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ABS Control of Electric Vehicle Based on Electromagnetic-mechanical
Coupled Regenerative Braking System
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2. Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China
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Abstract. For the deficiency of current electric vehicle compound regenerative braking, a new design of
electromagnetic-mechanical coupled regenerative braking system was proposed ( referred to as EMCB) ,
and the coupled mechanism and dynamic model were analyzed. For the deficiency of conventional ABS
discrete on-off control, a continuous-state control of anti-lock braking control strategy was proposed based
on EMCB system and fuzzy-adaptive sliding mode control for electric vehicle. With Matlab/Simulink the
dynamic model of EMCB and controller model were established, and the vehicle model was built by
CarSim. With the co-simulation platform of Matlab/Simulink and CarSim, the braking energy recovery,
braking stability and braking efficiency were studied and simulated in case of straight braking condition on
step adhesive coefficient road and cornering braking condition on low adhesive coefficient road. The
results showed that the ABS control strategy had good responsiveness, robusiness and slip control
performance. Fuzzy-adaptive variable structure control was insensitive to the road conditions and system
model and control variable was flat and smooth, it reduced the demand of executive system. The control
strategy ensured braking stability and braking efficiency at the limit of adhesion and large angle steering,
which can maintain high recovery efficiency and increase the driving range of electric vehicles effectively.
Key words: electric vehicle; electromagnetic braking; coupled braking; slip ratio; continuous-state

control; braking energy recovery
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Fig. 1 Structure of electromagnetic-mechanical
coupled regenerative braking system
L4 2 /g3 E 3.l 4HlET S Hlsha
6. HIBH 7. WA R 8RR 9. S 10. BB
T1BRAE 12 fEHEAE 13, 2Rl 14 B ZARH AL

AR 2l 588 BT, 50 /0N FR) P R A ) SR A
T30 v R e 5 ) A BB T R 3 T Al R R
il Sl B 2 1 TR] Bt DAL 0 3l B 0 vk ioJe R L™ A
FE YA EMCB R 58 1A A1 FiL ] S 25X, i 2
Bi7s

mmwE < A b

e W <0 B e i i
B2 2 L
Fig.2 Electromagnetic braking mode

e ] BT R BT B K ) EE B R R ) R A
J1 e v MR RS R 8 1 R T, T B HE T il RN o
ST 2 8] B ] B, 4 ) i 2l B e 5 2l 48 AR EE 4
R Jf o B E AR LR 1 b SR
FEL 1 5 SR B o 3l 4 FE R A ) B 4 EMCB R
gL TAETERS & Hl s, il 3 s .

iz < En T

copw ) «n B osE E
M3 A s
Fig.3 Coupled braking mode

L AL BN 3 -2 T 3l 2R 8 -2 o B AR 4
i 2l 5 O & e AR G0, R A R Il 57 A v
Sy TF) I ri ) Sl e R 7 AR 4 ) 30 1 A2 3 3
T3 AEAN T FE AN EE 45 1) 3l {2 3l BB 1% 00 T 92 BLEE
3, i w3 A0 R 8 A SR R RE LA S AR
g8, IR S B 4o 2

2 EMCB Z%#E & IE

HUBLIY RE 55 SR AT A6 B 2 8 5 I 4, LA



%2 1

B . BT RIS M4 3 KRG ABS fifil 325

T5 € T B A B A e 5 A gl 2 3l A 5 (R
Ipi A8 B B I S IR e AL Sh B E L A R
KA
w, =lw,
{T:iT (1)
A o, —— B T I AL, rad/s
w,—— W MAERE ,rad/s
T,—— ALl 3 S 4, N-m
T, —— WL S 564, N-m

HL T ML 5 A= 1 2l R 8 B A 0 R A 2 MR e
ol e & (1 1), B HLE 3 1 8 i il 22 0K 5l R A
e ol WRAT IV B B 1K Bt % 2 SCRE T AR Bk T Bl L IR
B L REUT S 1) Bl 1) 3 B o R0, AR ML S ) B
TH 3o W A S 2 AR R A 7, DR % Bl U
LE3)

mT,
:Rptan(a_‘ +p,)

