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RESEARCH ON VEHICLE PATH TRACKING CONTROL
ALGORITHM UNDER COMPLEX ROAD CONDITIONS

ABSTRACT

Path tracking control is one of the pivotal technologies for the
autonomous driving of intelligent vehicles. Current research on intelligent
vehicle path tracking control primarily relies on scenarios with optimal
road conditions, leading to less than ideal control performance under
complex roadway circumstances. To address this challenge, this article is
founded on the theory of Model Predictive Control (MPC) to design a
vehicle path tracking controller and focuses on exploring optimization
strategies for scenarios involving low adhesion coefficient surfaces, high
curvature roadways, and obstacle-laden paths. The core research contents
of this paper are as follows:

(1) The study provides a detailed introduction to the principles of the
MPC algorithm and its application in vehicle path tracking control.
Initially, a three-degree-of-freedom vehicle dynamic model is established,
along with the utilization of the Pacejka tire model to accurately describe
the vehicle's motion characteristics and the interaction between tires and
the road surface. Based on this, the vehicle model is linearized and an

MPC controller is designed. To improve the stability of vehicle motion on
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low-adhesion road surfaces, various constraints such as lateral
acceleration constraints, center of mass lateral deviation angle constraints,
and tire side slip angle constraints are introduced into the MPC controller.
Finally, simulation experiments are conducted using the Carsim/Simlink
joint simulation platform. The experimental results demonstrate that the
MPC controller with introduced constraints exhibits excellent path
tracking control performance on low-adhesion road surfaces.

(2) To address the issue of low path tracking accuracy and stability
on high-curvature road surfaces, an analysis of the prediction horizon of
the MPC controller is conducted to evaluate its impact on path tracking
control performance. Subsequently, a prediction horizon adaptive
adjustment strategy is proposed based on fuzzy control theory. This
strategy can intelligently adjust the prediction horizon of the MPC
controller based on real-time information such as the vehicle's
longitudinal speed and road curvature. Finally, an adaptive fuzzy MPC
controller is constructed and simulation experiments are conducted at
different vehicle speeds using the joint simulation platform to verify the
effectiveness of the adaptive fuzzy MPC controller.

(3) Obstacles in the road environment can interfere with vehicle path
tracking control. To address this issue, a local path planning controller is
introduced before the path tracking controller. A control strategy

combining the local path planning controller and the adaptive fuzzy MPC

v
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controller is proposed. The local path planning controller generates a safe
and collision-free local reference path based on information such as the
vehicle's current position, reference path, and the position and shape of
obstacles. The adaptive fuzzy MPC controller controls the vehicle's
steering angle based on the generated local reference path to ensure that
the vehicle avoids obstacles and continues to track the preset reference
path. Finally, experiments are conducted to validate the proposed control
strategy, demonstrating its effectiveness in avoiding obstacles and
ensuring stable vehicle operation under both static and dynamic obstacle

conditions.

KEY WORDS: complex road condition, model predictive control,

trajectory tracking, fuzzy control, joint simulation
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BEAT T I AREE, ORI A 32 B I AR I B 1 SRR AT A A A AR, D
TR AN Ak B AR AR AR BRI B SN S R IR 2. Herp, R AR A LT
NEE, KONEEEE B AR O (AT BIVERE . @ R R 52 A1 IR
NI, BEMESRAT R TRCIG IO S AR IR, gl o B AR5, Nt
S AR BR R A 1 i S (R R SCHRF AN BOR PR Pt o



8 W YN R R TATS'S

2.2.1 FREhHFER
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VEFNB) 722 RAE, WIS L b BT E AR AL B A ] R G0, [R)I, AE493) 77 %
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b T3 5 b 5 o0 R S m
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(] Y& AL
B Jof o AR £ rad
o, (IE:Fit rad
Fy RIFCAE x 7 R T2 1) /) N
For JRHCTE x TR FTZ I ) N
Fy HIREAE y 7 W) T2 1) /) N
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175 ZERCY\ I E m/s
HQ2-D) A RALSR 8 B AHEAL I TTRE
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1.¢=2a (F}/, sind, +F,, cos 5f)—2ch,

AR BE 2R AP B T e A 1 A PE AR AT /NG, DRI 2 A RO AU 9 3K

(2-3).
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siné‘sz 23
cosé'le (23)
P RQ2-HRAK(2-2), BEIEMWB) )28 R (2-4).
e 2
x_y¢+m(Ef'+F}r)
j}zi(FCf-f-Fcr)—)'cgb (2'4)

m

.2
<o=z(aFcf ~bF,,)
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B RE AT B BRI TR o, R IR AT A T IR A RS iR S T 2 T
B, BARRE IR RO I 70y Gh1R) F7 58050, e i AR v A 14 52 B4 i (0 1)
JI5EE I RE AN S RE U 52 B RGN R0 F7 IR0, X o Yoy i
Fh e BE IR0 o T I X S0 MG ) A SE AN 73 A, 28 M) 4 T LA B v 1t b TN 4= A
AN TR T A ERAE S5 A T RIS BRI, AT S 3 SERG A 1) B A R R 2 11

