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Road fatality and injury are a worldwide issue in the transportation industry. 
Road traffic accidents are becoming increasingly significant due to higher 
mortality, injury, and disability across the world, particularly in developing and 
transitional economies. Eighty-five percent of the total road traffic fatalities 
occur in developing nations, with Asia-Pacific accounting for roughly half of 
them. A variety of factors influence road safety, including technological, 
physical, social, and cultural factors. The purpose of this research was to design 
an autonomous braking system (AuBS). Using the Adaptive Neuro-Fuzzy 
Intelligent System (ANFIS), a DC motor, sensors, and SAuBS have been 
developed to customize the traditional hydraulic braking system. The genetic 
algorithm has been developed to simulate the fundamental characteristics of the 
automotive braking system. The AuBS system goal is to slow the car without the 
driver's help infrequent braking when the vehicle is moving at slower speeds. 
When the ANFIS performance is compared to that of the AuBS model, it is 
discovered that the ANFIS performs roughly 15% better. 
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1. INTRODUCTION 

In the transportation sector, road fatality and injury are 

known global issues. Major research on the topic of road 

traffic accidents and fatalities has been emphasized by the 

World Bank, World Health Organization (WHO), 

Transport Research Laboratory (TRL), and others. Road 

traffic accidents are becoming increasingly important as a 

source of death, injury, and disability all across the world, 

particularly in developing and transitional economies 

(Mittal, 2008). Road traffic accidents entail not only 

enormous financial losses, but also severe physical and 

mental anguish for people, families, and businesses. 

According to WHO figures, road traffic accidents account 

for 75% of deaths in developing nations, despite the fact 

that they own only 32% of the world's vehicles. Road 

traffic accidents are expected to cost the world economy 

USD 518 billion each year. 

Another major source of road traffic accidents and deaths 

in the country is the country's rapid expansion in the 

number of automobiles. Accidents happen because of the 

faults of drivers and other road users, or because of the 

faults of the vehicle. Human failure is caused by the 

driver's or the victim's guilt, alcoholic intoxication, 

exhaustion, irresponsible driving and not obeying the rules 

of the road, and ignorance of road safety, which result in 

an accident and death (Friduly, 1999).  

The frightening of traffic accidents is a source of 

considerable concern for all of us. Eighty-five percent of 

road traffic deaths occur in developing nations, with Asia-

Pacific accounting for roughly half of them. According to 

Anbalagan and Suyambukanni (2010), India accounts for 

around 10% of all road traffic deaths worldwide. Accidents 

on the road are unforeseeable, but they are not 

unavoidable. Road safety is complicated by a number of 

aspects, including technological and physical, as well as 

social and cultural (Hassen et al., 2011). 

In their study, the authors (Breuer et al., 2007) found that 

late and untimely driver intervention in braking, as well as 

insufficient braking torque obtained in emergency 

scenarios, are among the leading causes of road accidents. 

Late braking was found to be caused by driver 

irresponsibility and human error by the European New Car 

Assessment Program (Euro NCAP) (Pain et al., 2011). 

Studies were conducted in the domain of active vehicle 

safety to lessen these issues, which led to the introduction 

of Advanced Driver Assistance Systems (ADAS) (Hamid 

et al., 2016). To address these difficulties, researchers in 

the field of vehicle active safety conducted research, which 

led to the creation of Advanced Driver Assistance Systems 

(ADAS). Collision avoidance (Hamid et al., 2017), blind-

spot monitoring, and automated emergency braking (AEB) 

(Fildes et al., 2015) are examples of notable ADAS 
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applications. AEB is an ADAS feature that works 

autonomously, without the need for human interaction, to 

lessen the chance of a collision in dangerous situations by 

applying braking torque. Volvo City Safety (Distner et al., 

2009), VOLKS WAGON Front Assist (Berger et al., 

2015), and the 2010 Mercedes-Benz PRE-SAFER Brake 

(Zwahlen et al., 2016) are three AEBs that have been 

introduced on the road in the last five years.  

Despite the vast number of commercial AEB products, 

crash events have occurred when the distance between the 

vehicle to vehicle is too near (Hong et al., 2013). To avoid 

this issue, an AEB system that considers and maintains a 

safe distance from the point of impact should be developed 

(Rahman et al., 2018). The ASEAN New Car Assessment 

Program (ASEAN NCAP) mentioned the AEB as a 

requirement in its new grading protocols for 2017-2020 

(Asean nCAP, 2020). 