Ap Fy—— IR SR B IR 4E Ty, N

R—IRFF IR WG 548, m

o, —IRAT FFEM , rad

p—HHEH S rad

n, —WRE 1% Bl 3 B AR

e HE 7 AN AL DL R 54 54 T T R ] 3 ] B
I, WR T 4FE ) 5 e 98 ) O AR D AR L g
B B A2 5 5 21 e 7 3 B IR 5 ) 06 L A
F o I ol 20y 10 B 58 40 s, 6 MR e 4 3 1) 4k 2 8 O
HE T AHE Ty 55 S ) R T A 0 R RO T T
VB S T U6 AR T o DR, ) 3 i g 5 MR 4R g
SRR T S AR TR IK

0 (FysFy)

(Fy>Fg,)

(2)

ir _p (3)
o F T S 4 E g SN

o ——— i 20 ] 5030 B O B 9 3 b g, N

WS Sy N

WL B 00 T, T U £ 3 A o 2
FE Iy F A IR FE 4 4 b B it R0 500 2  JT 7E
B T, 39 T 5o 20 7 2 T o o e
T, , 5 v ) S R 4 EMICB R S 10 3 1 2
ik

T, =2iu.RF,
{ be M AT, (4)

rT,=T,+T,
X T, —EHI3 4, Nom
T, —EESE I S, N-m
R,—il 8 [k S fE 42, m

w1l Bl L 45 AR K
MRAEA(L) ((2) A (4) AT 3 A R

T, =
i T, (Fy<F)
2iu,R,m,
I, +—————T, -2iuRF, (Fy>F
[l +Rtan(a +p) Lok (Fy>F,)
(5)

S SCIRIEAE 1 A B by, ANFRAE TS R Ak,

L o= B
" Rian(a, +p,) (6)
[ks =2iu R sgn(Fy-F))
I 2l g T R ] Rk A
T,=(i,+k k)T, -kF, (7)
A ek

A (5) (7)) AT, il 3l 7 0 ok T AL
il Bl 3 Y i ek K, (0 — B R B AT, /AT, A i
Sio M TEAREH S A T, &S H A, i
it 2R o, A dT,/dx, L, A 4 P
NS I T, ML S I T, 5 x, 56
F AKX N

kﬁxp + kst
L= i, +kk, 5
T, = k,,xp
Ref kR, Nem
P
POr — e T
1500 SHAAE e
Ba] 170 =
oy [T g
= 1200 e
. {50 %
% 900 :
: 1 40§
E 6ol o2
ﬂé 1o #
300 |
{10

0 1‘0 2I0 3I0 4‘0 5I0 6I0 7I0 8I0 9I0 108
BHSE
E 4 FEAVLE
Fig.4 Coupled mechanism
th 3t (8) FIIE 4 W1, EMCB 2 58 1 24k 30 1468
P Sa x, RRVEF AL B A T AR
—SESLTE N A, PR x5 S )
DA S 30 2 Bl 7 S 91 B P R T
TE 1 33 B o, A o B R G D R PR
A3 L HL AT AE P, BB B P B AR
P T AR A P, S RE TRy, T
kN
ﬁ(nwm—lnu—Ph—fmv—Pm)m

- 9
M. E, +E, (9)



326 & Bl M ¥ iR 2016 4
A E,—8EVFhghaeiik,) /\:UX—RM,L (15)

T ——HHLH GRS, N-m v,

—i B R ], s A A —FERBERER

E,—— 8 ek ] HE ,m/s

. WA m
3 EHBBEDE R ER R—mAnte,
BB B Sy 2R RN

3.1 RWEBIE/EE FR,-T,-T =], (16)

XU A BB B2 5 R Sl
x=(x,x,) € RY®
{y;ﬂxm>ek
A y— B R S

(10)

LR R A
Srasl o o 5 A A HE SR eR BT

L DR
/~L4[t(xi) =exp( 3 6 ] (11)

a

12
AP w(xy) v, BRE A =1,2
j=1,2,3,4,5;% 0 5 PEME

FFAE R v (=1, 2) E X p, MRS A
(1.,=1,2,3,4,5), % H H P =Py =25 SRR

D) ) MR R 4, LS5 j AR OB LI Oy R+ if
is AII' and x, is Alz then y is B hh o Hodr [,=1,2,3,4,
5.0=1,2;7=1,2,-+,25, B" 250 BRI 4E .

