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A Lateral Control Authority Allocation Strategy for Lane—changing Behavior
for Co—driving Vehicles
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Abstract: In the context of parallel collaborative lane—changing control for drivers and intelligent systems,
issues such as human—-machine conflicts and driving discomfort arise due to frequent or substantial changes in the
control authority allocation between humans and machines. To solve these problems, this paper proposes a lateral
human—machine driving weight allocation strategy that combines pre—allocation with real-time allocation to achieve
a reasonable distribution of vehicle control. Initially, to characterize the driving style of the driver, a single—point
preview driver model is constructed, which includes decision functions for lateral preview error and lateral

acceleration. Concurrently, a model predictive controller (MPC) is established as a co—driving control system, and
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a vehicle lane—changing trajectory is designed based on a quintic polynomial. Subsequently, a pre—allocation method
for driving rights is designed, incorporating style coefficients, preview time, and road adhesion coefficients. Criteria
for real-time allocation of weights are designed based on risk level and human—machine conflict measures, with
adjustments introduced to prevent frequent changes in weights. Joint simulation results indicate that when human—
machine intentions are aligned, this strategy significantly reduces the driver’'s burden. When driving risk is high,
control weights shift towards the system, allowing timely intervention to ensure traffic safety. When human—machine
intentions are inconsistent, and driving risk is low but human—machine conflict is high, it is sure that control is
transferred to the driver at a fixed value, allowing the vehicle to operate according to the driver’s intent, and the
overall control effect is superior to fixed—weight control strategies. Driver—in—the—loop platform tests show that when

drivers adapt to moderate intervention by the control system, this strategy can provide personalized lane—changing

assistance for drivers of different styles.

Key words: autonomous vehicles; preview driver;risk assessment; model predictive control (MPC) ; driving au-

thority allocation ; human—machine conflict
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Fig.1 Model structure diagram
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H & 3 0T LAE Y, 7E R — A s E] T, 309 e )
T B B A /B 1 1 DT HE A 5 T 6 4 ) 25 35 XUAs 2R
BB BN, 24 /B=3 I, 11 SR R [i) o ok B it %5
AN D60 A 88 00 3 AL 55 EU B /0N T 24 a/B=1 B
2B, TR [ ok R o B A A B R A B
Ak, MR R R, I 28 B B R S R T R #R
R WU Ry e HLVEL R 25 30 A7 Sy . DR I Rt 7 2 i
TR AR B, P55 3 53 R UL /N aulB.
i 2725 5 A 2R B30I 6] I LA Oy < <1 R 28 5 53 oy
(1,2,3], PRI 30 51 R [4,5,6 ], Btk A2 3 51 R
(7,8,9]. Jf¥e 1A B Ak ey Jon 3o 32 2 Ak Sy 100 B 5 ) 2

H A
L_a _LLtKY)
e (6)

ay

b 6, I B G 1 S5 A 5 K, Rl TARTEL
P XA e i) B 5% A IO RR SIS £ M85 0, IR A 2
5 LI B 5 108 B 1) B AR B AR R e A
1 R AL sl s KOBPRA ARG TR DR, e K=
0.000 54 s*/m’.

o AN 25 b 5% i A DT A g SR B B e
Sl i S ARAEB B s m . o i iR R R
25 BT A S B A B R R S PR e 2




43 PN QR 2]

2025 4F

572 B BO0T AR AR RN B SE IR, A% R KR G, (5) AT
G, (s)FIB RPN 5 AT

1
Gl(s) =e™, Gz(s) = s+ 1 (7)

T ce, R 2R SO I B T, U8 R 0.2~0.6 s,
Ve 1,=0.2 s55 MR P T AR 50, R SR 5
Bf 1], 3 4 0.05~0.2 s, P HL 1,=0.05 s. 1 T2 4 b3
TEBAE I AE B G I B iis 1T T AR SR &
PR SFEAG S (AR [ I P @, A5 300 BERE 1) ek P o 2
B — A5 /N it 2, DRI 35 R 1) o o B 102 25 (.
XoF 22 B 5% SR M B B AT AR R B IE B IE R X
HAS,,, BAREEAWT
a, —a

