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Abstract: Anti-lock braking systems (ABS) is a safety and management devices enforced in ground vehicles that forestall the wheel lockup throughout emergency braking. The most operate of ABS is to cut back the vehicle stopping distance and stopping time. Stopping distance is
the distance travelled by the vehicle after applying the brake and time for the vehicle to reach to complete halt is stopping time. We can, in
general consider a controller as a good controller if it helps to reduce both stopping distance and time. Under the influence of Drive torque, the
vehicle moves and due to air drag, braking torque, surface friction and inertia, vehicle come to stop. A vibrant arrangement of all these torques
and forces are accountable for motion of vehicle on a surface and coefficient of friction between tire and road-surface, amount of steering etc
contribute further to vehicle dynamics. Due to drive torque obtained by engine, the wheels starts revolving and when brake applied it comes to
arrest after sometime. Vehicle speed and wheel angular rapidity are relative in normal condition but when solid braking is made it is probable
that vehicle speed is not drop down at the indistinguishable rate as wheel rotational speed, causing the slip. Slip is a condition created by locking
of wheels, means wheels not rotating but vehicle is moving. This is a fatal driving condition and driver can lose the control of vehicle and the
time to stop the vehicle increases. By controlling the Brake Pressure the Antilock Braking system matches the wheel speed and the vehicle
speed, which intern results vehicle will be under stable zone. However, the ABS shows physically powerful nonlinear individuality in which the
vehicles equipped with the accessible controllers can still have a predisposition to oversteer and become unbalanced. Many diverse control
methods for ABS systems have been developed. These methods diverge in their hypothetical basis and performance under the changes of road
circumstances. In this paper, an effort is made to evaluate the variety of nonlinear controllers used in the execution of ABS systems and also
address the main difficulties concerned in designing such a systems and summarize the new modern developments in their control techniques.
Keywords: Antilock Braking System, Nonlinear Controller, Tractional Control System, slip.

1. INTRODUCTION
At present various automobiles employ automatically
controlled braking systems to provide the driver more
steering control and shorter stopping distances on several
surfaces through braking conditions. To pick up the braking
performance and to preserve the directional stability and
maneuverability of road vehicles, anti-lock braking systems
have been used since 1970’s. The drift in enhancing
performances of braking systems yields to the improvement
of a huge number of braking system models, vehicle models
and control strategies. A recent ABS anti-lock braking
system is an electronic feedback control system, which
greatly increases the ability of driver and vehicle to avoid
accidents on greasy roads and through hard braking
circumstances.
A. History of Antilock Braking System
The growth of the primary motor driven vehicle in 1769 and
the incidence of first driving mishap in the year 1770,
engineers were founded to condense driving accidents and
to get better safety of vehicles [1]. In the year 1929
Antilock braking systems were first developed for aircraft
by Gabriel Voisin. Dunlop’s Maxaret brought a system in
1950 and still in use on several aircraft models. In 1960 A
completely mechanical system used in the Feruson P99
racing car, the Jensen FF and the Ford Zodiac, but saw no
more use; the system proved classy and, in vehicle use, quite
unreliable. The Ford company in the year 1975 has come up
with Antilock braking system on the Lincoln Continental
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Mark III and the Ford Luxury Trim Décor (LTD) post
wagon, called “Sure -rack”. The most popular companies
called Mercedes-Benz and Bosch, in the year 1978 has
invented the first absolutely electronic 4-wheel severalchannel ABS system mainly for trucks, heavy vehicles.
Bavarian Motor Works (BMW) is the world’s primary
motorcycle manufacturer to brought an electronic-hydraulic
ABS system in the year 1988, this on their BMW K100.
Honda Company introduced its first system in the year
1992, this on the ST1100 pan European. Suzuki introduced
its GSF1200SA (Bandit) with Braking Controller (ABS) in
the year 1997.
The design of efficient braking systems is to minimize the
accidents rate. In the year 1930Automobile experts have
implemented this field during the development of the initial
automatic Anti-locking braking system (ABS) system which
have been intended and bent in aerospace industry [2-3].
The first set of Ant locking brakes in the year 1945, were
built on a “Boeing B-47” to avoid spin outs and tires from
blowing and afterward in the year 1950’s, Antilock brakes
were most frequently used in aircrafts[4-5]. Before long
after in the year 1960’s, the high-end automobiles were
built-in with Antilock braking only in a rear wheels and with
the quick growth of microcomputers and electronics
technologies, the trend exploded in the year 1980’s.
Nowadays, all-wheel antilock braking system can be seen on
the popular of overdue model vehicles and even on selected
bikes [6-10]. Antilock Braking system is familiarized as a
significant involvement to road safety as it is intended to
keep a vehicle steerable and unwavering during emergency
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braking situations by avoiding wheel lock. It is known that
the wheels will trip and confine through harsh braking or
even breaking on a greasy surfaces like wet, icy, etc.
typically this effects a extended stopping distance and
sometimes the vehicle will go uncontrollable steering
stability [11-13]. The purpose of ABS is to influence the
wheel slip so that a highest friction is generated and the
steering stability also called the lateral stability is achieved.
To Make the vehicle stop in the minimum distance
achievable while maintaining the directional control. The

