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Active Handling Control of the Differential Brake System
Using Fuzzy Controller

Yeo-Heung Yun*, Bong-Choon Jang” and Seong-Cheol Lee™”

ABSTRACT

Vehicle dynamics control (VDC) has been a breakthrough and become a new terminology for the safety of a driver
and improvement of vehicle handling. This paper examines the usefulness of a brake steer system (BSS), which uses
differential brake forces for steering intervention in the context of VDC. In order to help the car to turn, a yaw moment
can be achieved by altering the left/right and front/rear brake distribution. The steering function achieved through BSS
can then be used to control lateral position in an unintended road departure system. An 8-DOF non-linear vehicle model
including STI tire model will be validated using the equations of motion of the vehicle, and the non-linear vehicle
dynamics. Since fuzzy logic can consider the nonlinear effect of vehicle modeling, fuzzy controller is designed to
explore BSS feasibility, by modifying the brake distribution through the control of the yaw rate of the vehicle. The
control strategies developed will be tested by simulation of a variety of situation; the possibility of VDC using BSS is
verified in this paper.

Key Words : ITS (A58 2} Al 2871, Vehicle dynamics (AHZ 52 &), Steer Intervention (=% 3=73), Differential
braking (2H5 )5, Non-linear vehicle model (81138 2} E @), Fuzzy controller (¥ A A} 7])

A k-2-1 CS, FZ  Calspan coefficients for longitudinal force
o . stiffness
Ay, A, Longitudinal and lateral acceleration . . . .
. C, Tire cornering stiffness coefficient
a, Tire contact patch length . . .
Cr, G, Cy Front, real, and desired tire cornering
ab Lengths from mass center to front and rear .
. stiffness
axles, respectively Heioht of the pivot f valent t
. . e eight of the pivot for an equivalent torque
B,, B;, B, Calspan peak lateral friction coefficients g p 4 4
. . . arm
C1, Cy C;, C, Shaping coefficients for force saturation .
. e(t) Error signal for control
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F,, F,, F, Forces in the x-, y-, z-direction

Fyr1, Fxrr, Fxri, Fxge Every wheel’s forces in the x-
direction (gr; front/right, g ; rear/left)

Fyri, Fyeg, Fyri, Fyrr Each wheel’s forces in the y-

Normalized composite force

direction

F, Tire design load at operation pressure

g Gravitational acceleration

G;, G,  Aligning moment shaping parameters

h Center of gravity height

I, Moment of inertia about the x-axis

y - Sprung mass roll inertia about vehicle roll
axis

I, Vehicle yaw moment of inertia

L., Wheel rotational inertia

K, Coefficient of decay of lateral friction

K, K Longitudinal and lateral stiffness coefficient

K, K.,  Front and rear roll stiffness

K, Calspan coefficient for aligning torque

K, Proportional gain for PID control

Kscr, Kscr Front and rear steering compliance

K, Steering ratio

K, Roll stiffness

K, Coefficient of the decay in the friction

Mzrr, Mzpg, Mzpi, Mzpg Every wheel’s moment in the z-
direction

m Mass of the body

my Sprung mass

Kry Yaw rate and desired yaw rate about z axis

Y Wheel radius

SN, Pavement skid number

SNR Skid number ratio

s Longitudinal slip

T Vehicle track

T, Ty Integral and derivative gain for PID control

7, Tire contact patch width

T, Tire inflation pressure

Uinertiats Vinerir Longitudinal and lateral velocity at
inertial coordinate

Vehicle longitudinal velocity

up, u;, uy Proportional, integral, derivative part of PID

u

controller
Var, Virs Vrr, Vir Each wheel’s center velocity

v Vehicle lateral velocity

8

7 Desired vehicle lateral velocity

; Angular velocity
Wpr, OLF, Wrr, 0Lr Angular velocity of each tire
a, Acceleration about the x-axis

rp, OLF, ORg, @ Each wheel’s slip angle

Be Roll damping
¥ Camber stiffness coefficient
5 Steer angle of wheel
Osw Input steer angle
EF, ER Front and rear roll axle steer
n Longitudinal friction
Ho Tire/road coefficient
c Composite slip
¢ Roll angle of the body
\ Yaw angle
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j =)
2 =5

