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Abstract— The number of vehicles expanded exponentially 

within the world in day by day. Expanding the number of 

vehicles cause increasing the number of passing due to car 

mishap which is bigger in number compared to the passing 

caused by sick wellbeing. Most of the car mischance happen 

due to rear end collision of vehicle, more than 50 or 60 % rate 

of mishaps detailed within the world due to rear end collision. 

Existing studies about rear end collision avoidance are 

limited to the physiological response of car drivers and use 

only buzzer warning or deceleration of vehicles due to 

braking and display the breaking intensity. These are the 

safety measures to maintain a strategic distance from the rear 

end car collision ,but it isn't admission on the genuine time 

circumstances may be driver and traveller gotten to be panic. 

Driver and traveller security is major concerns of automobiles 

system. In these paper we propose an effective framework to 

avoid the rear end collision of vehicles utilizing ultrasonic 

sensors. Ultrasonic sensors naturally calculate the distance of 

vehicle and obstacles within the front end, and automatically 

stop the vehicle if it is critical region. The vehicle will 

naturally begin until it is in secure run or else obstacles will 

be cleared from the rear end. The proposed strategy make a 

comparative study on the existing framework based on its 

performance. 
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I. INTRODUCTION 

India was the moment quickest development advertise for 

traveller vehicles among the beat five all-inclusive behind 

having extended by 7% final year. Concurring to the global 

automobiles industry body organisation international des 

constructor information, traveller vehicles deals in India 

stood at 2966637 unit final year. The chance of mishap is 

additionally increment when the vehicle number is 

expanding. Concurring to the service of Ministry of Road 

Transport and Highway 150785 individuals were murdered 

and another 49624 were harmed in 480652 in street crashes 

in India in 2016.This deciphered into 1317 crashes and 413 

death in every day or 55 crashes and 17 passing each hour. 

The number of street crashes passing have expanded by 31% 

from 2007 to 2017 which of deadly street crashes have 

increased by 25.6% within the same period. 

 According to the investigation satisfies of all activity 

mishap almost 60 to70 percentage of all activity mishap were 

cause by vehicle collision particularly rear end collision, 

which account for considerable sum of activity mischance. In 

the study of National Highway safety Administration reveals 

that rear end collision making the one of the most frequent 

types of automobiles accident. Rear end collision occurs 

every 17 seconds in United States .About 3 million people are 

injured in rear end collision very year. Driver who is paying 

attention should see a car that is stopped or driving slowly on 

the road. Driver who follows other vehicles at a safe distance 

and drive at a safe speed should be able to stop vehicle ahead 

of the driver stop suddenly. Rear end accident are almost 

always caused by a driver who speeds(high speed rear end 

collision),chats on cell phone, applies makeup, drink before 

driving, engages in similar careless act. While juries 

occasionally attribute some fault to a driver who is struck 

from the rear that usually happens only when the driver stops 

suddenly, unpredictable and for no good reasons. In typical 

rear end collision the victims can left devastated. Most of the 

times juries understand that rear end collision are caused by 

the negligence of the driver crashed into another vehicle. 

 Unfortunately most of the past work as a rule 

considered as it were the effect of vehicle elements on rear 

end collision in terms of connect vehicle remove, whereas 

conceivable impacts from climate conditions, driver 

response, capability street surface condition and other outside 

variables were not completely taken in an account. In a buzzer 

or alert based detection system when an unsafe state appears 

on warning equipment will alert the driver to take some 

emergencies actions such as braking or lane changing. 

Although such scheme based on the condition of driver, 

because there is chance for the driver become panic or tense. 

So here required completely programmed framework to 

identify the chance of rear end collision and take the 

fundamental steps once the vehicle in a hazardous state. The 

proposed framework employments the ultrasonic sensors to 

distinguish the deterrents before vehicle, the impediments not 

as it were the vehicles but moreover pedestrian crossing on 

the street, creatures, anything which square the smooth 

driving of the vehicle. The distance between from the vehicle 

and impediments is calculated by the ultrasonic sensor based 

on the ultrasonic waves pass and hit on the obstacles and 

return back to the sensor. Based on the distance make the 

choice whether the vehicle is in secure or hazardous 

condition. If it is in unsecure condition at that point the senor 

have the control over the vehicle. The vehicle consequently 

restarted until the evacuation of the obstacles. The system not 

only remove the rear end collision but also prevent the 

accidents of pedestrian crossing road without notice the 

vehicle passing over it. 

