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Figure 1 Single-wheel force analysis diagram
1.2 REHRBKRERE
e Bl i A b, AT LU BE AR $8 iR 28 sU A R 5e i
Wi I G B RZ MR EARRIG A" N
F_= Dsin(C - arctan(BA — E(BA —arctan BA))); (2)
C=a,; (3)
D =aF +a,F_; (4)
a,F* + a,F,
" CDexp(aF)’
E=aF’ +a,F +a,, (6)
Kb kOB T F R Z BN T a0~ ay
SRS [ B T 6 9 T I G R B 2 R LA S A

(5)

HIBBR,
W6 S M R R R
F
w =Fxo (7)

s w S TR P B AR R
H (1) W LA B m Tk
F o Jo, + 2 + F“.wao (8)
2 33 A X 4 THT 55 5 i 18] 9 1) B R B R
M, Xof JBE A % I A 98 A7 7 A, T LAAS: 3] 1 A1 e
ERBGWBRNXERA .

pm = Dsin(C - arctan(BA = E(BA = arctan BA)) ),
(9)
1.3 EMB Tl #1EE
EMB A7 HLAG AR Y 32 22ty s WL Y A% Sl AL A
R 1 A7 AR 2
1.3.1 wALEA
EMB P47 HL ) 455 AL o il T A R B T B O
PAR NN | W R oy R
U=LI +RI +Ko,; (10)
Jo, =KI, -T -T,, (11)
K. U NHBAAKHE R,V L, HHEKEE,H; 1, i
WXEL I, A R, W HEAKHE B, Q; K, S B AL Bl 3
FBLV/ (serad) 5 o, R HBLIEHE ;T R %5 8 it
oy T LB Nem; T, WG ; K N
LA RE,N-m/A,
1.3.2 t3hpuMaE Al
1% SHMLAL LG AT 2L 14 %6 Vol 78 25 455 B R VR Bk 22 4T
B | A R 42 [ 5 Lo ) 38 O i B A o T O
A7 5L 15 0 WOl 25 1 7 B0 B 46 TR IR 2 T BB A 1) a7
Bt

rrrrr

x = 0 (12)

. 0 NEHLEE M rad; @ N7 KRS R 2L BN
Wos x AIRERZFTIRBL 3l ) (2 F8 &, mm; P, IR B
AR, mm,
1.3.3  fiEAEA

TET ZE HE 2l i 3h P 1 B 3h B b, B o
TH B 1 3l P 5 0 2 25 18 1 18] BE , T B T B Js , 4 A Hl
BLEE AR | e, i 3 I B 0 5 1 2h 3 1 28 B 1 77
TEAELMER R

3 X B 0 B A% O S AT S, OF B
FEPH 0.2 mm, /] IS BHIS R KT F, 5Kk
R AR Rl i LA« Z Y R
F,=1049.2(x = 0.2)° +20161.9(x - 0.2)" +

155.5(x - 0.2), (13)
Fe 2] LIAS 2N i 3l 45 b i B R R
T, =2F u,R,, (14)

Ao T, B R N my g, Bl 2 A
WAL R, 9l B B A SRR AR m
2 EEBRBRMITEE

TEFR 53 3 A 1) 4 19 B o O L s g i
M LRI R RAG T Rk S, A AT
DR B A AR L DX 1], AR KA % T A P R A AR



60 MR 2 Al (0 R 2026 4
?&,%ﬂiiﬁﬂ‘]ﬂiﬂﬁjﬁlﬁﬁo A _xl’\o,nl + xz)‘omz 17
2.1 EF EMB i ABS T2 T v x, (7)

TEIR G Bk B v VR4 4258 b0 33 B 52 B 1 (18)
Xy
R GRBIFA A, — BB Rk E L, H lwy —nl+e
JN - [16] >
AR o (19)
v - oR, o — |+ e

A= 0 (15)

v

Ao MEHE, m/s,

50 ABS AT 5 — e A F v e B g, 38 3 W
FE A FEU G 1 55 V8 0 A4 I8 1 1 Bh A &L A R D7, AT
P A i v RS 3 e B R MR, MR EMB Y
ABS 2 il 5 w2 A U B B A B R S e, R4
B PT 4 il 3R W& A 1 2 M5 5 e B LR 5, P
R BL A ) 2 3K Bl FL ML T A, 80 A% sh AL A9 5 S s )
ORI 4 T e 32 By i 78 WK 32 3, DT 3
B R A 3, 9B S 7 BORS AR I Y B AR
R R 1 W e R B R M, EMB 4 &
T W R G B B R SE R Aon i b
T RE R A R R R ZE SR DT B TR
M o, 382 5 R B v 4 oM B
2.2 EEBBEMITEEMNIZIT

