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Abstract— In this project, the main objective is to let the 

student make their own project based on their own idea. We 

are going to implement a proper braking system to prevent 

the accidents and installing pneumatic bumper system to 

reduce the damage of vehicle. It is the project which has 

been fully equipped and designed for auto vehicles. The 

technology of pneumatics plays a major role in the field of 

automation and modern machine shops and space robots. 

The aim is to design and develop a control system based on 

intelligent electronically controlled automotive bumper 

activation system is called “automatic pneumatic bumper 

and break actuation before collision”. The project consists of 

IR transmitter and Receiver circuit, Control Unit, Pneumatic 

bumper system. The IR sensor senses the obstacle. There is 

any obstacle closer to the vehicle (within 1feet), the control 

signal is given to the bumper and break activation system. 

This bumper activation system is activated when the vehicle 

speed above 40-50 km per hour. The speed is sensed by the 

proximity sensor and this signal is transfer to the control 

unit and pneumatic bumper activation system. 

Keywords: Accident Prevention, Pneumatic Bumper, 

Collision, IR Transmitter and Receiver, Obstacle, Proximity 

Sensor 

I. INTRODUCTION 

A. Problem Statement: 

As in new era we need smart systems to make easy our life. 

Also, vehicle accident scenario we all need smart safety 

system. As in vehicles new advancement is going to 

developed & also according to safety, we approach this 

project. As safety point of view, we developed the system 

which protects driver and passengers but also protects 

vehicle from damage.  

B. Objectives: 

1) To study literature available on the smart braking 

system and pneumatic bumper. 

2) To design smart braking system for vehicle using 

pneumatic Bumper. 

3) To fabricate various parts of smart braking system and 

pneumatic bumper. 

4) To demonstrate working of designed model of Smart 

braking system with pneumatic bumper.  

C. Scope of Project: 

5) This system may be applicable in all types of light 

vehicles like cars, rickshaws, tempos. 

6) This system also successfully installed in heavy 

vehicles like buses, trucks, trailers, etc. 

7) It is able to increases the sureness in braking system. 

8) Braking system able to give fast response.  

9) System able to provide more safety to the passenger. 

10) System plays an important role to save human life in 

rode accidents. 

II. LITERATURE REVIEW 

A. Piyush Walke, Mr. Shubham Ankolikar. [1]  

In these paper automobiles have been used to move human 

beings and this automobile technology has been developed. 

So these traffic accidents are increasing as automobile 

production has been increasing for this accidents but proper 

technology of braking system and technology to reduce the 

accidents. The system takes control of the vehicle. In this 

proper we have fully equipped and designed for auto 

vehicle. Above case of the brakes are applied at the right 

time. The accidents can be prevented. Also, the driver may 

not able to full attention during night travelling go there are 

many chances to be accidents. There is the pneumatic 

bumper used, bumper is the specific capacity and the range 

of the accidents as forces is very high the bumper is 

damaged so the system overcome, we have designed of 

braking system with pneumatic bumper.  

B. Kotare S.R, Mane P.V, Pawar G.V. [2] 

In this paper author has discussed about vehicle accidents 

cause of improper braking system. This braking system used 

for and innovative project for the purpose for preventing 

accidents happens in the restricted roadways. This system 

provided pre-crash safety for vehicle. As well as system 

improve responses time of vehicle braking to keep safe 

distance between two vehicles. By using this system, we can 

control the speed of vehicle in small distance. Behind the 

designing of this system. Our aim is to improve the 

prevention techniques of accidents and also reducing hazard 

from accidents like damage of vehicle injury of humans we 

observed that our work is able to achieve all objectives 

which are necessary 

C. Shinde Aniket S, Hivrekar Akshay P. [3] 

This paper gives an idea about importance of pneumatic 

system in automation. The aim is to design this project is 

automatic bumper activation and automatic braking 

activation called as smart braking system with bumper. It 

consists of control unit, pneumatic bumper, pneumatic 

brake, ultrasonic sensor which senses the obstacle and give 

the signal the control units. The control unit give signal to 

bumper system and braking system simultaneously. The 

system is used to protect man and vehicle. 