A(SM:G-GZ(S)'(G}_ay):(;l’+ L. &)

K o, L A AR 1IN JEE 5 G O e f L
11 2%, B G=0.05. Fe 245 3] A B2 (A 01 B2 AT HE e #A

Sy it H
180 .
8y = W—I(Gl(s) ©Gy(s) -8, + As,) (9)

2 EEETNEH SR

21 EWM=HHEHNFEE
P& FRy NN R IS S BL U i E DAY

6] iz 2l W [] 12 3l 5 M s 2l i 0 = Bl B S
S TR A DAy A TR N 47 o 45 B TN AT 4 ] 4 i
N, BRI E R G TAEE LM X, iTAe e e/ AE
ZEAEAR R woy T A R AT PIAE Y 5
PR, g e R R Rk R

my, = mv}.g'p + 2F  + 2F,

mo, =-mv,@ + 2F  + 2F (10)

Lo =2LF,-2lF,
P L8 2 Rl S 50, 0, 200 A TE
D\ 1o KA ) A I GERE 5 ¢ b AR RTRE AR A B

Y

> X

M4 Eim=fa b AN FHEA

Fig.4 Vehicle three—degree—of—freedom dynamics model

B FoAVE TR UGS S 7E 9N 10 o il 1 9 42 16 2
J15 F RUF, R HEAS S B AR R )y B Y 5 iR o)
D1 FF F  F, AR T 23050 16 R 0 1)
N SkEm LRGP R, M ELF,, FRiIEA
e

F = Fycosb, — F sind,,

F. = F,cos0, — F_sind, (11)

F = Fysind, — F cosé,

F.=F,sind, — F cos,
e 8.8, 0 B G R4 AR % A S5
BHEA  FyF, FF 3R R s

Fyp=Cys;

F,=C,.s,

v, + 1@
F,=Ca, =_Cu'( - ” = 5{5) (12)
v, =L@
F,.=C.,a,=-C,—
v

Krf: €, C, 53 M N ETE R IR BB WL 5 a,, a, N
se 8,73 BRI 6 AR 1) RS A R AL % L [RIIE, f
B2 B A A R R oy B R B 42 R AR AR R
XOY. Z5 b ] 15 HY T ) 4 a0 4 40 Bl g 2 s A
wmF:

+ ¢
m(i +v.¢)= 2{0,{(5& o, ‘90)5& .
) .
C( Lo -, )}
UX
+ [.¢
m(ﬁ‘* - U“gb) = 2|:Czr3r + Cd(afs - w) +
) .
Clrsr:|
+ ¢
1§ = z{l(cd(aﬁ _ b '<") .
vx
lrcn( L~ v, )}
DI
Y= v,8inQ + v, cosp
X= v,CcO8¢Q — v, sing
(13)

2.2 FR W RE T
T T 22 1 A Ry 4 0 46 T ) 2 B2 A it
2, BRI
Y(X) = Yy(X,) = as(X = X, + ay(X = X, ) +
a; (X =X,V +a,( X -X,) ) +a, (X-X,)+b
(14)



% 6 3

T 45 W5 55 « L TR AR 4G 4 R 1) 425 R S TR SRS 49

X aayaya, a0 HIERA R B b b K0,
(X, Yo) Ay 4B Uiy 15 220 24000 07 (4 A A . A0 0
PEAE(0, 04, MFETFTH 50 mJ5, H Y HT 4 i
T HPRGEIE , 50 BURE 5 7R Y T4 A ket
50 m. Y 4R 1] 057 7% R — > 28 0 B I 42 A 5 i
SN E SEE L IR EARSE /SR el B S RN
t, XTIV A ZEARRAS 2 = (15) P
Y(t,)=Y,=0,Y(t,)=0,Y(¢,)=0
X(t,) =X, =50,X(1,) = v,.X(1,)=0
Y(t)=W,Y(t,)=0,Y(z.)=0
X(t)=X,+D,X(t.)=v,,X(1,)=0
A D AHE s LR 5 v, o J8 18 ) 46 N 2
L 56 WU 200 ) A Ak ) A2 K X (15) R IR S =