motivation behind controller planned in the car framework
is to manage the wheel speed. Control strategies of Antilock
Braking system are also functional in vehicle dynamic
stability control (VDSC), Electronic Stability Control (ESC)
and traction control system (TCS) [14]. Normal ABS parts
include: wheel speed sensors, vehicle's physical brakes,
brake ace chamber, an electronic control unit (ECU), brake
ace chamber, a water driven modulator unit with pump and
valves as appeared in Figure.1.

Figure 1. Typical Components of Anti-lock Braking System [15]
a portion of the propelled ABS Systems incorporate
accelerometer to decide the deceleration of the vehicle[16].
In the present situation there is a relentless rivalry among
various vehicle producing businesses for receiving propelled
innovations to enhance the dynamicity of the vehicles. Due
to this the security of the driving personnel and the fast
growing traffic is at stake. For the sanctuary of the above the
appropriate process of the braking entity is roughly
necessary in an automobile system. Brakes are some sort of
transducers, which changes over the dynamic vitality of
vehicle into warm vitality. This development of exchange
has made many researchers in the region of the globe to
accept many sophisticated techniques to get better breaking
progression. Out of these, Anti-bolt Braking system (ABS)
is a standout amongst the most regularly and broadly fused
innovations. ABS is the Electronically monitored slowing
mechanism that is the electro-mechanical system which
prevents the wheels from locking and subsequently sliding.
Later on in the year 1970 it was introduced in four wheelers
and in the year 1988 motor cycle manufacturing industries
also started using it. As detailed by an Australian
investigation in Monash University Accident Research
Center in 2014, the danger of numerous vehicle crashes is
lessened by 24% and the danger of overflow street crashes is
decreased by 41% [17].Even though, Anti-bolt Braking
System has been actualized in present day automobiles, still
the ABS innovation is having significance and giving
critical change to the cutting edge interms of a modern
safety. The ABS progression and additionally the road- tire
rubbing model being exceptionally nonlinear, random and
time fluctuating, demonstrating and improvement of ABS is
© 2015-19, IJARCS All Rights Reserved

extremely a fastidious exertion. To the extent auto- industry
is concerned, the ABS innovation is the latest advancement
in improving traveler wellbeing or to be exact, mishap
evasion. Specifically an essential part of ABS is the
understanding of friction model. Consequently the study of
friction force characteristic at the road tire boundary is of
extreme importance for the scheming of ABS. furthermore,
the friction models are vital for precisely Reproducing
resistance force for replication purpose [18-25].

Figure 2. Usage of ABS in Vehicle
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2. BLOCK DIAGRAM OF ANTILOCK BRAKING
SYSTEM
There are various ABS systems different from each other by
their arrangement which cause difference in their
effectiveness and price. One type of such systems regulates
braking force for every wheel separately which is useful in
conditions of multistructured road, for instance, in situation
when two wheels are on dry surface and other two on wet.
The most ordinary and the cheapest systems control only
rear wheels velocity, while the most widespread ABS
systems have sensors at every wheel. Usually these type of
systems regulate braking force separately for rear and front

wheels. Each Antilock Braking System comprises of
hydraulic modulator, a wheel-speed sensor and an
Electronic Control Unit (ECU). Wheels’ sensors receive
information as electromagnetic induction works. After that
wheel’s velocity data are delivered to the control module
where this information is processed. If it is necessary, the
signal for decreasing the brake pressure will be sent to
hydraulic module, so that the wheels will not get blocked.
Hydraulic module reduces/stops liquid supply for the
braking cylinder until wheels get certain speed. The control
under braking force stops when the danger of locked wheels
is passed or the vehicle is full-stopped[26].