D. Patil Pratik, Pitale Chetan. [4] 

In this paper we will study about the various the protection 

system for avoided the accidents. So, the system controlling 
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is done automatically by using proximity sensor and relay 

coil. The number of people which are dead during the 

vehicle accidents is also very large as compare to the other 

causes for these accidents but proper technology of braking 

system and technology to reduce the damage during 

accident are mainly affecting on the accidents rates. We also 

studied that use of pneumatic system improve the operation 

of braking. This system uses a two mechanism i.e. proximity 

sensor is provided which senses the vehicle come in front of 

our vehicle system which may cause the accidental 

damaged. 

E. Srinivasa Chari.V, Dr.venkatesh P.R. [5] 

In this paper we will study about major role of pneumatics 

in automation. The aim is to design and develop control 

system based smart electronically controlled automatic 

bumper activation automatic braking system is called 

automatic pneumatic bumper. The project of consist of 

transmitter and receiver circuit control unit, pneumatic 

bumper system and pneumatic braking system. The 

ultrasonic sensor is used to sense the object. If any object 

closer to vehicle within 2-3 feet the control signal is 

transferred to bumper activation system also pneumatic 

braking system.  

F. Mr. Kushal V. Gawande, Mr. Bharat A. Shende. [6] 

This paper gives us the idea of impact of population on 

accidents. Vehicle accident is ubiquitous in recent year. This 

is because of heavy increase in population of vehicles, due 

to its high demand. They pose a serious threat to life and 

property. A system must be designed to minimize the effects 

of accidents. The aim of the present study is to design a 

device which can successfully scan the surroundings during 

driving and apply brake to avoid front end collision of the 

vehicle, along with extension of bumper. The technology of 

pneumatics plays a major role in field of automation and 

modern machine shops and space robots. The aim is to 

design and develop a control system based intelligent 

electronically controlled automotive bumper activation and 

automatic braking system is called automatic bumper 

system. IR sensor provided on the front end of the vehicle 

defects the presence of obstacle. The use of pneumatic 

system can prove to be useful in automation due to its 

simplicity and ease of operation. So, the aim is to design and 

develop a system based on automatic control of vehicle. 

G. Sathiskumar S, Dhanush Guru R, Dhavaneeswaran N. 

[7] 

In this paper we will study about safety concern in vehicle. 

In automobiles, safety considered as a key thing while 

designing. The vehicle frontal structure has a bumper, 

structural parts, which resist and reduces damages due to 

vehicle frontal crashes and ensures safety by absorbing the 

impact. The Pneumatics plays a major role in the field of 

automation and actuation control techniques. The aim is to 

design and fabricate an automated pneumatic based vehicle 

bumper system that uses a sensor with a pneumatic operated 

bumper in order to avoid car dents and scratches. This 

system incorporated with an IR transmitter and Receiver 

circuit, Control Unit, Pneumatic bumper system. The IR 

sensor senses the obstacle, which approaches the vehicle. 

When there is any obstacle closer to the vehicle (within 2-3 

feet), the control signal is given to the electronic circuit 

which actuates the bumper automatically to absorb the 

impact and stopping it from coming too close to the vehicle 

body. This prevents vehicle damage and ensures the safety 

of the inmates. This system only actuated when the vehicle 

speed is above 30-40 km/hr. This vehicle speed sensed by 

the proximity sensor and monitored continuously, this signal 

given to the control unit, and it actuates the pneumatic 

bumper system accordingly. 

H. Aditya Pratap Singh, Ayush Saroy, Gaurav Harit, 

Avinash Jaiswal, Pankul Goel. [8] 

Aim of the project is to design and develop a control system 

based an intelligent electronically controlled automotive 

bumper activation system is called “Automatic Pneumatic 

Bumper”. This system is consisting of IR sensor, Control 

Unit, Pneumatic bumper system. The IR sensor is used to 

detect the obstacle. There is any obstacle closer to the 

vehicle (within 90 cm), the control signal is given to the 

bumper activation system and with the help of IR sensor 

pneumatic bumper actuate and brake is applied. In today’s 

world accident are increasing day by day so to reduce 

accident to a certain level the sensor arrangement is applied 

to the bumper as when the obstacle will come in front of the 

sensor the brake can be applied and prevention of accident 

can be done. 