(15)

A (14)
a,=a,=b=0
14 14 14 (16)
a; = 105,(1,4 :—155,05 = 65

TR gD=arctan(Y/X) , AT B
ELERAT R0 Y R 22 100 AT B 1) S 2 R 1) A
By, MR o, A5 B (1) AR (18) Frs . LAD
60 m.80 m. 100 m A, 53 Y, J @, FE %
XA £k an & 5 B
0,X < 50
10Wy® — 15Wy* + 6Wy°,

Y= X=X;X°,50<X<50+D (17)
W,X>50+D

0,X <50

D

MR L e

arctan 30K,\/2 - 60%,\/3 + 3OZX4)’

0,X>50+D
(18)
2.3 EBITINE G R T
i BRARL S Iy 2, RS S
BN dEMAE) =& ,u), HHoRERE &8 LT

f:[vy’vx’gp’gb’ Y’X]T (19)
ARG yEhl A u S g L
u=[58,]
2
n=[e, Y] (20)

s 8.8 RGuhm A HT e ie fy A2 225 1 20 k X7
P (13) HEATENEAL BT RUAL AL BE , 753 k+ 120 £Y

WA ALY, Jm
WIEEREE A 0,./C)

0 50 100 150 200 0 50 100 150 200
WA AL R X/m AR XIm
(a) B &A%t & (b) #5342 f W £

B5 AR %X Beil Suidk o b Ao A B IR A i 2%
Fig.5 Lateral displacement and yaw angle curves of quintic

polynomial lane—changing trajectory

BHCRS A A Fk Ul

E(k+1)=A(k)é(K) + B(k)u(k)

nk+1)=Ck)é(k + 1)

HARZBAEEAK), B(k), C(k)ZEETF .
A(k) =T+ T.A(t), B(k) = T.B(1),

C(k):[o 01 00 0} (22)
000 010

(21)

o b A= TE]

L BV PRI %o DR 25 A 5 o fE T

FRELIRE 5 TR sR ARG 5 1 B0 I o SR [ 485
TR T 42 1 25 64 A R KA
J(n(k),u(k = 1), Au(k)) =

Ny
Slak + ile) = m. (k+ i) |3 +
=1

; FHOFE B(t) =
(€, u)
Ju

(23)
N1

2 |Au(k + ile) || + pe?

i=1

s NN, R PG 8 A2 i RN 5 QW R 33l
DPIRZS AR R g A e (i A AS R 5 O £ WL AE IR )
A A R IMAFRA SR - &, X REALE R8N p s
UNVSE S

TEFEH ST B b, 20 SR R B0 5E LA
e A DA R i A T, O 4 o R AT AR
BRI L 2 AR PR R OR L BRI

u,.,.Su, <u,
min max 24 )
Au’min < Auk < Aumax (
AP sty A, Au, S35 ZR G ] bt B A2

WA BT FHE . AN I T 2 O<e<M, MO H
R RBUE . iy A L ), <m <.,
g b, BAPEH R O RER E SCInF



50 PN QR 2]

2025 4F

| m(k +ile) = m (& +dle) |5 +

i

zlnAu(k + ilt) " + pée’ (25)
<u

s.L.u,, PSS Uy Aumin < Au’k < Aumax

Noin <N, <Ny 0< e M
E(k+1)=A(k)é(k) + B(k)u(k)
T A R PR A ik R )T, n] A
1l o 3B P — 2R 91 R 4 il A B R A st PR T, BRI
Auw=[Au;, Auy, s Auy e ] (26)
He 7 51 b B A TR AT DR SE PR A i e A
R, B2 B4l o .
u(k)=u(k-1)+ Au, (27)
RS RS RS, AT — a6
IAIEAR TSI BT S0 B2 485 3 20300 ) R B

;fﬂ’

