
INTRODUCTION
Steer-by-Wire (SBW) system, in which the mechanical

linkages between the steering wheel (SW) and the front
wheels are removed, has many advantages. It enables the
steering system to use variable angle and torque transmission
ratio to reduce the driver's angle and power input at low
speed. It brings a fundamental resolution to the conflict
between handiness and sensitivity in the conventional
steering system, also enhances the road feeling at high speed.
In addition, SBW system can coordinate with the other
chassis electric control systems to improve the vehicle's
stability and maneuverability. The arrangement and assembly
of the system would be more convenient because the SW
block and steering executive block are mechanically
separated.

All of the SBW control strategies regard the SW block
and the steering executive block as the master-slave system:
[1] The road wheel steers passively according to the angle
determined by the SW and vehicle states; The steering
resistance delivered to the driver is simulated by the motor
according to the SW angle and vehicle speed, or the
estimated or measured value of the rotational resistance
between the road and the wheel. [2,3] To get the road
information for the driver, it requires that the SBW system
should estimate or measure the resistance accurately in real-
time. The road/wheel force can be obtained by an observer or

a torque sensor. However, there is a multitude of work to
establish an observer and to identify the parameters of
steering executive block; Also, it is difficult to attach a torque
sensor whose bandwidth is narrow. [4]

Considering the SBW structure, a bilateral control method
of torque drive/angle feedback is proposed. It depends on the
signals of the SW torque and angle and the pinion angle as
well as the currents of the force simulation motor and the
steering executive motor. Without the resistance signal, the
steering force simulation can also be implemented through
the position feedback control and the characteristic design of
the system torque ratio. Therefore, the states of the SBW
system are completely determined by the input torque from
the driver and the interaction force between the front wheels
and the road, which is consistent to the dynamics of the
mechanical steering system.

SBW SYSTEM AND VEHICLE
MODEL

SBW System Model
The SBW system is comprised of two blocks, the SW

block and the steering executive block. The former can be
refitted by an EPS column with a torque sensor and an
assistant motor for simulating steering resisting torque. A
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sensor is installed at the bottom to measure the motor angle
indirectly. Figure 1 shows the structure of the SW block.

Figure 1. Structure of the steering wheel block.

And the dynamical equations are:

(1)

(2)

(3)

(4)

Where, θh, θm are the angle of the SW and the road-
feeling motor respectively, Ts is the torque of the sensor, Th is
the driver input, kc is the stiffness of the torsion bar, rg is the
reduction ratio, Jh, Jm are the moment of inertia of the SW
and the motor respectively, Bh, Bm are the viscous damping
coefficient of the SW and the motor respectively, k, L, R, uh,
ih are the back EMF constant, the inductance, the resistance,
the voltage and the current of the motor respectively.

The steering executive block is composed of a steering
motor, a reduction, a steering gear and front wheels. The
motor and its reduction are the same as the SW block. An
angle sensor is installed at the pinion. Figure 2 shows the
structure of the steering executive block.

Figure 2. Structure of the steering executive block.

 

The dynamical equations are:

(5)

(6)

(7)

Where, θp, rp are the angle and the radius of the pinion
respectively, rL is the length of the knuckle arm, τa, fp, Jp, Bp
are the equivalent self-aligning torque [5], the friction,
moment of inertia and the damping coefficient of the block at
the pinion respectively, up, ip are the voltage and the current
of the steering motor respectively, Cαf is the cornering
stiffness of the front axle, tp, tm are the pneumatic and the
mechanical trail of the tire respectively, β is the vehicle
sideslip angle, r is the yaw rate, a is the distance from the
center of gravity to the front axle, vx is the longitudinal
velocity of the vehicle.

Vehicle Model
This study focus on the control method of SBW system

and a relatively simple two degrees of freedom vehicle model
is employed.

The dynamical equations are:

(8)

Where, C0 = Cαf + Cαr, C1 = Cαrb - Cαfa, C2 = Cαfa2

+Cαrb2, Cαr is cornering stiffness of the rear axle, b is the
distance from the center of gravity to the rear axle, m is the
vehicle mass, Iz is the moment of inertia around the vertical
axis. Table 1 shows the parameters of the SBW system and
the vehicle model.
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Table 1. Parameters of the SBW system and the vehicle
model.

Driver Control Model
Most of vehicle test procedures require a SW angle input,

while the steering torque is taken as an input in a SBW
system. To solve the problem, a PID controller is considered
as the driver as shown in Figure 3, the error between the
target SW angle θt and the real angle θh is controlled by the
torque input Th of the driver.

Figure 3. Structure of the driver control model.

Where, , the parameter tuning result
is kp=60, ki=300, kd=1.

THE BILATERAL CONTROL
METHOD OF SBW SYSTEM

Control Requirements of SBW System
As there are no mechanical linkages between the SW and

the steering pinion, the SBW system is actually a bilateral
teleoperation system with telepresence, which means that a
human is able to interact with a distant environment as if he
or she were there [4]. The driver rotates the SW to turn the

SW. At the same time, the driver could sense the adhesion
state of the road, the lateral acceleration of the vehicle and
other information through the SW's force feedback. And this
requires that the control strategy can replace the function of
the original steering shaft, coordinate the control of the two
blocks, between which the torque and the angle should be
coupled.

Control Strategy
Considering the limitation of the actuators' hardware and

the functional requirements of the steering system, this paper
proposes a bilateral control method of torque drive/angle
feedback. Figure 4 is the control diagram. The control
structure regards the steering executive block as ‘master’ and
the SW block as ‘slave’. θm/rg is controlled by the position
controller of the SW to realize the angle coupling, according
to θp and the angle ratio β from the SW to the pinion; ip is
controlled by the torque controller of the steering motor to
realize the torque coupling, according to Ts and torque ratio
1 / α from the SW to the pinion. In order to prove the
proposed bilateral control strategy conveniently, we assume
that β=1. And the determination of α is similar to the basic
assistance characteristics of EPS.

Figure 4. The bilateral control diagram.

Using this method, the road wheel angle is fed back to the
driver and the steering motor is torque controlled according
to the torsion bar torque. Here are the benefits: (a) When
SBW system initializes, the SW would be adjusted in
corresponding to the pinion angle without rotating the road
wheel; (b) When the vehicle is returning to center, the
executive block's states mostly depends on the alignment
torque, which accords with the returnability performance of
the mechanical steering system; (c) It has remarkable
flexibility that the vehicle performances of handiness at a low
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