SR FH AL RSS90 25 0K I R o R v BT 3 i
M 2R A R G
55 (M)
f(x18) = — (12)
ZEZUIMNM)

h=1h=1

Ay S R R 0 e RV, 8] A B 3L 1) B
£(x) KA AHEYN
f(x10) =0"£(x) (13)

:/H\:EFI 9§(x)j‘7 H Pi =25 é’ﬁ‘ﬁ*ﬁ%fﬂﬁ ,% lll2 /I\ﬁ
E)

HMA‘:(”)
fl,lz(x) 5 5L (14)
53 (M)
3.2 EMBENE 1‘%?:-—.%']

TR ) — AR IR B AR e P R s R B
(9 24 BPARAS AN 7 A0 AE R G4 ), 30 o8 2 48 I e )
REPEAE /MR EE R R a3, 5 RES B
B, A R e

RE SRS RS R

A F——% 52 B o m A w470 01, N
T——R LI, N-m
J R T kg m
A1 E0(7) ((15) R (16) AT 15 42 48 42 2 7

A=f() +g()x, +dt (17)
F.R
b ) = [ -ni -]
E(1-A 1-M)T
g(.):lj(]w.) t:(],w)/

e R P e e
ik H
x=f(x) +g(x)u+d(t) (18)
Forb, d (o) KR E T, £ & Sh AR T4 R g A gl 25
I R 22 I, 3l 2 (o) 17N 155 1 AN B 06 B
Kidt D,
SE S AR IR 1% 22 T R BR B
e(x) =A - A,
{S(x)=06(x) (c>0)

T g(x) R B M, f(x) & AR F, HE
ﬂ*ﬁFQﬂé@ S rh AR E B B, MW &R 58 B A
7 fe 330 A, MO B R (21 0) IR

fCx) AP

(19)

f(x10) =0"¢(x) (20)
X A2 R G A IS5 0 i1
f(x) =0""é(x) +e

N 21
[ sup 1icx10) =1 ] 2

0" =arg min
0c0

£ O—OMES
F(x1 @) —— Bt 2 Zekin il

Sflx
SR 2R 0 11 26T 1R 2
HTHERGRE T HRM s(x) =0, X
Lyapunov pR %N
V:L52+L0NT0A (y>0) (22)
2 2y
Hrp 6=0-0'

A3 (19) M (22) nl 17



%2 1 HABE A ET B S A WS RGERY ABS £ 327

V=si+ 1o =

Y

es[ f(x) +g(x)u+d(t) —)t,,] +%0NT0A (23)
PP e ik o

u:—gajvunm+wn+0ngmn—xﬁ

(24)
Horp,p.D HHEL W E p>0,D>0,
a(23) . (24) 15

V=ces —qlsl +6T(%5 —sg(x)) (25)

HTH V<0, REWSL B n>clel,,
3 I Ay

L BTA

0 = ysé(x) (26)
4 IEHMERBE

WA BT & EMCB & 58 /948 5 HL B A EOR) A &
IO AR T R, B LA 4 B L mE AL 5 P AR
W3 RGN SRS, SRR 1,4 D ERD
T B A L, 7R Matlab/Simulink #4425 71 il
g R GUEHL R ABS s 461 € 475 1 S g, £ CarSim
W #& 7 B fy 22 fERY ) & 57 Matlab/Simulink F
CarSim BK G5 5V & , LAXT H B T T 19 4 45 B 47
) 0 AR B B T 114 253 1 gl T80 R 4, xS
1F AR AR T R R S RE Il iR ) S A E 1 LA K
il Sl % BE 55 HEAT 0 E A o

x1 FHRENSH

Tab.1 Vehicle and motor parameters

£ ol
# L TR m/kg 1231
RIHE B PO HE B a/m 1.265
JE R BIBUO IR b/m 1.335
HLLIGE(H D 4 P/kW 16
AL LI E AR 7/ (N-m) 120
HLHLAUE D1 % P,/kW 1
FL HLA 5 5% n/ (remin ) 1200
i S W B v,/ (kmeh ™) 60

4.1 XEEETHEWEITHI

DR AR X 4 BT B B AT W sh A an 1A S R
71 B BB T 0. 6, R K B THT g 0. 2, f% TR 28 Y Oy
1 I S AT — K RS S T — o B B T 4 SRR B T R
ARIGOREFAE 20% WL, 15 B TR 58 72 I B 4 R0
gy, {E G (0] B A5 A E, £ ] 3 A R SR T %
BEART 2 km/h GB W ABS #54, #F 58 R T
F 100% o 5 il i A BR T A5 B 1A 5 L I B AR B)