& ¢ @ vDC & 7|ite s
(active handling system)°] #3F AFZ 7|EY =
Aol o 2= 2] ek AojA] 2P| 2
£l Syaw) ZHNES AMHOR Aolstv
FAZE 947l Wi, ol& MY Hstd 7
Tl e FFRIFA FLATHE Agyos A
£3tE WEE AR T ol AA A=k
AE BHE 71E AFEDH vjw, AFe] =3
AHE #dsle 7ErdS FE3A e Ao
.7l 2de 2 AFEY 2 FA(bicycle) T 9
e AR ot} Aqr|AE o @ rERE
ZZ AoJAFE AW3la, ol& T3 A7
A X E FY AAH o2 Aojeaz s
Ak, xF ZFgAo]E 913t STi(developed by
the Systems Technology Inc.) Elelo] Rdlg ¥ 3st
8-DOF 9] v ¥ %S MATLAB/ SIMULINK &
S AMg3td TR, o3 vAE 2EE

3= AHS

L P g

=2



F4% -

FEE - 0183

R oZ A3y Y5t A Ao)7)E AA)
st o], AdAE A71E F3tod BSS(brake steer
system)®] 7He A% 1 848 A3

2.8-DOF A& 2

21 MY X 2@

BSS Al Ed# ol S 1% 8-DOF vy AR
9 e Fig 13 2 o] B9 F2 AFEE
L& (yaw rate), T/3%8 £, EZ(roll angle)©]
o, BSi(brake steer intervention)9} 3§ A%£TE 3}
F Z2ZAN &z AA I¥E vxEE
Fasck. JUeA 4 sl AfEe A% 7z uig
9] FHoln], F719EAQ T g iYoo) A
FAE R

Fig. 1 The 8-DOF vehicle model
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A% me) ¢3R4 e FE A2 9o
25EH fEHY, $5UAAL oty go) ¥
S20=

(a) Longitudinal motion;

D P -1 =(Fypy +Fy)osS—(Fy, +Fi )SInS+Fpy +Fpe (1)
(b) Lateral motion:

D F (o1 =(Frgy +Fig)SInSHFyy +Fip)008 3+Fpy +Fop (2)

84

FZAUYTEHA A28 A5z

——

(c) Yaw rnotion;

ZMZ: L7 ’[(F 1~ Frea) 6080 —(Fp, — YFR)sm‘S]”

+al(Fy, + F, xm) Sind +(Fy, + YFR)COS§]

€))

+(FXRL _Fm)E - b(FYRL +Fym)

+ MZFL + MZRL + MZFR + MZRR

(d) Wheel axis moments:
M
My = 104
MRL = IZWd)R.L
MRR

n= IZWwFL + rF

+ er ¥R (4)
+ rF,.

= Iyt + 1r.Fy

$ Agn A 57 Ao 23 HRLFS
D3R o™ =T, nAHAFTAL] A% L3R
A& A 2 5)E o] &3y BA HFA=Z ¥
T},

u cos(y) — v sin(y)
u sin(y) + v cos(y)

23 g S48

AL} F YUY AEEE 23
53l A% A o) 4P
o) $AFL ofdg 2 54

(]memal
Vmemal

_ b h (mAh+mgep
Fon =gt " %ar) X, +1<L 7 )

_ b h ( mAh+mgap
= oD " ath) K, +K\ T J
©)

_ a h_, ( m4h+mgap
o =me s ™ St K, +1<L T )
Tan = MG 4 +m h K, {m4h+mg“ﬁ)

2Aa+b) " 2Aa+b) K, +K,\ T
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Z} vk o] &£ ¥ ZGlip angle) ax 2 w9 £ na’
&z} g2 olas} o) ¥R} o= \/K tan’ ¢ + K (—) (11)
HF,
S,
=t 4, v+ar _ sw K F
ap =tan (_—+d) (KSW+5F¢+ scrFyeL) 2.3 AR S Ky Ko = 23 go] ¥d
o},
Cpp =tan” (v+ar) ( O +8pp+ Kop Fypp)
u—dr Ksw
- br 8
Qg =tan I(v ) (&x# + Kgcp-Frpr) ® K =izca N =%F;(%S' (12)
apﬂ PO
_ b
—tanl(v r) (628 + K scp-Fizr)

