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Figure 1 ABS control system block diagram
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Figure 2 Force analysis of single wheel braking
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Figure 5 Simulation results of emergency braking on dry cement condition
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Figure 6 Simulation results of emergency braking from snow condition to wet asphalt condition

AL TR PID, SMC 45 il Xof i 187 22 Ak 114 3 7 P 5
SR, FLW B R A 1 I /0N | A I P R U B AR R
A LGB TR A BE AR U T R R ] R
B3 I8, Tk A AOR B AR B8 %, Il 6 AT,
5RO PID 2% BRI AH LG, SMC 5 i 3 B
W0 R LA 76 ABS A AR 46 [ 1 s 3k 3 A&
SE JIT it B[R] B 2D AT DAAT RN 6 A RS AR L B A
AR SRR . BT T SMC 5 il 3R g AH AL T
R PR A ], A AR I T 2% 1 T i B e e g b
T 17.8% il ShBE B4 T 19.9%

TR U8 R T R S S B4R S ER
7 I TR T 00 (4 o R B A DL . B i 1)
7 X AR f T A% 1 LA R 1A R P, LU e
PR TR B B R 5 TR T A AR AR T LA bR
Xof AR B TE S R R Al 3 T

BE A H 45 3% 1 45 AT AL TE Flag B d  5E
B L Z A, B I e AT A R A R
0. 03, 3X 42 PR 4 76 FI| I M 2 2 0K 3K 31 06 (i I VA
HEAT % TP SO P e 1 B R A T 0, R
it TR SR B v B e 2 R A DK B T R A AR VRS R
FI45H K 0. 03, (HIL I Flag R H M 1, 2 44
Wil SRS 8 F foe K I, ABS il RS A, %
LG AF A % U SRS I

5 #Hit

(1) 2 SR EI AN [ #1801 2l B i 1o B o A AE 2 =
PR BT TR AE I R B B R R T
R TR RSO A < RS Wi N R AN E IS = s 4 N =N
el o N i T 3 o ST DS = R
I B A R, T R R 2 B T X i i iR
SHAE 0 3 o [ R 5K

(2) 5BOH PID F1Z 48 1B 45 1 40 Le, BT i ot
P18 LA Y A 4 o) 4 L AR G 1) B R 1 RIS
B ¥ 8% SR 45 Tl A 5 A 08 A% 2R AL [R] B X A [R] i 1 T
0 AE A1 38 PR R B T S AR . 7R B T SR
PE7F i 3 ke > T 11.89% , i h B B 45 e T
12. 7% ; 4675 B 11 45 44 T i Sh st (Rl sk 2> 17 17. 8% , il
SRR T 19.9%

S E 3k

g =0, . BE TR A T Y 32 Bh ok 1 2 4 iR
BRI R ()], AN R (L), 2022,
43(3): 104-110.

ZHANG S C, MA X. A safe distance model and algo-

(1]

rithm for active collision avoidance based on weighted

prediction of trajectory[ J]. Journal of Zhengzhou Univer-



513

B, % R TR B T LR 3 B 48 ABS 45 4 39

sity ( Engineering Science) , 2022, 43(3). 104-110.

ERBTIEL)]. BRI TR, 2011(2) : 43-47.

[2] FEWEHE, AWM, HEE ETHEERMLEINAED PAN H, LI L F. The research of ABS’ sliding-mode con-
B I E R [ T]. M R FER (T 2R, trol method based on road automatic identification [ J ].
2020, 41(4) . 41-45, 80. Modern Manufacturing Engineering, 2011(2) . 43-47.
WANG B C, SIH W, TAN G Z. Research on autopilot [9] LREHBA, &P, WA, &, TR AALE S zh
control algorithm based on deep reinforcement learning JE R[], R4 TR, 2021, 43(1): 68-76, 85.
[J]. Journal of Zhengzhou University ( Engineering Sci- QIU M M, CAO L K, HUANG K, et al. Brake by wire
ence), 2020, 41(4) . 41-45, 80. pressure sliding mode control based on visual recognition

