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REVIEW ARTICLE 

A Systematic Review of Emergency Braking Assistant System to Avoid 
Accidents Using Pulse Width Modulation and Fuzzy Logic Control Integrated 
with Antilock Braking 
Shital Suresh Gunjate* and Sanjay A. Khot   
Department of Technology, Shivaji University Kolhapur, 416004 Maharashtra, India 

ABSTRACT - The increasing number of fatalities in nations across the world because of a 
deficiency of protective technology in automobiles has created a chaotic scene in recent years. 
However, the car driver’s Perception-Reaction Time (PRT) plays an important variable during 
such accidents and emergencies. The Anti-Lock Braking System (ABS) seems a viable 
technology, which today is used to prevent tires from sliding during quick brakes, whereas 
EBS is designed for braking assistance during tuning or emergency braking. Physical weight, 
rotational rigidity, diameter, and tire material strength of the vehicle are all used to simulate 
them. Advance Driver Assistance Systems (ADAS), which include Anti-lock brakes (ABS) and 
Emergency Braking Systems (EBS), are the foremost viable technique for minimizing the 
environmental impact and uncertainties of driving road transportation. The presented 
systematic review aims to deliver a ground-level analysis that can be used to enhance the 
safety of motor vehicle driving, reduce wheel slip to achieve the best possible stopping 
distance in commercial and specialized vehicles, and influence future transportation. In this 
study, the most widely utilized technologies for ADAS have been reviewed and discussed. 
Various sensors used to improve braking and vehicle performance have been systematically 
studied in the context of low power-consuming techniques like pulse width modulation. An 
analysis of emergency braking procedures performed by riders with varying degrees of 
braking expertise was conducted using previously collected experimental data, and the results 
were used to conclude potential loss of control situations. 
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1.0 INTRODUCTION 
The automotive industry has long worked which give the finest experience of travelling possible; still, the most 

challenging task they face is ensuring absolute comfort [1]. The Anti-Lock Braking System (ABS) is one such technology 
that today is just a pre-attached technique to the deployment of the braking system to prevent tires from sliding during 
quick brakes [2]. ABS is designed in order to prevent tires from slippage during timely stops. Physical weight, rotational 
rigidity, diameter, and tire material strength of the vehicle are all used to simulate them. The tires are the foremost sign 
of the wheel since tire conditions and poignant are crucial in the movements of the automobile [3]. Physical models, 
analytical models, and empirical models are the three types of tire concepts that may be found. To anticipate tires’ elastic 
behaviour and pressures, the actual model was developed [4]. The solution of the momentum equation in those systems 
necessitates the use of complicated mathematical strategies [5]. 

In automobiles, an ABS is a computer-controlled brake mechanism that retains supervision of the steering stabilization 
of the automobile when the car is stopped in an urgent situation or when stopping on a slick highway by keeping the 
wheels from locking up. Another benefit of adopting ABS is that the braking range is reduced when braking in a panic or 
driving on a slick surface. According to Rajendran [6], this is accomplished by employing the most significant amount of 
braking force possible while ensuring that the wheels don’t always get seized. Traditional anti-lock braking systems have 
certain drawbacks in terms of management and functionality. One major disadvantage of traditional ABS is the slippage 
management method, which maintains the slippage at an appropriate limit instead of at the ideal level [7].  

The friction factor is found to be a non-linear dependency of the wheel slippage, according to the findings of Chereji 
[8]. The ABS regulator is designed to maintain the vehicle slipping to a certain limit where the surface wheel friction 
factor is at its greatest, allowing for the best possible overall effectiveness. Identifying the real route condition with any 
relevant instrument and afterwards utilizing that information to optimize the functioning of the ABS microcontroller are 
likewise very tough tasks to accomplish. Sliding control technique [9], fuzzy logic [10], and neural networks [11] [62] 
are only a few of the regulatory techniques that have been published in the research to improve the ABS functionality. 
Figure 1 depicts the fundamental circuit of an anti-lock driving technique and a brake assist system [12]. It’s generally 
accepted that the car has front-wheel drive. The motor’s braking torque is sent to the front wheel and used to stop the 
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vehicle. There are four wheel cylinders and speed sensors in addition to the master cylinder, vacuum booster, and 
hydraulic control unit that make up the hydraulic braking system. 

 
Figure 1. Circuit diagram for anti-lock braking system and emergency brake assistance showing components and 

working  

Regulators must be modified via extensive modelling and practical experimentation since the automobile functionality 
is systematically reviewed in various situations to optimize the ability of the mechatronic equipment. The ABS must be 
specifically engineered for rapid stopping and acceleration to meet the demands of a wide range of road characteristics. 
Increased brake system longevity, then, becomes critical under these circumstances. The results demonstrate the effect 
on vehicle dynamics of emergency braking methods carried out by riders with varied levels of expertise. The design of 
the anti-lock braking modulator is optimal for smaller automobiles. The research demonstrates that the complex logic 
used to regulate brake pressure accounts for variations in road conditions. The brake pressure was effectively maintained 
within a tight range using the sliding mode control. Multiple considerations are included in the study. The effect of the 
rear drum braking system, the intelligent brake pressure management logic, and a fuzzy controller are all factors 
considered for light automobiles. Different research has been analyzed to conclude the system’s control performance; the 
extensive study and the majority of them agree that combining ABS and EBS may significantly reduce traffic accidents. 

1.1 Anti-Braking System in Case of Emergency Braking 

An essential mechanism is needed to stabilize the automobile whenever it becomes necessary to brake it. In an urgent 
situation because existing road scenarios and automobile operators’ operating patterns might change. The friction between 
the tires and the road surfaces continuously decreases when the brake is used. In the event of an urgent stopping or panicky 
stopping situation, an ABS seems to be a highly practical alternative, as it prevents the wheel from sliding on the roadway 
and allows the driver to handle the turning significantly more effortlessly [13]. An ABS’s job is to identify locked wheels 
and promptly release the brake to prevent sliding and vehicle collisions. In this method, vehicle drift might be minimized, 
ensuring the protection of both the driver and the cars [14]. Figure 2 shows how an anti-brake system might be useful 
when driving. ABS operates in closed-loop systems with inputs and outputs. ECU instructions regulate braking system 
pressure control and wheel speed sensors. The ECU compares wheel sensor inputs to calculate wheel acceleration or 
retardation. This data controls wheel braking pressure. ECU orders may decrease, hold, and raise brake pressure.  

 
Figure 2. Demand for an anti-lock braking system, how effectively steering control in ABS avoiding collision 
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ABS is widely acknowledged as making a significant impact on safe driving. The original purpose of ABS [15-16] 
was to shorten the braking range of aircraft. However, owing to its capacity to assist operators in stopping the automobile 
in a relatively short length in a safe manner [17], such a technique is currently one of the main objectives for road vehicles. 
ABS is designed to manage wheel slippage to achieve optimum frictional forces while maintaining driving steadiness. 
This allows the vehicles to come to a complete rest within the lowest amount of time while still preserving steering 
command [18]. The friction coefficient is widely recognized as a non-linear factor of slippage. The controller 
architecture’s ultimate purpose is to manage the wheels’ motion in an unexpected breakage condition. The ABS 
functionality is dependent on a vehicle’s wheel movement being regulated and the longitudinal slippage being maintained. 
At the same time, the braking support system assists the drivers in keeping the proper braking force. Slippage 
circumstances occurred while braking pressure was being exerted on a rotating wheel. The wheel circumference speed 
(Vw) would be lower than the vehicle velocity (Vv). Slip, λ, is defined as the difference in velocity between the 
automobile and the circumference speed of the wheels, normalized to the vehicle velocity [10],[19]. 

λ =
𝑉𝑉𝑣𝑣 − 𝑉𝑉𝑊𝑊
𝑉𝑉𝑣𝑣

 (1) 

When the wheel slippage is nil, the lateral coefficient of resistance approaches nil and begins to drop as the wheel 
slippage rises. Lateral resistance is created by the vehicle’s lateral stability, driving capability, and handling. At no 
slippage, the longitudinal coefficient of resistance is nil. If the braking effort is not lowered immediately at the same 
moment, the loss of traction force causes a fast rise in the slide and final locking. Table 1 illustrates the road injuries and 
fatalities data as per World Health Organization (WHO) report. 

