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Research on Active Lane Change Function Based on Adaptive Cruise

Control System
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(Liaoning University of Technology, Jinzhou 121001)

[Abstract] To address the challenge where the traditional Adaptive Cruise Control (ACC) are limited to maintain low—
speed following when encountering a low—speed vehicle in front, an ACC control system with lane change function is
developed. Firstly the system subdivides the driving modes into three types: cruise control, cruise following and lane change
cruise, and a multi—-mode switching strategy based on speed dissatisfaction is formulated to flexibly respond to different driving
scenarios and driver’s needs. On the basis of the existing adaptive cruise system, the active lane change function is added, and
the quintic polynomial is used to accurately plan the lane change trajectory, and then the lane change cruise trajectory tracking
controller is constructed based on the Model Predictive Control (MPC) algorithm. Finally, the controller is verified based on
MATLAB/Simulink/CarSim. The simulation results show that the proposed strategy meets the requirements of active lane
change in line with the driver’s intention.

Key words: Adaptive Cruise Control (ACC), Model Predictive Control (MPC), Lane change,
Quintic polynomial
(BIAE] BT, 2R [ MO ) 2R 58 E sl 8 DI RERTFEI]. 14 TR, 2025(8): 42-48.

WU Z W, QIN Y Y. Research on Active Lane Change Function Based on Adaptive Cruise Control System[J].
Automotive Engineer, 2025(8): 42-48.

e

[l

i

BEXF AR B A1) a2 Bl 16 18 B RGE AT B AR R
AL RE LU/ A R R B R D7 4, AN RE T R

TR TE T 00 vh #3847 2 23 S PR . o ) 5

A8, B EAT TR 00 FIR A, 225 B D344 T B S 3 vk AR

S, W SRR 40 5 A dal , B R AE AT

FAAEARERA T B ) 4400, 225 B B3 Ok AR AG B4 10725 B A4

5y, P PEARE LURAS B 0 A58 (B GERY A

iz i (Adaptive Cruise Control, ACC) R Gl 57 F %L
2| REIRIW

BB B EMAK

T FE R AT BEl_E T E SR, w]
PABR o G- e 2 ST PR T AT AR . il i
pEZESWIESH ORIy s NGk e I N )
0 e A BT A M FIERE RS, 38 AT i LA AT
DA D AN LB I A R R AL A 50



T, A5 FOE BRI 3R 8 E sh i D) Rem 52

H T, 10T BAT $6 18 D) RE 1Y 52 Ge 45 i R s A5
B R REY AR BR 5 25 f /N B AR SRR
TR A28 X5 20 B o PID 428 1l % A 2 Btk A7 1 8%
SE  (EL PID 45 ) 55005 70 A8 1) 42 ) ok e v ok 285 ) 17 45
25, FUE T B% AR il 3R 8N DA R I SR B 1 3 55t
WRZECHR T EAT e 1) 5 D RE Y ) 3 I A 4 A
ARG, FEXT YN A 1) LS A #E A AT
N S SOV SIERVI]: =8

FTF I, AR SCHEE S, ACC RGUAR R SE Rl I,
2 VS B DY B B R T RN R T 2
B D5 AW, SR J5 76 I A LT PIDTRA HE 9  HK
FUT 4 ) A RN R T AR A 1000 4% ] (Model Predictive
Control , MPC ) 3872 4] 3 fit) % Bt 30 A 428 ol 7 B it IR
FH MPC 583y 2 460 1 368 A 0 e R B 42 o i, JF
FHHRIR Z2 W 4 8 3030, fef5 , R MATLAB/

Simulink/CarSim JT {5 B IIF .
2 BEMKMESREIEIT

ARSCRAE T PRl e ) o 2 O v
LB ACC R G010 AT L B BE AT | T8 AT 2
Ao bR e AR 3 4 I A R A8 R A S A2
SRV S L I U S W I N R S i Rl B
AR A AT B A, A E R JCA W AL s Y
6 T B 2 CANER T2 B 3 30 B 3k 2l 6 4 A1 e
VRS R R ) I, R G 4 A gl fil A feal TR
I JE A R A ] e ) P SO0 R R A A
S B AR R S A, BT ST T S sl AR
i 7, A P 2 A e BB 0 ST A T B, DRy
I Y A B o AN S A O D R ST
BOR B INE 1 PR .