 The remaining section of paper is organized as 

follows Section II Analyses the various existing approach of 

collision avoidance in the rear end. Section III explain the 

proposed technique to avoid collision using Ultrasonic 

sensor. Section IV deals with the result and discussion 

pretend with images and graph. Section V Presents the 

conclusion along with future scope of the project. 

II. EVALUATES ON EXISTING APPROACHES 

In common the rear end collision avoidance can be classified 

into three categories by the taking after criterions information 

collection or preparing strategies, security state determination 

plans and dynamic control manoeuvres. To implemented 

information collection or handling preparing strategies active 

safety framework can utilize on-board vision cameras, Inter-
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Vehicle Communication Transceivers, movement capturing 

sensors and soon. Milian et al [2] proposed a vision-based 

active security framework for automatic stopping in case that 

an unexpected person appears on the same path after all 

notices have failed to trigger a response from the driver. This 

independent driving framework depends on vision-based 

pedestrian detection to calculate vehicle to pedestrian and is 

capable of working in parallel with a human driver in arrange 

to perform an automatic pedestrian avoidance maneuver 

involving braking actions. Computer vision and associated 

filter designs were also proposed to assist a driver in 

identifying critical motions of neighbouring cars, identifying 

lanes and road boundaries, and even monitoring other drivers’ 

attention level to predict their actions. 

 The security state determination control comes from 

accurate state estimation, In common these work can be 

further classified in two categories Time to Collision (TTC) 

and secure Distance to Collision (DTC) approaches. The 

theory on the TTC is the based on the decision on the vehicle 

is in safe or unsafe based on the time is required to hit on the 

obstacle in front of the vehicle. In TTC determines the time 

required to hit on the obstacles in front of it by using time 

measuring sensors. If the time is in the critical section or else 

the measured time is greater than the predefined threshold 

time (T >Tthreshold) Then the required precaution or 

automatically buzzer, braking will be taken. Berthelot et al. 

[3] presented an algorithm to predict probability distribution 

of TTC induced by a uncertain system input from inaccurate 

predication or sensors’ measurement. Jimnez et al. [4] 

proposed a way to estimate TTC between two vehicles 

colliding at a constant speed along a straight line. Their work 

can also be easily applied to more complicated cases, such as 

curved paths and non-uniform movement. In DTC determines 

the distance between the vehicle and the obstacles. The 

distance can be calculated by using LASER, RADR, LIDR, 

Infrared. If the distance calculated by the sensors exceed the 

critical distance show the alert or automatically precaution 

will be taken. Various prototypes are developed by the 

researcher based on DTC because it consider the driver 

characteristics like speed. Actually, one of the key roles that 

an active safety system plays is to prompt drivers or directly 

intervene to control endangered vehicles to make both safe. 

 In dynamic control system determines ongoing 

control actions according to collected sensor data and drivers’ 

objective characteristics configuration. Different active 

control strategies have been presented to avoid possible 

collisions, very few works have attempted to combine active 

control issue with online collision probability estimation to 

make control maneuvers smart, real-time, and adaptive. 

Among proposed schemes for active safety control, the Data 

Fusion (DF) based models seem to be a general solution in 

the future. In addition to the aforementioned techniques, the 

use of causal probabilistic model such as Bayesian network, 

has also been explored for traffic accident prediction. 

Bayesian network is probabilistic model to determine the 

DTC. Chen et al [5] proposed a rear end collision risk 

evaluation model using Bayesian network. It is probabilistic 

decision-making framework for rear-end collision avoidance 

systems, focusing on modelling the impact of major collision-

causing factors on the occurrence of accidents. Decisions on 

when and how to assist drivers are made using a Bayesian 

network approach according to collision risk evaluation 

results, given a prior probabilistic knowledge. The structure 

of the Bayesian network model is using a K2 algorithm. To 

provide response time for drivers and predict collision 

probability in the next monitoring interval using a Kalman 

filter model [5]. 

