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ABSTRACT: This paper presents a vehicle Rear-End collision avoidance system using Pre-Collision System (PCS)
algorithm. It allows evaluating the potential effectiveness of the pre-collision system (PCS) algorithms: 1) forward
collision warning 2) Pre-crash brake assist; and 3) Autonomous pre-crash brake. In addition, this allows us to explore
the communication technologies between the vehicles. VCAS consist of the integration of the three components of
the PCS, the FCW,PBA and PB in one unit .FCW gives warning to the driver and PBA amplifies the braking effort of
driver and PB triggers near end of collision. The collision information is communicated to the behind vehicle and the
side vehicles. Moreover, it offers for the emergence of new technologies (e.g., Vehicle-to-vehicle, Vehicle-to-Building
communication), which will become a reality in the near future. The simulation results provide an overview of the
impact of the integrated PCS algorithm in terms of time to collision, frequency, severity and cost.

KEYWORDS: Pre-collision System, Vehicle Collision Avoidance Safety System, Forward Collision Warning, Pre-
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I. INTRODUCTION

The unpredicted increase in the number of wvehicles in the developed and the developing countries has created the
automobile manufacturers to have greater responsibility to produce/market vehicles with sophiscated features and
safety devices and to avoid/avert the road accidents. The vehicles are equipped with new active safety devices and
technologies. Innovative techniques are employed to reduce the frequency of collisions of vehicles and to increase the
safety of the life to the vehicle users. Forward collisions, Rear —End collisions and multiple collisions or chain reaction
collisions are the major types of collision taking place on highways

A rear-end collision is one in which the front of one vehicle (the striking vehicle) impacts another vehicle that travels in
the same direction of travel as the first vehicle (the struck vehicle). The struck vehicle can be decelerating, stopped, or
moving at a lesser speed than the striking vehicle. The active safety systems should prevent the crash or at least
mitigate crash-related injuries and property damage. Forward collision warning (FCW), pre-crash brake assist (PBA),
and autonomous pre-crash braking (PB) systems are called Pre-collision system (PCS) components and are currently
implemented separately in the newly manufactured vehicles. But integrated systems with all the PCS Components
in a system will avoid the frequency of rear-end collisions taking place in the highways. This is called as Vehicle
Collision Avoidance System  (VCAS) .Thus a low-cost navigation system with high integrity and reliability is
proposed for enhancing highway collision avoidance.

Regan, et al. (2002) estimated that approximately 7% of all rear-end crashes could be reduced with forward
collision warning systems, resulting in an economic benefit of $40 million (AU). Depending on various levels of
effectiveness and acceptability, it was estimated up to 30% of fatal crashes could become serious injury and up to 30%
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of serious injury crashes becoming injury crashes, while reductions of up to 12% of other injury and minor injury
crashes were predicted[2]. In a simulator study, Lee, et al. (2002) found that forward collision warning systems that
issues early auditory warnings reduced the number of crashes by 80.7% and reduced crash severity by 96.5%. Late
warning systems were associated with a 50% reduction in crash occurrence and an 87.5% reduction in severity [2].
Thus the need for collision avoidance system is becoming more popular

The remainder of this paper is organized as follows: Section Il introduces the PCS Algorithm and section 111 details
modeling of the PCS components and the Time to collision (TTC) of the vehicles. Section 1V discusses the proposed
transportation system and Section V describes the communications module. In Section VI the simulation results and
summary of the paper is presented in section VII respectively.

Il. PRECRASH SYSTEM ALGORITHM
A. Algorithm

The PCS Algorithm consists of integration of the three PCS components, Forward collision warning (FCW), pre-
crash brake assist (PBA), and autonomous pre-crash braking (PB) systems. These systems often depend on the
millimeter-wave radar scanning technology to track vehicles and objects in front of the equipped vehicle. These
systems use sensor inputs to interact with other systems such as speed sensors, steering angle sensors, and airbag
control modules. FCW systems warn the driver through visual, audio, and/or tactile means of an impending collision.
FCW has been designed to warn the driver close to the last possible moment before a driver corrective action can be
possible which avoids the collision.PBA is triggered when the vehicle recognizes an emergency-braking scenario and
amplifies the driver braking input when the driver applies the brake. In systems with multiple pre-collision system
(PCS) components, PBA is designed to activate following the FCW warning. Finally, PB is intended to autonomously
add to the vehicle’s braking deceleration, even if there is no driver input. In systems with multiple components, PB is
triggered last, closest to the collision. Therefore, most PB systems are designed to trigger only when the unavoidable
collision occurs.