Sh,EAC R AR, S BE T E SRS, B T R
GERHIR , FEAR T X IRAT R GTH BER o il 3l g BB %
T AE A B A H BRI 2L 3l , ELAT AR B 1 1 3 iy 1 4
X B TR Y 740 LA %Jd]fiﬁ%ﬂﬂ[’é‘léﬁﬁm,
L 0 i A A0 1 2% AL 1E ook 40 T %, B

AR B 1) a1 Bh A M 5 9N 1) o B A v B B T A B
18T — AR ( 14000
. — AR
i 801 E‘Tiﬁ‘rﬁ Zj]jj 13000
L . A R G LT
e ! {2000
R
% 40} 2
£ y {1000
20} e
0 05 10 15 20 25 30 3%
fif 18] /s

_
=)
=}

—

IS
S
S
=3

— AR

g?: 80F HE e e 13000
B g0l ’ i &
Z‘DE ; 2000 :‘%
& E E
E 20 S 1000
. . . . ' 0
0 15 20 25 30 35
fif 18] /s
100 1 4000
— EEEHmA
£ 80t —EE%@%}?
% - 7% R 45 7 13000
B sl
= 60
ﬁé a0t
I ’
# 20t |

0 05 10 15 20 25 30 35

fif 18] /s
100 4000
. — LR
% 80F _EE%H@$ 3000
Ly SEL¥a) =t i Eupal
ﬁﬁ_ 60} Z
2 2000 %
@ 4o Al . =
| 1000
0 35

: fisf T8/ s.

BS hHe g mR Y BAT 2l A
Fig.5 Straight braking process on step adhesive

coefficient road

005F  ——MIEfE - - -BEMEE 1S
Sg —— F MR ----- AR
= ol e
i 0 < — | 0 %
= \ g
5= \ Sl | =
> \ N~ 1 i
& 0ok X Wt -5 &
z

7010 1 1 1 1 1 1 10
0 5 10 15 20 25 30 35
HAALE /m

Pl 6 X B I T Y AR B AT ) Sl e
Fig. 6  Straight braking performance on step adhesive

coefficient road



328

& ol Bl

SRS TR TS 49 DR A U L RSO0, o S T 5 1 7 Al i
R, FLA ARt 14 3] Sl 25 R A o 3 e A

AT i Bl A A B AR RE AN I 7 PR Gk 4
] By 5k J3E 1) A A B AR — B, P K i 2 g
0.5 m/s” 5 il 3 AE [ 0 % I8 o 3 58 S 1) F e AR
U AE 25% I 3l , e 23R 5 23. 3% A U
TSI Pt AL 3 A% 4R T R 3l RE el iR, ot

(LIRS e R o U
4.2 RMEE THEMZES

AER B 8% T T B 25 ] sl R A P 8 BT, B T

1]’ 2016 4

60 -~ 110
T=osof
; 18
5 =
= 40 '
i {s &
C)\\cf 30 F %
% 44 B
ol B
= =
ki L 42
= 10 ‘
= L L 1 1 L L RN 0

0 05 10 15 20 25 30 35

fif J8) /s
Bl 7 EATH B 7 e

Fig.7 Vehicle performance under straight braking process

100 (- 2000 100 r— 2000
S B T S — AR
£ B —Egﬁgg%)\ * [ 100 e B S £ o £ {1500
S T R = ¢ ; o[y el I
§-§_ 6O i 4 / g iﬁ_ 6o i % E
T H ; 4 1000 T K 1 1000
i ® ! ®
ﬁf% qof ] e s = ﬁé ol T =
0 015 ll.O 1I.5 2.I0 2.I5 3‘.0 3?5 4?0 4?5 5.I0 5.50 0 0?5 110 115 2.l0 2..5 3A.0 3?5 4.l0 4?5 5.‘0 5.50
B [8l/s B [8]/s
100 M 2000 100 ri 2000
£ 801 — EEREREA £ 80f —HEREEmA
I — ERAEBE 1300 oy — HEkIEE S 1500
® sl - K RHERIZ A S B R STk L z
= : oy = T R
< R icy <
@ or . P = & 40Ff
B ol e 1% @ 50|
\