 The additional modelling technique for rear end car 

collision using time delay neural network. It is based on the 

TTC. This technique implemented a driver’s steering control 

model during emergency rear-end collision avoidance by 

using Focused Time Delay Neural Network (FTDNN) [6]. 

FTDNN model able to simulate driver`s steering maneuver in 

rear-end collision avoidance. This technique based on the 

steering capabilities of the driver. Another technique of 

network to avoid rear end collision is through VANET. It is 

based on beacon message exchange to aware the nearby 

vehicles. Feng Lyu et al [7] proposed a rear end collision 

avoidance through beacon control in Vehicular ad hoc 

network (VANET).Keeping vehicles well aware of the 

nearby environment through frequent beacon message 

exchanging. the risk of rear-end collision model and define a 

danger coefficient ρ to characterize the danger threat of each 

vehicle being in a rear-end collision. Each vehicle to actively 

adapt a minimal but sufficient beacon rate to avoid a rear-end 

collision based on individual estimates of ρ [7]. In essence, 

ABC adopts a TDMA-based MAC protocol and solves a NP-

hard optimal distributed beacon rate adapting (DBRA) 

problem with a greedy heuristic algorithm, in which a vehicle 

with a higher ρ will be assigned with a higher beacon rate 

while keeping the total required beacon demand lower than 

the channel capacity [7]. 

 In this approach is an effective and simple based on 

combination of DTC and TTC.DTC is calculate from the 

TTC method. The proposed technique is automatically check 

chances of collision and if the collision take appropriate 

precaution .This technique is a combination of detection and 

prevention by considering safety of both vehicle and 

obstacles (vehicle, pedestrian, creatures or anything) in the 

rear end. 

III. PROPOSED WORK 

The proposed framework working principle based on the 

Ultrasonic sensors. Ultrasonic sensors is used to sense the 

distance between the vehicle and obstacles in front of it. 

Based on the distance the action over the vehicle is taken 

place. Adraxx Hc-SR04 sensor is used in the proposed 

framework. 

A. Ultrasonic Sensor 

Ultrasonic sensors are the great device to measure distance 

without real contact and utilized in several place like water 

level measurement, distance measurement etc. The working 

principle of ultrasonic sensor is based on transmission and 

reception of ultrasound waves. This is often an effective way 

to measure small distance precisely. Ultrasonic sensor to 

determine the distance of an obstacle from the sensor. Basic 

principle of Ultrasonic distance measurement is based on 

ECHO. When sound waves are transmitted in environment 

then waves re return back to origin as ECHO after striking the 

obstacle. Using the time between transmission and reception 
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of the ultrasound waves and the speed of the ultrasound 

waves, the distance between the sensor and the obstacle is 

computed. Ultrasonic sensor HC-SR04 is used to measure 

distance in range of 2cm-400cm with accuracy of 3mm.The 

sensor module consists of ultrasonic transmitter, receiver and 

the control circuit. 

B. Working Principle of Ultrasonic Sensor 

Ultrasonic sensors use sound to determine the distance 

between the sensor and the closest object in its path. 

Ultrasonic sensors are essentially sound sensors, but they 

operate at a frequency above human hearing. 

 
Fig. 1: Working of Ultrasonic Sensor 

 The sensor sends out a sound wave at a specific 

frequency. It then listens for that specific sound wave to 

bounce off of an object and come back (Figure 1). The sensor 

keeps track of the time between sending the sound wave and 

the sound wave returning. The distance can be calculate if 

speed and time are known using (1). 

d = v * t                                       (1) 

 The Ultrasonic sensors have a cone of detection, the 

angle of this cone varies with distance, and Figure 2 show this 

relation. The ability of a sensor to detect an object also 

depends on the objects orientation to the sensor. If an object 

doesn’t present a flat surface to the sensor then it is possible 

the sound wave will bounce off the object in a way that it does 

not return to the sensor. 

 
Fig. 2: Cone of Detection 

B. HCSR04 Specifications 

The HCSR04 is important because of the following 

advantages. 

 Cheaper Cost 

 Less weight 

 Community of hobbyists and support 

 Accuracy of object detection 

 Probability of working in a smoky environment 

 Ease of use 

The HCSR04 Specifications are listed below. 