3 EHA B R R

3.1 EHNSEREESEAR
AL I [R) R ] 2 T AR T 50 s 1 AR ATE 22
nE 6 s .

R Btk

U
EHAEL

GEEE IR P -
B 6 F 44 h R e vk
Fig.6 Vehicle control authority allocation policy

57 P Tl B A B KA LI S ] % B
AR R GG B A w5 THE A
71 KU B ABIL 58, 256 16 1E R U A5 3 52 43
Pic 4% A EL 2o, 5 P8 0 AR B Ay 42 i) 2 8 e AN
w27 SR PE R R G PR — D BUMNE R,
HATEARA N2 HAEE RN B A 5 e A5 1)

P A 8,3 A -
W, =w, T w,
wy =1 - w, (28)
0= w0 + w8y

SV PRV E T S AYIVE L D

2 TEKXRIZHE

ARSI i A AT AR ok B A 4 el g
T P 8 ST P RS AL, A S 2 0 42 o SS9 2 ) 4K
. WS 25508 T A 45 b4 AR Xz
B ORGSR e A 0 S R R A R AU
GO i RS 75 3R 26 ] SCHR[27 JEF TR .

AE A AERASHETT 0, I8 H B A —
b, B NGB HIT L, S HIT 1R ACH T 0 4b
7R A KBS 37508 2 (1) -5 BRG] B AF X B B A
Xz B N S R SR B AT O, 5 KU BT
1R B 2 B IE B, 55 XU BT O FR XU I S L
IR S35 B2 ) 2 IR AR

(2)

Ew(t) = (D) + D0 ()] +] D, (1)) (Q)o(t)
(29)
e Do (o) by 5 AT BE 28 A9 XU 5341 5 D, (0 R
BE TR X 32 Bl B A XU 23 A1 5 D, (1) 2R 75 i OE
B US43 A5 5 Q, () F1Q, (1) 4331 S 383 BR T

110 A XU . DLRE R 1 07 2 OS2 BT Y KU
EQl(t) ) Eﬂ:

QM)=nwn(+k4—)z—012 (30)

Ko T, W ASEYE SR, SRR Y
WERMS A K, T,,=15m, 9 3838 .0 B 5
s kN REL, k=0.250, 8 583 BIT YIS B T,
A AL AT A G 0 A A 1o S 5 o, A i R PR 3
1, =120 km/h.

BETFRER R B A8 XUBS: 23415 Do () 5E SCANR

1 1 1

Ekz( —df))‘,OS‘d,0|<d0
DIO(t): |d“’| 0 (31)

0 ,l|dy|>d,

K dyo NS TG 1B 0 AYBE B A 5 b, AR AU
AR R B R B, k=55 A A AHXT I B R L, A=
0.5 ;d, H WS SR L, ;=200 m.
F T AH X B Bl B A RUES: 4 A D, (1) 18 X
W
kok

D, (1) = —————— (32)

ky— |1)1(,|cos0d
T 2 kg A RH X B AR, e, DA KU 23 A T 1Y B
1 28, k=30 m/s, k,=0.55v,, A P 32 38 BTG 8] (1 AH
X AR R B 5 0, D TP S T8 BTG I AR R AR S A
Xof PR B O B AR A



% 6 3

T 45 W5 55 « L TR AR 4G 4 R 1) 425 R S TR SRS 51

T B AR S T B, KBS S R A
T AR T T G S B
i, MBSO, BARAE

aill, Ay | <2
Dmud(t ) = W
0, |AY|>7
(33)
Y+¥,Y<%
AY]=1 5y W
T— Y,Y>7

K a, B P F B HIGIEIR REL, a,=1.3;AY
R R B0 5 T I 30 RO R B kg O B 0 SRR
MASEL, k1.

BRI s A8 TP AFAE n 2, AN IR IR EE 4240
] B AR AR W T A AR AE B 4R (ZEIR R IT 0) &b
77 A 1 XU 5t e J i A AR B AT A N, 153 £
PRZEA AR, 4 00— 1075 B AR A 1 17 22 RS
HE, (OWTF:

KIEJO(t) + et KnEnO(t)
E(L’m(t) = =
maX(KlElO(t +oeee KnEnO(t))
EKjEfO(t)
A (34)
maXEKjEjo(t)
=1