TEA R R A58 AT DRSS AN [F) (RO RF VR AT S P BEAT 70 2R o IR LA i 2 82
B (D BERRAAHA ., BRI M0 R T BAT = TSRO A (1
BIRALAY, (BRI TORMS AN B, 75 B2 TR [e], S
FEAE SRR AR AR LRV ERFIE AN 2% T OUS, SRAEMEREEE K. (2) Wi flntisy.,
VIR TR AR 10 0 2 IR BRI R R P, RENS SR OL S HERG . MR In 1T N
fiiid . SRR R R, SREMERER, 8% T ERE NV S L SLE:
Bl SCHr, THEOEEEES, SEIECES.  (3) KRG EAL. XK RRIAL L
T 229677 FEEZ 58 2~ FORFIR R I K T 2245 1, 58 T R iR AR R L K g
FETEAN A BRI 4 R I PEREAR MK, U Pacejka F& IR AL0O), ZA8 A3 B F AN [R] 2
RIVIFE AR A4, BAT B i A PR,

LR AR ) o AR A LR, AR SORA T Pacejka $ERHETY, 246
AREH RN D ARERYER R L A TR AR . B AR F R . Pacejka
Fe A s @2-5) s

Y(x) = Dsin{Carctan| Bx— E(Bx —arctan(Bx)) |} (2-5)
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RE-5)d, ¥ RREHE . x TR ZHB. . DRESHAET LN
B TR V(AT R KL, ST T R O A A ) 2 IS R, R
TRBATEAR A T 0L T HIAT R
R i R (2-6) 4 ik o
F, = Dsin{Carctan[ Bx — E(Bx —arctan(Bx))]} + S, (2-6)
R@-6)F, BRNEZRH, B=(BF +B,F)xe ™ /(CxD). x=s+S,, s &4
MR, CRIMGMIRASK, C=B,. DRMKIEHRALN, D=BF +BF,.
ERMER, E=BF+BF,+B,. S,ZRM&ENKTMmE, S,=BF. +Bg;
S, FoRHMANEAEME, S, =0,
A i (-7 ik
F = Dsin{Carctan[ Bx — E(Bx —arctan(Bx))]} + S, (2-7)
K@, B=d4;sin2arctan(F./A4))x(1-A; [y )/(CxD) , ¥ 7% in Ml 157 £
x=a+S,, o R ME MG . C=4,, D=AF +A4F. , E=AF +4,,
S, =AFy+A,F +A4;.

455 Q2-6)M(2-7), FeRah i I RE AT 7 2R A AL DL an & 2-5 Fw

i
I8 2-5 RGN J1BE A RS AR L
RG] 2-5 WA, SAniERE BN, AR\ A ) AR FART DU IS 2
WRIE(2-8) KAtk .
F,=Cs (2-8)
RE-8)H, C, ANEMFIBAMNIE, C =65800N/rad .
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FH & 2-6 W] 1, AC R0 A b T [-3°,+3°] Y6l P I, m sk 2e Ak R I8 5 (2-9)
F IR FE a7 /7
F=Ca (2-9)
RQ-9F, C NEMRKEMmRAE, C =61520N/rad .
il 2-7 s hkehasz 7Bl .

/E";‘:‘vﬁfﬁi&ﬁrﬂ Fa e
Kl 2-7 Reliaz 1K
HE, W ER PR R, v UHER BRI e aE EE, :(2-10)F1=0(2-11)
R TR0 B

”

V. =y+ae
S (2-10)
v, =y—-bp
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V. =X
{” . (2-11)
A%

R HERQ2-10)F1:K2-11), AT LA FI(2-12)F1(2-13) T 75 (K56 B 0] 17 5 55
Ik [ia] 3 S Vio
V=V sind +v.coso (2-12)
v, = V. Cos 6—v.sind (2-13)

Fe NG F L 20 (2-14) FA

Vs cos5—vx* sino

a=tan" Yo = tan" 2 (2-14)
v, v sind +v.cosé
RO a0 v A Al :0(2-15) ik
YO > ra,v#0)
s=4 " (2-15)
I—L(v<ra),a)¢ 0)
ro
WHEOLT, Feinse S B T 20Kk B T 4 & DL S ) 1)
PR AT o X LLHAT I L B R G BACNG, HZEH TR IG5 B

