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Abstract— Anti-lock Braking Systems (ABS) have been 

Developed to reduce tendency for wheel lock and improve 

vehicle control during sudden braking especially on slippery 

road surfaces. Sliding mode control is non-linear control 

method that alter the dynamics of a non-linear system by 

application of high frequency switching control. In SMC the 

feedback control law is not continuous function of time 

instead it switch from one continuous structure to another 

based on the current position in the state space. This 

discontinuity can excite unmodelled high frequency 

dynamics around a boundary layer of the sliding surface 

which involve the appearance of the chattering phenomenon. 

An intelligent fuzzy control method is very useful for this 

kind of nonlinear system. We develop a Fuzzy logic based 

sliding mode control scheme for ABS.  This controller 

designed with three control objectives consist of reduce 

stopping distance, limit slip ratio and improve the 

performance controlling system on the ABS brake. 

Key words: Anti-Lock Braking System (ABS), Wheel Slip, 
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I. INTRODUCTION 

The locking phenomenon during emergency braking on 

slippery surfaces causes long distance braking and also has 

bad effects on stability of vehicles. Antilock braking system 

(ABS) prevents the wheel slip problem, helps the driver to 

keep safely control of the vehicle, minimizes the stopping 

distance and eventually, enhances the ability of steering the 

vehicle. Since ABS introduction in the 1950s, various control 

methodologies have been developed. Achieving satisfactory 

performance is the main goal of all control methods for ABS 

which has been developed or is under research. Because of 

nonlinearity in the vehicle braking dynamics, variation of 

model parameters over a wide range due to variation of road 

surface and vehicle conditions, operation of controller at 

unstable equilibrium point in an optimal performance and 

uncertainty of sensor signals, many difficulties arise in design 

of a controller. Therefore, robustness of the controller is an 

important issue which is to be addressed in solving these 

problems. Sliding mode controller is a good candidate that 

because of its effectiveness in a nonlinear system, has widely 

been investigated in recent decades. But an ideal sliding mode 

does not exists in practice since it would imply that switches 

work at an infinite frequency. Due to real realizations of the 

switches, as a limited switching frequency and commutation 

delays, as well as limitations in the feedback control, such as 

discontinuities, discretization, and time delays, a particular 

dynamic behavior appears in the vicinity of the sliding 

surface and it is commonly referred as chattering. 

This is a serious drawback in the sliding mode 

control utilization as it can degrade the performance of the 

system, causes stress in the actuators and maximizes control 

effort. 

Chattering can be minimized by the use of smooth 

functions instead of the sign function (like saturation or 

sigmoidal functions) in first-order sliding modes or by 

higher-order sliding modes. 

Another suitable control strategy to tackle these 

problems is fuzzy control (FC). In recent years, fuzzy control 

is a hot spot which is researched at home and abroad. The 

mathematical model is not required by fuzzy control. Fuzzy 

control has many characteristics such as fast response speed, 

small over shoot, low sensitivity about brake specific 

parameters better robustness and flexibility .But the 

performance removing the system steady-state error is bad for 

ordinary fuzzy control, the control parameter need to be 

determined by repeated experiments. At the same time, the 

requirements of Anti-lock Braking System adaptive is 

difficultly satisfied for a variety of traffic by fuzzy control. 

However, in these controllers the large number of fuzzy rules 

makes the analysis complex. The other approach that is 

proposed in the design of ABS controller is fuzzy sliding- 

mode control (FSMC) design method which is known as a 

hybrid control strategy and is the combination of fuzzy 

control and sliding mode control method. The main 

advantage of the FSMC is its requirement for fewer fuzzy 

rules than FC does and also FSMC system has more 

robustness against parameter variation [10]. 

The principle aim of this research is to propose a 

hybrid controller, comprised of a sliding mode controller and 

a new fuzzy controller. The behavior of the antilock braking 

system with conventional sliding mode controller is not 

suitable, because when the vehicle tends to stop and speed is 

approaching zero, oscillation in output signals is observed. 

For overcoming this problem a fuzzy controller is designed 

so that the overall performance in emergency braking 

maneuver improved. 

II. SLIDING MODE CONTROL (SMC) 

Sliding mode controllers (SMCs) can be used for control of 

uncertain systems or systems whose modeling information is 

poorly known. A SMC has to be designed in such a way that 

first it guarantees the reachability of the sliding surface and 

then the stability of the sliding motion on the sliding manifold 

in spite of disturbances or parameter variations in process. 