1 1 1 1 1 1 1 1 1 1 0
0 05 1.0 1.5 20 25 3.0 35 40 45 50 55
fif 8] /s

1 1 1 1 1 1 1 1 1 1 0
0 05 1.0 1.5 20 25 3.0 35 40 45 50 55
fif 18] /s

P8 IR B T YA E i Sl AR

Fig.8 Cornering braking process on low adhesive coefficient road

Wh 2 R BB 0.4, S dp i 1E] 0. 2 s, T 1] £55% A1
1 (0.5s, 0°)Frik K (0.6 s, 180°),

AR B o 10 A 47 59 25 ) Sh e RE N AL 9 B R
Jot L 0 i A1 S AT TR - 13° ~ 8. 6° I 1] Jon 32 2 e K
fE 9 0. 28 m/s™ 40 fify 77 ik ) % 167 B 25 4 B, 9 1) o
T2 IS0 1) o T JBE O 000 A W D0 b g o R
AT iy o3 J3E 5 | 2 1) 4 4 2 g 72 A fok 45 [ 25 9 A2 R

Br —mat - - -gamEs 1°
- - RO - DA
g 10f H14
8 -
& 57 12
= g
= =t
= 0 : 0 i
= | b
#® \ % IR | 9 =
& [ T T
= 1 =TT N
S 5T .~ i st
v Ng ’
i s
0 5 10 15 20 25 30 35 40 45

A A /m
PO AR B B T T B 440 2 1 ) 3 1 e
Fig.9 Cornering braking performance on low

adhesive coefficient road

T B R MOB L, i 8 R 4 SRR
RS R I B E 1E 20% BT, 76 ) 3 A R SR T o 4
L FEHAGT 2 km/h B ABS FE 4], A R G
FEEN 100% o 4 il S A AE B 4 8 45 1) 5 s 2 A AN
Btz 1) 0 e I B DR R A 3 L R Y k] 3h g (o RS R
WS R B B AR, Z 5 A8 A HL A PR, Bk T B L
Pl B AR AR B, S B T LRSS R E T RS
e

T ) Sl R A R AR R RE AL 10 R Gk A
G R SR R 0.3 m/s” i BB i
BN 32.2% B HLAT AR U 1) A5 G ] B Ak RE , KA
55 1) S B 1T AR A RN T B R A I Sk
HAE,

5 it

(1) A2 X 42 B T T 1) ELAT il 3, A% R 42 ) R
by, B B 1) S RS TR AR B 3kcBE s B T EMCB
(9 ABS 42 il 5K W X % 187 2% 1 AN SURCHL B A AR A Y



