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Abstract: In order to better describe the structure and behavior of the shared lane keeping assist system
(LKAS), and hence to enable the intelligent system to predict the driver’s steering intention during the co-
driving, a novel shared steering control algorithm based on situation prediction factor is thus proposed.
Firstly, a driver steering model based on visual preview characteristics and neuromuscular dynamics is
introduced. The parameters of such model are identified by particle swarm optimization (PSO) algorithm.

By the integration of driver steering model and vehicle-road model, the closed-loop driver-vehicle-road
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model is established. Secondly, by employing model predictive control (MPC) framework, the decision—

making of desired steering torque for shared LKAS is transformed into an online quadratic programming

(QP) problem formulated as a quadratic objective function with multiple linear inequality constraints.

0 5l

improved driver—automation friendliness is at the cost of sacrificing the accuracy of lateral motion control.

.

Then, in order to achieve smooth transition of driving control authority, a driver—automation control
authority model 1s designed using comprehensive preview error approach. Finally
=

experimental results demonstrate that by introducing the driver steering model, the intervention from

intelligent system, negative intervention especially, can be effectively reduced to a certain extent, but the
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Table 1 Parameters of driver steering model

24 K, K. Tlead ot T Ky Ky ™

ag P

BME 21 28.0 26 1.0 0.04 0.27 205 0.1

42 K 150 m, 423 A 30 km/h, WA SRR, 2%
O N ) g 5 AR A AR A AR — 3,
ViR 22 0.026, ¥ R R 22 0. 144, R B]iZ
2 0 N B [ AR A AL

2 -
e FEAUTH
s —— BRA
é 0
R
R
#® . . . . . . .
0 5 10 15 20 25 30

t/s
BS5 ZBRAEREAESRBEH LI
Fig.5 Comparison of steering torques of the driver and

driver steering model
1.5 A-ZF-HEE
N T RENS B A L 2 T LKAS RGE 45
R FIAT Ay, A 1 3 A 2 AR R 3 G H AY
B s (1) 55 (3) , 15 2 7 BR A9 N -4 — 3% 15 B
(Driver-vehicle-road, DVR) :
x(t)=Ax(t)+ Bu(t)+ G¢(r)
{y(t)—Cx(t)
A x=la/, o/ " HRE MW E ;0= T, N
BN sy=L[yl, yi I" o B0 G i o 4% &R BORE B

(4)

5 2
A, B.C,
A= ~ ;
Bdc\f Ad 9% 9
T
B :|: :l’“’ 01X3:| ’
G:[GJ, O1xs:|T;
Cv O'%><'%
C= 5
0106 Co 1,
[ Lfar i
0 0 0 0 0
(2
1
- 0 1 0 0 0
Cv: Ilncar
0 0 0 0 i 0
0 —?Crnl 0 —?aCfvl 2@7% 0
L 1.V, 1,V 1 |

K HZ B Ok 4k xh = (4) A7 s B fb ab 3, 15
B B HCIR A 2 18] 5
x(k+1k)= Ax(k)+ Bulk)+ Gp(k) (8)
y(k)=Cx(k)
A
A'T!

S |
2

AkflTsk
B_; k!
oo Ak7 ITL

=2 &

=1
Cc=~C,

2 B RL I %

2.1 KiprE#

R T B 58 G R 55, AR R ) ]
JO7 L AT B8 I 4 T 0 2 TR SR TR IE 3 R Ak
F R A BT RN . A H R AR A R AL

B;

4
JU)=> |yt D=yt i) |+

2
Q%)

c—1 ) P
,ZEOH u(k—‘—z)HRw

(6)
AP Q AR AR F BUHE B 5 R Ny 45 il i AL R
By =it Prows Orwn Taw]' NS H R 5 p
SRy T R B ¢ S A S S B
2.2 VOARRKMML
L5525 1B BR N T 50 R A5 B B ) 2R
FHRER RGO MIATH AL
Unin < u( b4 1|F) < tt, 1€[0,¢c— 1]
Vo< y(k+ 7+ 1)<y, i€[0,p— 1]
(7)
P s w0y 3 9 AR BB S R 5
Yo = Viomaxs @lomaxs Otmaxs 1 dmax 1" R ol B
ymin:[yl‘.min’ O1mins O, min» T | R R A
WE 6 JT 7, 2 1 B 1k 450 0w 25 4 38 3 5 7
PR AL AR RN 7 W 2 A5
Yir < dup