Table 1. Number of injuries and fatalities in 2017, as per WHO report [78],[79] 

 

Several studies [20] have created ABS for simplified vehicle/tire/road dynamics utilizing genetic fuzzy controllers; 
aside from that, a dynamic structural regulator can be used to design an ABS for a simplified vehicle dynamic framework 
[21]. Simultaneously, Bobyr [22] developed an ABS using adaptive fuzzy modulation, whereas Zhang [9] uses adaptive 
control to enhance the active ABS. When it comes to robot navigation, fuzzy logic has been judged suitable [23]. Largely, 
it’s due to the incoming information being often insufficient or erroneous [24]. Fuzzy logic in navigation has always been 
the subject of a plethora of studies [25]. For a standard operation, the robots must be equipped with a variety of equipment 
to gather data about their surroundings. The author used fuzzy logic, fuzzy interpretation, and defuzzification to make 
judgments about the robot’s actions to allow the robot to travel on its avoiding obstacles [26]. Figure 3 illustrates the 
Fuzzy controller working flow diagram. It’s a group of things where the boundary between belonging and not belonging 
is gradual rather than sharp. This fuzziness and ambiguity of fuzzy set boundaries make them helpful for approximation 
models [101]. 
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Figure 3. A flow diagram for a fuzzy controller, rule-based fuzzification and defuzzification 

Injuries and fatalities due to road accidents are a significant concern worldwide. These fatality numbers are the highest 
count taken into account worldwide due to these road accidents. Reducing these accidents and the fatality rates due to 
such is a challenging task in the automotive sector and accidental prevention programs. The car manufacturer is looking 
forward to increasing the safety of the vehicles and passengers too. In the current scenario, the ABS technology is in 
practice to avoid skidding and brake locking. The recent EBD and EBA are emerging technologies in the automobile 
sectors. This review primarily focuses on different controlling techniques of ABS systems. The performance of the ABS 
can be improved in addition to EBA. To assess the performance of the present systems and to provide comparisons 
between various systems, a uniform testing process can be developed for validations. The responsiveness and precision 
of EBA systems might be enhanced by algorithms and optimization, resulting in greater protection for users. Also, it can 
increase the safety of the vehicle. Cost-benefit evaluations might be conducted in future work to establish the financial 
viability of these systems and find methods to cut expenses without sacrificing safety in the future. 

This work aims to thoroughly investigate the deformation that occurs when an emergency braking assistant system 
that employs pulse width modulation and Fuzzy logic control is combined with antilock braking. The outline of this 
research is as follows, Section 2 elaborates on the technique for reviewing previous related research; Section 3 presents 
an ABS working concept; and in Section 4, the author provides the different ABS controlling techniques. Section 5 
reviews different ABS controlling techniques; in Section 6, the author discusses the fuzzy controlling techniques 
employed in this research; and Section 7 exhibits the pulse modulation. Pulse width modulation and its impacts were 
discussed in Section 8, and Section 9 discussed the role of parametric analysis in determining ABS performance. Section 
10 deals with emergency braking assistance. The EBA and ABS integration can be found in Section 11. Section 12 
discusses the integration effects as well as examines these outcomes. Section 13 is on optimization and simulation research 
methods for determining braking times and stopping distances are outlined, and the limitations and imminent directions 
of the present review are discussed in Section 14. Finally, the discussion and conclusions are presented in Section 15. 

2.0 REVIEW METHODOLOGY 
The method presented in this systematic review (SR) has been subjected to the PRISMA declarations, known as 

preferred reporting items for systematic reviews and meta-analyses. Its method to a minimal collection of meta-analyses 
and systematic reviews concerning the shreds of evidence. It has often been employed for literature reviews examining 
interventions’ impact. However, it is often used to conduct systematic reviews with desired outcomes other than 
evaluating interventions— viz prevalence, diagnosis, or prognosis.  

2.1 Search Strategy 

As a part of this work, a Systematic Literature Review (SLR) [105] focusing on ABS based on PWM and FLC is 
being conducted to assist us in better understanding how to get overcome or avoid collisions and accidents on roads that 
occur due to the results of emergency braking or various other factors. There are, in total, four primary academic literature 
collections that serve as the initial information sources: Scopus databases [27], Science Direct, Springer, and IEEE. 
Researchers conduct SLRs to acquire data about pertinent studies in that discipline when exploring a specific research 
concern or subject area. The most recent search was performed on January 15, 2022, and several keyword searches in 
databases were performed in order to find important research content. With no time limit, the critical terms were searched 
in the topics and titles, as well as the relevant (Scopus and others) topics abstract, titles etc. With no constraint on time, 
the vital phrases were searched like, the topic and title, as well as the topic’s abstract and relevant titles. The only document 
categories permitted were articles, reviews, proceedings papers, bibliographies, and articles, in addition to the papers, 
articles, or reviews from the conferences. 
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Table 2. Search strategy keywords 
 Keywords 
1 Need of Emergency Braking. 
2 What is ABS? 
3 ABS integrated with PWM to avoid accidents 
4 ABS integrated with FLC to avoid accidents 
5 ABS integrated with PWM and FLC to avoid accidents 
6 Controlling techniques of anti-brake system 
7 Tackle the problem of ABS using fuzzy. 
8 Accident prevention techniques 
9 Reducing raids collisions 
10 Employing sensors for braking and speed limiting 

2.2 Scrutinizing of Available Studies 

The prime studies (PS) selection technique is split into four stages: recognition, admissibility, inclusion, and numerous 
screening. Figure 4 illustrates the database search of publications for a systematic reviews flow chart. The preliminary 
stage includes recognizing each potentially significant study; there were 6407 results in the first scrutinization. The 
proceedings of the conference were obtained from a variety of databases and sources, including full-text publications, 
science direct, Springer, Web of Science, and IEEE Xplore. To eliminate duplicates, all findings were independently 
verified and scrutinized, yielding an overall of 6731 studies, 23 per cent of which focused exclusively on Anti Braking 
Systems. At this time, 6621 data files have been eliminated because they do not meet the inclusion criteria, most 
significantly in the research area, i.e. the field of study and optimization topic discipline. These two records, as well as 
those classified as unreliable, were forwarded for additional review. These two records, in addition to those recognized 
as ambiguous, were referred for further review. The further publications’ data and abstracts were examined in order to 
define what research is appropriate and eliminated from the review. The subsequent measures have been used, as 
deliberated in Table 3. 

 
Figure 4. A database search of publications for the systematic reviews flow chart, i.e., scrutinization of the articles 

Table 3. Exclusion and inclusion principles for SR 
Inclusion criteria Exclusion criteria 
I1: A peer review paper is required. E1:  Papers that do not focus on the prevention methods of 

accidents 
I2:  The paper should be in the English language 

only. 
E2:  Grey literature 

I3:  There is no specific date for publishing E3:  Identical research and publications 
I4:  Research or full-article publications should be 

included. 
E4:  Ph.D. theses, working papers, and project deliverables 

I5:  The Paper standard was blind to the impact 
factor. 
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2.3 Objective of Study 

This research aims to use the behavior information and different available technologies to assess and enhance 
individual safety on the road. This review concentrates on techniques to improve the feasibility of an anti-braking system 
based on pulse width modulation and fuzzy logic control to avoid road accidents. Additional information and 
computational approaches are examined concerning the issue. A further goal of this systematic review (SR) is the setting 
up of an open-source information platform to assist forthcoming investigation on this topic by gathering and exploring 
substantial findings from past research, summing up and contrasting, and also identifying the challenges and constraints 
that have taken place as a result of this work. It is a result of this that the following study topic is addressed: 

RQ 1: To achieve steering stability while emergency braking. 
RQ 2: To minimize the braking distance and wheel slip. 
RQ 3: To achieve an optimum braking operation at low energy consumption. 
RQ 4: To reduce road accidents through optimum braking. 

