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Antilock Braking System by Using Digital PID Control
— Modeling of Antilock Braking System —

H K A
Tatsu AokiV

Abstract:In order to stop a vehicle suddenly, a tire or a wheel will lock during braking. Since a vehicle slides on a road
surface, it takes long time to stop a vehicle. Since a tire cannot transfer lateral traction forces, a vehicle motion becomes
unstable and the handling performance becomes low. Thus, antilock braking system(ABS) is used to control the damping
force of a brake so that a vehicle can be prevented from locking after brake torque is applied. Though Simulink models
on ABS are downloadable from an internet, the detailed description of the dynamic model is left to users. The aim of
this paper is to obtain a detailed dynamic model of ABS by using Simulink so that a new control algorithm for ABS can
be developed. As an illustration, ABS based on a digital PID control law is considered. Simulation results show that the
effectiveness of ABS with PID control is verified, since the stopping distance becomes about 68% in the case of a constant
brake force.

Keywords: Antilock Braking System(ABS), Slip ratio, PID, Quarter car model, Digital controller
1. FL®IC

HIGEEIC BT 28 7L —F@ETE, X1 ¥ Rfign m (7]
By 2 UTHERL— L L2 EoTUE S, TOME, Hi \ll
DI EIZBERA DD 2 721 Tl <, 0B RZE J
B0, ANV RVEMEREEHC 25, 21 YREEHRT Y 2 L X
TAV Yy 7ULRWE I 7L —FOflEHh %z HET 200 >
Antilock Braking System(ABS)C# 5. ABS #3284 %728 Jx

DFEIFMLREINT WS [1]. PID HIMH, Sk, @
JEHIAE, TN NI, Ty Y 1 Rl HY ABS TG X
ncwad., —J, BEXHEBE (Electric Vehicle, EV)D I K& Ah*
SHESITIMEL TWRKTH B, EV ICERINLTWD
BRI E — X OIGEMEEILE WD, BT L —F2FH
U7- @ MRE7 ABS WA ICEBIHBEIC > TET WD, &K
H ¥ ABS 1% PID HlfIc 3D & 2 ) v TR % —EHIC R
R 2FETHY, 2OAEMENRTNTWS [2][3]. ABS
Y Ial— MTABENE, Simulink @3> 7FEle LTAH
VA —=3v M EIZABEINTWS [4. LHL, Zo¥ v T
7ay 2T, RAYRHEROL A F Iy 7ETFIIC
BT 23 asiEa—Y —icZERhohTWna.

ZZ T, AWIETIX, ABS OFi/-ElHTEE2EET S
70, HilizETFIMELL, YIalb—Ya VEEEET S
ZeERHEHNETE. ET ML AETIZET 5 ABS O
LT, mbEARNLAY v TRIZET S PID IR EZE X
%. SimulinkZ W=y Ialb—yarvaFETL, TOER
HEMEET 5.

1) BRGUAR S B m F M A 3 0O < 0 TR EKE T
T#a— A

Fig. 1 Quarter car model
2. EHMOBAETIDEH

ABS filfliZ 28T 5720, HENKROBRET L, T
mbht, HEHEREZEN TS, X1 ICHE L 1/4 71—
ETNERT. HE mkg, FFErmo XA YHBKEREE
EE LA S A A MIZHEATWS., 21 YIZIZTL—FI2 &
LHIEN N, bbb, EEEE—A Y b uN, KERD S DEE
B &N, BESWNPERLTHS. XA VY OELOA
BE xm, FOMEMNEE drad LT3, 8, XA YOEE
FHEROHELE— A > bOARAIL, FEFELDOAFAEIEE
T3, XA YOEDEE X & XA Y OBBEROEE r HE
BBLGEITIE, R4 YIFAKERIZN L THE> TWHREE &
5. ZTZT, AVyTRANE

X—réo
=5 (1)
CEHET D, ZAYVWEoTVWBIREE (A > 0) Lo TV
WIREE (\ = 0) TEBIHREADBEZ 2D TENTNDHEI
DWNWTEZRS.

A




e \=00D%G5&

AA Y DOMKESHENZIE, TU—FIZX D580 u Kk
OACEE D S Ok B f BWERAL TW5b. HrIkE
B HEERRS L 205 &

fx < afn %)
LRBTE 5. WK ESILE L O M T & FEad ¥
Y OEIEEB TRHENEDT, UFOEEHER
WESNB.
mK = fy 3)
o = u—rf @)
20y TRNODE EITI
X—rf=0 (5)
MEALT 5. A (5) 2R THS T 5 & U FOBFKRR
X=r0 (6)

»Eonsd. XE), R@), R(6) &b #LERS) {2
HlE 7 u DR E LTRES.
mr
f":mr2+.]u %
K@) A Y OEE—A> b m?/22RAT 5L,
X @) KUK Q) 75 x RO G IF Tz 5.
12u

X = h3r ®
. 11
0 = j§u 9)

A (8) RV (9) & b X1 Y DELDBIHLE x K OH
FEHAE 0 13 u= ONMDFEITIZ—EIZmy, TL—F
2k BHIEN R DT GG, Tabb, u<0DHEAI
X, WiE L BRELTWE, RKIICEIET 52 & A%b
5.

A > 0054

RAYDKEFEZIE, TV—FIcLB5HEN u Kk
CIKEM 2 6 OEIEED) f BWERLTW5. BIEEE)
BN p C EEP I fy=mg & D

fx=—pmg (10)

IZEORBEEING, Z2T, gRELNEEE TS, &
(10) W RTEEE N 2 FET 5 L LN O#EE AR
Bfons.
mk = —pmg (11)
Jo

u+ rpmg (12)
R (AL ROR 12) 95 % KU 0 ZATIZR 3.
= —ng (13)

“
. 1
0 = j(u+rumg) (14)

1.5

VAN
/ T~

0.5

Friction coefficient i

0 0.2 0.4 0.6 0.8 1
Slip ratio A4

Fig. 2 Dynamic friction coefficient
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Table 1 Dynamic friction coefficient
L2 T w [ AT w]
0.000 | 0.00 || 0.35| 1.04
0.100 | 0.71 || 0.40 | 0.96
0.125| 0.85| 0.45| 0.91
0.150 | 0.98 || 0.50 | 0.85
0.175| 1.07 || 0.60 | 0.80
0.200 | 1.13 | 0.70 | 0.75
0.250| 1.16 || 0.80 | 0.73
0.275| 1.14 || 0.90 | 0.71
0.300| 1.12 || 1.00 | 0.70
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Fig. 4 Digital PID controller
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Fig. 5 Response in the case of constant force
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Fig. 6 Response in the case of P controller
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Fig. 7 Response in the case of PD controller
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Table 2 Comparison of different types of controllers
| Controller || Stopping tim€s] | Stopping distancgm] |

— 0.58 1.139
P 0.38 0.786
PD 0.38 0.782
PID 0.38 0.785
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