(8)
YRI" < dslrip

‘ | -
itl:'j : YLF:<yL(Lnear a)sgl‘igdw j‘j?ﬁﬂm

SRR 75 B R AR O T R BB ES 5 Y = 0 —



3598 - THRAXFFR(OT FR) % 55 %
i :‘ dstrip : dsﬁrip .i i AP:[()'I’ (Z)l, ’ (p)’[-:|T| 9p X9
7! I 47 i 0 0 ]
B | | B
X | | X 0
oo | B : : :
£ | | % B — : :
b : : b} b c—1 ¢—2 ’
F BE : : :
| | : : :
| X | _ - _
: T : p—1 p—2 A
I 0 | i 0 0 ]
£ |
B % e 0
o 8 |7
u! i |
i dw O G,= ;
: : & : ! c—1 c¢—2
Ee6 FERBSEHER
Fig. 6 Lane departure reference model
' _p—l P—Z p—c_(y”“
(Lm—a)goL+Edw%ﬁﬁﬂﬁ,ﬁ&iz’5ﬁﬁ%$ﬁﬁiiﬁ C
DRI R 5 2d o, R RAT I X TE B s d, c— c
L ’ ’
T i MPC V3 Al o B8 o1 27 45 W47 cl, .,

SR A st PR 7k 60 20 C7) I 4 3 B9 5K fige ) A7 38 ik
FTY AL 3R>
Unmin + SIU?nin< u< U max + €lUg'mx

(9)
ymin + Sp) U’r\y;xin < y < ymax + eZUﬁmx

RS T e, = 0,6, = 0, Fith 2 B0 L
Vi << 0,005, < 0,05, << 0,00, < 0,004, << 0,0, =
0,00 = 0,08, = 0,07, = 0,0, = 0,
2.3 BHRET

T B k3 B2 A R A, #E K (6) TR 1)
FRAN B P 388 i — > 1 AT, A2 5 A st I
T RSB AR S W FE R A rT AT S R
FOR Z 0] TR AR R

J(k)=J(k)+ e ge=

Y]]

13 13 13

W C ki B,

Lu(k), ulk+1), -, ulk+c—1)]%

B {B;‘CQQPCPBP +R. 0. 2}
Wex2 ]y oot

0.,
=« ai+ @ Gr)crQ,C.B, 0]

(10)

=&
U
H

e=le, e ]"; p=diag(n, 7.)-
Ho,
D=[¢p(k), ple+1), -, p(b+c—1)]";

Q,=diag(Q, Q, -, Q)| 4,3
R.=diag(R, R, -+, R)|..o
om0 (12) K (13) 5K (14) 8 362
A LKAS 8k 35 1 [n) 47 Ak T 29 1 1 78 2k QP
I‘EJIE@,EI]:

min{ U"HU + 2f"U
VUSRI
sit. QUT
Horr,
o=
€ ltax1
[ I U:‘ilax O
714 Ulr:ﬁn O
0— C,B, 0 — Vi :
- CP Bp O Vr;\;in
K,C, B, 0 0
—_KPCPBP 0 0 (24 10p)x(c + 2)
i Umax i
7Un]]n
Yo — C,A,2(k)— C,G,®
Ir—= o

— Y.+ CA,z(k)+ C,G,®
D, +K,C,[A,z(k)+ G®]
D, +K,C[A,x(k)+ G d]]

(2¢+10p)x 1



% 11 FEE F . BEANE

5 4 % 8 AR B TR 3 6 - 3599 -

Hodr . 1,8 oXe B 58 [
k=[1, —(L,..—a), 0,07;

T
— 1 1
D[)_[dslripizdw d1}7§dw] ’
T
— T T T
Ymax_[y 7ym ’ ’ym } ’
T
— T T T
Yo f[yml s Yoin y } ;
T
Uma - I:Mma U umax:I
T
Umin - I:umi U min amin:l 5
u T
Un :[Um v Umax} ’
u u u T
Uni :[U Um Umin:| 5
T
Vi =[0hs Vhs vy 03] 5
y v T
V [ m i

’
Y — L PL i d .
Unax — |: Umaxs Umaxs Umaxs Umax J ’

;o , » 5 T,
U?nini[ud;r:‘im U?;llit\’ U;nrim Umi‘n}o
] SR e

3 7T IJ

3.1 AMIEFIBCRRIRE
1£ Sentouh 25" () BF 58 FE Ak F, AR 4 A A2
B SR ) K RS B X e A R
R G A S 1) ) R AT 2R TR AR i — A
DAL AL e R (790 G W)
“ ;1_;( (12)
K w, cwa 5 0 B R S R NRY E fAY
fisa kIS5 6 (O=2]5.(0)|+ 2] @ (1))
R A BFEU R, R 25 A WU I 251G O .
Vi@ a3l Ry TR R ) A 25 A AR AR D 22 A ) —
AE A A RO S R B R A+ = 1.
WA 7 fros, T & BUE IE R AR X, AN W
T HRUAT ) 52 26358 43 4 S 28 (20) Bz 19 AL E i