I. Mayur K. Gadhave, Sandesh P. Bheke. [9] 

Aim of the project is to workplace rationalization and 

automation from old-fashioned timber works and coal mines 

to modern machine shops and space robots. It gives 

important that technicians and engineers should have a good 

knowledge of pneumatic system, air operated valves and 

accessories. The goal is to design and develops a control 

system based an intelligent electronically controlled 

automotive bumper activation system called "Intelligent 

Braking with Pneumatic Bumper ". This system consists of 

IR transmitter and Receiver circuit, Control Unit, Pneumatic 

bumper system and braking unit. The IR sensor is used to 

detect the obstacle. If there is any obstacle closer to the 

vehicle, the control signal is given to the bumper activation 

system braking unit. The pneumatic bumper system is used 

to provide safety to the man and vehicle. Now a day’s 

vehicle accidents are the major problem. This braking 

system is an innovative project for the purpose of preventing 

accidents that happens in the restricted roadways. The 

purpose of this system is based on intelligent electronically 

control automatic bumper and brake activation system 

known as “Intelligent braking with pneumatic bumper 

system”. As well as this system improve the response time 

of vehicle braking to keep safe distance between two 

vehicles. 

J. Mr. Nivesh Thepade. Mr. Lakhan Thombare. [10] 

In almost all of the cases of vehicle accidents, the basic 

reason cited is failure to apply the brakes at the right time. If 

the brakes are applied at the right time the accidents can be 

prevented. Automation can assure higher reliability of 

braking as compared to fully manual braking. The use of 

pneumatic system can prove to be useful in automation due 
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to its simplicity and ease of operation. So, the aim is to 

design and develop a system based on automatic control of 

vehicle. So, we aim to design "Intelligent Braking system 

with Pneumatic Bumper” 

K. Prof. M. B. Bankar, Prof. S. K. Pawar. [11] 

India is the largest country in the use of various types of 

vehicles. As the available resources to run these vehicles 

like quality of roads, and unavailability of new technologies 

in vehicles are causes for accidents. Though there are 

different causes for these accidents but proper technology of 

braking system and technology to reduce the damage during 

accident are mainly affected on the accident rates. So today 

implementation of proper braking system to prevent the 

accidents and pneumatic bumper system to reduce the 

damage is must for vehicles. To achieve this system 

modification goal, design this “Automatic Pneumatic 

Bumper system”. The work is a good solution to bridge the 

gates between institution and industries and able to 

understand the difficulties in maintaining the tolerances and 

also quality 

III. METHODOLOGY 

This study/project would be consisting of following 

chronological step of working: 

1) The regarding of literature review design of pneumatic 

bumper is carried out. 

2) From the literature review, we came to know that there 

is the scope to design pneumatic bumper as per it is 

consider. And we have studied many papers and we 

came to Know that, their is scope for design. 

3) We design the various part of the pneumatic bumper 

like, chaises, cylinder, wheels, bumpers and braking 

system. 

4) We have to fabricated each and every part by using this 

method, and combine together. 

5) We have prepared the model for testing and model is 

ready.   

A. Working Principal:  

The compressed air from the compressor at the pressure of 5 

to 7 bar is passed thought in pipe connected to the solenoid 

valve with one input. the solenoid valve is attached with 

control timing unit , the solenoid valve has two output & 

one input , the air entering the input goes through the two 

output  when the timing control unit is actuated due to the 

high air pressure , at the bottom of piston the air pressure 

below the piston is more than the pressure above the piston , 

so these move the piston rod upwards ,which move  up the 

effort are which is pivoted by control unit , these force 

acting on the punch /rivet which also move the downwards . 

The ultrasonic transmitter circuit is to transmit the sonic 

rays, if any obstacle is there in path the sonic rays reflected, 

by these reflected sonic rays are received receiver. These 

circuit is called sonic rays’ receiver the ultrasonic rays 

receiver circuit receive the reflected sonic rays & giving the 

control signal to the control circuit, the control circuit is is 

used to activate the solenoid valve. The operating principle 

of solenoid valve is already known, if solenoid valve is 

activated the compressed air passes to the single acting 

pneumatic cylinder compressed air activate. the pneumatic 

cylinder moves the piston rod. if the piston moves the 

forward then the breaking arrangement is activated. the 

working arrangement is used to break the wheel gradually or 

suddenly due to the piston movement; the braking speed is 

varied by adjusting the valve, this valve is called as “Flow 

control valve”. 