3.0 ABS WORKING PRINCIPLE 
The ABS aims to stop automobiles as quickly as possible within a restricted range. Non-ABS automobiles may lock 

up upon stopping, leading to a longer stopping distance, loss of steering function, and, in the worst case, an accident. The 
ABS mechanism includes a hydraulic monitoring framework, a wheel movement detector, a retardation detector, 
regulators, and a hydraulic compressor. The hydraulic braking systems are controlled by this mechanism using sensing 
device data. When the machine senses abrupt wheel locking, the anti-lock braking system reduces hydrostatic force in the 
brake cylinder to release the braking and prevent freezing. Network central cylinders manage brake cylinder pressure. 
Hydraulics link the primary and braking cylinders. Because there is no sudden deceleration when using the brakes, the 
valve opens, and the force in the reservoirs matches the force in the master cylinder; therefore, the fluid pressure must 
first travel through the chambers to reach them. Figure 5 shows tire forces. The sensor detects sudden stops and moves 
the control valve. Control valves correctly measure actuator pressure. The back slip causes the valve between the chamber 
and the master cylinder to close when the chamber upstream of the actuator has more pressure. As the reservoir fills, the 
actuator moves, opposing the fluid flow, increasing its capacity. To prevent wheel lockup, the hydraulic fluid pressure is 
dropped and brakes are released. 

 

(a) (b) 
Figure 5. The forces that are exerted on the tire when it is either (a) being driven or (b) being braked, the forces which 

are responsible to retard the motion of the wheel from the pedal force [28] 

The traction control system of the vehicle is responsible for determining whether or not the car’s wheels have lost 
traction. When the system detects a wheel that is beginning to slide on the pavement, it will either automatically apply 
the brakes to that particular wheel or reduce the amount of power that is being sent from the engine to the wheel in 
question. It is possible for the vehicle to become unstable and unsafe if the wheels lose their hold on the road. This puts 
everyone in the vehicle at risk. This kind of loss of traction is typical on roads that are snowy or icy, as well as during wet 
weather [29] 

Improved safety and reduced braking length may be achieved by the use of an ABS as an automated vehicle 
technology. According to [30], the antilock braking system is getting close to its ideal operating limit. Stopping on a 
snowy or moist road pavement or in a stressful scenario might necessitate the use of an antilock mechanism. Brake effort 
must be lowered to limit wheel slippage, and, as a result, wheel velocity must rise and, therefore, the slippage ratio reduces 
when the wheel slips. Subsequently, the brake power is raised whenever the slippage ratio reaches a low required value, 
and the cycle repeats [61]. 

ABS typically employs hydraulic valve regulation to manage the brake pedal force. The bonded graphing approach 
was used to simulate the hydraulic braking mechanism by Sudin [31]. Sliding mode regulators for ABS were presented 
in [33]. All these parts work together to make ABS work [34]: braking solenoid; lever arms; wire; returning springs; rods; 
camshaft; rotors, and braking pads. A diagram of an ABS is shown in Figure 6. When the ABS module detects a low-
speed signal from the wheel speed sensor, it tells the brake control unit to ease up on the brakes for that particular wheel. 
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To lessen the power of the brakes, the hydraulic pressure operating on that wheel may be lowered. The ABS 
microcontrollers control motor power, impedance runs parallel to the motor, and motors connect the lever arms. The 
cable’s other end connects camshaft-driven arms and levers, and the returning springs start again.  

 
Figure 6. Topology of the ABS system regulation of ABS interface with brake servo 

Non-linear theories of tire resistance predominate the following the notion of friction coefficient [34]: 

𝜇𝜇 =
�𝐹𝐹𝑥𝑥2 + 𝐹𝐹𝑦𝑦2

𝐹𝐹𝑧𝑧
 (2) 

Under specific assumptions of constant linear and rotational speed values, Pacejka’s magic formula [35] can calculate 
longitudinal forces Fx and lateral forces Fy. The normal force is denoted by Fz. This model can’t show modest slippage 
and large forward and lateral sliding effects during the lockout. Figure 7 shows the slippage friction curves from [32]. For 
each of the two extremes of longitudinal slip, a different brake force signal is generated, and as a result, the brake power 
alters in the following ways [34].  

𝜏𝜏𝑖𝑖 = �
𝜏𝜏𝑚𝑚𝑚𝑚𝑥𝑥                                 𝜎𝜎𝑥𝑥 < 𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙
𝜏𝜏𝑖𝑖−1                  𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙 ≤ 𝜎𝜎𝑥𝑥 ≤ 𝜎𝜎ℎ𝑖𝑖𝑖𝑖ℎ
0                                     𝜎𝜎𝑥𝑥 ≥ 𝜎𝜎ℎ𝑖𝑖𝑖𝑖ℎ

 (3) 

 

 
Figure 7. Road conditions and slide friction graphs for a range of vehicle speeds 

 
Figure 8. The slip ratio for a variety of road conditions, the optimum slip value lies between 0.1 to 0.2  
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Figure 8 depicts slip–friction curves for a ten m/s vehicle on several routes. This graph demonstrates that slippage 
raises the friction coefficient to its peak and lowers it monotonically. The steering mechanism fails if the wheel is frozen 
(x = 1), which is absolutely unacceptable. Slippage should be managed within a range to produce a strong friction force 
to assist steering and lateral stability and minimize braking range. A sweet spot is an area with constant slippage but 
quick, open-loop instability. Additionally, onboard diagnostics seldom indicate road conditions. ABS slip ratios should 
be 0.2-0.25. This option balances the vehicle’s linear velocity with a near-maximum friction factor on all road conditions, 
eliminating the requirement for road condition detection [34]. 

4.0 ABS CONTROLS 
The development of ABS brake systems faces several challenging factors: a) the regulator must handle at an unsteady 

equilibrium position for optimized results, b) the highest possible brake pedal-torque could differ over a broad range 
depending largely on route surfaces, c) the tire slippage evaluation transmitter, that is critical for regulator performance, 
is inherently unpredictable, d) tire slippage ratio varies significantly and sharply on harsh routes owing to tire bouncing, 
e) braking discs coefficient of resistance variations, and f) the braking system includes transport services [36-37]. Various 
anti-brake systems generally used to control vehicles in case of hard braking or emergency braking are as follows. 

i. Four-wheel ABS and Rear-wheel ABS 

The four-wheel anti-lock braking system (ABS) ensures the utmost vehicle braking stability and driver agility. ABS 
prevents wheel freezing on all-wheel in automobiles with ABS on all four wheels. The driver has more control over the 
car, making it simpler for the user to maintain control. The amount of brake pressure that must be applied to stop is now 
determined. The rear two wheels of Lorries, buses, and sports automobiles are generally equipped with ABS. The only 
back wheel of the car may lock in these situations. The operator needs to understand that perhaps the ABS mechanism is 
only put on the back wheel if someone pushes the brake and locks the wheels since the mechanism is not as efficient as 
the 4-wheel ABS. The operator is responsible for adjusting the weight upon that braking pedal individually. The driver 
may therefore ensure the safe operation of the vehicle. While also making it easier to guide the vehicle in the appropriate 
trajectory. The four, three, and one-channel ABS models are shown in Figure 9 [28]. 

 
Figure 9. Control methods for different types of ABS, actuation of front wheel or rear wheel or, in some cases, both the 

frontal and rear actuation 

ii. Four-channel four-sensor ABS 

All four wheels are equipped with sensing devices, and there are four pressure control systems, as the name implies. 
Each of the four wheels has a controlling system. As a result, all driving circumstances are suitable for driving and braking. 
Most of the vehicle’s body mass is on the forward wheel since the powertrain line and engine are positioned at the front. 
The front-wheel commands over 70% of the braking effort, while the other 30% of brake must be applied to the back 
wheels to maintain the vehicle’s balance. Because of the yawing force on the back wheel, while driving in varied road 
conditions, the car might become unbalanced. As a result, cars equipped with four-channel ABS use a low-logic option 
on the back wheels to preserve the vehicle’s equilibrium. 

iii. Three-channel three-sensor ABS 

Using three-speed detectors, the wheel and differential sun gear rotations may be counted. The forward wheels’ brake 
power is controlled by control valves, while the rearward wheels’ brake power is controlled by a singular solenoid valve. 
In simultaneous braking circuitry, this sort of hydraulic unit is most often utilized. 

iv. Two-channel ABS 

This sort of hydro-powered unit is very often utilized in heavy-duty automobiles like buses. Here, just the car’s 
back two wheels are under action. 

v. One-channel one-sensor ABS 
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SUVs, vans, and pickup trucks often use hydraulic systems of this sort. The back wheels are controlled by a single 
valve and sensing device, as the name implies. The three-channel ABS platform’s functionality is quite identical to this 
one. 