Over time, innovators have added new features to the brake 

system with the goal of easing driving environments by 

improving braking performance. The evolution of brakes 

has been impressive, and it has incorporated many 

technological breakthroughs over the years (Rahman et al., 

2018). 

Nowadays, assist systems have diffused from high-end to 

low-cost automobiles, and they are known by various 

names such as advanced safety assist (ASA), smart 

sensing, advanced driver assist system (ADAS), and so on. 

As a result, automatic emergency braking (AEB) evolves, 

in which the car automatically applies brakes in a 

dangerous scenario without the assistance of the driver. 

The system integrates an ultrasonic sensor with a controller 

to identify if the vehicle is within a specified range. If the 

driver looks to be ignorant of the situation, the system will 

activate AEB to reduce the risk of accidents (Zwablen et 

al., 2016). 

This research aims to present a fundamental autonomous 

braking system with the existing hydro-mechanical braking 

system, in which the brake pedal simply engages with an 

electromagnetic system based on the signals of the 

accelerator pedal sensor and the wheel speed sensor. The 

ANFIS controller has been proposed to control the power 

flow to the electromagnetic system since the fluctuating 

velocity necessitated varying pressure to maintain the 

vehicle's decelerating distance to a full stop.  

2.  MATERIALS AND METHODS 

The development of the AuBS was carried out following 

the flow chart as shown in Figure 1. The dc servo-motor 

actuates the master cylinder to create the appropriate brake 

hydraulic pressure from the master cylinder (MC) for the 

creation of braking force at the wheel-calipers, as shown in 

the diagram. Hydraulic braking mechanism, dc servo-

motor, ANFIS controller, wheel speed and ultrasonic 

sensors, and a dc power source are the main components of 

the AuBS. 

2.1 Braking System Architecture 

Figure 2 depicts an AI-based IoT-controlled DC motor-

powered autonomous electro-hydraulic braking system 

(AEHBS). The DC motor supports the brake pedal force in 

this system, with the wheel speed sensor, brake controller, 

and proportional valve controlling the total system. 

 

Figure 1: Flow of action of S AuBS 

 

Figure 2: Architecture of Autonomous braking system 

Performance characteristics of a road vehicle refer to its 

capability to decelerate and full-stop in a shorter distance. 

The braking torque required to decelerate or stop the 

vehicle can be estimated 9,10: 

𝑇𝑏(𝑓) =  
𝜇𝑏𝑝×𝑥𝑓×𝑃𝑚𝑐𝜃  

3
                              (1)                

𝑇𝑏(𝑟) =  
𝜇𝑏𝑝×𝑥𝑟×𝑃𝑚𝑐𝜃  

3
(𝑟𝑜

3 − 𝑟𝑖
3) (2) 

where, bp is the brake pad friction coefficient, Tb braking 

torque of the rotor, Nm, Pmc master cylinder pressure,  is 

the angular position of the brake pad from the centre of the 

rotor, Tt traction torque of the vehicle, Nm, xr is the 

percentage of Pmc to the front axle and xr is the percentage 

of Pmc to rear axle. The suffix f and r represent front and 

rear axle and o and i indicate the outer radius and inner 

radius of the brake pad from the centre of the braking rotor.  

a. Rotor barking torque to decelerate the car, 

 𝑇𝑏(𝑓)(𝑡) + 𝑇𝑏(𝑟)(𝑡)  < 𝑇𝑥                           (3) 

b. Rotor braking torque to a full stop the car,  
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 𝑇𝑏(𝑓)(𝑡) + 𝑇𝑏(𝑟)(𝑡)  ≥ 𝑇𝑥 (4) 

where, 𝑇𝑥 is the traction torque, 𝑁𝑚. 

2.2 Generic Form Algorithm for the AuBS 

The braking power of the braking system in this study has 

been assigned based on the signal of the wheel speed 

sensor, ultrasonic sensor and accelerator sensor. The 

vehicle starts to decelerate when the accelerator pedal 

releases and the master cylinder starts to develop the 

braking pressure for the braking devices (either disk or 

drum braking). The braking devices develop the actuation 

force which causes the development of braking force at the 

brake pad and the vehicle decelerates or full stop. Based on 

the condition of the braking force development, the genetic 

algorithm has been developed, 𝐵𝑓 ≥ 0. Braking force is 

subjected to instantaneous signal of: 

i. Wheel speed sensor, 

 𝑤𝑠𝑠 (𝑡) =  𝑥̇  , 0 ≤ 𝑥̇   ≤ 120(𝑘𝑚/ℎ) (5)                                 

ii.     Ultrasonic sensor signal, 

𝑢𝑠 (𝑡) = 𝑥 , 2 ≤ 𝑥 ≤ 5 (𝑚) (6)                                           

