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INTRODUCTION

» Recent developments in the automotive industry have led to increas
complex vehicle subsystems incorporating a large number of electron
systems.

» In particular the electronic safety systems, such as the antilock brakin
system, electronic stability program or active front steering (AFS), influ
the vehicle’s behaviour by actively intervening in the driver’s input .

» The aim of these systems is to counteract unstable situations such as exc
side slip, yaw motion or wheel spin

» This is achieved by controlling engine torque, independently controlling th
brake pressure at each wheel, or applying a steering angle which is in additi
to the driver input.

» In this presentation we are going to deal with closed-loop driver model wi
steering angle and accelerator/braking as driver inputs

» The anti-lock braking system (ABS), traction control system (TCS), fo
steering system (4WS) and active yaw moment control system (AYC
components of the active chassis system.
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Driver model may be considered as a controller which receives input
vehicle and environment and passes a few control signals to the vehic

There are two important inputs from the driver
» Steering angle,é
» Accelerator/brake

In literature the driver model employs various techniques such as referenc
vector fields, PID controllers for modelling the human behaviour.

In this presentation we use reference vector fields for modelling.

A controller has been designed by linear matrix inequalities (LMIs) b
three-degree-of freedom (3-DOF) reduced vehicle model.



DRIVER MODEL CONTD......

» The closed loop driver model can be divided into 3 parts
» Vehicle model
» Tire model

» Driver model

» In vehicle model a 8-DOF vehicle model is considered for both lat
and longitudinal dynamics.

» Modelling of the tire force plays an important role in determini
vehicle dynamic behaviour.

» As was told above the driver model implemented here is based o
reference vector field model



Vehicle Model

» The vehicle model used in this study is shown in Fig. 1. It is an 8-DOF
vehicle model for both lateral and longitudinal dynamics, which also
takes into account the nonlinearities between vehicle body dynamics
and tire forces

» Degrees of freedom associated with the model are the longitudinal
and lateral speeds, yaw rate, roll rate and four wheel rotational
speeds.

» The dynamics equations governing the motion are derived as:

Longitudinal motion:
m(u — yv) + mghsyp = Fxfl + Fyxr1 + Fypr

Lateral motion:
m(u + yv) — mghsyp = yfl Tt Fyrl + Fyrr




Yaw motion:

IZZ)'/ — Iz = Lf(Fyfl + Fyfr) B Lr(Fyrl + Fyrr) o Izli(Fxfl _ Fxfr) _%(Fxrl — F

Roll motion:

I — L,y = mshs(0 +uy) + mshsgp — (Ko + K5 )® — (D + Dy, )0
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Fig. 1. Parameter definitions for the vehicle model.




Wheel rotation motion:
Ia)d)ij= —R F +Teij_Tbij

W Xxij

» where u, v, y and ¢ are the longitudinal speed, lateral speed, yaw rate and v
angle. wj;, Te; and Ty; represent the wheel angular acceleration, driving and b
torques.

ijs

» The subscriptsi=f, rand j = [, r represent the corresponding tire. For examp
stands for wheel angular acceleration on the front left wheel.




» F,;; and F;; denote the tire forces in the x and y direction, which ¢

related to the longitudinal tractive force F,; and the lateral tire fo

inj = Fijjcos 5ij — Fsij sin 6ij

F,; = Fiijsind;; + Fg;; cos d,;

Where o0f and or are the front and rear wheel steering angles, and 0f;= 0
Or;= Or,.= Or.

» Defining the earth coordinates for longitudinal displacement X, and lat
deviation Y, the vehicle velocity in earth coordinates is given as:

X; =ucosy —vsiny
Y, = usiny + v cosy

Where ¢ is the vehicle yaw angle.



Tire Model

» We use semi empirical model to study tires.

» The general form of the formula reads:
Fiy = D; sin{C; arctan{B;» — E;[ B;» — arctan(B;A)]}}
Fs = Dy sin{Cy arctan{Bya — E[ By — arctan( Bsx)]}}

» F; and F; are tire tractive and lateral forces, A and a are tire longitudinal
wheel slip ratio and lateral wheel slip angle

» Self aligning torque, M,= F,0q , Where oq is pneumatic trail and is given by,

0y = Dy cos{Cy arctan{ By — Ey| By — arctan( Bga)|}}




» The coefficients in the formula depend on the type of tire and road conditions.
» Transient behavior is taken into account in the formula.

» Vehicles net load on each tire is:

mayL.h (Kgrdp + Dyrp)

mgl, h
Fzﬁ' = —ma,—— —
oL 2L LT T
f f
mgL, h mayL,h K rdd 4+ D d
F =80 _ a0 maslih | (Resd+ Dyrd)
2L 2L LT, T;
mgL h mayL fh Keorp + Dprd
For = il + ma,— — y=r (Kgré prP)
2L 2L LT, T
mgL y h mayL th  (Kg¢ + Dy,od)
F.,.. =
Irr 57 -+ may 37 -+ LT, 4 T

» F,;; is a function of both the vehicle’s static and dynamic load transfer and where a,
vehicle longitudinal and lateral accelerations




» The slip angle of each wheel is calculated as,

» These wheel longitudinal speeds are calculatec

v+ L gy
u — OS5Tyfy

v+ L gy
u + 05T gy

v — Lr}"'
o, = O, — arctan
u — 057,y

— L
&y, = O, — arctan v ry
u+ 0.57,y

o = 6§y — arctan (

& 5 = &y — arctan (

T.

upg= (u— ?fy) cos df+(v+Lysy)sindy
Ty _

ufp = u—l—?y cos g+ (v+ Lyry) sin dy



» Longitudinal wheel slip is defined as,

wai. — u.-
j Wi
Aij = ,  Rywij < ujj
HU
Rywij — ujj
j Wi
Aij = ,  Rywij = uj
Ry

» Where: R, is the radius of the wheel.

w is the angular velocity of the wheel.