4.1 Control Techniques of ABS 

There are several ways to control a vehicle in the event of strong stopping or collision avoidance. This section explains 
the most common approaches. 

i. Classical control 

The ABS’s functionality has been improved by using the well-known PID-based mechanism. The dynamic response 
of an automobile may be analyzed and improved using a mathematical model developed by [38]. Equilibrium, steering 
and driving abilities may be improved with a PID controller installed on the vehicle’s back wheels. Different driving 
scenarios, including straight-line and J-turn movements, are used to test the brakes and turning capabilities of controls. 
Simulations indicate that the suggested model can adequately anticipate the vehicle’s reaction to its environment. 
Improved ABS for both two- and four-wheel steered vehicles minimize braking distances and boost stability in both 
directions. Using a yaw controller in conjunction with a back wheel controller improved the vehicle’s lateral stability and 
decreased the slippage slope. 

Gun-Baek [38] used a novel non-linear PID (NPID) controlling technique for a group of vehicle ABS issues to solve 
this issue. The PID algorithms offer the benefits of reliable control with the simplicity of fine-tuning. TruckSim 
simulations [44] reveal that NPID controllers had smaller stopping distances and greater velocity performance than 
ordinary PID controllers and loop-shaping controllers in different conditions [43]. 

ii. Optimal control 

Optimum supervision of non-linear phenomena, including ABS, is one of the controlling theory’s most demanding 
and hard problems. Recommendations for the non-linear control system for active brake systems were made by [40]. The 
shifting nature of the route necessitates constant tweaking of the controller settings. An adaptive control-Lyapunov 
technique to overcome this problem is presented in [39], while Zhang [41] and Xiao [42] explore similar concepts. The 
adaptive control Lyapunov technique by Reichensdörfer [43] employs Son-tag’s formula, which involves gain depending 
on the vehicle’s speed and experimental studies. For feedback linearisation to work, Li and Rakheja propose combining 
it with gain scheduling [44]. Ayten [45] explore using PID-type techniques to reduce wheel slip, control interface, and 
assessment using a gain-scheduled. An optimized technique is performed through sliding modes to calculate the supreme 
friction. In Savitski [46] sliding control technique is also discussed, and direct feedback is substituted by non-linear 
observations to assess the vehicle motion from the system output (i.e., wheel velocity). The system’s non-linear 
framework is proven to be accessible at the local level. It is discovered that the sliding observation is more capable than 
the extended Kalman filter [52] since the road characteristics are constantly changing. 

iii. Non-linear control 

ABS is a dynamic process that requires feedback monitoring to produce the desired actions of the framework because 
of its complicated nature. The controlling effort from brakes may be able to lower the stopping range in a panic, but the 
normal force created by adaptive suspension components may improve both the stopping range and the duration. Each 
component has a microcontroller, and an interconnected approach is used to synchronize the two. A combination of 
antilock brakes and adaptive suspension technologies has the effect of reducing both stopping range and duration. Using 
the MMAC controller, El-Bakkouri [47] evaluates the backstepping strategy in the ABS designing phase. Models for 
MMAC included the stationary structure with strong adhesion, moderate adhesion, and lower adhesion. With the help of 
many observations, Davanipour [48] made a significant addition to the field of non-linear adaptable backstepping with 
estimator reset. In a typical Lyapunov-based non-linear adaptive regulator, multiple model-based observers were 
employed to reset the variable estimate. The regulator or estimator’s sensitivity must not be increased to enhance transient 
stability. There is no compromise in durability and disturbance sensitivity because of this. Using an automobile wheel 
slip controller, the scheme’s benefits may be shown in action. 

iv. Robust control 

One of the greatest consistent methods to run a model is shifting between configurations. Sliding mode controllers 
may be used to ensure the system’s accuracy and predictability in the conditions of uncertainties in model predictions. 
An alternative to the sliding mode control approach has been proposed by Wenfei et al. [49] and Lin et al. [50]. Simulated 
findings show that a vehicle controlled by these controllers can preserve consistent distances between itself and other 
vehicles while traveling at a set speed path. The sliding mode control method was thus used in this case. 

It was suggested by Boopathi and Abudhahir 2016 [51] to govern wheel slippage using a grey sliding-mode 
microcontroller, which depends on vehicle speed. To maintain the appropriate wheel slippage, the suggested control 
system predicts the forthcoming readings and performs the essential measures. The controlling algorithm’s functionality 
on a quarter-vehicle is tested via simulations and experiments incorporating rapid changes in street conditions. Quick 
converging and improved noise responsiveness can be achieved with the described microcontroller and compared with 
standard techniques. According to Emanuel. et al. [8], the employment of the grey systems approach, which has specific 
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forecast capabilities, maybe a feasible alternative strategy when traditional control approaches fail to satisfy the needed 
performance standards. The switching surface oscillations may cause the chattering. Since it requires a high level of 
control effort and may trigger high-frequency dynamics that were not considered in the modeling process, chattering is 
undesirable. The controller’s performance will suffer if chattering is not minimized or abolished [52]. 

v. Adaptive control 

To prevent skidding, [53] suggested a method for including the wheel slippage limitation as a prior design 
consideration. To prevent sliding, Filippo Bertoncelli et al. [54] planned a method for incorporating the wheel slippage 
limitation into the control architecture from the outset. It is recommended that a controlled design of wheel torque and 
wheel steering be used to change the fundamental issue into one of the states regulating input constraints. To build the 
restricted regulator and maximize the use of the wheel slippage under constraints for the transformation issue, a low-and-
high gain approach is used. The studies reveal that the suggested controlling method can reduce wheel slippage while 
monitoring on a frozen road and has a good synchronization between wheel torque and vehicle steering [55]. 

vi. Intelligent control 

Uncertain external characteristics have been addressed through fuzzy control [56]. It is, nevertheless, difficult to 
analyze because of the many ambiguous rules. Sliding-mode control (SMC) is a fuzzy controlling interface method 
offered by several academics. SMC is a fuzzy-control development approach presented by several academics. Fuzzy 
sliding-mode control (FSMC) designing techniques are the name given to these strategies [57-58]. The key benefit of the 
FSMC is that it needs fewer fuzzy sets than fuzzy controller does because just one fuzzy input parameter is specified. 
FSMC is better resistant to changes in parameters [59]; because of this, the fuzzy rules in FC and FSMC must indeed be 
fine-tuned via tedious trial-and-error techniques before they can be used. Active fuzzy controller based on the Lyapunov 
synthesis technique has been widely investigated to address this issue [45],[60]. An adaptive rule may be used to 
dynamically update the fuzzy sets to get a suitable response from the systems. 

