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MPPI-based Path Tracking Control Method for Tracked Combine
Harvesters Considering Slip Effects

WEI Wenbo HE Min QI Zezhong XIE Chenshuo LIU Ze XIAO Maohua
(College of Engineering, Nanjing Agricultural University, Nanjing 211800, China)

Abstract; During field operations, tracked combine harvesters often experience longitudinal slip and
lateral drift, which cause deviations of the actual trajectory from the planned path and severely affect
operational performance. However, conventional path tracking control is still mostly based on the ideal
no-slip assumption, which fails to accurately capture the nonlinear interactions caused by slip between the
tracks and the ground surface. At present, practical methods that can effectively suppress slip
disturbances and ensure continuous and stable path tracking of harvesters remain lacking. To address this
issue, a slip-aware model predictive path integral ( SLIP — MPPI) path tracking method was proposed for
tracked combine harvesters. In the kinematic modeling, the method incorporated an approximate model of
longitudinal slip ratio and lateral displacement to correct state propagation. Additionally, a slip penalty
term was introduced into the cost function, enabling the sampling-based optimization to actively avoid
unstable trajectories with excessive slip. Furthermore, a response surface methodology was employed to
perform multi-objective optimization of the cost function weights, yielding more reasonable combinations
of weight coefficients. Field experiments demonstrated that SLIP — MPPI achieved significantly lower
lateral and heading errors than conventional MPPI under complex steering conditions. In sinusoidal path
tests, the maximum lateral error and standard deviation of SLIP — MPPI were reduced to 0. 029 m and
0.010 m, respectively, representing decreases of approximately 40.8% and 41.2% compared with

MPPI. The maximum heading error and standard deviation were 1.84° and 0.91°, corresponding to

Wk H 9. 2025 —09 —24 &[] H #]: 2025 - 10— 10

HEE&WAB: HRELUAR R E (2022YFD2001604 ) F17T 75448 UF 58 A FBHIF 5 52 B G181 2] 551 B (KYCX25_1035)

EZ A B (1995—) , 5 WA, 3230 AR 48 BB AR AL 45 A Z2 DL P W) £ R 7 5%, E-mail: whboclear@ stu. njau. edu. cn
BEMEE: HEE(981—) 5 B4, 1A 0, 2N RER LR £ TS, E-mail ; xiaomaohua@ njau. edu. cn



90 Y S ]}

L

2026 4

reductions of 38.5% and 27.8% . In addition, straight-line harvesting tests showed that the method

maintained stable operation, with well-aligned working strip boundaries and without noticeable deviations

or serpentine trajectories. These results verified the effectiveness and robustness of the SLIP — MPPI

method under complex field conditions. The proposed SLIP — MPPI method provided a feasible solution

for achieving high-precision path tracking of tracked combine harvesters under complex soil conditions,

contributing to the advancement of agricultural machinery automation and the development of smart

agriculture.

Key words: tracked combine harvester; path tracking; model predictive path integral control; slip
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Fig.4 Schematic of slip behavior of tracked harvester under continuous curvature conditions
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Tab.2 Statistical results and normalization coefficients

of cost function components under baseline control

R A R B o) B A U H—1L R B
HE 7] 5% 2% /m 0.23 0.52 0.52
AR/ (°) 1.95 4.53 4.53
W2/ (mes™") 0.12 0.27 0.27
32 1 14 0.09 0.19 0.19
R R 2D 0.41 0.72 0.72
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Tab.3 Coding for experimental factors

o LEs
w, w, w, a;
-1 0.50 0.50 0.50 0.3
0 1.25 1.25 1.25 0.5
1 2.00 2.00 2.00 0.7