DRIVER MODEL MATHEMATICAL FORM(reference vecto

» This driver model provides the control of longitudinal and later
dynamics of a road vehicle

» The reference vector fields driver model represents the previewe
kinematic control in form of a reference vector w ., = (wy, w, ).

» The reference vector w,,,, Which targets on the compensative cont
of the vehicle, depends on the vehicle location in the path.

» The reference speed and the direction are given by vglg = |w g4y
P4 = arctan (ﬁ) respectively.

Wy



Contd.....

» The tangential and normal components of acceleration associa
the reference vector are

atcfl=eg°(wdrv° V) Wary

ag =e7€Ll . (Wd'rv . V) Warv

where  V=(d/dw,,d/dw,) "
Where eg, e are unit vectors tangential and normal t
reference vector respectively.

» Vehicle longitudinal control is executed via an acceleration co
a,, which is converted to command traction force or braking tor



Contd.......

» Feedback of longitudinal acceleration is given by

. Ao—U
a,= T
_wary|~veg .
where a, = z and t, T, are design parameters
1
» The lateral speed is small compared to the longitudinal speed
d_.d
ud_vcg

» The reference yaw rate is given by

d
‘ch an

| Wdrv|2

Y, = (for lateral control)




LATERAL CONTROL

» Combined with the angular error, the reference yaw rate vy _ i
as

_y . prB-ye
Ya=Yoo

where 8 = 5 (vehicle side slip angle)

» For lateral control, the steering angle §; is computed using a si
integrator approach and is given by

Op=kiat (Y3~ Y)
where t;and k;,; are design control parameters.




LINEAR VEHICLE MODEL (3-DOF)

» To design the integrated active chassis controller, a 3-DOF yaw plane model is described 1
coordinates. Its state space equation is represented as:

x=Ax + EW +BU
Where x=[u v y] ", w=[8; Y4 ul], U = [AF; 3, M]

Y 0 0 ] -0 0 O]
0 _Z(Cf+cr) B _Z(Cfo_CrLr) &
A= mu u mu y E = m )
0 _2crrp=crly)  2(csLf—CrL,?) Zifo 0 0
i Izu Izzu - - T2z -
S 0
m
u- o 2C, 0
m
—2c¢, L, 1
0 1 1,




BLOCK DIAGRAM
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Fig. 2. Block diagram of the closed-loop driver—vehicle system.




» Where C; and C, indicate the cornering stiffness of the front
tires. To match the desired model, a control input vector U is
the yaw plane model.

> M= CAF,(T:/2).

ij' zij
» C, is the slope in the linear region of the p-A curve, and T; is the
width of the vehicle.

In the 3-DOF model, the front and rear wheel slip angles af and
approximated as:

LfY

aas"V




The lateral forces generated by the front and rear tires can be cal

Fyp1+Fypr=-2050

Fyrl"'Fyrrz'zcrar

The desired longitudinal velocity, lateral velocity and yaw rate are thre
independent first-order systems according to the driver’s inputs. They can

represented as:

Q.Cd =Adxd + EdW=

:|
Q.Q.I

=<
IQ.




» where 1, T, and t, are design time constants. k,, k, and k, a
gains.

» The desired lateral speed is always zero.

» In this study, a desired oversteer yaw moment control can be obt
by adjusting the slip ratio of the outer front wheel.

» Similarly, a desired understeer yaw moment control is obtained
adjusting the slip ratio of the inner rear wheel.




MODEL MATCHING CONTROLLER (ERROR VECTOR
CALCULATION)

» The results from mathematical model which we obtained in above sl
not the desired results and these are called the actual results, so the
vector is used to calculate the difference between the desired and the
values.

» In order to make the actual vehicle longitudinal speed, lateral speed an
rate follow their desired values, the error variables are defined as:

e=x45 - X=[Au AvAy]T
» Accordingly, the error state space equation is given by
é=x3— x=Agz(xy — X )+(Az-A)x+(E4-E)W-BU



Contd........

» So the augmented error state space equation can be written as
é _ Ad Ad—A xd - X Ed_E —B
lxl'lo A ” x HE ]W+lB]U
the above equation can be written in the form of

X= A1X+31W +BzU """""""""""""" (1)
where A, By, B, are the state space matrices

and the state vector is given by
X=[Au AvAyuvy]’

where Au ,Av, Ay are the errors in longitudinal, lateral velocities and yaw rate




» The state matrices are given by
e [ 40
B, = [EdEjE]
B 2=[_BB]

» In this the simulation is done by H., optimal controller in terms of

» The performance output vector Z is defined as follows
Z =[Au Av Ay AFE, 8, M] "=C,X+D;{W+D;,U
where C,,D,,,D,, are state matrices derived from equation (1)




CONTD........

» The output feedback variables are Y are defined as:
Y=[Au Av Ay] "=C,X+D,,W+D,,UZ
where C,, D,,, D,, are also state matrices derived from equation (1)
» The state space error model is given by

A, By By
G, =|C1 Di1 Diz| (approx.)
C; Dy1 Dy




Thank You ©