The design of the antilock braking system is highly complicated due to the slip correspondence to friction and the 
non-linear behavior of these parameters in the system. In ABS technology, wheel speed is estimated due to impractical 
measurements of the linear velocity of the wheel—the several techniques reviewed in the previous section. The classical 
control technique uses the PID controller, but it has its specific limitations as it does not possess sufficient robustness. 
The non-linear PID controller gives better performance compared to the conventional PID. It can be shorter the stopping 
distance and greater velocity performance. The optimal control using the Lyapunov approach appraises the effectiveness 
through the simulation, where the friction is calculated by sliding mode control. The observer-based design controls the 
vehicle traction, which controls the motion of the vehicle. The non-linear controlling based on the backstepping controller 
design approach, the braking distance can be lowered using the control torque of the disc. Integration of active suspension 
with this approach can improve performance by reducing the braking distance. The main advantage of this system, it can 
be tuned without compromising sensitivity to noise and robustness. A robust control approach can perform better than 
the conventional approach, and the sliding mode controller controls and regulates the slip of the wheel, which gives a 
faster response than the conventional. A gain scheduling control method is used in an adaptive control approach. The 
high-low gain techniques are used to constrain the controller to increase the performance of wheel slip in a constrained 
manner. The simulation shows that on snow road surfaces, this system is capable of reducing wheel slip. The larger 
number of fuzzy rules increases the system’s complexity; hence, the fuzzy sliding mode control has been introduced, 
reducing the fuzzy rule in the intelligent control system. Both systems have drawbacks in that fuzzy rules must be tuned, 
which is time-consuming due to practical methods. To overcome this drawback, adaptive fuzzy control is based on the 
Lyapunova approach, which auto-adjusting to achieve satisfactory performance. In all these approaches, every control 
technique has its specific advantages and limitations; in addition to, other approaches, as discussed above, can give 
improved results and better performance with different approaches.  

4.2 Fuzzy Control Technique 

The use of fuzzy logic in machinery operation is widespread. Fuzzy logic deals with things that can’t be described as 
“true” or “false” but instead as “partly true,” according to the word “fuzzy.” Genetic techniques and neural networks may 
sometimes outperform fuzzy logic. Still, the benefit of using fuzzy logic is that it can be explained in words that humans 
interpret, making it easier to include human expertise in the operator’s development. As a result, automating jobs that 
people can previously execute is made simpler [61]. 

Aksjonov proposes a fuzzy logic system for ABS that regulates both slippage and vehicle velocity equally [61]. The 
designed system has a low slip ratio to eliminate tire obstruction and a shorter stopping range to prevent collisions. 
Mokarram proposed Maximum performance and minimum energy consumption FLC for ABS for maximal tire-gripping 
forces and minimal wheel slide. The functionality of the proposed controller is verified using the Hspice simulator and 
Berkeley short channel insulated gate field effect transistor model settings [10]. To ensure the ideal slippage, [1] devised 
a sliding mode controller built on the exponential approach principle. The suggested SMC regulator improves stopping 
effectiveness and user experience compared to a standard Bang-bang ABS microcontroller, and the parametric 
optimization via FLC reduces the chattering phenomena [1]. 
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Non-linear technologies such as the ABS will benefit from fuzzy supervision. Depending on the three main phases of 
fuzzification, inference, and defuzzification, fuzzy control employs fuzzy logic. Fuzzification is the process which selects 
a true interpretation from among a set of fundamental fuzzy parameters before applying it to a linguistic term. Similarly, 
the intelligent machines, the controller’s function is governed by an if-then rule base. Accessibility for humans is the most 
important benefit of this depiction. There are two aspects to a fuzzy system’s knowledge base [63]: a definition of fuzzy 
rules and a look-up table of rules for abstractions. Fuzzy logic control relies heavily on the interpretation process. As seen 
in Figure 10, a fuzzy-controlled framework allows humans to make decisions depending on fuzzy concepts. In computer 
science, defuzzification [100] refers to converting an output value derived from composing fragmented outputs into a 
crisp [52] variable, which is used as the system parameter input [64].  

 
Figure 10. Fuzzy controller fuzzification and defuzzification considering crisp variables 

5.0 PULSE MODULATION 
For a better understanding of pulse modulation and pulse width modulation, several examples and studies were 

introduced in this section; by using this similar approach, this PWM technique is initiated in the braking approach for the 
optimization of slip value. PWM is a potent approach for regulating analog systems using a microprocessor’s digitized 
output data that creates variable-width pulses to reflect an analog input signal’s magnitude. For a higher range, the output 
routing circuit is turned on more often than for a reduced frequency band. Monitoring, transmission, and power conversion 
are all areas where PWM is used [66]. 

PWM is a technique for digital recording the levels of analog signals. The switching frequency of an input waveform 
may be modified to record a particular analog transmitted signal using high-resolution detectors [67]. The PWM pulse is 
still digitized since the whole DC source is either completely on or off at any moment. A sequence of on/off pulses is 
used to provide voltage and current from the generator to the analog load. During the on, the DC power supply is 
connected to the demand, and the source is disconnected during the off. 

Three distinct PWM waveforms are shown in Figure 11. This can be seen in Figure 11(a); a PWM outcome with a 
10% switching frequency can be seen. In other words, the transmission is active 10% of the time and inactive 90% of the 
time. At 50% and 90% duty cycles, Figures 11(b) and 11(c) depict PWM responses, respectively. Three distinct analog 
signal strengths are represented by these three PWM outputs: 10%, 50%, and 90% of the full power. A 0.9V analog signal 
is generated if the supply voltage is 9V and the switching frequency is 10%. 

 
Figure 11. Signals with pulse width modulation and changing duty cycles, i.e., on-off cycles 

Figure 12 illustrates a basic PWM-controlled system. An ordinary bulb, as seen in the illustration, is powered by a  
9 V battery. When the switch between the power and the light is stopped for 50 milliseconds, the bulb receives 9 V. Then, 
the bulb would get 0 V for the leftover 50 milliseconds if it pressed the swap again. The bulb will light up like a 4.5 V 
DC power supply if this cycle runs ten times a second (50% of 9 V). A 50% switching frequency with a 10 Hz modulation 
index is considered to be pulse width modulation. 
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Figure 12. A simple circuit to control the loads of ordinary bulbs. Similar effects were seen in PWM 

A greater modulating bandwidth than 10 Hz is needed for most applications, including capacitive and inductive ones. 
Suppose our light was on for 5 seconds, and off for 5 seconds, and again back on for five more seconds. The switching 
frequency would remain at 50%; however, the bulb will seem to be brilliantly lighted for the initial 5 seconds and then 
go dark for the rest of the period. As a result, the operating cycle should be short enough to allow for the bulb to perceive 
a voltage of around 4.5 volts. Increased modulation bandwidth is required to get the appropriate dimmer effect from an 
always-illuminated bulb. PWM may be used in a variety of ways. 1 kHz to 200 kHz is a typical modulation wavelength. 

5.1 PWM On-Off Conversion 

On-off signals from a fuzzy regulator may be used to regulate solenoid levers in an ABS unit and brake assist systems. 
The switching bandwidth is characterized as the relation of the “active duration” to the “off duration” in the PWM system, 
which employs higher wavelength periodical transmissions (period Tc) as the carrier’s frequency. As per Figure 13, a 
saw tooth waveform is utilized as a transporter, and the switching frequency for one interval Tc is computed. In the 
“active” time, the intake valve opens, and the exit valve is closed, as seen in Figure 1. The stopping force and stress in 
the caliper may improve by using this device. While the “off” period, the intake gate is shut, and the exit gate is opened 
so the wheel doesn’t lock while braking; the exhaust gate is covered to lower force. Regulated solenoid valves maintain 
these two different phases throughout the ABS regulation. 

 
Figure 13. PWM on-off conversion scheme, the control signal behaviour in the on-off cycle 

5.2 Effects of Change in Duty Cycle 

An encoded signal is encoded by modulating the duty cycle of a square wave with varying amplitude using high-
resolution counters to communicate braking reactions. A control register was established via PWM, permitting the flow 
of a reversed signal and boosting the efficiency of the brake reaction. By changing the duty cycle and frequency of the 
PWM signal, the algorithm regulated the braking system to pump the brakes slowly by increasing the duty cycle till the 
motor halts, which influences the overall braking reaction performance. To counteract the inertia of acceleration, the duty 
cycle of PWM output may often be increased by raising the output duty cycle. This way, PWM interrupts the on/off cycle 
by engaging and disengaging the brake when the timer is pressed [68]. 