In practice, an ideal sliding mode does not exist 

because the switching frequency of the control devices has a 

finite limit. In other words, there is not any switching device 

may switch to an infinite frequency (indeed this organ 

predicted to deliver an infinite energy). The discontinuity can 

excite unmodelled high frequency dynamics around a 

boundary layer of the sliding surface which involve the 

appearance of the chattering phenomenon, and which is 

characterized by large oscillations around the Surface. 
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Fig. 1(a): Show the Chattering Phenomenon 

Let a non-linear system be represented as; 

λn = g(λ, t) + u(t) + d                        (6) 

Where, λ is the state vector, d is the disturbance, u is 

the input and g is a nonlinear time varying function whose 

estimate is ǵ(λ, t). 

A control law is developed to maintain the actual 

wheel slip (λ) at the set-point (λsp) by nullifying the error (e) 

which is the difference between λ and λsp. The time varying 

surface in which this error is zero is the sliding surface. It can 

be mathematically written as; 

𝑆(𝜆; 𝑡) = (
𝑑

𝑑𝑡
+ 𝜉)

𝑛−1
𝑒 ;                         (7) 

Where, ξ is a positive constant. 

For a second order SMC, putting n as 2 yields, 

𝑆(𝜆, 𝑡) =
𝑑𝑒

𝑑𝑡
+ξe                               (8) 

Consider a Lyapunov function   𝑉(𝑠) =
1

2
𝑠2 

The condition for stability can be defined as 

    (9) 

Hence, the condition for reaching the sliding surface 

in finite time is 

   (10) 

From equation (8) we can have, 

    (11) 

Therefore, 

 

   (12) 

Thus, the control law can be written as; 

  (13) 

 

III. FUZZY SLIDING MODE CONTROL (FSMC) 

The value of gain (K) in control law given in equation (13) 

needs to be applied by large amount to move the system to 

the sliding surface and vice versa. Hence, the fuzzy logic 

component has to be developed in such a way that when 

increases, the absolute value of the control signal is also to be 

increased. The fuzzy logic is developed with one input (s) 

obtained from error and rate of change of error and one output 

(braking force). A Mamdani type fuzzy inference system with 

triangular membership functions are defined over the range 

of input and output variable values, which are represented in 

seven linguistic variables as given in Table 1. The most 

widely used Centroid method is employed for 

defuzzification. The defuzzified output signal of fuzzy logic 

(Kf) can be mathematically represented as, 

        (14) 

Where, μA(z) is the degree of membership of 

element ‘z’ in the Fuzzy set‘ 

NB Negative Big 

NM Negative Medium 

NS Negative Small 

ZE Zero 

PS Positive Small 

PM Positive Medium 

PB Positive Big 

Table 1: Fuzzy linguistic variables for FSMC 

The developed rule base is presented in Table 2. 

If ‘s’ is Then ‘u’ is 

NB PB 

NM PM 

NS PS 

ZE ZE 

PS NS 

PM NM 

PB NB 

Table 2: Fuzzy rule base for FSMC 

The FSMC performs the control action by moving 

the system towards the sliding surface and maintaining on the 

sliding surface continuously. The relationship between 

sliding mode hyperplane and fuzzy hyperplane is depicted in 

Fig. 1(b). This shows the way how the system states at the 

sliding surface are taken as input to the fuzzy logic and 

thereby the fuzzy logic generates the gain ‘Kf’ based on the 

rules given in Table 2. 

 
Fig. 1(b): Mapping between sliding mode and fuzzy 

hyperplane 

IV. SIMULATION RESULTS & DISCUSSIONS 

MATLAB-SIMULINK is used for the simulations to assess 

the performance of proposed controller. As every system in 

real life is experiencing the noise, this is imitated by adding a 

band-limited white noise at slip and velocity measurements. 

The noise power in slip measurement is selected as 10−5 and 

for the speed measurements it is selected as 0.2 

A. Simulink Model of Sliding Mode Control 

Fig. 2 shows the graph of the output for the vehicle when 

SMC controller is used the graph is a measure of the 

deceleration of the vehicle after brakes have been applied. 

The blue line marks the linear velocity of the vehicle while 

the yellow line shows a measure of the wheel velocity of the 

vehicle. 
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Fig. 2: SMC controller 

 
Fig. 3: Vehicle and wheel velocities during braking with 

SMC 

From the above graph we can clearly observe that 

the vehicle comes to a halt after 13.89 seconds after brakes 

have been applied. When both the lines are the same there is 

no wheel slip. After   t= 0.2 seconds a slip of 0.2 is demanded 

which is achieved by applying the brakes. The controller has 

the desired effect of tracking the desired slip at the required 

value of 0.2. However this is achieved after 0.2 seconds 

which is relatively a slow reaction considering the urgency 

and safety issues of the vehicle. Ideally there has to be a faster 

tracking. 