B3 tire/road coefficient, wp = 23} o] A
E, 2 A FASEE g ge 4y 9 IH

o2 FHEH M, =(B,F,+B,+B,F})SNR 13)
Ve = cos(@p W(u+dr): +(v+ar)’ 2 (13)9ll 41 SNR(Skid-Number-Ratio)& Th&3} 2
Ve =cos(am)‘/(u—dr)2 +(v+ar)’ © T},
Vi = cos(@y )af(u+dr)? +(v—br) v
Vip = 0S(a o I (1t — dr)? + (v = br)? =55 (14)
" A v e E< H(longitudinal slip) s £ ©} Etojojzh =3} HEF: A AZFZl(contact

ZA&E 9 H]—-‘F]Z]‘(wheel angle)d] ¥FZ o} patch length) a, & ©& (15)4 3 Zo] AHodn,
T 2ol P},

F
= — X 15
1@ V100 %) (re, 27 % =apn(l-K, FZ) 4
s=1, 00 (10)
L9 100 (%) (rew, <V) 0.0768./F F
V; 971N, a,, =—— T2 o|t}
T(T,+5)

49 o) AEE v EUEzy
Ao At} N w3, $E3}4(force saturation function)® T

23 2ol HojHr},
2.4 STI Efojo] 2EWHY

STI Elolo] 2 © & 2 2o 128 g GOl +Col+4Z
B YA mdolth. ole &, YW Y(lateral SO o corcar1 19
and longitudinal forces), TEH, 21 £HHS
233t debold 2 -9 E(aligning moment)E 2 9] 9] HO].;(J}_\_]C o HLg3o Eleolole] = 3
THEH ¥ d¥o2N £33 L u8d oy U IR L] omESZ de 4 ot Y
A% £59R4 52 FAH Ut 8% o = F o gae) A2 gy A a0 &

STI Elolo] @] 8 WS E composite & AHgEte] g o] wrEgo] Fasirt, nbE4Y
I A3 @ 3ol composite YL T ¥, F, F, M, &7 2L 520 & F
=3 2ol Hanz A=y, A,
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F =, L @KL ; 9 HesRH F@ /FLEH AN
T Kanta v Kis' D agne Aolz, ASde 2 vl AFHo=
143500 Bt
F, = 4, JS(o)K tanax +F, (18)
JKtan* @ +K.s*
KF.d tanaf K s

=¥z |5 — 2 19
, (anz)z[z GZKC(I_S)(zw)] (19)

A9 HellX K & F &3 o] Fosn,

K. =K, +(K;-K )Vsina +s*cos’ a
(20)
F,=CyQ-f(o))
ES Zwe olEAS(longitudinal  friction

coefficient) z £ <t&llg} o] F9 dr}.

p = p (1=K Jsin® a +5* cos® ax)
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Fig. 2 The bicycle model
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Braking

(a) Control strategy for the understeer
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Braking

(b) Control strategy for the oversteer

Fig. 3 Control strategy of active handling system

L_rd=r_]
left turn » >y rear left brake
understeer
front right brake
delta oversieer
: P > rear right brake
fight tum understeer
front left brake
Oversteer

Fig. 4 Integrated contro] strategy for both left and right
turns
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Fig. 5 Block diagram of fuzzy controller
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(a) Input membership function for the yaw rate error
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yaw rate error
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(c) Output membership function for the brake torque
Fig. 6 Membership functions of the fuzzy logic system

Table 1 The rules of the fuzzy controller
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Fig. 7 The surface generated by the fuzzy controller
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Yaw Rate, r fad/sec)

0.05 [ desired signal
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Fig. 8 Yaw rate of vehicle to a step steer input
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Fig. 9 The lateral acceleration of the vehicle to a step
steer input
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Fig. 10 The total velocity of the vehicle to a step steer
input
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Fig. 11 The brake torque of the vehicle with PID control
to a step steer input
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Fig. 12 Path of the vehicle with PID control to a step
type steer input
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"Fig. 13 Yaw rate of vehicle to a slalom type steer input
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Fig. 14 The lateral acceleration of the vehicle to a slalom

type steer input
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Fig. 15 The lateral acceleration and total velocity of the
vehicle to a slalom type steer input
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Fig. 16 The brake torque of the vehicle with PID control
to a slalom type steer input
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