𝑅𝑜𝑡𝑜𝑟 𝑠𝑝𝑒𝑒𝑑, 𝑀𝑟 (𝑡) =  ∮ (𝐼𝑏) (7) 

𝐵𝑟𝑎𝑘𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒, 𝐵𝑓 = ∮ (𝑟𝑝𝑚𝑤𝑠𝑠) (8) 

𝐸𝑟𝑟𝑜𝑟, 𝑒 =  𝑀𝑟 − 𝑀𝑎 (9) 

𝑅𝑎𝑡𝑒 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟,̇ 𝑒̇ =
𝑑

𝑑𝑡
 [𝑀𝑟 − 𝑀𝑎] (10) 

where, 𝑥̇ is the speed of the wheel, 𝑘𝑚/ℎ, 𝑥 displacement 

based on the signal of ultrasonic sensor, 𝑚 , 𝑒  error 

between rotor 𝑟𝑝𝑚 and wheel actual rpm, 𝑒̇ is the rate of 

error, 𝑀𝑟  rotor rpm, 𝑀𝑎 actual 𝑟𝑝𝑚.  

Figure 3 shows the controlling action of the AuBS using 

ANFIS to decelerate the vehicle starts when the driver to 

lift-up foot from the acceleration pedal. The system then 

starts working with the input from the ultrasonic sensor 

and wheel speed sensor, send to the controller, which 

controls the power flow to the motor to actuate the MC in 

the development of hydraulic pressure to decelerate or 

fully stop the car without the driver any effort. When the 

car is at a higher or cruising speed, however, this system 

will not be useful to fully stop the vehicle. 

 

Figure 3: Basic block diagram of a closed-loop vehicle 
braking system 

 

Figure 4: Fundamental of braking system 

Figure 4 depicts the basic braking characteristics that must 

be met by the vehicle's braking system during deceleration 

or full stop. It is also critical to avoid a vehicle collision. 

The diagram depicts the vehicle's safe braking distance at 

various speeds, as well as the required force on the MC 

and hydraulic pressure on the axles. The related force on 

the MC will be roughly 510𝑁 if the vehicle's safe stopping 

distance is 30 𝑚  at 40 𝑘𝑚/ℎ , allowing the hydraulic 

pressure to rise to 1100 𝑘𝑃𝑎 . As a result, the hydraulic 

pressure at the front axle will increase by around 64%. A 

pressure of 620 𝑘𝑃𝑎 is (620 𝑘𝑃𝑎). 

3. CONTROL STRATEGY OF SAuBS 

An adaptive neuro-fuzzy inference system (ANFIS) is a 

type of artificial neural network that uses the Takagi–

Sugeno fuzzy inference system. It combines neural 

networks and fuzzy logic concepts, allowing it to capture 

the advantages of both in a single framework. Its inference 

system is made up of a set of fuzzy IF–THEN rules with 

the capacity to approximate nonlinear functions through 

learning. The best parameters obtained by a genetic 

algorithm can be used to make the ANFIS more efficient 

and ideal. 

3.1 ANFIS Structure 

Layer 1 The inputs to the nods in the first layer are the 

fuzzy sets of the ANFIS. Every node in this layer is an 

adaptive node. The layer is connected between the input 

terminal and its corresponding membership function nodes. 

Layer 2: This layer's nodes are all circle nodes labelled 

 It multiplies the input signals and sends the final 

result out. For example,  

𝑤𝑖 = 𝜇𝑎𝑖(𝑥) × 𝜇𝑏𝑖(𝑦), 𝑖 = 1, 2;  (11) 

where, 𝜇𝑎𝑖  is the membership function of linguistic 

variable 𝑎 and 𝜇𝑏𝑖 is the membership function of variable 

𝑏, 𝑎𝑖  is the linguistic level (very small, VL, small L, M 

medium, H high and XH extreme high) and similarly for 𝑏𝑖 

(VL, L, M, H, and XH). Each node output represents the 

firing strength of a rule.

