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Stability control of human-vehicle shared steering system

under low adhesion road conditions

XIE Bo,GAO Rong, XU Fu-qiang, TIAN Yan-tao
(College of Communication Engineering , Jilin University, Changchun 130022, China)

Abstract: Aiming at the problem that the vehicle is more prone to instability in ice and snow weather, the
stable tracking of the vehicle to the reference path is studied under the condition of low adhesion and
asymmetric road surface. At the same time, considering the cooperative sharing between the driver and the
intelligent controller, the sharing mode and driving right allocation is discussed, so as to improve the
tracking accuracy and steering stability of the vehicle under the complex road conditions of ice and snow
road and ensure the driving experience of the driver. A vehicle model with asymmetric left and right wheels
for snow and ice road surface is established. And the vehicle steering stability constraint under ice and snow
pavement is determined as a part of the subsequent model predictive control solution. The human-vehicle
sharing structure based on model prediction and fuzzy weight allocation strategy is established and the
shared steering controller is designed. Simulink/ CarSim co-simulation verifies that the designed control
system can effectively improve vehicle tracking accuracy and driving stability.
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Table 5 Driving evaluation index on the
smooth road of DLC

EXTE S CarSim 2 3 5y 54 A SC I 5 451
J7 1) TG A S5 KAE/ (7) 50.29 41.98
D5 ) 5% fadR 2/ (7) 18.84 15.61
] ) 5% 2% fie K AH /m 0.5471 0.5089
0 iy 152 22 35 5 MR AH /m 0.1974 0.1891
iy 152 22 e KM H (S
100 95.79
CarSim ¥4l L) / %
g o 32 e KA/ B
o 0.9343 0.7552
(9.8m+s °)
0 g o 3 B o 2/
. 0.3686 0.2959
(9.8m+s )
T2 o I KB/
0.4456 0.3711
(rad+s ')

0. 926 m, 47 48 | 38 #3150 KUBS |, 15 AR SC T i i
) e 2 45 o SRR AR R B R AP R BRERRE ), B K
B R 25 0.5779 m, PR 4F T K4 i) R SR ORS %
AL AR I T AR B B B AR SO R
F18) M 52 s o) B UK SR AT AL, BB A5 R UE A A 17 IR B R
. HE 1200) W] LUE 42 6 25 7E 10 s F i
PR R R 22 Bh AR T 0, R R g, i 25 B B3 AE
14 s Bt A KRS E A R IR RS o [FIAE, 2 5C
P o 25 H A TG G A ) R PR R L HE T
AT 175 15058 25 A T B Ay b g o 225 B 2 4 Pk L
B2 Bl AL R B0 0. 4~0. 9, I, A ik it
F14) M T2 s S 8 AV R 2 LA B X T 6 v 5 T A SR
AR, BEAS LI O D11 G B B R B RS R
ThE T R4 B E i
3.2.3  WEIE AT T 000 E IR K 4 b

WEMIEMNE R =05, F# K 36
km/h, 7EME I T 00 F #4752 56

R T b B A A 2 O Ak g L oK BT 13
o 2B B AT BT SR s R BOT B H g3
SEARAR  HARTEA HE AR 3R 7 FIR 8 TR .

it 13 FEE 7.8 0 LU H - A A B 2 5
T AR B B ST TR AT AT S, AR E &
ANREIR 22 AR A7 B B AR B RS Bl 2, o
] B KA 22 M 3. 8797 m, LI 7 48 I 22 B K
FEAT IR Wi AR SCHr IR A 4 il i, AT B 3 A
S BB AR — B, MR RIREMNN
0.2159 m MR PR FE 5 R 4T () IR 506G B 5 7 0L %%
D7 1) 5 £ 2 B, A 2 B R OR B e fR D SRR



% 3 WO, F IR B UEAN T AL TG R RALEIEH - 723 -
4 - BEYL 6 xtIFERE TN & TRIFMISIR
g A e
g\g ; . %gﬁ%%f?ﬂ Table 6 Driving evaluation index on the
E 1 split road of DLC
ﬁf(l) L N L ) 0 CarSim 25 3 51
0 50 100 150 200 250 300 ERIE o AR
Xﬁﬂy{;ig/m &3
(@)% ) A5 A KA/ () 151.80 44.34
2001 - CarSim% I 57 IR ﬂi—jﬁ ’
€ 100 - - ARIOE R 7 1) L 22 /() 59.47 16.73
E AN A -~ .-” . 0 15 35 2 f KAB /m 0.9260 0.5779
[ R T S 7\:‘-\--7’-‘-\7\.—~ ———————
2 WOV AT i 352 22 29 7 4R 2% /m 0.4849 0.2002
®10T o 1522 B 7 (15
o ! YV, ) . 100.00 41.29
2004 5 10 15 20 CarSim £ # b #2) /%
t/s
i 0 i o ke i i/
1 (b)ﬁmﬁfﬁa Wik ]iz SRR 0.6616 0.6445
g .’7 W //N\ II \\ (9.8m:s™)
I I N ) A 22/ 5500 o
E_qt “ ,,-'! - CarSimZ5 3 5 (9.8m-s%) . -
B \/ T AT A A0 1 K
-2 ' /L ! 1 0.7524 0.4816
0 5 10 15 20 (rades 1)
—~ (OL IS
% 1o - CarSimZ B 5 £ 10 — SEYA = ZF)jC;iiEﬂ?'J
g 0 Vany JAVANEPN - 2&1;@;%*” m SF s, == Carglm’%@iﬁ
I I AT 2 o :
B 00p—ed N e & -5
= |".l ,',:\\ 7 i “\_ .:’/ ~_10 I )
E-os} RV AW i 0 20 40 60 80 100 120 140 160 180
E - X LR /m
210§ ; n L o () 1 3 9
(@B e ~ —CarSimBYH  —MPCEHI - - KIS
~ 05- = ) TN A
s . &8 7S \ \
o VU I S R # h /s \ i |
E 0.0 70 . il‘\la\’f.;k—;'-".‘v"-m—————-— 2 LN ; \ ,, y
ﬁ 05k W ‘,: --CarSimZ I i 2 4 6 ;z 10 12 14 16
|l l S
. AR (b)AEBRE B 5 77 1 AL F
0 5 10 15 20 — BEPE - AR
£ 2 L CarSimBBER - BEAR
55.0 ] 7
&
T
545
L‘F ‘E_z 1 1 | = |
Es40 20 40 60 80 100 120 140 160 180
= XL /m
# 53.5 (O &1 3a1:0E 787
‘g o 50 —-CarSimZ 3 i —MPC#EH] - Zkiﬁigﬁfﬁﬂ
53.0 &\‘E =~
&
525 1 1 1 %
N4
IR

(2% EM)ZEE*%{
12 WHEETFEREERIEE(DLC)
Fig. 12 Driving comparison diagram on
the split road (DLC)

s
o
(S}
~
=
o
=
N
=
)

t/s
(d)— BB 5 7 AR AR
13 WE IR TERIERITLLE

Fig. 13 Driving comparison diagram with the snake test
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Table 7 Driving evaluation index of rusty

drivers in the snake condition

ERTEY ARG MPCH  ASihsE

El il il
J7 1) 8 e F e R AE/ (7) 52.8 32.37 31.89
J5 1) L5 fbr 22/ () 36.23 22.26 20.63
1) 5 22 e KAH/m 3.8797 — 0.2159
M 1) 35 22 44 7 AR AE/m 1.0591 — 0.1782

RS —EBW R TRIEMNIEIR
Table 8 Driving evaluation index of normal
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