Z A8, H(2-16) M1 (2-17) A %e G 1 2 B AT I 115 A =
bmg

s 2(a+D) (2-16)
_amg )
F. = 2(a+b) @-17)
BRQR-3)MRAR(©2-14), BFIRQ-18) T JaEe M Mt 5 A K.
ay :g_é‘f
_y (2-18)
g =20
X

B Q- 1A (2-8)FH(2-9)H, A2 (2-19) NEIE /11T A
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Fvc :CC (5f_y+.a¢j
’ s X
Fo-c 2=y (2-19)
X
Fy=Cys,
Er = Cll‘Sr

WL EAHES T, A3 3456 Pacejka e IR IEAY (1 2R AR Bl ) AR Rk

x(2-20).
.2 ; ) bp—y ..
§==1C, 6, -2 v 0, 227N iy
m X X
L2 ) ) ..
£=20Cys,~C, (yJ;—.“‘p— 5,08, +Cys, 1436 (2-20)
) bp—y J+agp
¢=—;:wcg—f;—+acg( p -6,)]
2.3 MPC B 1R IREFTHIS 11T
Wit MPC B2 ER B4 i A an B 2-8 Frow s
[wzz%%%ﬂ%j
( v BTN B ( fpi
QT B R [ L EW“”%”]
- L L] «
A )
# SO
B F [
£ =
14:
AN ] =
{ KRR J Er *i*“i{ ] ]
&PC}%U%% J

Kl 2-8 MPC B84 BRER 12 il 4%
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TR RG LA, BRI ZMRZEBA, LIERZEBARR T 201K
AEEHIMANZ BREMER R, NESEHERME 7 & K5, filE MPC £
ax i EARBREL, AR BRSO AR 12 A1 55 A0 1 RE SR R A E 1Y, 3 00 45 4 420
FRACIR R IR /M I/ IMEIE S N AR SE DT TR FE bR« (R |, %
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H A5 e BB, AT DT AS [R5 B b 2 T AR S 2, NI SR BN 4 4ia 2 1Y)
FRAEFER . AR B AR B RE T, LT ARG, ARFI R A 5
I E PR L 28 SR e 1 25K LA R IR B 20 A% o WD B BR 11922 e 38 22 A ) e Tk T
BRONANTRIL « e e A P IR AR 55 AR GiAe e MR BRI RS B IR,
TGRS 5 TR 20 AU AR SRS A BR 11K E S, g L TS RS AN
JUE

2.3.1 &MIRERR

A(2-21)4 MPC =il 25 PRS2 [/ 5 #E

s=/(&u) ]
{n=g(§) (2-21)

Re20)F, REBE=[y x oY X], BHEu=5,, fithEn=[Y ¢f -
TR R G SR A N A, A S N R R EUE R T
MWZ T, LV RGRREEEED, THE SR S, R 78 S 2 1
Hh BRI 2 A A B A ) g AR, AT B ren A R s ) % 1) S BN B A
H(Q2-22) WA NER AR .
AE = A(t)AE + B(t)Au (2-22)

sn=L

et Oule=¢, °
u=u, u=u,

5
K224, AE=E-&, A=u-u,, A(t):é

H(2-22) B E AL B J a7 (2-23) % ow
{Aé(k +1)= A4, A&(k)+ B, Au(k)

(2-23)
n(k)=C_ A

001000
223)h, A =TA()+1, B =TB(t), C = :
AQD)F, A, =TAQ . TR0 €, {0 00 0 1 o}

MPC 5l 5538 H 2 T LML I R G R AT W E AT, AE XA O T
Aot P 42 ) i AN e P ) T DLOR SR R G B 2 VeV T, il T R
o R, PR g Bl W T AR il a5 R seid PERE, T I R R B i g B i
AT EHTH L R s R, DR MPC i 2% AT DS PR i B 2R GRS i A8 4L
FFPRAT e B 2-9 IR T 424 5 MPC #HE RGEMIK AR, MPC f2 il 4545
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i u(r) ¥ W ZE )

B Au(t) NG AL R L A% R H0E

Fa il 1

K 2-9 Hfl 8 SR R G R R K

B (2-23) 25 Bl (2-24) AR S BB R R K
{f(k +1]£)= AE(k | 1)+ BAu(k | 1)

Ak |t)=CE(k|1)

~ Ak,z Bk,t = Bk,t ~
:| A:|:O xn Im:|’ B:|: :|’ C=|:Ck’[ O:ID

m

3 [ A&k
RQ-24)F, &kl = u(k-11)|”

(2-25) KR RGUAERE— AN TIUI IS 42 Y RIR A
§~1 = 1:150 + EAuO
52 = ;151 + EAul =4 (;150 + Z§Au0 ) + EAul

E =A'E +A4" BAu,+ A" BAu,+---+ ABAu,_, + BAu,_,

~k o~ L~
=4 E+> 4 BAy,
i=0

i L B PR N 5 R A 3R (2-26) BT

= A*E, + ABAu, + BAu,
: (2-25)

k-1 L ket

CE =C(A'E+>A " Bhu)=CAE+CY A" B (2-26)
RQE2VNRG M H .

