autonomous agricultural machinery in the scenario of tractor roads. Firstly, a finite state machine was used to define the
driving mode of agricultural machinery for the obstacle categories. Secondly, a horizontal and vertical decoupling was adopted
to reduce the redundancy for better timeliness. The behavior decision-making of trajectory and velocity was also designed using
an improved dynamic state grid method. Thirdly, the planning starting point was designed with a control preview point to
combine the planning and control systems. The discontinuity of the cycle trajectory was then effectively solved during
planning. Finally, quadratic programming was used to optimize the sampling path. All planned trajectories, trajectory curvature,
and velocities fully met the dynamic constraints. A penalty function of safety distance was introduced to solve the constraints
exceeding the feasibility of a quadratic programming solution. That was the domain's upper limit. A series of vehicle tests were
conducted in various driving environments, with a reference speed of 2 m/s. The results show that in the scenario of bypassing
static obstacles, the average and maximum absolute curvature of the planned trajectory were 0.021, and 0.056 m ™, respectively,
while the average and maximum absolute lateral error were 3.23, and 8.69 cm, respectively, and the distance from the
agricultural machinery to the outer contour of the obstacle was greater than 0.76 m. Furthermore, the average and absolute error
of planning speed were 0.08-0.12 m/s, and less than 0.38 m/s, respectively, while the acceleration variation range was -0.38-
0.44 m/s, in order to avoid the dynamic obstacles, such as driving in the opposite or same direction, or crossing tractor tracks.
Therefore, there was the average and maximum time of 48, and 75 ms, respectively, after simulation with the planning period
of 200 ms. The average time was reduced by 38 ms, whereas, the efficiency was improved by 44%, compared with the static
state grid method. The findings can also provide technical support to the local path planning of agricultural machinery in the
scenario of machine plowing roads.

Keywords: agricultural machinery; Autonomous driving; local path planning; quadratic programming; finite-state machine
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