  

Level 3: N is the label for each node in this layer is 

assigned by N. The i-th node determines the ratio of the 

firing strength of the i-th rule to the total firing strength of 

all rules: 

DC	Motor	
	

ANFIS	
Controller	

Stopping		
Distance	Sensor	

Master	Cylinder	
(MC)	

						Ba ery	

DS	

Pb(t)	 Ŷ(t)	to	braking	
unit	of	wheel	+	

-	

Tm(t)	ib(t)	

yb(t)	

PB	(t)	–	Instantaneous	ba ery	power	to	motor,	ib(t)-	ba ery	current,	Tm(t)-motor	
torque,	Ŷ(t)=hydraulic	pressure	to	braking	unit	of	the		wheel,	yb(t)	–	braking	unit	
pressure,	WSS	–	wheel	speed	sensor,	DS-distance	sensor,	S-stopping	distance.	
	

ė	(t)	

WSS		

S	

Object	

WSS		

DS	

0	

10	

20	

30	

40	

50	

60	

70	

0	 20	 40	 60	 80	 100	 120	

St
o
p
p
in
g	
d
is
ta
n
ce
	(
m
)	

VELOCITY (KM/S) 

0	

500	

1000	

1500	

2000	

2500	

3000	

0	 20	 40	 60	 80	 100	 120	

P
re

ss
u

re
 (

k
P

a)
 

Velocity (km/h) 

0	

200	

400	

600	

800	

1000	

1200	

1400	

1600	

1800	

0	 20	 40	 60	 80	 100	 120	

P
re

ss
u

re
 (

k
P

a)
 

Velocity (km/h) 

Master	Cylinder	
Pressure,	Pmc	

Braking	
Pressure	at	
Front	Axle	

64%	of	
Pmc	

-400	

-200	

0	

200	

400	

600	

800	

1000	

0	

100	

200	

300	

400	

500	

600	

700	

800	

0	 10	 20	 30	 40	 50	 60	 70	 80	

F
o
rc
e
	o
n
	M

a
st
e
r	
C
y
li
n
d
e
r,
	N
	

B
ra
k
in
g
	F
o
rc
e
,	
N
	

Vehicle	Speed,	m/s	

Force	on	Master	Cylinder,N	

Braking	Force,	N	

P



 Ataur et al.: 
 Autonomous Braking System: for Automobile Use 

MIJST, Vol. 09, December 2021 4 

𝑤̅𝑖 =
𝑤𝑖

𝑤1+𝑤2
, 𝑖 = 1, 2; (12) 

Here, 𝑤̅ is the normalized fring strength of rule 𝑖. 

Layer 4: This layer node is an adaptive node, connected to 

the corresponding normalized node in the previous layer, 

and receive inputs from 𝑥 and 𝑦. Each node in this layer is 

a local linear model of the Sugeno fuzzy system; 

integration of outputs of all local linear model yields 

predicted output: 

𝑤̅𝑖𝑝𝑖 = 𝑤̅𝑖(𝑟0 + 𝑚𝑟𝑥 + 𝑛𝑖𝑦) (13) 

Layer 5: The single node in the layer is a fixed mode 

levelled , which computes the overall output as the 

summation of all incoming signals: 

𝑃 =
𝑤1𝑃1+𝑤2𝑝2+⋯+𝑤5𝑝5

𝑤1+𝑤2+⋯+𝑤7
= 𝑤̅1𝑝1 + 𝑤̅2𝑝2 + ⋯ + 𝑤̅5𝑝5 (14) 

Figure 5: ANFIS model classification 

  

Figure 6: Theoretical ANFIS model performance 

3.2 Training, Checking and Testing of the ANFIS 
model 

The ANFIS model is trained, checked, and tested using the 

MATLAB software program, which allows for easy 

manipulation of the model's parameters and variables. The 

system receives the entire set of data on the vehicle's motor 

speed, sinkage, and power requirement, is divided into 

three parts: 

i. Training data, which made up 69.8% of the total 102 

data set, enabled so-called "learning with a supervisor," 

in which the network's output is known ahead of time 

for proper inputs. The least error of training data as 

shown in Figure 6 (a) is 0.55 for mode 1 (deceleration), 

0.803 for mode 2 (full stop), and 0.69 for overall.  

ii. Checking data, which is primarily intended to prevent 

over-fitting of training data. In each training period, the 

ANFIS model monitors the value of the checking error. 

As illustrated in Figure 6 (b), the overall error is 0.83. 

The checking data makes up 50% of the total data set. 

The checking data has been made using MATLAB 

Simulink. 

iii. We used testing data to evaluate the ANFIS model. The 

output of the ANFIS model is compared to known 

values in order to discover the least amount of 

inaccuracy possible. The smallest inaccuracy was 0.23, 

as shown in Figure 6(c). Testing data accounted for 

nearly 50% of the total data set. Data for testing was 

gathered from a field experiment.  