=TT
o L |

BRIt } + Bt :@i
e

\’f 7777777777

] S AT \ \ BB

waws| o
e

’ PIDFeH ‘ ‘MPC}%E%E'J

G
mee | [

ks | TR

;;;;;;;;;

f TERR S l WARTTIFEE

BT AIE R AT ] R L

2.1 FEHPm@EhSFEER
2.1 WKL
AR g 2~ e S0 B o A

F=F+F +F+F, (1)
K F=T i /r 2 v ik B I3 Fie 55 09 3K 3 07,
F=mgf-cos a NN I, F=CAp22 J K,
F=mg-sin o €Y FH J1 , F=6ma, Jy INEH 1, T}
RANHUHIAE i, T 8L B L, i, 78 o 2R A% Bl
o, WA S RGERIE SRR r N IR S AR,

m N EEL T, g N N B IR B ) R AR
o NIBBERE , C, s BT R A, G503 R kT
H ., p, WAL o, R, 6 0 e % T i ¥ A R
B a, RGN I

5 18 3 B R 0, B cos a=1.sin a=0, A] 15 1]
BRI R

(mgf+ %CdAwpwuf +doma,, )r
T,.= (2)

Lol Mt

2025 #H8H | 43




T, A5 FOE BRI 3R 8 E sh i D) Rem 52

Ko ca, W , T, A K SR
TERAEA TR AR o, & S LA R R
RNV TAERS XS I RS UK L MAP A
T, =fB.w) (3)
KB R TIFEE
FERAH B S R G R & S b AR i
H AT DA AL SR o B S 1T BE B, BT TRl 52
2 K BB T w 50 ;
B..AAT,.0) (4)
CarSim H' C 95 4= FHAIUE D148 125 kW 1Y &
ML) MAP AN 2a Fi 7, S 17 5 242 b g Y
STIFBE X & sh AL B A 5 e O UE AT ST B
il AR SO HHEAT T3 e b B 2 SR R 2D T
No

100

80

60

40

T IIFEL%

20

0
8 000
6 000 300
. 4000 200
r@/’. . 2000 100
"1111 ~7

0 .
100 g

(b) &SNl MAP &
K2 REhHLMAP B 5% MAP &
2.1.2 WS AR
AR shat B b 3RS ) F =0, &SI A
W . B2 15T
ma, ==(F +F+F,) (5)
I F /N T TR 3 i S
TRy P, i 2 -
44 | K E I B IF

F =(T 4T )r=KP,. (6)
AT, T, 50 3R 5 e 8 1 s K =780 4 L
A, AT 7 BRI A
W B 0 Xk

1
ma,, +mgf+ 5 CdAwU:

P,.= 7
des K]) ( )

22 EEEHIESEET
2.2.1  HWEEPRBEAEEE

EACC RGEH, W SR H 1 AL R TR , 42k 5
101 BB PR B R) B R IE B %O TR R | R
L, RSO R e AN T, e AR R
(14 1 2 2 () s B Ay 22 4 IR i 2 ] B A TR 17 34
e e

d, =t +d, (8)

Ko d, AR 2R o A RIBE, —
B 1~3 s5d, R/ NERIEE , — O 2~7 mo
222 BT
2.2.2.1 2R IS

B NSy walllESl Vi oy ¢ o 1] S Al I
I BT 2 SRS B E AR B R A A
o IR 3 A 0 S B o R R 2 KT R Y 30 2R
B, JF LI P e RN R R A Rk — Bt ]
R AN Tl 3 S B B L A i SRR
TR PAT 8 AT . 3 R AN 1R 3 s o

ACC RS

IR

BREEIE AT

A

S H bR

A T AN I
BE A

K3 FalhiE e



T, A5 FOE BRI 3R 8 E sh i D) Rem 52

TE SRR A R v, SRRy A AR AR TR Y
PR 2 S R A TG v R A i
—ANEMENE R TGRS A, IR AR
AN BEA Y . TN AR AR R Y BE R 5
P B 2 22 B IS ] SR AR 0 o, I SE B 423 b o JUER

T Ry v, 3R E N AR T R R
V(k)=V(k— 1)+ ”v—‘” AT (9)