Kk, R TR SRR AR (E, T2
Bt 53RN [R] 42 T8 A4 ) T 7 53 TR B RO SRS
[Fi) 280, BT I AT R A PRI YR 2 2 5 A ] — 42 3
PEATIRAA , [F]— 38 =1, AN [l 4238 i 1=0.8.
3.3 AHLHMRIERR

TENPIFATEESRI R G, 250 515 445
RGN ] — FRBE (0 A B2 R o, S BOR R 19 25 3¢
BRI, TR 4 ) E RS R ) AR T R — 46 2
I, TS & THAE LR AMLIRZE, M odd F i
FUBT, AUTCTE AR R A2 Bk 5, i B2 2
e LA B O 5 2 AL B 5 I — 2, |y 75
FIER  REMEERZER, WA —EBE L
NG IRUIE PN A SR 3 5% 2 e P DN RS )
8.,.(t), FEAUF -

80 (1) = 8. (1)

max (|8, (1) = 8.(1)|)
a8, (¢).8, (1) 73 I A 725 Bl 5% 5 45 ) 2 49 o 1 1)

8. (1) = (35)

S RS f i
34 BRNESEEM

U B T R R B BT, R R A R I 8 1)
T3 B [ P EE AT LA R 3 R ] 28 e 4 il AU
PATRUEAT 2222 4, 455 %2 T 53 JOTI P 1) B 25 Bt XA
FHAS B B A B4 A T 2 BA E fH w,,, 201F 35X
Ji7R
T.-T

o

T s By ke 70 931 DA TG RF ] 10125 gk JXURS 2 280 ) A
Ha', B0 (S) TPy o/ U S 25 Bl XURS 22 00k
YREARL 3 T, by AN P i) 35k o £

ARG FR AL A9 AT 42 XU (E B AL h 5 A9 R/ Nise
SE P 2 58 A AR S IR R o 0o, AHLER 2 AT 42
DR ELER R I, 0 B 3 2 30 RS I AT o, AR
1152 bl s ML RABER I HAT 2 AU (52
ANE AP A 1] 25 B B RS, LLBRAIE 4 n] e
e A B B B AR e AT s M AR AF T A BEAT R RIA
A S IR R 2 b b3 e i) 2R 48 LAY AT ACE (L #R
VEGA 26 1 D S o3 B o, B9 RUEBET, T
w o SEL Y = 44005 il T 4]

*1 IHPEEw,TRE

Tab.1 Real-time allocation w_, node value

a, .- a,
S :

. T (36)

Buon(t)

Ey(1)

0.2 0.4 0.5 0.8 1
0 0 0 0 0 -0.27 -0.30
0.5 0 0 0 0 0 0
1 0.25 0.25 0.25 0.25 0.25 0.25
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Fig.8 Vehicle simulation scenario
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Tab.2 Basic vehicle parameters

ZH 18 SR fH
m 1723 kg c, 66 900 N/rad
I 4175 kg-m’ C., 62 700 N/rad
I, 1.232'm I 17.97
l 1.468 m L 27m

F3 EETMESISRSH

Tab.3 Model predictive controller parameters

28 18 e {8
T, 0.01s N, 20
N, 5 p 1000
0 [500 00030 300] R 6251,
Uiy [-0.25] rad u,. [0.25] rad
Au,;, [-0.15] rad Au, [0.15] rad
M, [0.5 rad;5 m] M, [-0.5 rad; -3 m]
M 10

42 HEMKRERD W

D5 LA P B 3 AN T oL R .

T AWLE R —3, 2550 53 R H R
I R A A A T

T2 AWML RN —S0, 2 5 53 2 3 5 14 ol He
i R G I R EHAT

T3 : AHLE RN —2, 250 R 2 5 K B
17, 1 i 22 072 3 i R Ol 4

15 LB B AR o 228 3 53 B 45 1) 2 4 119 25 i i Jel 4
B 2 AR SCR T FOR 20 i 42 S 25 ik
S a/B=1.5.9, 53 ACERORSF AL - A A
HERY 3 2500 531 25 3 XUk R AU, I AE T 2 S Toh
3 H s B B 51 AL 3 518 0.7,0.8,0.9 £ 0.95, 5
AR SCHE H R A A 2 B SR W 2R 47 % LA #T