In our project we must apply this braking 

arrangement is one wheel as a module, the compressed air 

down from the compressor. In our project polyurethane tube 

to the solenoid valve. 

 
Fig. 3.1: Block Diagram 

B. Design Components and Description: 

Mechanization is broadly defined as the replacement of 

manual effort by mechanical power. Pneumatics is an 

attractive medium for low cost mechanization particularly 

for sequential or repetitive operations. May be economic and 

can be advantageously applied to other forms of power). 

The main advantages of an all-pneumatic system are usually 

economy and simplicity, the latter reducing maintenance to 

a low level. It can also have outstanding advantages in terms 

of safety. 

1) Pneumatic Components and Its Description 

The pneumatic bearing press consists of the following 

components to fulfil the requirements of complete operation 

of the machine.  

1) Pneumatic single acting cylinder 

2) Solenoid valve 

3) Flow control valve 

4) Ultrasonic sensor 

5) Wheel and brake arrangement 

6) Hose 

2) Pneumatic Single Acting Cylinder 

 
Fig. 3.2: Single Acting Cylinder 

Pneumatic cylinder consists of piston, cylinder & various 

parts of used, the cylinder is a Single acting cylinder one, 



Design and Demonstration of Smart Braking System with Pneumatic Bumper 

 (IJSRD/Vol. 8/Issue 7/2020/073) 

  

 All rights reserved by www.ijsrd.com 349 

which means that the air pressure operates forward and 

spring returns backward. The air from the compressor is 

passed through the regulator which controls the pressure to 

required amount by adjusting its knob. A pressure gauge is 

attached to the regulator for showing the line pressure. Then 

the compressed air is passed through the single acting 3/2 

solenoid valve for supplying the air to one side of the 

cylinder. Single Acting Cylinder One hose take the output of 

the directional Control (Solenoid) valve and they are 

attached to one end of the cylinder by means of connectors.  

3) Solenoid Valve with Control Unit: 

 
Fig. 3.3: Solenoid Valve 

A solenoid valve is a combination of two basic functional 

units A solenoid (electromagnet) with its core.  A valve 

body containing one or more orifices Flow through an 

orifice is shut off or allowed by the movement of the core 

when the solenoid is energized or de-energized. valves have 

a solenoid mounted directly on the valve body. The core is 

enclosed in a sealed tube, providing a compact, leak tight 

assembly the directional valve is one of the important parts 

of a pneumatic system. Solenoid valve these are also used to 

operate a mechanical operation which in turn operates the 

valve mechanism. 

4) Hose: 

 
Fig. 3.4: Hose 

A hose is a flexible hollow tube designed for carrying the 

fluid & air from one location to another. Hoses are also 

sometimes called pipes or more generally tubing. The shape 

of hose is usually cylindrical (having a circular cross 

section). 

Hose design is based on the combination of 

application & performance. Common factors are size, 

pressure rating, weight, length straight hose or coil hose, & 

chemical compatibility. 

Applications mostly use nylon, polyurethane, 

polyethylene, PVC, or synthetic or natural rubber based on 

the environment & pressure rating needed 

5) Brakes: 

 
Fig. 3.5L Braking System 

Brake is a mechanical device which inhibits motion, slowing 

or stopping a motion object or preventing its motion. Brake 

is generally applied to rotating axles or wheels, but may also 

take other form such as the surface of a moving fluid. 

6) Sensor and Control Unit: 

 
Fig. 3.6: Ultrasonic Sensor 

The sonic transmitter and sonic receiver circuit is used to 

sense the obstacle the ultrasonic wave detects the obstacle, it 

will produce wave. Ultrasonic receiver is used for receiving 

the ultrasonic wave reflected from the road surface to 

generate the reception signal. There is ultrasonic transducer 

that will transform back the sound wave to electric signal. 

This signal is amplified by an amplifier. The amplified 

signal is compared with the reference signal to detect the 

component in the amplified signal due to obstacle on the 

road surface. The magnitude of reference signal or the 

amplification factor of the amplifier is controlled to 

maintain a constant ratio between the average of the 

reference signal & the average of the amplified signal. 