-1.0 -0.5 0.0 0.5 1.0

B7 AHIEGIBURFRE, Hfa=027,1, =081, =02
Fig.7 Driver—automation control authority decision

model, wherea = 0.27,A, =0.8,A,=0.2

BRI 24 & — 1B, 28 T O 25 3 K, 158
AL Z L 28 45 B R 50, t R A0 R Gk i B 2 5
M OB, 22308 PR Rr O W A8 4, 458 T B A
VIR 25 3 N, DR 25 3 N 8% 1) 98 AR 2
3.2 ZEEMEITN
3.2.1  AHLAIE

¥ i Ak 2 Gk R R A AR X 7 B ) T
FEEE 2 MR ARG T A7

T

inervene — 1 — € 2T (13)

K AT, RS 5E N Z AR RV
HLFE 22 57 5 Gienene NI RGE TR ¥, 4T
K T OB, Fom AP BE U R s 24 T i
F IR, RR TR E AR H,
3.2.2 BB ERERME

F BB A A A 22 Bk SR IH — R i 4L
i of it A T R T B A A

r=t @wa+i] ama e

e, e, 73050 0 o 20 0 Jo s 7 A A 1]
25 AR AR O 22 19 U3 — ARG (EL 5 T b Bl BRI A

R

3.2.3 HUpEFIETE
]D‘p]\y:J[TdZ([)dt (15)
Jo.p :J,sz([)dl‘ (16)

BV SIS S S =) N2 B8 = O SRS £ L ol
EFIEVERESE AR
3.2.4 FHRLMITR LT

n=] T (17)
SN AW NV K P S i T
4 & Gk

3 F Matlab/Simulink Ll X CarSim 4 i %
B AT R ATERR L A LKAS KA, 2
AR RGNS T E T MK 8RN, B4
B2 2, 30 N i B R SR 3R 1

WE 9 s, oo e 362 Bl 5 N0
R 5O A A B R e A 22 R AT TR EG, L
BRI A NSRRI E .
KEYYTE 55 s, HH T 18 B il R s (LK 8) , 330
B Nk ST A5 45 00 X BE RGN, IR AR SO T
BLFE H AL PR SRR A (VR T (UL IR 10) , B 3l R 40



3600 THRAXFFR(OL F R % 55 %
#R S SR
B
- - ABHER
LU e 8 R A e il s ety
AR i /
| / \/ .“./'/ ‘l Il I \\ !I
éc ' v [ /-’ \ ,
0.5F Lo 'l :
100 200 300 400 500 i I
XBLE/m L
B8 BERAEFRARARSTEIR 00 2 20 5 50
Fig.8 Driver—in—the-loop platform and curved road Us
R2 BEHNESH E 10 Z3f A4
Table 2 Parameters of vehicle dynamics Fig. 10 Driver control authority
s W Bl 100~ SEBR
o 4 ik m /eg 1650 o Tzzi
248 = Bl 0 5 B LR 1/ (kegom?) 3234 or
ZE G Y /m 1.88 o
A5 248 0 Z [\ A #E 25 a/m 1.4 &
S 5 R O Z R A B RS 6/m 1.65
T 48 000 4 WU BE C,/ (KNerad ™) 92
) i W9 32 C erad ! -100 .
)ﬁi’EE’JUMﬁVJ'JTi(r/(kN rad ') 92 o " 0 o %
A0 6 ol b T 96 7, /m 0.13 s
T 1) 24525 B JE BB B,/ (Nemeserad ') 0.57
e 1) 3R S8 B R T/ (kgem®) 0.05
AL B 1L 4, 16
T8 B 584 /m 3.75
TR 5 90 B 5/ m 5 ~
G0 A5 TG B S /m 15 &
N E v, /(kmeh ) 30
R ] /ms 100
1.0 - - : :
0 20 40 60 80
t/s
(b)
£ Bl JEE st

0 2.0 4.0 60 8.()
t/s
B9 t#EmRmESLL
Fig. 9 Comparison of lateral deviations
PR SEAT T P HIAL, 4 B2 BN 58 102 AT 55, A
AT R o T AR R R T
W 115 18 12 s, o3 5%k 07 16 B8 fR e
W AT TR . ZHE 11(a) 5B 12(a), 5
K B AR, J7 1) B AR 5 e 1) g i 2 2
FEBOGH I SRR, O 1) £ 5% A 5 5 1) R
2 O AR BE s N BT, 7 [ B
Fem Mg m i sh R ER R, ZHK 11(b) Y
Kl 12(b) , A T A2 e o, 3L 2 A 0T 2 B A Yy

Fig. 11 Comparison of steering wheel angles
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Fig. 12 Comparison of steering torques
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Table 3 Comparison of comprehensive performances
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