Fig 3 gives the graph of the slip ratio of the vehicle 

in case of SMC controller. In the figure the green line 

indicates the actual slip generated. The desired slip is 0.2 

 
Fig. 4: Slip ratio Vs. Time 

From the fig 4 we can see the graph of the slip ratio 

vs time for the vehicle in case of SMC controller. We can 

clearly see that the actual slip takes about to 13.896 seconds 

before settling with the required fixed slip of the vehicle. 

Thus the settling time for wheel slip in case of SMC controller 

is close to approximately 13.89 seconds. 

From the fig 5 we can see the graph of stopping 

distance vs time for the vehicle in case of SMC controller. 

1) When the value of gain is 100 the stopping distance of 

the sliding mode control is approximately 576.487cm. 

2) When the value of gain 200 the stopping distance of 

sliding mode control is close to 491.311cm 

3) When the value of gain 300 the stopping distance of 

sliding mode control is close to 462.908cm 

 
Fig. 5: Stopping distance of SMC 

B. Simulink Model Fuzzy Sliding Mode Controller (FSMC) 

 
Fig. 6: Simulink Model Fuzzy Sliding Mode Controller 

(FSMC) 

The fuzzy inference system used for the controller along with 

membership functions and rules used has been shown in the 

previous chapter. 

 
Fig. 7: Vehicle and wheel velocities during braking with 

FSMC 

 
Fig. 8: Slip ratio Vs. Time 

From the fig. 7 we can clearly see that the vehicle 

comes to a halt after 13.730 seconds. The initial speed in both 

cases was considered to be 88 Km/hr. By comparing fig. 3 

and fig 7 we observe that the fuzzy sliding mode controller 

has better tracking as compared to the SMC controller. The 

stopping time is also reduced by 0.166 seconds. More 

strikingly the tracking in case of the fuzzy controller is 

immediately provided at the instance of braking. When 
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compared with that of the SMC controller which takes 0.2 

seconds for the same, the fuzzy Sliding mode controller reacts 

much faster to the application of braking which clearly 

suggests it is a more stable approach with superior tracking 

capability. 

From the graph of fig. 8 we can see the curves for 

the desired wheel slip and actual wheel slip in case of the 

fuzzy controller. We can clearly see that in case of the fuzzy 

sliding mode   controller the settling time is approximately. 

166 seconds before it achieves the required slip. 

Thus when compared to that of the Sliding mode 

controller we can clearly see that the settling time for fuzzy 

controller slip ratio is much less. Thus the system comes to 

stabilize quicker in case of the fuzzy logic based controller. 

Thus from the above comparisons, we can conclude that the 

fuzzy controller is more robust and a better control scheme 

when compared to the conventional sliding mode control 

scheme 

From the fig 9 we can see the graph of stopping 

distance vs time for the vehicle in case of FSMC controller 

1) When the value of gain is 100 the stopping distance of 

FSMC is close to 573.154cm 

2) When the value of gain is 200 the stopping distance of 

FSMC is close to 486.676cm 

3) When the value of gain is 300 the stopping distance of 

FSMC is close to 457.156cm 

Fig. 9: Stopping distance of FSMC 

V. COMPARISON PARAMETERS BETWEEN CONVENTIONAL 

SMC AND PROPOSED FSMC 

Gai

n 

Stopping 

Distance 

(cm) 

Reductio

n In 

Stopping 

distance 

(%) 

Settling 

Time 

(Seconds) 

Reduct

ion In 

Settlin

g Time 

(%) 
SM

C 

FSM

C 

SM

C 

FSM

C 

10

0 

576.

487 

573.1

54 
.57 

13.8

96 

13.7

30 
1.194 

20

0 

491.

311 

486.6

76 
.94 

12.6

54 

12.4

22 
1.833 

30

0 

462.

908 

457.1

56 
1.24 

12.2

53 

11.9

85 
2.187 

40

0 

448.

985 

442.7

17 
1.39 

12.0

57 

11.7

77 
2.322 

Table 3: Comparison Parameters between Conventional 

SMC and Proposed FSMC 

VI. CONCLUSION 

A novel hybrid controller is proposed that consists of a sliding 

mode controller and a fuzzy controller. The performances of 

the proposed controller and the common sliding mode 

controller based on the detected road condition are compared 

through simulation. As an important conclusion, it is shown 

that the time response oscillations in ABS with hybrid 

controller is much less than ABS with the common sliding 

mode controller, so the vehicle has adequate lateral stability 

and good steerability in various road conditions and road 

transitions.. 
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