P V(R) A ke ) 220 P T BE AN SR, AT SR SRR IR [R]
2222 FEHK

AR SCHE R 1) s il v R FH R 2 I AR A 152
THGE B, A5 R) RR RS M Hb U & 4 1 o R R Y
A IUESR B ORI A 2 P A St 2R A
Foasdh I, MR A B4 E A BT S PR A2 4k
xt)=v,1

v v v 10)
=100 15|

A we) () o B AN L RS RS RS o Ry i
BB 0, R BB YL d NI S o
2223 AT

FERE ), R T A R R B )
Y, SR MPC 5 2 6 3B G A7 B o ARl 24 1
5 T S « ) Ly )z R BB B, 22 1T
575 23 A -

mi=myp +2F ;+2F, (11)
my =—msi¢ +2F .+ 2F (12)
1.$=2aF —2bF, (13)

Kb MR, F, F 050 0 22400 5 5 T2 9\
LPALSEE AR AN N | S (ISR D
WG 1, LG A S, o b 23 0l D B
GINGEE D=
RIRTELE B AL PR R T T2 09 1 59 M Iy
KFH:
{FX‘: Fycosd,—F,sind,
F_.=F,cos6,—F_ sind,
{Fﬂ: F,sind,+F ;cosd,
F =F,sind,+F, coso,
Kb FF 35T SR 2N W T F F, 5390
RHT RTS8 77 ,6,.8, 53 BIAET S R EE A .
Hi 5 SR a2 2 -
jrag s

(14)

o=

(15)

FRAHEBE RS N

row,

v -1(w>rw,v#0)
S.= (16)
(v<w,,w,#0)

Kb w WA TR IERE A .
R AT B R AR S R AR SOR I M e
5 B AR B AT 5 A B 52, DR, A8 iR T 52 2 (1) 28 £
H
_ bmg
T 2a+b)
__amg
2a+0b)
O F L FL 5350 O B 5 i A2 3 () A
T 5 FE 1] 3 G\ 1w R AR A GO0 s £
ZS/REE

1t ad
Frf:Cr:f(af_ J R SD)

(17)

Fy=Cysg

R 18
F.=C.s,, (18)

F. = C”bL'_y

X C . CA RN G RN, C,.C, 573 R
CINEE S E N LN 2 S e TN I e 2
%O

RN AR LR M Bl )y 2
m§ =—mig + 2[@{(5[— y:‘“b )+C.. b"",_yl

X

mx = my@ + 2|:C1{35f+ C(.f((sf_ yrag )6f+ Clrssr:|
X

S . (19)
11¢=2[ac‘_f(5f— yragy e be y]
X

X

X=9&-cosg0—j/-singo

Y=9é-singp+3'/-cosgo
TERE )iz Bl ik 42 1 F e 5% A S B4

By, DR, g SORERU RO i 2% rh i 2 o S i
R M p=0 MG Jax =y & ¢ ¢ ¥ X] Hrh,
Y X @ @Y XA G A ) A ] R A
A RS A B RS
3 FEZERaSH

AR A CarSim H C G2 [ A4 (1) 8l ) 4B
F] H MATLAB/Simulink/CarSim {J5 ELF &5 % 1 1 %6
AR XS I AT IR, AR 4 BT

£ CarSim 5 HEE 425 ) 2R, 56 T 1)
A 125 kW IR ZNL, 5 SR 1 R . # 4
2025 H8H | 45



T, A5 FOE BRI 3R 8 E sh i D) Rem 52

A B T 05 Simulink SR EEBE . B AR TR A 5
R0 i, o L R R A A, AT T o — s
i A5 MPC Z2 %0 v HEAT 0N B3 0000 . 0 A S %% sff T R

