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Note: C is the center of the front and rear axles of the farming platform; P is the
instantaneous steering center at time #; J, is the steering angle of the front and
rear wheels of the two wheeled vehicle model at time ¢, rad; R, is the turning
radius at time ¢, m; 0 is heading angle of farming platform, rad; v is speed, ms’;
J yand J ,, are left front wheel steering angle and right rear wheel steering angle
respectively, rad; 0 ; and J ,; are right front wheel steering angle and left rear
wheel steering angle respectively, rad; D is wheelbase, m; L is axle track, m; /, is
the lookahead distance, m; a is angle between lookahead direction and platform
heading, rad; and 9, is steering angle output by pure pursuit algorithm, rad.
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Fig.1 Schematic diagram of steering mode and algorithm
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Note: P, and P, are initial and endpoints of the foresight area, respectively; P; is
the i-th path point; /,,,, and /., are the preset maximum and minimum lookahead
distances, m; P, and P, are the closest and second closest points in the target path
point to the center of the farming platform; d, is the lateral deviation, m, defined
as positive on the left side of the target path and negative on the contrary; 6, is
the heading deviation, rad, defined as counterclockwise as positive and
counterclockwise as negative.
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Fig.6 Schematic diagram of path curvature and attitude deviation
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Table 2  Path tracking results of feedforward compensator with or
without NOB
ELUFHAR B JE RN R I X 1R %
777 % Mean absolute % Max absolute error ~ Mean absolute
Control methodserror of the whole after reaching target ~ observation error

line/cm path /cm /s
17 NOB
With NOB 1.6 7.4 0.213
75 NOB
Without NOB 3.6 9.0 B
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Table 4 Tracking results under different road conditions
ELFY REXFY BEX-PY RLEER
THITE AR AR IR #i%fiR%  Distance to

B Control Mean absolute Mean absolute Mean absolute reach

Conditions methods  error of the  error in steady error in bumpy target path
whole line/cm area/cm area /cm /m
wim ATk 1.4 1.5 1.0 -
Bumpy  4iijg 2.1 1.6 33 -
gy AXTTE 15.0 0.8 - 1.46
Grassland g 2 15.1 12 - 1.82
KE AT 9.45 2.1 - 1.28
Farmland 456 g 11.6 3.6 - 1.49
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Path tracking of farming platform with unmanned four-wheel independent
driving and four-wheel independent steering in ridge tillage mode

WANG Yang, ZHU Xiaoyong™, XU Lei, YANG Tianyu

(School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The current farming platform has been widely equipped with unmanned four-wheel independent driving and four-
wheel independent steering (4WID-4WIS). However, the control system of path tracking is required for high accuracy and
sufficient stability under complex working conditions. There were also complex working conditions under crop ridge
cultivation, such as II type target path, curves, initial pose deviation, various soil moisture, and bumpy ground landscapes. In
this study, a control strategy of path tracking was proposed using a nonlinear disturbance observer (NOB). A mathematical in-
situ steering model was introduced for the relatively low tracking errors in the turn area of the II type path, compared with the
traditional Ackerman steering model. Two steering methods were then used to realize the turn path tracking. Meanwhile, a
switch control strategy was designed between yaw angle proportional integral control and pure pursuit control using in-situ
steering. Furthermore, the curve and initial pose deviation shared a relatively significant impact on the accuracy of working
path tracking. Moreover, the distance traveled by the 4WID-4WIS farming platform was reduced to reach the working path and
the maximum lateral deviation. The tracking accuracy of the work paths was improved to design a pure pursuit control using a
lookahead distance function, and a fuzzy proportional compensator using the lateral deviation, as well as the curvature of the
foresight area in the work path. Besides, the feedforward compensator with NOB was designed to avoid the relatively large yaw
speed disturbances from the complex soil moisture, bumpy ground landscapes, kinematic models, and measurement errors. The
NOB was also constructed to achieve the precise observation of disturbance for the expected path of farming platforms. The
steering compensation angle was then calculated for the feedforward compensator to counteract the disturbance. Finally, the
simulation was carried out in the Ubuntu/ROS environment. The NOB strategy of path tracking effectively reduced the distance
traveled by farming platforms to reach the working paths, the maximum lateral deviation, and curve tracking errors. The
accuracy and stability of path tracking were achieved in the anti-interference performance, where the disturbance momentum
was observed accurately. And, the outdoor experiments show that the switch control strategy performed a smaller error of turn
tracking on II type target path, compared with the traditional pure pursuit control. The tracking performance was also
effectively improved. The pure pursuit with the look-ahead distance function and fuzzy proportional compensator under
different initial pose deviation states reduced the distance traveled by farming platforms to reach the working paths by 32.2%-
43.4%. The maximum lateral deviation, mean absolute errors of the whole line and curved area were reduced by 0-42.4%,
27.7%-49.5%, and 33.7%-39.5%, respectively, indicating the high accuracy of working paths tracking. The NOB-based
feedforward compensator was reduced by 6.25% mean absolute error in the steady area under hard slate condition, 33.3% under
grassland condition, and 41.7% under farmland condition. This control strategy of path-tracking effectively improved the
system's robustness and path-tracking accuracy. The finding can also provide innovative ideas and technical references for the
navigation system of unmanned four-wheel drive and four-rotation agricultural machinery in ridge tillage.

Keywords: autonomous driving; path tracking; disturbance observer; feedforward compensation; ridge cultivation; lookahead
distance
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