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Abstract A compensation fuzzy PID control scheme (CFPID) based on multi-axles cooperative steering is pro-
posed to solve the rear axles center following the driving track of the head axle in this paper. Firstly, according to
the assumption that each axle has the same rotation center, the feedforward control angle of the axles is determined
by using the extended Ackerman steering principle. Secondly, the following deviation and change rate of the rear ax-
les are calculated according to the center trajectory of the head axle. And fuzzy PID control is used to determine the
compensation control angle of the rear axles, so the vehicle trajectory following control performance is improved. Fi-
nally, the trajectory following performance and robustness of CFPID are verified by simulation with different
speeds, road adhesion coefficients and control schemes under typical road condition. The simulation results show
that the tracking control performance has improved with lest lateral deviation and lateral hinge force compared with
the extended Ackerman steering feedforward control (EASF) and fuzzy PID control (FPID) under the same speed
and road adhesion coefficient, which indicate the proposed CFPID reduced the transverse deviation of each vehicle
body and the transverse hinge relay between vehicles. Compared with PID control, the adaptive performance of com-

pensating fuzzy PID control is verified under different speed and road adhesion coefficient.
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Table 1 Articulated vehicle parameters
Parameter Mark Value
Tractor Sprung mass/kg mi 9000
The middle trailer Sprung mass/kg mo 4700
The last trailer Sprung mass/kg ms 4700
Distance from tractor front axle to 18
. ai .
the vehicle mass center/m
Distance from tractor rear axle to
. by 3.4
the vehicle mass center/m
Distance from the middle trailer rear p 55
. ho 3.
axle to the vehicle mass center/m
Distance from the last trailer rear
. b3 3.5
axle to the vehicle mass center/m
Distance from the middle trailer mass _
. . . Co 3.95
center to the first centroid of hitch/m
Distance from the last trailer mass center 3.95
. . 3 .Jo
to the second centroid of hitch/m
Distance from the middle trailer mass center _
. . . di 5.65
to the first centroid of hitch/m
Distance from the last trailer mass center _
d- 5.65

to the second centroid of hitch/m

BT B R A

Fig.1 Schematic of the articulated vehicle
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Fig.2 Structure diagram of articulated vehicle
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Fig.4 Schematic diagram of extended Ackerman steering
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Table 2 Fuzzy control rules list

Fuzzy Following deviation
coefficient NB NM NS Zero PS PM PB

u

Following NB  NB NB NM PS  Zero PS PM
deviation NS NB NM NS Zero PS PM  PB
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rate PS NB NM NS Zero PS PM  PB

PB NM NS Zero NS NM PB PB
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Table 3 PID and compensating fuzzy PID : simulation
results under different parameters

Controler v/(km/h)  p Emex/m  Froniy/N Frary /N
PID 10 0.85 0.446 1945 1506
PID 15 0.85 0.427 3951 2890
PID 20 0.85 0.402 6948 4210
PID 10 0.60 0.449 4010 1869
PID 15 0.60 0.430 5412 2709
PID 20 0.60 0.406 7235 4401

CFPID 10 0.85 0.235 1867 1452
CFPID 15 0.85 0.223 3727 2717
CFPID 20 0.85 0.196 6723 3985
CFPID 10 0.60 0.234 1961 1453
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