Figure 3. Block Diagram of Antilock Braking System
3. ABS CONTROL TECHNIQUES
A example of the research done for various control approaches is shown in Figure 4.One of the advancements that has been
connected in the diverse parts of ABS control is delicate processing. Brief survey of thoughts of delicate processing and how they
are occupied with ABS control are given beneath [27-30].

Figure 4. ABS control Techniques
a. Classical Control Method
The PID control calculation, as a kind of the classical
control technique, is generally utilized as a part of process
control as a result of smaller measure of estimation, better
constant and simple to actualize, etc.However, there are
some shortcomings also, such as that the parameter is
inconvenient to modify and cannot be self-tuning, for the
PID control algorithm. The effects of traditional PID control
will be difficult to achieve the desired objectives as the nonlinear, time-varying and other uncertainties in cornering
with braking. But the model of complex non-linear object
can be created by neural networks, and the best PID
© 2015-19, IJARCS All Rights Reserved

parameters can be figured out through the self-learning of
error. Hence, the BP neural system is utilized to accomplish
the on-line self-tuning of corresponding coefficient ( KP ),
basic coefficient ( Ki ) and differential coefficient ( Kd ).
The effect of PID control is essentially made progress. The
slip ratio of wheels is the control objective of ABS
controller, the difference of target slip ratio and actual slip
rate and its rate of change are the input parameters of ABS
controller, and the target brake pressure of EMB actuator is
the output parameter of ABS controller[31].
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b. Optimal Control Method
The ideal control of nonlinear system, for example, ABS is
a standout amongst the most difficult and difficult subjects
in control theory. best possible control based on dynamic
and transitory factors between tire -wheel and vehicle for a
passenger car. In particular, to improve ABS braking
stopping distance performance, by considering the
advantage of the load transfer effect between tire/wheel and
vehicle systems. A fifth order vehicle model with nonlinear
tires and vehicle dynamic load transfer is, then, considered.
To minimize ABS braking stopping distance, an optimal
control problem is solved that consists of finding a
sequence of optimal braking torque control profiles for each
wheel that minimizes traveled distance. The numerical
global optimal solution is obtained through a nonlinear
dynamic programming (DP) algorithm. The challenge is that
the method is very resource intensive, and an appropriate
discretization of the vehicle model, as required by the DP, is
a nontrivial task [32-36].
c. Nonlinear Control Method
The unpredictable idea of ABS requiring input control to
acquire a desired system characteristic also gives rise to
dynamical systems. Ting and Lin [37] developed the
antilock braking control system incorporated with dynamic
suspensions connected to a quarter auto model by utilizing
the nonlinear backstopping configuration plans. In crisis,
despite the fact that the braking distance can be lessened by
the control torque from plate/drum brakes, the braking time
and distance can be additionally enhanced if the typical
force produced from dynamic suspension systems is thought
about all the while. Singular controller is intended for every
subsystem and an incorporated calculation is built to arrange
these two subsystems. As a result, the incorporation of antilock braking and dynamic suspension systems certainly
enhances the system performance, because of the reduction
of braking time and distance.
d. Robust Control Method
Sliding mode control is a critical strong control approach.
For the class of systems to which it applies, sliding mode
controller configuration gives a deliberate way to deal with
the issue of keeping up dependability and steady execution
despite demonstrating imprecision. on the other hand, by
permitting the tradeoffs amongst demonstrating and
execution to be measured in a straightforward manner, it can
light up the entire plan process[38-39]. A few outcomes
have been distributed coupling the ABS issue and the VSS
outline method [40,41]. In these works plan of sliding-mode
controllers under the supposition of knowing the ideal
estimation of the objective slip was presented. An issue of
concern here is the absence of direct slip estimations. In
every past examination the partition approach has been
utilized. The issue was isolated into the problem of ideal slip
estimation and the issue of following the assessed ideal
esteem. J.K. Hedrick, et al. [42,43] proposed a change of the
method known as sliding mode control. It was picked
because of its power to its robustness to modeling errors and
disturbance rejection capabilities. Simulation results are
exhibited to delineate the capacity of a vehicle utilizing this
controller to take after a coveted speed direction while
keeping up consistent dividing between vehicles. Along
© 2015-19, IJARCS All Rights Reserved

