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A Study on the Environmental-Based Turning
Characteristics of Multi—Purpose Agricultural Robots
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Abstract: To improve the driving performance and work efficiency of the multi-purpose agricultural
robot, this paper conducted a study on the turning and steering characteristics of the robot platform
according to the characteristics of the working machine coupled to the multi-purpose agricultural robot
considering the agricultural environment. First, the size and characteristics of the developed multi-
purpose agricultural robot platform and working machine, and the targeted field farming work
environment are analyzed. And based on this analysis, the problems that arise in multi-purpose robots
with conventional turning methods are quantitatively presented. And to overcome this problem, an
improved turning and steering method for multi-purpose agricultural robots is proposed considering the
characteristics of various workstations and the agricultural working environment. Finally, by applying
the proposed method, the turning characteristics of the multi-purpose agricultural robot according to the
working machine are analyzed and the effectiveness of the proposed method is verified.
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[Fig. 1] Agricultural robot & working machine

2040

Case 1

@ Traction machine center _S %} 1
= L,
@ Working machine center| j t o 1 E
"] Working region | ! [
(-] 1
|

r‘lg ng

Case 3 Case 4 Case 5

[Fig. 3] Connection status of agricultural robot and working machine
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[Table 1] Dimension measurement for the Connection state of
each working machine

i Case
Unit: [mm] 0 5 3 y -
Dimension Dium - 493 | 782 | 910 | 782
Lym 1,460 | 293 400 | 270 | 2,082
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[Fig. 4] Field environment definition
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[Fig. 7] Simplified model of the four-wheel driving robot
platform: (a) two-wheeled steering and (b) four-wheeled steering
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[Fig. 8] Simulation results of five cases: trajectory of task point
and turning radius trajectory

[Table 2] Simulation results of 5 cases: Error analysis between
the trajectory of the task point and the target trajectory

Unit Target radius R [m]
Length : [mm] 10 15 20
Error: [%] | RR.. | Error | Ry | Error | Ruy | Error

0 0 0 0 0 0

23 0.2 15.6 0.1 11.7 0.1

156 1.6 | 1047 | 0.7 78.6 0.4

1
2
Case | 3 1 0.1 0.7 0.1 0.5 0.1
4
5

48 0.5 32.6 0.2 24.4 0.1
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[Table 3] Error between the trajectory of the platform and the
target trajectory

. Target radius R [m]
Unit [mm]

10 15 20

1 0.0 0.0 0.0

2 473 31.6 23.7

Case 3 9.6 6.4 4.8
4 211.0 141.5 106.3
5 81.5 54.4 40.9

[Table 4] Error between the trajectory of the platform and the
target trajectory

Unit [mm] Inteltferc'snce di.stance Deviation distance with
with inner ridge outer furrow
1 - -
2 50.0 -
Case 3 - -
4 328.8 248.5
5 116.6 54.4
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[Table 5] Steering angle: turning with correction control radius

Unit Target radius R [m]
Length : [mm]
Angle [ ° ] 10 15 20
Control radius 9.95 14.96 19.97

Front inner wheel 12.23 8.07 6.01

Steering | Front outer wheel 11.13 7.57 5.73

angle Rear inner wheel -0.07 -0.05 -0.04

Rear outer wheel -0.07 -0.05 -0.04

[Table 6] Comparison interference between robot and field: case 4

Target radius R [m]

Unit [mm]
10 15 20

Front inner/ | Front inner/ | Front inner/

Turning based on
. . outer wheel | outer wheel | outer wheel
working machine 3288 167.5 6.4

. Front inner
T based
urning based on wheel i i

modified turning point 98
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