\S}

LSRR R R A B AR 1)
(AR AR VA=W L INER CRiEg 28

Jnid g /m -7

O 0 |
%U\:rﬁ]iﬁ&‘; butter t
i e Ngs
- MPC 2l 38 D <l ot
Bz frace lani = Hui’ﬁ%ﬁmcr -3 ' : L )
i e ke i -0 0 20 40 60 80
o e (1 )ﬁug?f
e — | o . b) I 2
XL
P4 i et s B i ) AR TR N
*1 FWBH jﬂg
S HE %
Bt g 1270 ®
JEC 5 AT FE S /mm 1015
J0 5 S5l 25 /mm 1895
Jiu G 85  fmm 240 0 10 20 30 40 50 60 70
B /mm 2910 i) /s
A 5 /mm 1610 (e) Bzl
RSN N o R . N 100
I D S A AR TN A o AR ) S BORE N A o0 — R
HA K T=0.02 s, T HI B K N=1, Bl 5K N =15, 80 f — MBI
70 |
200 O
%%ﬂiﬁ%o[ ] ~16.5%10°], KT 6!
100 E 50t
TALHE p=1 000, £ @ r— —
1 CarSim 15 T % & B AL H B 46 7 0 |
80 km/h , ¥ i 453 HJ 40 km/h, 76 E 4R H7 29 150 m 0}
Kb bR A5, FAR LA 60 knv/h (1 420 50 4T W= .
W80 s, &5 AN 5 1K 6 s . Hiv, 42 il 4 0 1020 30 40 30 60 70
FUH 123 43 2% s A B SO A 383 5 s
i (d) [ g
Vo B [R5 5 R it — 0t S A T I 2 o 4 il )y B4
90 — H,UEEE Tr
— A%%EH
8o 6r
7 A >
= 70t =l
£ |2
Z%JL 60 % 31
2,
50
1,
40 : ‘ ‘ : T
0 20 40 60 80 0 10 20 30 40 50 60 70
il /s Al /s
(a) G (a) S AN i

46 | B FE I 2 VE



T, A5 FOE BRI 3R 8 E sh i D) Rem 52

4.0

35+
— 2B
3.0 — IR

251
201

R ) 02 /m

1.5F
1.0f
051

45 50 55 60 65 70
s (] /s
(b)FLTE PR 7

RAEHEAIC)
(=)

_20 L

45 50 55
B /s
(c)Hrfei: M

BEIE )
T N N

45 56 55
P 1] /s
(d) A
Pl 6 s o — R — 0 ST T 0 1 4 0 2 A
F 5 B 5 S nT L, 0 1 e 2 R R R I ) H
BR800, 3 4 D IA 40 km/h (74 580 bl 5 42 5 3
80 km/h PHAT & HUK AT . 7E5S 24 s I TR AL HR M 2 H
B ZE 4, B B E A BRBEK A, O ELma i A5 2248, f
733 1 80 km/h FAIK & 60 km/h, 2415 B 22 4 7
[E] RIS, A BRBE AT 45 0 24 32 S b G2l I T T ik
S 1) AU AT A T B R ANl R 2
FOW 7 HE B TR R o TSR A7 s B FE AN B TR B 1K
FE BE 7 J5 AT HE A, B S H PR TR
FE IR ER, H AR 15 A R T RS B R B A G B
Wo HIEZE G, T E AR BN T 42800, A7 8
AT, BB T o 2 E 43 80 km/h,

4 LEFRIE

DA GRS R A MR T AT RO, A
SCAR R RE AN B T AR T B T 2R R
W o TEHIE TR, O TR T HAT S
53l Ty 2 P A0 g B B SR = R R
LIRS IRV EATE WS E STER 7 RIS I =i B
MATLAB/Simulink/CarSim 3/E4 7 {5 B .

i EA RN, 420 U BT e 1Y 285K
DI SR AR IR, BB X Bl gE B X
PR S 885 R RS AT, - T R 2 B 5% 48 R
PEAT T a4l o FEBIERT AR SOHT RS A £
i T A &% TR ER R AR B9 2B Bl S B A
Bl

& % X W

(1] BhSeae, BRbe, HA, 55 . i vk B i i 2 [ RRAE T 43

it DX A2 T AL (1 2], A2 s s i R 5 AR 5 1E R, 2020,
20(5): 114-120.
ZHONG Y Y. CHEN J, SHAO Y M, et al. Influence of
Spatial Characteristics of Forced Lane Change on Traffic
Flow in Diversion Areal[J]. Journal of Transportation
Systems Engineering and Information Technology, 2020, 20
(5): 114-120.

[2] 223, Bodt R . AMi i A& MR RO EN]. 2 B st
%, 2010, 27(1): 132-137.

LI W, DUAN J M. Research on Vehicle Cruise Adaptive
Control[J]. Journal of Highway and Transportation Research
and Development, 2010, 27(1): 132-137.