Product features: Ultrasonic ranging module HC - SR04 

provides 2cm - 400cm non-contact measurement function, 

the ranging accuracy can reach to 3mm. The modules 

include ultrasonic transmitters, receiver and control circuit. 

a) The basic principle of work: 

Using IO trigger for at least 10us high level signal, 

The Module automatically sends eight 40 kHz and detect 

whether there is a pulse signal back. 

IF the signal back, through high level, time of high output 

IO duration is the time from sending ultrasonic to returning. 

Test distance = (high level time × velocity of sound 

(340M/S) / 2, 

b) Electric parameter: 

Working voltage DC5V 

Working current 15mA 

Working 40Hz 
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frequency 

Max range 4m 

Min range 2cm 

Measuring angle 15 degree 

Trigger input 

signal 
10Us TTL pulse 

Echo output 

signal 

Input TTL lever signal & range in 

proportion 

Dimension 45*20*15mm 

Table 1: Sensor Parameter 

7) Ultrasonic Transmitter 

 
Fig. 3.7: Ultrasonic Transmitter & Receiver 

Before transmitting the ultrasonic wave, there is part which 

is ultrasonic wave generator that function to generate the 

ultrasonic wave. In that part, there is timing instruction 

means for generating an instruction signal for intermittently 

providing the ultrasonic wave. This signal will send to an 

ultrasonic wave generator for generating ultrasonic wave 

based on instruction signal from said timing instruction 

means (transform electric energy in to sound wave). After 

ultrasonic wave was produced, ultrasonic transmitter 

transmit the ultrasonic wave towards the road surface to find 

out the obstacle. The range that obstacle detected is depends 

on the range of ultrasonic sensor that used.  

8) Arduino  

 
Fig. 3.8: Arduino 

Arduino board contains on-board power supply, USB port to 

communicate with PC and Atmel microcontroller chip. It is 

simply process of creating any control system by providing 

standard board. Arduino is an open source platform that can 

be used to design various electronic projects. Arduino uses 

its own IDE (Integrated Development Environment) uses a 

simplified version of C++, making it easier to learn to 

program. 

Well technically it is an open source embedded 

system platform in which you can just directly write your 

logical programs (fort of C/C++) and then can be directly 

uploaded to the microcontroller and used in your 

application. 

1) With the Arduino you can save the efforts such as 

developing a program burner circuit. 

2) You do not have to worry to convert our logic (C/C++) 

programs into hexadecimal code 

a) Features of the Arduino UNO 

1) Microcontroller- ATmega328. 

2) Operating Voltage- 5V. 

3) Input Voltage (recommended)-7-12V. 

4) Input Voltage (limits)- 6-20V. 

5) Digital I/O Pins- 14 (of which 6 provide PWM output) 

6) Analog Input Pins- 6. 

7) DC Current per I/O Pin- 40 mA. 

8) DC Current for 3.3V Pin- 50 mA. 

9) Flash Memory: 32KB non-volatile memory. This is 

used for storing application, which explains why you 

don't need to upload your application every time you 

unplug Arduino from its power source. 

10) SRAM Memory: 2KB volatile memory. This is used for 

storing variables used by the application while it's 

running. 

11) EEPROM Memory: 1KB non-volatile memory. This 

can be used to store data that must be available even 

after the board is powered down and then powered up 

again 

IV. PROPOSED WORK 

A. Frame 

Sr. 

No. 

Operation Tools Cost (Rs) 

1. Marking Chock 0 

2. Cutting Grinder 100 

3. Welding Arc welding tool 250 

4. Finishing Grinder 150 

Table 2: Operation of Frame 

 
Fig. 4.1: Construction of Frame 
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B. Bumper  

Sr. No. Operation Tools Cost (Rs) 

1. Marking Chock 0 

2. Cutting Grinder 100 

3. Welding Arc welding tool 250 

4. Finishing Grinder 150 

Table 3: Operation of Bumper 

 
Fig. 4.2: Construction of Bumper 

C. Programming Environment  

1) Program Structure 

 
Fig. 4.3: Programming Structure 

// Declaration of variables 

// Declarations of Library 

// Declare data types (like int, float, string, char, unsigned 

int, long, unsigned long, time etc) 

.  Void setup () { 

// commands to initialize go here; 

// function is executed only once at the start 

// initialize serial communication or communications with 

LCD (serial ports, LCD ports) 

// declarations of Pinmodes. 