[3] MENG B M, YANG F F, LIU J G, et al. A survey of [J]. Automotive Engineering, 2021, 43(1): 68-76, 85.
brake-by-wire system for intelligent connected electric ve- [10] FEGL, F LR, FT g W4 Bk E R 50 B3R 4
hicles[J]. IEEE Access, 2020, 8: 225424-225436. ABS #EHITFSE [J]. A M Tk K224 (3 R B2

[4] ZHANG L, ZHANG Z Q, WANG Z P, et al. Chassis co- J), 2020, 43(7) : 878-883.
ordinated control for full X-by-wire vehicles-a review[ J]. WANG G W, YIN A D. Research on ABS control of
Chinese Journal of Mechanical Engineering, 2021, 34 electric vehicle based on road recognition using neural
(1): 1-25. network [ J]. Journal of Hefei University of Technology

[5] LIUY H, etal. Estimation of tire-road friction coefficient ( Natural Science), 2020, 43(7) . 878-883.
based on combined APF-IEKF and iteration algorithm [11] PENGX Y, JTA M F, HE L, et al. Fuzzy sliding mode
[J]. Mechanical Systems and Signal Processing, 2017, control based on longitudinal force estimation for electro-
88: 25-35. mechanical braking systems using BLDC motor[ J]. CES

[6] ZAREIAN A, AZADI S, KAZEMI R. Estimation of road Transactions on Electrical Machines and Systems, 2018,
friction coefficient using extended Kalman filter, recursive 2(1). 142-151.
least square, and neural network[ J]. Proceedings of the [12] 4R0b, EHE, A, 55 BT 2h & B Y44 il
Institution of Mechanical Engineers, Part K: Journal of BARGHBRSEMER[I]. FMRFEER(BAR
Multi-Body Dynamics, 2016, 230(1) : 52-68. 2FRR) , 2019, 33(5): 425-430, 438.

[7] HE R, ZHANG L W. Interval recognition algorithm of CHEN S, WANG J Z, ZHENG L Y, et al. Sliding mode
the pavement surface condition based on Lagrange inter- variable structure control of brake-by-wire system based
polation method[ J]. Mathematical Problems in Enginee- on braking intention [ J]. Journal of University of Jinan
ring, 2020, 2020 1-8. (Science and Technology) , 2019, 33(5) . 425-430, 438.

(8] Wi, 2Lk, JET BT R MR 4 ABS B ] J7

ABS Control of Electronic Mechanical Braking System Based on Integral Sliding Mode

LUO Shi, LIU Yanguang, YU Jingsheng, LI Ling’en, DING Hua
(School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; In order to solve the disadvantages of traditional brake system logic threshold control, which was compli-
cated in logic and difficult to make full use of road adhesion, and the problems of nonlinearity and uncertainty of
ABS, a control strategy of ABS based on road identification on the basis of electronic mechanical braking system
was proposed. Firstly, quarter vehicle braking model was established through Simulink. Next, the differences of
adhesion coefficient on different road conditions and the variation rules of adhesion coefficient and wheel angle de-
celeration were analyzed. An efficient and accurate road identification algorithm was designed to estimate the opti-
mal slip rate of the current road surface. Finally, an ABS control strategy based on integral sliding mode control
was designed to track the optimal slip rate. The simulation results showed that the road identification algorithm had
fast response and high accuracy. The designed ABS control strategy could stably track the optimal slip rate and had
strong adaptability to different road conditions. Compared with the traditional braking system based on logical
threshold control, on single road condition the braking time was reduced by 11. 89% , and the braking distance was
shortened by 12. 7%. On variable road condition the braking time was reduced by 17. 8%, and the braking distance
was shortened by 19.9%.

Keywords: electronic mechanical braking; road identification; peak adhesion coefficient; ABS; integral sliding mode
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