 Power Supply: +5V DC 

 Quiescent Current: <2mA 

 Working current: 15mA 

 Effectual Angle: <15º 

 Ranging Distance: 2400cm 

 Resolution: 0.3 cm 

 Measuring Angle: 30º 

 Trigger Input Pulse width: 10uS 

 Dimension: 45mm x 20mm x 15mm 

 Weight: approx. 10 g 

C. Timing Chart & Pin Explanations 

The HCSR04 has four pins, VCC, GND, TRIG and ECHO; 

These pins all have different functions. The VCC and GND 

pins are the simplest the power the HCSR04.These pins need 

to be attached to a +5 volt source and ground respectively. 

There is a single control pin: the TRIG pin. The TRIG pin is 

responsible for sending the ultrasonic burst. This pin should 

be set too HIGH for 10 μs, at which point the HCSR04 will 

send out an eight cycle sonic burst at 40 kHZ. After a sonic 

burst has been sent the ECHO pin will go HIGH. The ECHO 

pin is the data pin it is used in taking distance measurements. 

After an ultrasonic burst is sent the pin will go HIGH, it will 

stay high until an ultrasonic burst is detected back, at which 

point it will go LOW. 

 
Fig. 3: HC-SR04 Pin 

D. Distance Measurements 

The HCSR04 can be triggered to send out an ultrasonic burst 

by setting the TRIG pin to HIGH. Once the burst is sent the 

ECHO pin will automatically go HIGH. This pin will remain 

HIGH until the the burst hits the sensor again. You can 

calculate the distance to the object by keeping track of how 

long the ECHO pin stays HIGH. The time ECHO stays HIGH 

is the time the burst spent traveling. Using this measurement 

in (1) along with the speed of sound will yield the distance 

travelled. To interpret the time reading into a distance you 

need to change ( 1). The clock on the device you are using 

will probably count in microseconds or smaller. To use 1 the 

speed of sound needs to determined,which is 343 meters per 

second at standard temperature and pressure. To convert this 

into more useful form use ( 2) to change from meters per 

second to microseconds per centimeter. Then (3) can be used 

to easily compute the distance in centimeters. 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
𝑆𝑝𝑒𝑒𝑑

170.15𝑚
∗

𝑀𝑒𝑡𝑒𝑟𝑠

100 𝑐𝑚
∗

1𝑒6µ𝑆

170.15𝑚
∗

58.772µ𝑆

𝑐𝑚
       (2) 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =
time 

58
=

µ𝑠

µ𝑠/𝑐𝑚
= 𝑐𝑚                    (3) 

E. Wiring the HCSR04 to a Microcontroller 

It deals with hardware section and wiring of the HCSR04 to 

a microcontroller. Here Raspberry Pi microcontroller. The 

Raspberry Pi device looks like a motherboard, with the 

mounted chips and ports exposed, but it has all the 

components need to connect input, output, and storage 

devices and start computing. The compatible operating 

systems for the device are all Linux distributions. Linux was 

chosen at least partially for its low memory overhead, making 

it possible to run a fully functional OS on such a simple 
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device that's devoid of built-in permanent storage. Figure 4 

shows the wiring of the HCSR04 to the Raspberry Pi. These 

are the following steps. 

The HCSR04 has 4 pins: VCC, GND, TRIG and ECHO. 

1) VCC is a 5v power supply. This should come from the 

microcontroller 

2) GND is a ground pin. Attach to ground on the 

microcontroller. 

3) TRIG should be attached to a GPIO pin that can be set to 

HIGH 

4) ECHO is a little more difficult. The HCSR04 outputs 5v, 

which could destroy many microcontroller GPIO pins 

(the maximum allowed voltage varies). 

 
Fig. 4: Wiring of HCSR04 into Raspberry Pi 

 The circuit diagram for Raspberry Pi and ultrasonic 

sensor is shown above to measure the distance. In circuit 

connection Ultrasonic sensor module’s trigger and echo pins 

are directly connected to pin 23 and 24. The light blue colour 

wire denotes trigger cable and green denoted echo cable. Vcc 

of the Ultrasonic sensor is connected +5v of Raspberry Pi 

using the red cable and ground connected using black cable. 