(2-27)

Y(t+1|6)=w()E(t| 1) +O@)AU

i) ] a1 | cr
A(e+211) Au(t+1]t) -7
: : cA’
ﬁ(z 27)|:':| Y(t+1|t T7(Z‘+Nc‘t) ’ AU = Au(l“i‘Nc‘t) ’ ‘//(t): é;i-m ’
(t+N, 1) ] Au(t+N, 1) | cat
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B 0 0
CAB CB 0 0

O()=| CAY'B CA*B - CB , N, RORTME R, N, R
CAYB CAM'B CAB
CAY'B CAY*B CAVrN B

5

2.3.2 BirR#

H T4 1] S AR BE S RAE S A R RGOS S TR S5 (H 2 1Al e L UL BB
Hay 3 3(2-28) i R (1 H A R £

N,

J(k)=D_AE" (k+j1k)OAE(k+ jlk)+Au(k+ j—1)RAu(k+j—1) (2-28)

j=1

XE-28)H, O+ RFRPEFER, HTHERFUREGREMER S AL ALK H
T, W QM RIAEREHIE, AT DMEALSZ SS O TERE, I B A hiE N A
[ A I EOR M AR e S5 A5 — BRI IR Z AR T I0T, 1X— i &
T HATRGUREG SRS H WS RN ESR, BRGS0 H bs 2 18 1)
2 o I IR R ZE R AT, 32 4% 0] LB A R GRS 2 i T B8R,
M SEBL R gE ] . S5 AR R AR R T, Ay
PR E AR AT, X TS LEBR 42 fay A\ (PR AR A, AT 52 = SR
FesE PRI E , R P A v IR AN RE R VR A A TR A B B Au(r)
IR 4200, T DORS o) T i) 16 & (0 H A e B 3(2-29), IR SRR AL
8 H A e FOIC o0

J (&), u(t=1),AU(t)) = ZP”Ay(t +ilo), + Z lAut+ile) +pe* (2-29)

KE-29)F, pREMERE, ¢ ARRIBA T, Ay RERMMESZSHEZHT

ZH, AufRFEHIEE.
NT BT RERE, B Q29 v (2-30)1E K.
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E(O) =y ()AE() +ODAU ~,,, (1)

233 AREN
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2 A AT Bple1-e2,

(1) Jas s s g o) 3 24 3R
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RE2-3DFTR,
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AU,, <AU, < AU
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(2-31)

1 0 --- 0
» 11 -0 oo . .
X@-3D)H, 4=, . . |®L,, U=1, Qu(k-1), FAMHEFEEL 1, #R,
1 1 --- 1

m FoRAEIE, @ Ko R AR .
T(2-32) /3% ] B AN fi) 1 ) 20 PRV

|6]<10°
. (2-32)
|AS]<0.85

(2) A ra s 5 £ 3K
IEF THLT Y 2 20 A L S ) 00 5 B T 2 ) (TR KD B 0 7 R A e
A R I AN 1 FT EBR B R R 22—, S (@2-33)dlhik 1K — R R

2 2
a,+a, Sug (2-33)
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2(2-36) e A Il fim A SR 2 5o

y
a =" s (2-36)

f X
X(@2-36)H, o ARRATREHE MG I W A -
N T IR EAT RO AR P 0 Aa e e AT 22 4k, PR R i A 51 A3 (2-37)
P LIRS

3 <a, <3 (2-37)
MRS EME R EL SRR A, =X (2-38)F7s.
a = DE(k, 1)+ Eu(k, 1) (2-38)
1 _rtap g a o
> _ T _r_ T — x )'Cz X
X@-39), a=[la, o], E=[-1 0]', D Lbes o b
X X X

(4) JrC i s 20 K
JoCa 0] s A7 A 5 2 A0 o Lo AL R 2R AT B0 T (1 00 e i P A S LRV L
SN TR R R AR E VEAN SRR VRS, i ARG BE4E MPC 2 45 7 51N Lo 0 A
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Y, =3.5,70<X <100 (2-44)

Y, =1.75xsin(2x 7/ 60x (X —100)+ 7 / 2) +1.75,100<X <130
Y, =0,130<X
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