5.3 Effects on Response Time in Braking 

Several tests [68] indicate a decrease in reaction time after applying reversed PWM to DC-motor, as discussed in 
Table 4, enabling DC-Motor to respond faster to complete braking. Emergency braking is more responsive when the 
algorithm has been improved. For the sake of future automobile industry development, this test was based exclusively on 
concept design, which needs extensive research money for industrial-grade standards. It took 1.45 seconds for the fastest 
brake reaction time, while an average of 1.49 seconds was recorded. According to this study, this improved brake 
efficiency and response time by using reversed PWM, which reduced 36.6 per cent of braking reaction time and created 
remarkable efficiencies. Aside from that, the ultrasonic sensor’s constancy and dependability assure reaction time and 
distance accuracy no matter what objects are identified in the map data. It proved to be useful for automobile braking 
applications with optimal reaction time. 
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Table 4: Response time during the assistance of PWM of different tests [68] 
Test number Response time to halt motor 

Test 1 1.47 seconds 
Test 2 1.52 seconds 
Test 3 1.45 seconds 
Test 4 1.48 seconds 
Test 5 1.53 seconds 

Average 1.49 seconds 

5.4 Pulse Width Modulation Effects 

It is possible to depend on the detector to provide fast reaction times and accurate range measurements irrespective of 
the items identified in the mapping dataset. New innovative braking capabilities might be the next big thing in the 
automotive business. It may be easier to see the drivers thanks to these detectors. Sponsorships from manufacturers of 
automobile industry-level machinery and detectors, on the other hand, came strongly recommended. It is possible to use 
a microprocessor with a time encoder to verify and authenticate the reaction time required to stop cars with better precision 
and accuracy. Sliding-mode PWM controlling methods are employed by Wu and Shih [69] in both computerized 
modeling, and experimentation to create the microcontroller. The introduction of PWM has resulted in better slippage 
curvatures. It’s because of this linear translation that as you go nearer the objective, your control signal becomes smaller. 
It is thus possible to better regulate the slippage curve near the desired slippage [69]. 

The method for Reversed PWM (RPWM) was created by Shun et al., and the reaction duration before and after 
implementation was reported. The average reaction duration was 1.49 seconds, with the fastest brake action being 1.45 
seconds. Brake efficiency and response time were greatly enhanced by using RPWM, which reduced 36.6 percent braking 
response time [68]. For the brake efforts, Sudarmanta [70] investigated a dry cell HHO gas generator with PWM. It is 
possible to keep the generator’s temperatures under 600C and get optimal functionality from an HHO gas generator by 
using PWM at various service cycles. The torque, power, BMEP, and thermal efficiency all increased by 2.27, 2.76 
percent, and 3.05 percent, respectively, when the HHO gas generator was used in the manner described above on a timing 
Sinjai engine, but brake-specific fuel consumption decreased by 7.76 percent. 

6.0 PARAMETRIC ANALYSIS OF ABS PERFORMANCE 
Illustrative findings on wheel slippage under braking are examined. Wheel slippage with respect to the time during 

the braking of various has been discussed in this section using a microscopic perspective of PWM driving and a macro 
view of EBS and ABS—time along the horizontal axis and the slip ratio along the vertical axis. The PWM modulation 
ratio determines the regenerative features of PWM drive mode, and various control approaches have varied braking and 
regenerative features.  

According to Gowda [71], when the instant brake torque is introduced, wheel slip would approach its highest 
magnitude of one in the absence of a braking regulator; an abrupt lockup of the lead wheel occurs [71]—presented 
microcontroller approaches to prevent wheel locking. The wheel slip value is kept within the intended limit worth, which 
is typically 0.2, depending on the controller’s control strategies. According to the simulation findings, a threshold value 
of less than 0.2 may be achieved using the suggested SMC approach. Slip modulation occurs between 0.1 and less than 
0.2, in other words. The used SMC controller can achieve the lowest possible threshold slip compared to current control 
methods. Similarly, various other studies depict the relation between wheel slippage and braking time during the braking 
action.  

It is seen that the wheel slides during the braking. When the wheel slip reaches its maximum value of one when brake 
torque is applied without a braking controller, this wheel locks up unexpectedly. Controller methods prevent wheel lock. 
The controller keeps the wheel slip value below the threshold value, usually 0.2. According to simulations, the SMC 
approach can attain a threshold value < 0.2. The slip modulation range is 0.1–0.2; SMC controllers have the lowest 
threshold slip [71]. The slip ratio using the suggested SMC controller with and without an optimization parameter was 
studied and found significant improvements in the results [1]. Haggag described the model reaction when the suggested 
sliding-mode braking control was applied [72]. The control purpose changed from satisfying the brake requirement of the 
driver to tracking the desired slip ratio. As a result of this change, the most significant amount of friction that may be 
employed is accomplished as discussed in [73]; braking torque is a marginal rise when wheel cylinder pressure is low. 
Figure 14 shows the different stopping distances using different controllers. The fuzzy stopping distance was observed as 
the lowest stopping distance compared to PID and ideal ABS [110]. 

Dzmitry [7] analyzed how accurately the system maintains the wheel slip ratio around the reference value, in contrast 
to the typical operations of the rule-based approaches and the hydraulic systems, for the case of the continuous ABS, 
where the reference value of the slip ratio was available. The slip ratio may follow the target value with reasonable 
precision before fluctuating normally. If the range of your brake pressure is minimal, the braking performance has been 
enhanced [74]. Although the reference pressure established by the anti-lock braking system changes, the pressure 
controller yields a respectable tracking result. It is also clear that both the tire and the flywheel come to a gentle halt. Wu 
et al. [69] developed a hydraulic antilock braking controller and proved that the measured slip is kept within the excellent 
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range of 0.2 to 0.4. Ming-Chin [75] tested the brakes and simulated them on a dry road and wet road surface, and it was 
seen that the slip curves are smoother due to the implementation of PWM. 

 
Figure 14. Stopping distance with respect to time during braking for different approaches 

7.0 EMERGENCY BRAKING ASSISTANCE 
It is already possible to use a range of instruments, including cameras, laser scanning, and vehicle-to-vehicle and 

vehicle-to-environmental communication, to assess the environment or detect approaching issue scenarios in today’s 
collision buzzer systems [68],[77]. Most of the techniques and concepts mentioned here were either early concepts or 
early adaptations of existing automobile technology to motorcycles. One of the world’s most pressing social issues right 
now is the high number of traffic-related deaths and injuries. According to the WHO’s 2018 Global Status Report on 
Road Safety [78], the yearly mortality toll from motor accidents has risen to 1.35 million. The global state of road traffic 
safety, particularly in poorer nations, is dire [79]. To prevent rear-end and pedestrian crashes, an efficient, proactive safety 
mechanism is the emergency braking system (EBS). When an obstacle in front of a car is seen via a camera, it triggers 
the vehicle’s emergency braking to avoid an accident, as depicted in Figure 15. Although an EBS cannot eliminate the 
risk of a collision, it may help guard against human mistakes, which is the root reason for the majority of cases of road 
fatalities [80-81]. 

 
Figure 15. Real-time working of EBS based on radar system and obstacle detection 

Crash identification technologies are very accurate, but they have also been shown to have significant drawbacks 
concerning real-time execution and timeliness. Whenever the other vehicle is approaching from the other way and 
crossing in front, these capabilities seem to be practical. Gustavo et al. [82] examined the unique case of automobile 
tilting, exhibiting identification effectiveness under specified lean angle ranges. Silla et al. [77] used real-world 
information to assess the possible effect of ITS, which incorporated a cooperative intersecting approach for better safety, 
on intelligent transportation systems (ITS). According to the findings, intersection assistance is helpful to drivers; 
however, intersection assistance systems have been studied in computer simulations and simulations, and they have still 
not shown the same worldwide advantage. Table 5 illustrates some basic sensor categories for making advanced and 
reliable EBS. 