IV. SIMULATION & RESULTS 

The prototype for car model utilized to invigorate the real 

world car and surrounding situation. The prototype is created 

by using DC motor. DC motor convert the direct electrical 

energy to mechanical energy. This mechanical energy are the 

responsible for the movement of the vehicle. A chargeable 

battery is connected with the chassis which powers the DC 

motor. Host vehicle is the vehicle in which the collision 

avoidance system is implemented. The prototype smart car 

for rear end collision avoidance consists of wheels, DC motor 

connected to the vehicle chassis, Raspberry Pi with HCSR04 

for rear end collision detection, LED with buzzer system to 

alert the chance of collision. Figure 5 shows the prototype of 

smart car to avoid rear end car collision. Figure 6 shows the 

Raspberry Pi with HCSR04 and LED with alert system. 

 
Fig. 5: Prototype of Smart Car to Avoid Rear End Collision 

 
Fig. 6: Raspberry Pi With HCSR04 & LED with Alert 

System 

A. Collision Detection using HCSR04 

Every seconds need to trigger the HCSR04 Ultrasonic sensot 

module to transmit signal by using Raspberry Pi and then wait 

fro recive ECHO.The time where the Ultrasonic wave is 

transmitted is taken as Tstart.Raspberry Pi reads the time 

where the waves bounce off any nearby object ansd some are 

reflected bac to the sensor ,taken this time as Tend . A 

complete cycle is the ultrasound waves are transmitted from 

the sensor and the ultrasound echo waves after hitting an 

obstacle are received by the sensor module. Using the time 

between transmission and reception of the ultrasound waves 

and the speed of the ultrasound waves, the distance between 

the sensor and the obstacle is computed using (2) where time 

is the difference of Tstart and Tend . The distance of obstacle 

from the sensor is caluculate using below formula. 

Tdiff = Tend – Tstart                             (4) 

Distance (cm)= Tdiff /0.000058                     (5) 

 Distance measuring using HCSR04 shown in the 

Figure 7. The Calculate distance is in critical region then the 

smart car automatically stop the whells to avoid the rear end 
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colliosn .In real world situvation if the car in the crtical 

situvation and high probalbility of collsion with other car then 

auotmatic breaksystem will apply. When the driver is become 

apnic or tense this automatic breaking system helps the driver 

and pasengers to avoid the collison and consider the safety of 

both vehicle and people inside it.Python code is used for the 

software portion.Figure 8 shows the code for the calculate the 

distance using HCSR04 and Figure 9 shows the code for 

auotmatic stoping of smart car. 

 
Fig. 7: Distance Measuring Using HCSR04 

 
Fig. 8: Code For Distance Calcuation 

B. Timig Diagram 

A pulse is sent for about 10µs to trigger the Ultrasonic sensor 

nodule.after which the module sends 8 cycles of 40KHz 

ultrasound signal and checks its echo.The signal after striking 

with an obstacle returns back and is captured by the 

reciver.Thus the distance of a obstacle from the sensor is 

calucate by using (5). Figure 10 shows the Timig Diagram. 

 
Fig. 9: Code For Auotmatic Stoping Of Smart Car 

 
Fig. 10: Timing Dia 

V. CONCLUSION 

In this paper we proposed a prototype of smart car using 

Ultrasonic sensor to avoid the chance of rear enf collisoin. 

The method is based on calculate the distance to collision 

based on the obtain time. Here we used HCSR04 Ultrasonic 

sensors to measure the distance. Ultrasonic Sensor is used to 

sense the obstacle and measure the distance between the host 

vehicle and the obstacle. The working principle of ultrasonic 

sensor is based on transmission and reception of ultrasound 

waves. The Ultrasonic sensors have a cone of detection, the 
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angle of this cone varies with distance. The ability of a sensor 

to detect an object also depends on the objects orientation to 

the sensor. If the vehicle in an unsafe condition then auomatic 

brake will apply to prevent it from the rear end collision. 

VI. FUTURE SCOPE 

Smart car prototype can enhanced by additing additional 

features to increase the safety. Fire sensor, Alochloic Sensor, 

GPS are increse the security of the automobiles. People perfer 

more auotmatic features of the automobles. Smart car 

prototype can apply to the real world car to increse safety and 

precaution. Then vehicles become smarter and automatic. 
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