%2 1 HABE A ET B S A WS RGERY ABS £ 329

110 M) oy P A0 p 1

3

1

=
ar
Bt

o

b ™ —HakE T | (2) A B T 0625 38 ) 5 O e o

S wl A B, 36 F EMCB () ABS £ /1 56 0% (R F T 4% LB 75

C ol s T 26 4 K I R 1 25 o) R e 30
Eol z W

2 ol ~ {2 (3) 3T o WL RRE & T8 24 ] 8 % 26 19 42 R

A T ABS i SR A5 3 T 1640 ABS £ il ¥k i , i

I ST T RSB , FUAT T 10 R SR R PE R L 47

Bl 10 25 3 ] 3k 7R A 4 2 i 1 Bl 8 [E1 SRR ) Bl BT O L AR T L 3R

Fig. 10  Vehicle performance under cornering braking process ERseh HAR

5 £ X B

10

12
13

14

15

17

18
19

20

Clarke P, Muneer T, Cullinane K. Cutting vehicle emissions with regenerative braking[ J]. Transportation Research Part D.
Transport and Environment, 2010, 15(3) : 160 - 167.
Zhang R, Yao E J. Eco-driving at signalised intersections for electric vehicles[J]. IET Intelligent Transport Systems, 2015,
9(5): 488 -497.
Gonzalez-Gil A, Palacin R, Batty P, et al. A systems approach to reduce urban rail energy consumption[ J]. Energy Conversion
and Management, 2014, 80: 509 - 524.
KERE, BR, FEME. KR SR hae AR L AR S RET]. KE LR, 2014, 36(8) : 911 -918.
Zhang Junzhi, Lii Chen, Li Yutong. Status quo and prospect of regenerative braking technology in electric cars[J]. Automotive
Engineering, 2014, 36(8) : 911 -918. (in Chinese)
Li Z, Chowdhury M, Bhavsar P, et al. Optimizing the performance of vehicle-to-grid ( V2G) enabled battery electric vehicles
through a smart charge scheduling model[ J]. International Journal of Automotive Technology, 2015, 16(5) . 827 —837.
Dingmen E, Giiveng B A. A control strategy for parallel hybrid electric vehicles based on extremum seeking[ J]. Vehicle System
Dynamics, 2012, 50(2) . 199 -227.
Zou Z, Cao J, Cao B, et al. Evaluation strategy of regenerative braking energy for supercapacitor vehicle[ J]. ISA Transactions,
2015, 55, 234 -240.
Zhou Z G, Mi C, Zhang G X. Integrated control of electromechanical braking and regenerative braking in plug-in hybrid electric
vehicles[ J]. International Journal of Vehicle Design, 2012, 58(2 —4) . 223 —239.
X, . R E S Bt H s R R [T]. R EH, 2014, 45(5): 1 -7,
Liu Xuejun, He Ren. Sliding mode control in electromagnetic-hydraulic hybrid anti-lock braking system[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2014, 45(5): 1 -=7. (in Chinese)
B, AR, B, . RGN ETRAR SR D IRER R [T]. UM LR YR, 2014, 50(22) : 127 - 135.
Yang Yang, Zou Jiahang, Yang Yang, et al. Pressure coordinated control system for HEV regenerative braking[ J]. Journal of
Mechanical Engineering, 2014, 50(22) . 127 = 135. (in Chinese)
Rosenberger M, Uhlig R A, Koch T, et al. Combining regenerative braking and anti-lock braking for enhanced braking
performance and efficiency[ C]. SAE Paper 2012 —01 — 0234, 2012.
Xu G, Li W, Xu K, et al. An intelligent regenerative braking strategy for electric vehicles[ J]. Energies, 2011, 4(9) . 1461 - 1477.
Long B, Lim ST, Bai Z F, et al. Energy management and control of electric vehicles, using hybrid power source in regenerative
braking operation[ J]. Energies, 2014, 7(7) : 4300 —4315.
Wang G, Xiao H, Zhang J, et al. Energy regenerative braking ABS control research on feedback lockup driving-braking integrated
system for electric vehicles[ J]. Mechanika, 2012, 18(3) . 341 - 346.
FIAR, BREHWT R, A, &5, HUSIR R RE ) i LR A ) S R [ skl (1] o L LR S# 4R, 2013, 33(3) : 83 -91.
Lu Dongbin, Ouyang Minggao, Gu Jing, et al. Optimal regenerative braking control for permanent magnet synchronous motors in
electric vehicles[ J]. Proceedings of the Chinese Society for Electrical Engineering, 2013, 33(3): 83 —=91. (in Chinese)
A PSR SRR B 8 AR AR I [ D] Jb st AR, 2012: 55 - 64.
Gu Jing. Vehicle control of four-wheel driven micro electric vehicle[ J]. Beijing: Tsinghua University, 2012: 55 — 64. (in
Chinese)
EEDE, XIREEE, SICE, & TR0 H AR BARMIRER S s RGN Bk 8GR LT]. UM DR 2R,
2008, 44(11) . 242 -247.
Wang Guoye, Liu Zhaodu, Hu Renxi, et al. Fuzzy logic direct adaptive control of ABS-equipped vehicles based on equivalent slip
differential of tire[ J]. Chinese Journal of Mechanical Engineering, 2008, 44 (11): 242 —247. (in Chinese)
Slotine J J E. Sliding controller design for non-linear systems[ J]. International Journal of Control, 1984, 40(2) . 421 - 434.
Verma R, Ginoya D, Shendge P D, et al. Slip regulation for anti-lock braking systems using multiple surface sliding controller
combined with inertial delay control[ J]. Vehicle System Dynamics, 2015, 53(8) :1150 - 1171.
Hsu C F, Kuo T C. Adaptive exponential-reaching sliding-mode control for antilock braking systems[J]. Nonlinear Dynamics,

2014, 77(3) :993 - 1010.


http://dx.doi.org/10.6041/j.issn.1000-1298.2014.05.001