[3] XIAO L Y, FENG G. A Comprehensive Review of the
Development of Adaptive Cruise Control Systems[J].
Vehicle System Dynamics, 2010, 48(10): 1167-1192.

(4] SKERE, LR, RFUIL, 5 BB TR IS

SRR AR AR 5 BR R S E T[], T A AR, 2022,
35(9): 372-386.
ZHANG Z N, LI Y N, YU Y H, et al. Research on Local
Path Planning and Tracking Algorithm of Intelligent
Vehicle under Complex Dynamics[J]. China Journal of
Highway and Transport, 2022, 35(9): 372-386.

(5] Wk . T Al 454l 5 P B R A B RESS 422 il 30 F 5
[D]. KA i bRRA7, 2020.

YAO J. Research on Intelligent Cruise Control Algorithm
Based on Lane Change Intention Identification of Preceding
Vehicle[D]. Changchun: Jilin University, 2020.

(6] BREL, BT . 56 T2 BRI BE A N I ) Bl 25 Bk
BB PR T E A B, 2019, 32(12): 1-9+45.

CHEN H, WANG J X. Lane Change Decision of

2025 £ 8H | 47



KT, 4 HIE N

W 2 5

5t 1 BB I RENT 5T

[71 %%

8]

Expressway  Automatic  Driving Based on  Driver
Dissatisfaction[J]. China Journal of Highway and Transport,
2019, 32(12): 1-9+45.

T, FoAH, ARTERE . TN A TR) R WS fr 3 AT
ER %*ﬁiﬁ%?ﬁ%wﬁﬁﬁﬁm 74 TR, 2020, 42(10):
1302-1311.
HUANG J, WEI W, ZOU D B. Research on Handover
Strategy of Adaptive Cruise System Based on Personalized
Spacing Strategy[J]. Automotive Engineering, 2020, 42(10):
1302-1311.
BT, AR, A, A TR T 4 i A R A2 H
I 3 AT 4 AT S D). A RUEE TR SR AR,
2023, 43(5): 499-5009.
ZHAO Y N, WANG T X, GAO L, et al. Research on
Variable Target Distance Adaptive Cruise Control Based on
Model Predictive Control[J]. Transactions of Beijing

Institute of Technology, 2023, 43(5): 499-509.

(1] 282 e . 4240 A 3

(9] FISE, ZF, L T Ik 208 0 A £ 420

BB PRI HLIRECTT, 2019, 36(8): 42-47.

YAN Y, LI C S, TANG F M. Lane Change Trajectory
Planning of Autonomous Vehicles Based on Fifth
Polynomial Model[J]. Journal of Machine Design, 2019, 36
(8): 42-47.

[10] XU/ 55 . B BE 440 A = 43l 45 1 D7 B WF 92 D). B IR T

PRELTR, 2019.

LIU X Y. Research on Autonomous Lane Change Control

Method of Intelligent Vehicle[D]. Chongqing: Chongqing

University of Technology, 2019.

o7 42 1 2R 6 1 SR SR D). A

H: W R, 2012,

GONG L L. Research on Algorithm of Vehicle Adaptive

Cruise Control[D]. Hangzhou: Zhejiang University, 2012.
(i B B

e i 2 H 129 2024 4F 10 A 20 H .

(F#sE 41 0)

(91

ZHAO L. ERPs Experimental Tutorial[M].
Southeast University Press, 2010.

M. LT i KA o3 B 9 25 30 AT 9 FSEID]. de st b
AR, 2019.

YANG L.

Nanjing:

Driving  Behavior ~ Study Based on
Electroencephalography Data Analysis[D]. Beijing: Beijing

Jiaotong University, 2019.

[10] HE Z, XIONG J J, ZHONG M. The Comparison of the

Analysis of Means and the Analysis of Variance[CJ/

48 | B E I B IF

International Conference on Modern Industrial Engineering
and Engineering Management in New Century, 2001: 419-
421.

[11] QIN D L, LI Z F. Orthogonal Design and Analysis of

Variance Based Performance Analysis of Differential
Evolution  Algorithm[C]// International Conference on
Manufacturing Science and Engineering. Dalian, China:
IEEE, 2013: 2702-2707.

(i 8 B
PR H 5 20254E3 29 H .



