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Local Tracking Path Planning Based on Steering Characteristics of
Crawler-type Combine Harvester

HE Yonggiang ZHOU Jun YUAN Licun ZHENG Pengyuan LIANG Zi’an
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; To reduce the navigation path tracking steering control frequency of crawler-type combine
harvester and improve the stability of the control system, an aiming —tangent local tracking path dynamic
planning algorithm was proposed. The planned local tracking path consisted of two smoothly connected
arcs, the first arc defining the aiming point on the line of 1/2 lateral deviation from the current position of
the harvester, and the second arc defining the geometry of the desired path from the actual positioning of
the harvester on the line of 1/2 lateral deviation. An adapted steering control model was established based
on the actual steering motion characteristics of the harvester, with R* of 0. 978 and 0. 980 fitted to the
left-turn and right-turn control models, respectively. The straight-line navigation tracking comparison test
in the field showed that the standard deviation of lateral deviation was 0.048 9 m and 0.050 7 m, the
standard deviation of heading deviation was 3. 94° and 4. 66°, and the number of steering control was 19
and 12 when the vehicle speed was 0.4 m/s and 0.8 m/s, correspondingly. Compared with the
conventional aiming pursuit algorithm, the standard deviation of lateral deviation was reduced by 19. 04%
and 31. 30% , the standard deviation of heading deviation was reduced by 25.94% and 9. 16% , and the
number of steering control was reduced by 47.22% and 42. 86% , respectively. The results can provide a
reference for crawler-type agricultural vehicles navigation controllers.

Key words: combine harvester; navigation; local path planning; crawler-type; steering characteristics
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parameters and steering radius
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Tab.3 Main technical parameters of crawler-type

combine harvester
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Fig.9  Structure diagram of navigation control system
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combine harvester
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Tab.4 Steering characteristic test scheme and results
. Pt itk
12
K/mV V/mV R/m n K/mV V/mV R/m n
1 3810 5938 88.192 0.999 1 6 460 5938 95.327 0.9909
2 3458 5938 59. 261 0.999 3 6758 5938 70. 181 0.998 7
3 3106 5938 15.213 0.999 1 7110 5938 17.300 0.999 0
4 2754 5938 4.088 0.9950 7462 5938 3.863 0.9700
5 2402 5938 1. 001 0.9919 7814 5938 1.256 0.9862
6 3810 6375 287. 540 0.9999 6460 6375 341.795 1.000 0
7 3458 6375 82. 891 0.999 5 6758 6375 80. 3028 0.9975
8 3106 6375 16. 300 0.998 8 7110 6375 16. 632 0.999 4
9 2754 6375 3.872 0.967 6 7462 6375 2. 645 0.9814
10 2402 6375 1.958 0.907 4 7814 6375 1. 118 0.909 0
11 3810 6813 460. 518 0.9999 6 460 6813 528.742 0.9999
12 3458 6813 124. 972 0.998 8 6758 6813 119. 629 0.9949
13 3106 6813 17.741 0.989 6 7110 6813 16. 630 0.999 4
14 2754 6813 4.599 0.8823 7462 6813 3.770 0.9713
15 2402 6813 1.723 0.8932 7814 6813 1.203 0.9592
16 3810 7250 350. 979 0.9999 6 460 7250 480. 801 1.0000
17 3458 7250 65. 876 0.999 1 6758 7250 72.179 0.996 2
18 3106 7250 15. 986 0.994 5 7110 7250 17.255 0.9918
19 2754 7250 4. 555 0.9173 7462 7250 2.611 0.8149
20 2 402 7250 1. 853 0.939 1 7814 7250 1. 306 0.9099
21 3810 7 688 604. 795 0.9999 6 460 7 688 597.707 1.000 0
22 3458 7 688 85.427 0.999 1 6758 7 688 72.555 0.997 3
23 3106 7 688 17. 448 0.9950 7110 7 688 18.384 0.983 6
24 2754 7 688 4. 806 0.8975 7462 7 688 3.882 0.9139
25 2402 7 688 1. 806 0.8290 7814 7 688 1. 348 0.7917
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Fig. 12 Relationship between steering control parameters,

steering radius, and forward control parameters
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