these lines a sliding mode control calculation was executed
for this application.
e. Adaptive Control Method
Ting and Lin [44] suggested an method to include the wheel
slip constraint as a priori into control design so that the
skidding can be prevented. A control arrangement of wheel
torque and wheel steering is planned to renovate the creative
problem to that of state regulation with input limitation. For
the altered problem, a low-and-high gain procedure is useful
to construct the guarded controller and to enhance the
operation of the wheel slip under constraint. Simulation
shows that the projected control scheme, during tracking on
a snow road, is capable of limiting the wheel slip, and has a
acceptable synchronization between wheel torque and wheel
steering.
f. Intelligent Control Method
An anti-lock braking system (ABS) is one of the main car
attributes, which due to its efficient safety and driving
comfort has rapidly become a mandatory feature in each
personal car. During the heavy braking process the vehicle
wheel velocity abruptly drops to zero providing so called
wheel lock. Steering is impossible with the locked wheel,
what causes the lateral instability, in other words the loss of
the transport control. It is therefore begun to be important to
avoid the wheel lock (preserve the vehicle control) and stop
the
vehicle
as
fast
as
feasible.
An ABS aim is to provide a rapid transport stop to avoid the
collision with other traffic objects whereas keeping the tire
slip as low as necessary. In recent years many universities
and independent research and development centers in
cooperation with the vehicle manufacturers have been
working on an ABS control algorithm design[45].
4.
SLIP
CONTROL
CONTROLLER

USING

BANG-BANG

Mathematical demonstrating is the first and most essential
errand in building up a control calculation for the antilock
braking system, on the other hand, modeling an antilock
braking system is actually a difficult task, by considering the
ABS dynamics being highly nonlinear and time dependent.
In any case, in this examination, a disentangled model for
controller design and Processor simulation is used. The
road- tire grating model is given as the Magic formula
describing the nonlinear connection between attachment
coefficient and wheel slip.
In this investigation a streamlined quarter car vehicle model
experiencing perfectly straight line braking maneuver has
been considered. Consequently there is no horizontal tire
drive and furthermore yaw don't exist. Moreover, the
accompanying presumptions are considered in the
demonstrating procedure a) There is no steering
information. b) Only longitudinal vehicle movement has
been considered. c) The sprung mass is thought to be
associated with unsprung mass with an inflexible body (no
damping impact) d) Approximating the vertical powers as a
static esteem. The issue of wheel slip control is best clarified
by taking Wheel Dynamics as appeared in figure 5. The
model comprises of a single wheel connected to a mass m.
As the wheel rotates, driven by the inertia of the mass m
toward the speed v, a tire response force Fx is produced by
196
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the friction between the tire surface and the street surface.
The tire response force will produce a torque that outcomes
in a moving movement of the wheel causing a angular
velocity ω . A brake torque applied to the wheel will act

against the turning of the wheel causing a negative precise
increasing speed. The dynamics equations for the movement
of the vehicle are

Figure 5. Wheel dynamics

Figure 6. Free Body Diagram of Single Tire

𝑣𝑣̇ =

𝜔𝜔̇ =

−𝐹𝐹𝑥𝑥

(1)

𝑚𝑚

𝑟𝑟𝐹𝐹𝑥𝑥 −𝑇𝑇𝑏𝑏
𝐽𝐽

(2)

where, m is mass of the vehicle, v is vehicle speed, 𝜔𝜔 is angular speed of the wheel, Fx is tyre friction force, Tb is brake torque, r
is wheel radius and J is wheel inertia. Fz is vertical force as follows,

𝐹𝐹𝑧𝑧 = 𝑚𝑚𝑚𝑚

The tire friction force 𝐹𝐹𝑥𝑥 is given by

𝐹𝐹𝑥𝑥 = 𝐹𝐹𝑍𝑍 𝜇𝜇(𝜆𝜆)

where the friction coefficient μ is a nonlinear function of 𝜆𝜆 longitudinal tyre slip that is defined by