} 

Void loop () { 

// Execution of main program 

// function is executed repeatedly and form the main tasks of 

the program. 

// put your main code here, to run repeatedly: 

// use control statements (For, if, while, if...else etc.) 

// Assign digital and analog I/O pins 

V. CALCULATION 

A. Forces acting on cylinder 

We assume that we required 15kg force to actuate the brake 

& bumper. 

So,  

Weight = mass * 9.81 

Weight = 15*9.81 

Weight = 147.15 which approximate to 150N 

As per our load requirement we calculate the piston size. 

P = F/A 

P = Pressure on cylinder  

F = Force required to pull brake 

A = Area of piston in cylinder  

Assume,  

A = 25 mm 

Therefore  

A = π/4 * (D)2 

D = Diameter of Piston  

A = π/4 * (25)2 

A = 490 mm2 

Therefore, 

P = 150 / 490 

P = 0.306 N/mm2 

P = 3.06 Bar  

The above pressure is within pneumatic operation 

range which is in between 1 to 10 bar. So our design is 

validate. 

6x105 = F/ (1.25 x 10-3) 

F= 480.54 N 

Piston rod Area (a):- 

a = (pie/4) x d2 

= (pie/4) x (10x10-3) 2 

= 78.5mm2 

Force during extending stroke: - 

P = F/A 

0.306= F/ (490-78.5) 

F= 125.19N 

Criterion Feature 

Stroke 100 mm 

Piston diameter 25 mm 

Piston rod diameter 10 mm 

Piston rod thread M10 

Speed range 50 – 800 mm/ sec 

Assembly position Any 

Piston-rod end Male thread 

Design structure 
Piston 

Piston rod 

Variants Single-ended piston rod 

Operating pressure 1 - 6 bar 
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range 

Endurance pressure 10 bar 

Mode of operation Double-acting 

Criterion 
Dried compressed air, lubricated or 

un-lubricated 

Temperature range -20 °C to + 80 °C 

Piston rod diameter Germanischer Lloyd 

Design structure With accessories 

Variants Aluminum 

Operating pressure 

range 
High alloy steel 

Endurance pressure 

Materials information for cylinder 

barrel 

Anodized 

Table 4: Cylinder Specification 

VI. CONSTRUCTIONAL DETAILS 

A. CAD Model 

 
Fig. 5.1: CAD Model of Project 

B. Fabricated Model 

 
Fig. 5.2: Actual Model 

VII. PROJECT COST AND BOM 

1. Single Acting pneumatic cylinder 2 3000 

2. Solenoid valve 1 1100 

3. Wheel 4 1500 

4. Sensor unit 1 1800 

5. Hose 2Mtr 500 

6. Stand (Frame) including fabrication cost 1 3000 

7. Brake 1 1000 

Table 5: Cost of Material 

VIII. LIMITATIONS  

1) System has few limitations in densely traffic road.       

2) Due to the linkages there will be frictional losses. 

3) Maintenance will be more due to the number of moving 

parts 

4) Stroke length is fixed. 

IX. APPLICATIONS 

1) This system may be applicable in all types of light 

vehicles like cars, Rickshaws, Tempos.  

2) This system also successfully installed in the heavy 

vehicles like buses, trucks, trailers, etc. 

X. FUTURE SCOPE 

1) Bumpers can be replaced by hydraulic bumpers. 

2) Bumper design can further be enhanced to act as 

external air bags. 

3) With some modifications, the project can be used with 

timer circuits so as to apply brakes and extend the 

bumper after a delay of few milliseconds so that the 

bumper does not extend unless the vehicle just reaches 

the crashing distance. 

XI. CONCLUSION 

Smart Braking system is very much beneficial to vehicle to 

safety point of view. Behind the design of this system, our 

main aim is to improve the prevention technique of 

accidents and also reducing the hazard from accidents like 

damage of vehicle, injury of humans, etc. We observed that 

our work is able to achieve all the objectives which are 

necessary. Initial cost of cars with air bags is always high. 

Usually air bags are given to high end car. By implementing 

this project, we can reduce cost of high-end cars by giving 

similar kind of safety. Air bags are helpful to provide 

internal safety to people sitting in vehicle, whereas in our 

project we will be giving internal plus external safety to car 

from damage. Thus, we will reduce initial cost of cars and 

also provide better safety.   
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