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Road Parameters Identification Method for Distributed
Agricultural Vehicle Based on ASTUKF

SUN Chenyang ZHOU Jun LAI Guoliang
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; A method utilizing the adaptive strong tracking unscented Kalman filter ( ASTUKF ) was
proposed to address the issue of divergent identification results caused by state model errors and time-
varying noise resulting from changes in road environments during the terrain parameters identification of
distributed drive agricultural vehicles. Compared with the traditional internal combustion engine
agricultural vehicles, distributed drive agricultural vehicles can directly obtain state information of the
driving wheel. And combining the g —s model which contained adhesion coefficient and limit slip ratio, a
state function and a measurement function of unscented Kalman filter (UKF) identification algorithm were
established. At the same time, strong tracking filter (STF) and adaptive filter ( AF) were introduced into
the identification algorithm to improve identification accuracy and robustness against the changing
environment, and singular value decomposition (SVD) was used to solve the problem of non-positive
definite matrix in iterative process. The simulation test showed that under the condition of abrupt noise
environment, the identification result of ASTUKF can quickly converge to target value, which was not
affected by abrupt noise. Mean absolute errors ( MAE) of the adhesion coefficient estimation results of
each driving wheel were 0. 014 4, 0.026 7, 0.014 4 and 0. 026 7, respectively, and MAE of the limit
slip ratio estimation results were 0. 0025, 0. 002 8, 0. 0025 and 0. 002 8, respectively. The real vehicle
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test showed that the 95% confidence interval of average identification result of ASTUKF can match the

measured value on test road of cultivated and uncultivated road. The identification results of adhesion
coefficient of the whole vehicle were 0. 406 1 (uncultivated road) and 0.399 1 ( cultivated road) , and
the identification results of limit slip ratio were 0. 148 4 (uncultivated road) and 0.360 0 ( cultivated

road) , which can provide a theoretical reference for the operation parameter perception of distributed

electric agricultural vehicles.

Key words: agricultural vehicle; distributed drive; road parameters identification; adaptive strong

tracking unscented Kalman filter
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Tab.3 MAE of different observers in simulation test

ASTUKF STUKF UKF

Hy 5 My 5 Hy 5
ZEHi 0.0144 0.0025 0.0492 0.0264 0.0320 0.090 1
ZJG 0.0267 0.0028 0.0469 0.0280 0.2284 0.0743
AR 0.0144 0.0025 0.0492 0.0263 0.0320 0.090 1
AiJG 0.0267 0.0028 0.0469 0.0280 0.2284 0.0743
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Tab.4 Statistical results of vehicle speed estimation
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Tab.5 Statistical results of road parameters measurement

% 24 HEAK  WME BE 5% BEXIN
e B 3 7 22 0.1418 (0.0785,0.2051)
KB MM ERE 39 0.3448  (0.3190,0.4519)
WEIBL N ES 40 0.1310  (0.1281,0.1340)
e B 3 7 16 0.3434 (0.2551,0.4317)
Tk M R R AL 16 0.4301 (0.3903,0.469 8)
WHHL AR 40 0.1707 (0.1680,0.1735)
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Tab.6 Adhesion and rolling resistance coefficients

of wheeled tractor under typical road conditions

b TH 451 M R A Il IR i
LINGEE ) 0.5~0.7 0.10 ~0. 12
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VD HE + 4 0.4~0.5 0.10 ~0. 12
YU ot ) 0.30 ~0.35 0.15 ~0.20
T Ve M 0.1~0.2 0.20 ~0.25
R R 5 5 0.3~0.4 0.03 ~0.04
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Tab.7 Confidence interval of mean value of real vehicle identification results
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