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Modeling and Design of Traction Control System of vehicle
using Nonlinear Predictive Control and Neural Network

N. Fathizadeh, H. Mirzaeinejad, A. H. Salari

Abstract: Traction control system (TCS) is one of the necessary systems for increasing vehicle safety. This
control system is used to prevent excessive slipping of wheels especially when the vehicle suddenly starts to
move. Keeping the wheels slip in a desirable range under unfavorable weather condition is a challenging issue
due to unknown effects of road surface and severe nonlinear behavior of tire during the acceleration process. On
the other hand, in designing a controller, the existence of some unknown uncertainties such as un-model
dynamics and variation of vehicle parameters should be considered. Therefore, the presence of a nonlinear robust
control law seems avoidable for TCS. In this paper, at first, using nonlinear predictive control method, a modern
nonlinear optimal controller is designed for TCS. Then, unknown uncertainties of the system are adaptively
estimated using a radial basis function neural network (RBFNN). Finally, some simulation results are presented
for tracking the reference wheel slip in the presence of uncertainties for different maneuvers in order to assess
the behavior of the proposed control system. The results show the effectiveness of the proposed control system
against the nonlinear effects and uncertainties.

Keywords: Traction control system, Wheel slip, Nonlinear predictive control, Neural network
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! Traction Control System (TCS)
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Journal of Control, Vol. 15, No. 3, Fall 2021

VB sl O oyled 00 Mo ¢J =S dome


http://dx.doi.org/10.52547/joc.15.3.1
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.3.7.6
http://joc-isice.ir/article-1-723-en.html

[ Downloaded from joc-isice.ir on 2026-01-30 ]

[ DOR: 20.1001.1.20088345.1400.15.3.7.6 ]

[ DOI: 10.52547/joc.15.3.1]

e 4E 5 (o b ot JEST Sl sl b 5 (ST S e (b 5 (55l

SV g e 15 G150 e w03l b oS

I,é» = T,, — RF, )

),l:.:S Tm €93 9> J}Jo o Uy s'ng.- Slagly Com @ ny

il e pU Sk o5 Fr 50550 S e

26 Jw-r-)
@l e 4 (b Je s 1055 skt 4 (G a3
2B J 51l sl slag s gl 51 56 S 1 8 S i s
IV ]l o oslinad J 287wt 1l 53755 o 2
P ,uFZ[l —ev, VA2 + tanza](l -

)
24/ CFA% + Ctan’a
S2-5) ifs<1
_ ®
f) {1 ifs>1
CiA
FE = S )
L= ()
el ) K a5 Lsps s poler oSG Jde s ge (5B L
mysh
FZ_mtg_ v;lcg X ®)

Ly e Skl Sl edias 0Las VU (g sld Sl s Jgl oz
r 53 55 il & by je (Sl Jole a3 ahesr 5 90355 0530
—oks 0Ly V st 53 26 5 555 ool sla el il o (6 S s

St S 5 Do 4 68 Dk o8 53 b A

DY) sss
vx
A=1—— W)
Rw
5O gy Kl 5 (V) alaly 510k 4 S (6,5 32 L
:(’J-J‘J )
i _ L[ E.(1-1
= "Re - — o)
I=-pol5a A)+mt]+( o )Tm
Wdg ) Do 4 Ol 5 oy (A) dalee
A=fX) +gXT, @

)éif&}}))Tm4dl>)bﬁX=[x1 xZ]Tz[(/J A]TE
Ll a5 LgX) 5 f(X) b ml5 el s 5 5 A
S ,ke Q) 5 (A)

ﬂ@—‘%wau @+&)
Rw\ I m, /)’ a9

; w#0

X) =
9gX) o

pree B Fely el Sl a5 (b e el e
NSRS 058 g 5 0hd i oS S L Lo 5505
Sy o (i 5 2llae slagaly DM 0587 Jil G b
s Jom 4y g 0395 ubos S 4 Juol S 28T 056 VAT T
63,106 (5L IS de e 8 53 63de 5 Olejar Oy g 4 (S5l g
Orasisshie 4 aalsl 53 Bl e clis (luesly 5 J sl )2l
Bl b e Sl eslinel (pie Sdaie SCoabiple
ssbte 4 DL sy 5l memer sl oud slgii (RBFNNY)
53 V8] ol os 43§ 0,0 sl Sy gun 4 405 sla0js 3L
Gl oS J 28T s Slas o) 4 Gloand s € L ol
Syl @lp boalbeds Spi 55 55355 ler &K e )

el o sy Ul

Al (S Jo =Y

32095 poler <0 (Jogb S -T-)

S 33T a3 53 Jolb gu0 5 piler <SS dube Sl edlin oyl s
Bl de 65 Jsb Sl s 0o ga3 dibe 61 p3Y Slantia (51,1
% gl o 51 6ol 53 Jola il ol oLzl ) It Gllas (!
ANp eslimal 3500 2 Jsb S Sl JRS056 (Hb sk

[P el oz a3

F,
A;;_Tjép}):_,sr)%&{iJ.M:UTW(‘J?Q::\JQ
S8k

Sk g &S a psliS 1 o (galgiiy Jo 4 5 b
A8 (b s o b Do S s b Jsb 5,55 (36
et 895 2 S8 ks S Sl edd b5 gldde 53 il
A=) Clodd 8 8 5 )3 i Ol b sl 1 5 o plonil s
0

m.v, = F, M)

2 Dugoff

! Radial Basis Function Neural Network (RBFNN)
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