𝜆𝜆 = 1 −

𝜔𝜔𝜔𝜔
𝑣𝑣

(3)

(4)

(5)

and describes the normalized difference between the vehicle speed 𝜈𝜈 and the speed of the wheel perimeter 𝜔𝜔𝜔𝜔 . The slip value of λ
= 0 characterizes the free motion of the wheel where no friction force Fx is exerted. If the slip attains the value λ = 1; then the
wheel is locked (𝜔𝜔 = 0 ).
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5. SLIDING MODE CONTROLLER
A Sliding Mode Controller (SMC) is a Variable Structure
Controller (VSC). Mainly, a VSC incorporates various
distinctive consistent capacities that guide plant state to a
control surface, and the exchanging
among various capacities is dictated by plant state that is
represented by an exchanging function. Without lost of all
inclusive statement, consider the design of a sliding mode
controller for the following second order system:
𝑥𝑥̇ = 𝑓𝑓(𝑥𝑥, 𝑡𝑡) + 𝑏𝑏 𝑢𝑢(𝑡𝑡)
(6)
Here, we assume 𝑏𝑏 > 0. 𝑢𝑢(𝑡𝑡) is the input to the system.
The following is a possible choice of the structure of a
sliding mode controller
(7)
𝑢𝑢 = −𝑘𝑘 𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠) + 𝑢𝑢𝑒𝑒𝑒𝑒
Where 𝑢𝑢𝑒𝑒𝑒𝑒 is called equivalent control which is used when
the system state is in the sliding mode[59]. 𝑘𝑘 is a constant,
representing the maximum controller output. S is called
switching function because the control action switches its
sign on the two sides of the switching surface 𝑠𝑠 = 0 𝑜𝑜𝑜𝑜 𝑠𝑠 =
𝑒𝑒. where 𝑒𝑒 = 𝑥𝑥 − 𝑥𝑥𝑑𝑑 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥𝑑𝑑 is the desired state. 𝜆𝜆 is a
constant. The definition of ′𝑒𝑒′ here requires that 𝑘𝑘 in (1) be
positive. Sgn(s) is a sign function, which is defined as:
−1, 𝑖𝑖𝑖𝑖 𝑠𝑠 < 0
𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠) = �
(8)
1, 𝑖𝑖𝑖𝑖 𝑠𝑠 > 0
The control strategy adopted here will guarantee a system
trajectory move toward and stay on the sliding surface
𝑠𝑠 = 0 from any initial condition if the following condition
meets:
𝑠𝑠𝑠𝑠 ≤ 𝜂𝜂|𝑠𝑠|
(9)
Where 𝜂𝜂a positive constant that guarantees the system
trajectories is hit the sliding surface in finite time.
Using a sign function often causes chattering in practice.
One solution is to introduce a boundary layer around the
switch surface:
(10)
𝑢𝑢 = −𝑘𝑘 𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠) + 𝑢𝑢𝑒𝑒𝑒𝑒
𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠) is a saturation function that is defined as:
𝑠𝑠, 𝑖𝑖𝑖𝑖 |𝑠𝑠| ≤ 1
(11)
𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠) = �
𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠), 𝑖𝑖𝑖𝑖 |𝑠𝑠| > 1
This controller is really a persistent estimate of the perfect
transfer control. The outcome of this control plot is that
invariance property of sliding mode control is lost. The
system robustness is a function of the limit layer. A
variation of the above controller structures is to utilize a
hyperbolic tangent function rather than an saturation
function [46].
𝑠𝑠

𝑢𝑢 = 𝑘𝑘 tanh � � + 𝑢𝑢𝑒𝑒𝑒𝑒
(12)
0.05
It is proven that if k is large enough, the sliding model
controllers of (7), (11) and (12) are guaranteed to be
asymptotically stable.

control problem. The examine that has been carried out in
ABS control systems includes a broad range of complication
and challenges. Antilock Braking System with various
dissimilar control methods have been developed and
investigated on enhanced control methods are continuing.
The majority of these approaches entail system models, and
few of them cannot accomplish acceptable performance
under the changes of a variety of road circumstances.
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