AR R SCHR [ 17 ] 9 FH Ok 48 3 48 B 2% 1 A1
M RECIE R R LR A A,

p(A)=C(1-e ) -C, (16)

K. €, .C,.C, ¥R E S5,

WEREH C,.C, . C, W (16) K FH T FH N
T 00 50N IO T2 B T Y B A R RS R A U B T
FIHME R, o & S8 B A 4 an s 2 B,
HAUEG S B % R R0 (i 3 11 A FH N R 25K
mE 1, K 2 MR 1 AT WA i A R
FRBOBRA XN Y B AR T B R A K [R) B AR T
L AE/NERFRIX[0,0. 005 ], 45 il 26 0% % 1 A1) B
i ARE DX AN K i AE At W B 3 X ] [ 0. 005,
1], 45 i 26 i % it R B 2R 000X 0 48k i i A
R SURT DR Shy 1R ) B T e A T R R Y B RRAE

FE S e 20 B I R e b A G i R
AT A9 3265 1D 1) FH B 3R B0 B8 R (w-d ) il 4 R AT X
L, 3R B TR (T A A TR AR R, 2R AR A 2
THEBREBBE R, BT AR RN IEE
i, AT DL 3 o i T A B AR RO RN R 2 i
i QT P S A T el |1 G B B 1 QT )
I FH B & 22 K0S 2% 80 o v ) ) T B o R B 22 (E
1 OC F R BCTH T 2% LAY B T B A, A S AR A0 AR
R AR TR 1 AT O E T E 20 2 S [Vl = RN W}

ST v T 4 R A0 R B T R R A
Koy PN 50 500 S T O T 1 0
T 2 0B RS e, g, 50RO
o e T 1 I T 2 9 6 R T R R 0 K
AR TR ER

[ —a— T —— (R —e— BRI - - =T
R peg—

—O— TR —— PRI

BRTEF R A R

mEE
H2 BEBEp-A HEE

Figure 2 Typical pavement u -A curve
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Table 1 Typical pavement fitting parameters
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Figure 3 Typical pavement estimation results
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Table 4 Fitting parameters for each typical road surface with magic tire
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Figure 4 CarSim-Simulink co-simulation model
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Figure 5 Single pavement simulation results



64 N K F F W (T %R 2026 4
1.0 . 30 120 [ =——3EF I HE RS o il S
S sy —— o
08 —'—Eé?ﬂﬁéﬁﬁiﬁ‘ﬁ ~ o ;‘;ﬁ%@ g FE T CarSim 4% il S w
T AN R A " 20 jubrererli R
ﬁéo.o £ g /,/
2z 04 ® ®
b S - ™ =
J— — 1 .‘-- —
0 1 2 3 4 5 6 0 1 2 3 4 5 6 1 2 3 4 5 6 7
t/s t/s t/s
(a) RUSCIE B F ML (b) JERIE B AR i 4R (c) ZET AR T th 2% (d) il B P2 i 4%

6 MEREFELSR

Figure 6 Docking pavement simulation result
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Automotive EMB Anti-lock Control Based on Optimal Slip Rate Estimation

PAN Gongyu, XIONG Haodong

(School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; The traditional logic threshold-based ABS control method failed to fully utilize the road adhesion coeffi-
cient and caused significant slip rate fluctuations during operation. To address this issue, an automotive EMB anti-
lock control strategy based on optimal slip rate estimation was proposed. The proposed strategy initially established
a nonlinear model between tire slip rate and road utilization adhesion coefficient, and then employed a segmented
estimation algorithm to rapidly and accurately track the optimal slip rate. Subsequently, based on the estimated op-
timal slip rate, an integral sliding mode controller was designed. By precisely adjusting the EMB braking torque
and electric braking torque, the slip rates of the front and rear wheels were maintained at their respective optimal
slip rates, ensuring optimal braking distances for automotives under various road conditions. Simulation results indi-
cated that the employed estimation algorithm was capable of identifying the optimal slip rate of the current road sur-
face rapidly and accurately, with the maximum error between the estimated optimal slip rate and the actual optimal
slip rate at steady state not exceeding 3%. Furthermore, the integral sliding mode controller could precisely control
the slip rate to remain near the optimal slip rate. Compared to the ABS control strategy built into CarSim, the total
braking time in a single road condition scenario was shortened by 10. 8% , and the total braking distance was re-
duced by 15.8%. For docking pavement conditions, the total braking time was shortened by 18. 0%, and the total
braking distance was reduced by 22.2%.

Keywords: optimal slip rate; electro-mechanical braking; ABS; estimation algorithm ; integral sliding mode control