Results from many studies show that the assistance device did not affect driving behavior when tested under normal 
settings. An example of a suggested regulation strategy that incorporates frontal collision identification and the forecasting 
of fatal circumstances for powered two vehicles was modeled by Kuehbeck [84] and used to demonstrate the suggested 
technique. To develop real-time prevention movements after anticipating future collisions in a timespan of a few 
milliseconds, our predictive algorithm used the calculation of a reference prevention swerving maneuver. An investigation 
by Radovan et al. [76] in road situations indicated that interaction performance was adequate within a 40 m radius in both 
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dynamic and static testing. It has been discovered that incorrect GPS localization made lateral positioning categorization 
erroneous. Using microphones and cameras, other experts have built and evaluated low-cost crash identification 
techniques that may be used in low- and middle-income nations. Cooperative Intelligent Transportation Systems (ITS) 
was described in detail by José et al. [85]. Using vehicle wirelessly technology and an onboard middleware-managed 
collaborative awareness communication network as the foundation, the suggested design for cooperative intelligent 
transport systems (C-ITS) is well-suited for deployment in moving automobiles. To evaluate traffic injury prevention, 
Manikandan et al. [86] created a prototype it’s for automobiles that can identify safety-related indicators such as the speed 
of the automobile and alcohol level content. It is also possible to show safety-related notifications from the centralized 
tracking network. Figure 16 depicts the brake assistance system flow diagram. 

Table 5. Image sensor, RADAR and LIDAR sensors used in emergency braking systems [83] 
Sensor type Image sensor RADAR LIDAR 
Range 70 m 200 m (77 GHz) 50 m (24 GHz) 200 m 
Technology CMOS cameras (mono or 

stereo) for infrared or visible 
light, no direct measurement, 
example for image processing: 
object detection, lane 
detection 

EL-magn, waves (24 or 77 GHz), 
measurement of distance and speed 
(Doppler effect), pulse or frequency 
modulation, cost reduction, for 77-
GHz RADAR: silicon-Germanium 
technology 

Laser pulse (800-1000 
nm), distance measurement 
based on the time between 
sent and received pulse 
(time of flight) 

Reliability of 
object 
detection 

Depending on image-
processing methods 

Depending on reflection, surface 
characteristics 

Problem with dirty objects 

Environment 
impact 

Low for visible light, medium 
for infrared (reduced thermal 
contrast due to particles, e.g., 
snow, rain, and fog) 

Low High (atmospherical 
particles, e.g., dust, fog, 
rain, and snow) 

Resolution Moderate for distance and 
speed, very good for object 
detection  

A good measurement of distance 
and speed 

Very good for distance, 
measurement, good spatial 
resolution 

 

 
Figure 16. Flow diagram of brake assistance system based on actuation in an emergency case  

7.1 Integration of EBA with ABS 

In an electric vehicle, Dhivya and Murugesan [87] studied how ABS and a collision avoidance system (CAS) were 
controlled together. Integrated supervision of two subsystems is achieved using fuzzy logic methods. A free-scale HCS12 
microcontroller is used to build and evaluate a controlling mechanism in a laboratory-based electric vehicle model. All 
sensing instruments, ABS and CAS, are connected through a communication interface known as a CAN at the highest 
possible degree of abstraction. Integrating ABS and CAS monitoring keeps the vehicle at safe braking [96] distance from 
obstacles without compromising the functionality of either system. As a result, another group of researchers [88-89] 
created an adaptive PID-type fuzzy ABS regulator. The ABS was controlled through a series of tests carried out on a 
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platform. Using a microcontroller, an ABS module from a commercial manufacturer is fitted and examined. A personal 
computer deduces and simulates the vehicle and tire models for real-time monitoring [103]. 

The hydrodynamic controller of a vehicle’s brake mechanism relies heavily on the quick switching valve. ABS 
stability regulation mechanisms and immediate yaw stabilization all use a fast-switching valve to modulate the brake 
force, which is then regulated by the valve. Wheel slippage may be controlled in these systems by controlling the brake 
force Miller and Cebon [90]. Consequently, linear and adjustable pressurization is desired. The swapping valve delivers 
almost linear pressurization and regulates the boost rate of the master cylinder by altering the frequencies and duty ratio 
of the PWM signal. This means that hydraulic brake systems are increasingly relying on a fast-switching valve with a 
simple form and cheap cost [91-92]. Figure 17 shows a block diagram of the combined system. 

 
Figure 17. Block diagram of combined system control algorithms showing different components and feedback loop 

with combined controller 

7.2 Effects of Integration 

Brake pedal buzzing while ABS functioning is a common annoyance for several drivers who aren’t equipped for the 
significant effort necessary to achieve optimum stopping power. Delayed response times and reduced braking force might 
result in an inability to brake before a collision happens if an urgency arises. Emergency brake assist (EBA) is intended 
to identify panic stops and provide optimum brake force within milliseconds. The pace at which the braking pad is 
depressed is used to understand braking performance.  

Reduced nose-to-tail collisions may be avoided by decreasing the space between vehicles in the case of an unexpected 
stop. Brake assist system (BAS) or emergency brake assist (EBA) [93] is a terminology used for a car brake mechanism 
that boosts brake force in an urgent situation [94]. According to simulation studies, more than 90% of drivers failed to 
apply adequate power to their brakes during an urgent situation. When the brake pedal is not applied properly, the system 
overrides and introduces the brakes until the ABS takes over to prevent the wheels from locking up [93]. According to 
Marc Green [95], driver anticipation has a two-fold impact on response time (RT). Brake signals may be detected in 
roughly 0.70 to 0.75 seconds if the driver is completely aware of the timing of the signal as well as the position of the 
signal. There is an about 1.25-second response time to familiar signals, such as the brake lights of a leading automobile, 
whereas there is an approximately 1.5-second response time for unpredictable occurrences. The safety of the vehicle and 
its occupants may be enhanced, and braking distance cut by up to 70 feet at 125 mph thanks to an electronic system that 
recognizes emergency stops and immediately increases braking effort [87],[74]. 

During an emergency, the EBA technology is designed to boost brake pressure. When a motorist pushes the braking 
pedal too hard on an urgent occasion, the braking assistance kicks in to help with the braking. When the pedal pressure is 
inadequate, brake assist aids us by delivering more or even the whole amount of braking power that it needs to stop the 
car. In an emergency, the response time is so brief that the driver may not apply adequate force to the brakes before they 
hit them. Brake assist detectors in EBA-equipped vehicles may identify panic brakes even if the driver does not apply 
adequate force to the brake pedal, as in Figure 18. More pressure may assist the automobile in avoiding a collision with 
the obstruction. 

Brake assist measures the pace at which the braking lever is applied to determine whether sudden stopping is 
necessary. Whenever a panic release is detected in the foot pedal’s release, certain mechanisms pre-tension the braking 
to prevent the vehicle from accelerating too quickly. Reduced braking length has been proven to be a key benefit of 
braking assistance. Brake assistance systems that are more sophisticated take into consideration the pace at which the 
accelerator pedal is depressed into account while applying brake pressure. Within milliseconds, the maximum braking 
force will be created, and this pace is far quicker than that of a driver pushing a pedal. In an emergency scenario.” Thus, 
brake aid may significantly cut braking distance, up to 45 percent in certain tests, and help avoid accidents, particularly 
rear-end conflicts. Figure 19 shows the braking force variable for EBS braking and Without EBS braking [97]. 
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Figure 18. Effect of integrating ABS and EBS, EBS leads to reduce the stopping distance  

Unified standards for the licensing of passenger automobiles with relation to braking assistance technologies are 
implemented in several nations of the UNECE by UN Regulation No. 13 [98]. A braking system feature known as the 
Brake Assist System (BAS) detects an emergency brake incident based on a pattern of the driver’s braking requirement. 
In such circumstances, the brakes are automatically applied: 

i. helps the operator to achieve optimal brake efficiency or 
ii. invokes the anti-lock braking systems (ABS) to its fullest extent. 

Vehicles in Europe are now required to have brake assistance as a standard feature since it has shown to be so 
successful at reducing the risk of collisions. Brake assistance has been proven to save lives by preventing tens of thousands 
of collisions every year. Due to its ability to detect when you aren’t paying attention to the road ahead while driving, the 
braking system is a very useful safety feature. 