X4 Box—Behnken X AFRE5ER
Tab.4 Box — Behnken test design and results

B EES R, /em R,/(°)
¥ 5 X, X, Xy X,
1 0 -1 0 1 5.35 2.19
2 0 0 0 0 3.85 1.42
3 0 0 -1 -1 4.37 2.15
4 1 0 0 -1 5.36 0.92
5 0 1 1 0 4.25 0. 68
6 0 1 -1 0 3.26 2.59
7 0 0 0 0 4.31 1. 66
8 0 -1 -1 0 5.77 3.28
9 -1 0 0 1 5.23 2.47
10 0 0 -1 1 3.57 3.04
11 -1 -1 0 0 6.96 2.95
12 0 0 1 -1 6.58 0.85
13 0 1 0 -1 4.82 2.15
14 0 0 0 0 4.07 1. 50
15 -1 0 1 0 6.94 1.82
16 0 -1 0 -1 6.94 3. 14
17 0 0 1 1 2.63 2.03
18 1 1 0 0 4.54 1.52
19 1 0 0 1 3.47 2.74
20 1 -1 0 0 5.39 0.93
21 1 0 -1 0 4.58 2.26
22 -1 1 0 0 2.67 3.19
23 0 1 0 1 3.18 1.83
24 0 -1 1 0 6.58 1.08
25 -1 0 -1 0 5.56 3.77
26 -1 0 -1 6. 82 3.97
27 1 0 0 5.01 0.79

i3k Z2 e mUH A A 43 B, 8 7 A 1) 15 25 R [n]
R Ty

R, =4.08 -0.4858X, —1. 19X, —0. 955X, +
0.86X,X, —0.787 5X,X, +0.7850X> (20)

R, =1.53 -0.750 8X, —0. 82X, +0. 83X X, +
0.427 1X; +0.490 8X; (21)
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Tab.5 Analysis of variance for lateral error Tab.6 Analysis of variance for heading error
regression model regression model
R iR M OHmE BOF F P KR EHAM OAmE ¥y F P
157 41.93 14 2.99 7. 80 0.0005 ** A 20.13 14 1. 44 6. 06 0.0017**
X, 2.83 1 2.83 7.38 0.0187" X, 6.77 1 6.77 28. 49 0. 0002 **
X, 16.97 1 16.97 44.21  <0.0001** X, 0.2160 1 0.2160  0.909 6 0.3590
X, 1.98 1 1.98 5.17 0.0421° X, 8.07 1 8.07 33.98  <0.0001"
X, 10. 94 1 10. 94 28.51 0. 0002 * Xy 0.1045 1 0.1045  0.4402 0.5196
X, X, 2.96 1 2.96 7.71 0.016 8" X, X, 0.0306 1 0.0306  0.1290 0.7258
X, X, 0.2256 1 0.2256  0.5878 0.458 1 XXy 0.0576 1 0.0576  0.2426 0.6313
X, X, 0.0225 1 0.0225  0.0586 0.8128 XX, 2.76 1 2.76 11. 60 0. 0052 **
X, X, 0.0081 1 0.0081  0.0211 0.886 9 X, X5 0.0210 1 0.0210  0.0085 0.7711
X, X, 0.0006 1 0.0006  0.0016 0.968 5 X, X, 0.0992 1 0.0992  0.4178 0.5302
XX, 2.48 1 2.48 6. 46 0.025 8" X, X, 0.0210 1 0.0210  0.0885 0.771 1
Xi 3.29 1 3.29 8.56 0.0127" X; 1.19 1 1.19 5.01 0.0450"
X3 0.9976 1 0.997 6 2. 60 0.1329 X; 0.3256 1 0.3256 1.37 0.264 3
X_§ 0.6769 1 0.6769 1.76 0.2089 X§ 0.0516 1 0.0516 0.2172 0.649 6
X3 0.3571 1 0.3571  0.9303 0.3538 X3 1.28 1 1.28 5.41 0.038 3"
5% 9% 4.61 12 0.3838 W22 2.85 12 0.2375
i 4.50 10 0.45 8.5 0.109 8 F AL 2.82 10 0.2820 18.88 0.1513
4l 0.1059 2 0.0529 afiiR 2% 0.0299 2 0.0149
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Fig. 6 Results of response surface analysis
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Fig.7 Results of sinusoidal path tracking experiment
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Tab.7 Sinusoidal curve path tracking test steady-state

result comparison

WM BRI ORI R R
Ak IREYERS  HXHERR  RZELX AEXHEAR
{E/m MeE/m  H/(°)  MEE/()
MPPI 0. 049 0.017 2.99 1.26
SLIP — MPPI 0. 029 0.010 1.84 0.91
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