Figure 4 also shows that the fuzzy interference data is 

more correlated compared to the training data and checking 

data. This is because of the ANFIS interpretation capability 

and the ease of encoding a priori knowledge. 

 

Figure 7: ANFIS trained AEM model 

A MATLAB ANFIS controller Simulink model has been 

designed to optimize the braking pressure of the master 

cylinder to deceleration/full stop of the vehicle. The 

working range for the controller has shown in Table 1 

which has been identified from the ANFIS MATLAB 

model. 
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The Autonomous Emergency Braking (AEB) technology 

assists drivers by providing sufficient braking force to 

avoid a crash. This system uses an obstacle positioning 

sensor and a speed sensor, and the system's output is 

braking force, which can come from the action motor 

power that applies force on the master cylinder which 

produces the braking pressure. The Adaptive Neuro-Fuzzy 
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Inference System (ANFIS) is a technology that may be 

used to train a controller that mimics human behavior 

using current experimental data. When a data set is entered 

into ANFIS, membership functions are generated, which 

are then trained into a set of rules that can be satisfied. 

ANFIS will train an AEB controller in this project, 

resulting in a system that can autonomously mitigate any 

road collision. Figure 7 shows the ANFIS Matlab model to 

simulate the optimum braking system effective parameters 

with trained AEM model data. 

Table 1 
Working condition for AuBS 

Vehicle 

Dynamic 

mode 

Distance between 

vehicle (𝒎) 
Force 

applied at 

MC (𝒌𝑵) 
Front Side 

Power brake 2.5 − 2.0 0.0 0.9 − 1.7 

Deceleration  3.5 − 2.5 0.0 − 0.5 0.0 − 0.9 

Cruising  4.0 − 3.5 0.51 − 𝑎𝑏𝑜𝑣𝑒 0.0 

 

 

Figure 8: Pedestrian crossing 

 

Figure 9: ANFIS simulation result for pedestrian 

 

Figure 10: Comparison of ANFIS model with AEB model 

 

Figure 11: ANFIS result is verified with the AEB model result 

The pedestrian crossing and the location of the car 

recognized by the RADAR SENSOR are visualized in 

Figure 8. Figure 9 shows the ANFIS model is being 

simulated with radar sensor input and compared with the 

AEM model in Figure 10. In terms of generating braking 

force, Figure 9 shows how the ANFIS model outperforms 

the AEB model. The ANFIS controller will activate the 

braking system just before the crossing, causing the 

automobile to slow down or stop completely. Figure 11 

depicts the 88 percent discrepancy between the AEM and 

ANFIS results. 

6.  AEB MODEL TESTING - EXPERIMENTALLY 

A laboratory ¼ scale prototype of AuBS as shown in 

Figure 12, was constructed using a typical scouter braking 

system, which includes the master cylinder, brake pad, 

brake callipers, and brake tube (Figure 12). The 

performance of the prototype has been conducted using a 

155𝑘𝑔 load, road adhesion, µp = 0.6, frictional coefficient 

of brake pad, 𝜇𝑏𝑝 =  0.46, and master cylinder bore of 

2.85 𝑐𝑚.  

 

 

Figure 12: A laboratory scale AuBS 

 

Figure 13: ANFIS controlled laboratory scale AuBS 
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Figure 5.6: Surface viewer of the membership function. 
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The experimental result of the laboratory scale AuBS 

controller equipped brake system is shown in Figure 12. 

The servo-motor applied forces of 181 𝑁  and 361 𝑁  on 

the MC were used in the testing. The vehicle's stopping 

distance was found to be 23 𝑚 at time 1.4 s for the applied 

force 361 𝑁, while its braking distance was found to be 

122 𝑚 at time 9.5 s for the braking force of 181 𝑁.  

7. CONCLUSIONS 

• Semi-Autonomous Braking System (AuBS) can be 

used as a stepping stone for the vehicle's braking 

system during traffic congestion to reduce the driver's 

input. 

• ANFIS controlled braking system is more efficient 

than a conventional braking system at decelerating or 

fully stopping the vehicle without the need of the 

driver's support.  

• Servo motor speed is inefficient to quickly control the 

vehicle, especially in GO/STOP mode dynamics and 

keep the vehicle in safe mode.  

• AuBS adds value to the existing conventional braking 

system to control the vehicle based on the response of 

ultrasonic and photosensors in pedestrian crossings 

and slow-moving traffic. 

• To justify the AuBS performance, more research is 

needed in the lab and the field with a full-scale AuBS 

model. 
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