T 1 ARG 45 SR 9 K 3% 4 B . i 5
VR H 0 R B 158 25 R s il i AR, SR 7R 28 05 B3 A
T Al 072 e B S fl R0 2 e B P TR ST RS g
DA TR 22 B AR [ T U R P R o) o (R E 2 4
o WEO BB A7 e, 7T O ST TR0 2 el ) T R AR
T S0 3R R IR R A 4 2 M L VAOR TR AP
FeAE T 32 I B 4 il e A B S B AR, 2 g B
32 i) 8 4345 2 Y T A 7 A B KB 0.510°.0.461°



% 6 3

T 45 W5 55 « L TR AR 4G 4 R 1) 425 R S TR SRS 53

0.450° 78 7 0.234° ,0.372° ,0.393° , 43 W 5% 1 25 i
U2 B AR e i A TR AR R 2 B A
T BRSO BRSO T, AL
R T IR BRI 22

HRAEE 9(d) ., (e) FI(H) T AT, AMLALRE T 325%
B 53 9 400 B A A 0.888,0.910 & 0.913, th F ik it
TR e 3 SR SRR R ) 00 SRR [ sk, P I G A
T /NG Sy i R B B3 K OV i R B 5L K
TR SRV 3 5y A SERHA R SR A, 2 3 51 5
il 7 G0 00 25 Bl i ] — B, I B AT R A AR A R

ML 5 i G LR R BAR K, O3 LA 5 7ES s
LA, ZERRAT 42 A 3k B g5/ IME, v 1B I AR A A
Jo 38 LA s B S AR P ) BRI 7R 6.5 s 22 AT
ZERIAT KA 53 0.5, 0F H A 4 5328t 1
2 [0 Fg A X B 5t A0 AN WU/ DN A7 2 XU {7
WG K, RS R G — A A, FEHRIBGE
W H RGBT RET-2%, ke T
F T 42 A R KR A A s il 1) 25 B A R, S8 3
K200 By (ACE AR R 720,70, 0.80 1A X R Y, 284k
R BEH /N .

0.50 F T T 3 > ——
AN — - ep=s 4 Lao P 4+ L= e ep=]
s 025F e\ N ] = g P \ - - “H 2 0)p=5
p 7N ?“ S0 Flaget | o 31 " — 320/
0.00 Gl R - Eap=l | = gL \— -~ Tlfia/p=1
= , 22 /s | - Bllaps
L 025 F —. Filliap=1 N /7 = — = Hep= : 1T oo it/ =9
Ut N7 (B = N X
B L S ¢, === Thlifia/p=5 Sz
050 --- fl“}lihua/ﬁl—‘) L L L 0 L [ {ry’j}h','ia/ﬂl:() -t I I 1 1\. 1
0 2 4 6 8 10 0o 2 6 8 10 0 2 4 6 8 10
Bl efs i 18] o/ i [ o/
(a) A5 A% (b) 44t vy 5 7% () F5its s
1.0 1.0
—yy—r———d _._:.-_’T§ -
- 0.8 — aﬁgzl 0.8 - — w_alp=1 ‘\\“‘\\
5 = — = alp=3 — =w_alp=5
B § 0.6 - alp=9 - 0.6 - g
o * L = B —- w,_a/p=1
% = 04 =04 = w,_alp=5
- < 02} 0.2 - wy_alf=9
0.0 Ll i oo ST T !
o 2 6 8 10 0 2 4 6 8 10
ISt 8] #/s IS &) #/s FF 8] #/s
() FT 4 WA (e) ABLIPZEE (D) FCEAA

B9 TIALR

Fig.9 Simulation results of condition 1
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Tab.4 Simulation results of condition 1

P VIR 22 I<p|i5'E?§o '%'ﬁ’%ﬁﬁ/ w
R MM ERAEC) )
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2 @B=1 0.149 0.366 0.234 0.888
2 a/p=5 0.083 0.235 0.372 0.910
2 @/p=9 0.071 0.229 0.393 0.913
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Fig.11 Simulation results of condition 3
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