 
Figure 19. Braking force variable for different cases, emergency braking can reduce the stopping time 

8.0 SIMULATION AND OPTIMIZATION APPROACHES 
Table 6 displays the research results on braking timings and stopping distance. Compared to the 464,910 reported 

street incidents in 2017, India saw 467,044 officially reported street fatalities in 2018. According to data from the World 
Wellbeing Association’s 2018 report, India accounts for 6% of all streetcar incidents while having just 1% of the world’s 
automobiles. Unorganized driving conditions and a poor planning structure contribute to car accidents. Still, the most 
important problem is vehicle infringement, which is the result of poor driving behavior. On a dry, low-friction surface, 
the functionality of the smart sliding mode PWM brake pressure actuator is not readily visible when comparing its many 
qualities. Table 6 shows that the intelligent sliding mode PWM brake pressure controller outperforms the other controller 
types when the road brake circumstances (rear brake effect test) are altered. 
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Table 6. Comparative analysis of ABS braking system from different studies 
Reference Techniques used Paradigm Braking 

distance (m) 
Stopping time 

(second) 
Braking 

pressure (MPa) 
Initial 

velocity 
[104] ABS+FLEC Simulation 98.95 4.6 7.456 40 m/s 
[7] ABS Experimental 100.2 12 5.1 60 km/h 
[71] ABS+SMC Simulation 40 14 - 70 m/s 
[106] ABS Experimental 42.3 28.5 8.26 90 km/h 
[73] ABS+PWM Simulation 27.6 2.5 - 80 km/h 
[41] ABS+controller Simulation - 2.4 - 100 km/h 
[69] ABS+slide mode 

PWM 
Experimental - 2.25 9 (Approx) 64 km/h 

[75] ABS+slide mode 
PWM 

Simulation and 
experimental 

23.82 2.18 7 (Approx) 64 km/h 

[72] ABS+sliding mode Experimental 13.5 - - 100 km/h 
[107] ABS+sliding mode 

PWM 
Simulation and 
experimental 

13.44 - - 65 km/h 

[12] ABS+Fuzzy+PWM Experimental 46.68 3.2 10.1 100 km/h 
[99] ABS+slip control Experimental 25.4 5.2 6 40 km/h 

ABS+without slip 
control 

Experimental 28.9 5.5 6 40 km/h 

[108] ABS+regeneration Simulation and 
experimental 

29.46 4.81 - 60 km/h 

[109] Hybrid ABS+PWM Simulation and 
experimental 

68.56 - - 84.26 
km/h 

[34] ABS+vehicle 
dynamics 

Simulation 40 2.65 - 80 km/h 

9.0 DISCUSSION 
This study endeavored to build an early warning mechanism for losing control in straight-line stopping actions to be 

utilized for active system refinement and learning efforts. The ultimate aim is to decrease the number of accidents 
involving motor vehicles. This study aimed to investigate the advantages and disadvantages of electronic braking systems 
(EBS) and anti-lock braking systems (ABS), including their histories, how they function, what they accomplish, and the 
benefits and drawbacks that they provide. While moving at a constant speed, the velocity of any vehicle, including the 
speed of the wheels and the speed of the automobile itself, does not change. Wheels that turn more slowly result in a 
vehicle moving more slowly, which is true even when the driver presses down on the brake pedal to slow the vehicle 
down. When there is a significant gap between the vehicle’s speed and the wheel, tire, and road surface, slippage may 
occur. This can be dangerous for both drivers and other automobiles on the road. The ABS ECU is responsible for 
estimating the differences in wheel spinning velocity at this point. The EBS kicks in when the driver cannot bring the 
vehicle to a stop within an acceptable distance, at which point the EBS kicks in and helps to bring the vehicle to a stop, 
with or without the driver’s assistance. The electronic control unit (ECU) keeps track of the vehicle’s speed and, based 
on that information, applies the proper amount of braking pressure to each of the wheels. This makes for a safer ride. The 
Anti-lock Braking System (ABS) is a safety device providing safety and comfort. It accomplishes all of this work without 
requiring any input from the driver or the computer in the vehicle. 

Controlling ABS is a highly non-linear process because of the intricate interplay between the system’s many aspects 
and variables. An introduction to soft computing in ABS control is presented here. It was able to discover the loss of 
controlling situations for stopping performances utilizing past inquiry empirical data in this study. These scenarios 
included riders with lower and higher degrees of braking abilities. The data illustrate how the emergency braking 
techniques carried out by riders with varied levels of expertise impact the vehicle’s dynamic behavior. 

i. The study’s findings indicate that the anti-lock braking modulator’s design is well-suited to light vehicles. 
ii. The study’s sophisticated brake pressure control logic shows the properly recognizing of the changes in road 

characteristics. The sliding mode control was effective by keeping brake pressure within a narrow range of preset 
levels.  

iii. The research takes a wide range of factors into account. For light vehicles, the rear drum brake system’s impact 
is considered, as well as the smart brake pressure management logic and the fuzzy controller.  

iv. The system control’s performance has been discussed based on different available studies; most of the studies 
support that integrating ABS and EBS can reduce collisions on roads. 

The driver’s actions, vehicles’ trajectories, impact points, and road conditions significantly influence the stopping 
distance, and defining these from limited available experiments is challenging. This study estimated them through various 
experimental and simulated processes based on the anti-braking and emergency braking systems. Several assumptions 
have been made while carrying out all those available investigations. Furthermore, for cases where the speed was lower 
than the actual speed limit, a deceleration equal to 50% of the value achievable with optimal braking was assumed. 
Furthermore, analysis of vehicle stability while emergency braking or panic braking operations is also a challenging task. 
In addition, a key problem in this research is that the device’s capacity and resilience to provide a realistic image of the 
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surroundings and operating scenario is critical. Some advantages and disadvantages of ABS and EBA system have been 
noted from the review and were discussed in Table 7 and Table 8. 

Table 7. Advantages and disadvantages of ABS 

Advantages Disadvantages 
It requires less force to bring the car to rest. It is expensive. 
It shortens the stopping distance when brakes are 
used. 

Oil changes, fluid top-offs, and other routine 
maintenance tasks are necessary. 

For superior handling, it increases traction between 
the front and rear tires. 

Due to the intricate assembly, it could only be fixed 
by a trained professional. 

It makes the steering more responsive. An ABS may be easily damaged by tampering with 
the brakes. 

Table 8. Advantages and disadvantages of EBA 

Advantages Disadvantages 
It’s capable of avoiding a collision. An expensive system 
A vehicle’s speed may be substantially reduced 
by the system in order to avoid a collision with 
an obstruction. 

There is a risk of brake jamming if automatic 
braking activates in error. 

It is an effective kind of protection since it needs 
no human intervention. 

Over-reliance on such technology might give 
drivers a false feeling of security. 

Machines may function at low or fast speeds. A separate power pack is required. 

10.0 CONCLUSIONS 
ABS is a mature technology that has been commercialized for several decades. A newly developed technology 

concerned with reducing the braking distance is called Emergency braking assistance to improve braking performance. 
The uncontrollable speed and lack of overconfidence by drivers cause injuries and fatalities due to road accidents, which 
are solemnly noticeable worldwide. Henceforth it’s challenging to reduce accidents with improvements in current 
technology and the addition of new developments before considering stability and uncontrolled skidding. It is proposed 
that, as the review suggests, the braking performance can be improved by integrating the ABS and EBA. Considering the 
ABS technology, studying separately before integrating with EBA is advised. The number of pulses, pulse modulation, 
pulse width modulation, brake force, braking torque, and slip are the performance parameters for the ABS, in addition to 
the controlling techniques described in this article. Through experimentation as well as by simulation, these parameters 
can be optimized. Further, the required distance achieved by ABS will be optimized for particular vehicle speeds through 
both methods of simulation and experimentation. When a vehicle can’t accomplish the braking distance at a desired speed, 
EBA can trigger the brake force employing the hydraulic thrusters, reducing the braking distance significantly. One can’t 
predict the arrival of an emergency in this dynamic world. So regarding this highly unpredictable thing, no one can identify 
and assign the title of an emergency. From the technological involvement, it can partially be identified as an emergency 
to trigger the braking assistance along with the ABS. This integration can be achieved after the optimization of abs 
parameters. Further, the rule-based fuzzy can control this integration effectively.   
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