B. Time to collision
The activation of each of the PCS components varies by manufacturer and system. A simple metric that some PCSs use
to judge collision threat is the time to collision (TTC). TTC is the ratio of range x to range rate of relative velocity V12,

ie.

TTC = x/V12

Where, x = Distance range;
V12 = Range of relative collision;

TTC is directly related to driver’s threat recognition in frontal collisions and is readily measured by radar sensors.
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Fig .1. Activation timing of PCS components leading to a crash.
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The activation times and system components in this system will be used as the basis for the PCS components, which is
shown in the fig 1.

Consider a rear-end collision where the striking vehicle (vehicle 1) collides with a second vehicle (vehicle 2). AV for
this collision for vehicle 1 is defined as

AV1=AV12 - VC

Where V12 is the velocity of vehicle 1 with respect to Vehicle 2 at impact, and VC is the common velocity that was
achieved following the collision. The change in velocity of Vehicle 2 is simply VC.

The time from the issue of the warning to the time that the driver applies the brakes is the driver’s reaction time.
Reaction time is important for PCS algorithms, because it determines what systems will activate. The four scenarios of
drivers applying the brakes in response to a warning is shown in Fig. 2.
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Fig 2: Schematic of PCS component activation based on reaction time

The figure 2 shows the PCS component activation based on reaction time for (1) fast, (2) normal, (3) slow, and (4) no
response. Filled circles indicate the time at which the driver applies brake. FCW warns the driver 1.7 s before the
collision. A fast reaction time (scenario 1) will cause the driver to apply the brakes before the threshold for PBA,
resulting in only driver braking effort. However, a medium reaction time (scenario 2) will cause PBA to activate once
the driver starts braking, doubling the driver braking effort. A slow reaction time (scenario 3) will still cause PBA to
activate, but the braking time will be shorter. Finally, if the reaction time is greater than 1.7 s, the crash will occur
before the driver applies the brake (scenario 4).

I11. PRECOLLISION SYSTEM COMPONENT DESIGN

Nowadays prediction of vehicle's dangerous driving conditions or maneuvers can help for preventing accidents. One of
the major causes is a result of keeping no safe distance between neighboring vehicles while driving. A system that
warns drivers if they are heading too close and dangerously towards other vehicles would help to reduce the road
accidents significantly. This system would be particularly useful in low visibility conditions, like fog and rain, which
leads the major cause of a large number of road accidents.[1]

The vehicle collision avoidance system (VCAS) is a device that consists of a microcontroller, vibration sensor,
ultrasonic sensor, RF transceiver, GSM and a GPS. There is also other or near vehicle section.. This system consists of
a microcontroller decoder unit ,alarm unit and a reader device .The Vehicle Collision Avoidance System (VCAS)
provides the vehicle navigation solution for the striking vehicle and the other vehicle section provides vehicle
navigation solution for the struck vehicle that is the behind and side vehicles. This VCAS is used only for the rear —end
vehicle collision mode.
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Fig.3: Block Diagram of Vehicle Collision Avoidance System

The block diagram of the expanded (VCAS) is shown in Fig.3, The obstacles are detected by using ultrasonic sensor.
The vibration sensor estimates the distance between vehicles just before the collision. The currently proposed system
uses wireless technologies for the transferring information’s. If the system detects the obstacle vehicle it sends an alert
to the driver to and if the driver cannot provide brake then the system helps in braking and if it goes towards colliding
then it turns the car to certain extent to avoid damage. Then the location of collision is found using GPS and
information is sent to the authorized person’s mobile and ambulance using GSM. This information is also passed to the
vehicle behind and also to the near-by side vehicles to reduce speed or to stop the vehicle.
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Fig 4: Block Diagram of other vehicle section.
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The Other vehicle system consists of a microcontroller section, a decoder unit, an indicator and a reader device for the
vehicle navigation.[2] The information transferred from the front vehicle or side vehicle is in the encoded format ,this
has to be decoded into a readable format for the user to read the information such as reduce the speed or stop the
vehicle due the collision. Also and alarm is given to alert the people.[3]

The currently proposed system uses wireless technologies like GSM for transferring information and GPS for finding
the location of the accident. The efficiency will be estimated in terms of reduction in the number of collisions, collision

severity (AV), and the number of injured drivers.[4]

IV. PROPOSED TRANSPORTATION SYSTEM

This section describes the structure and functions of the new proposed transportation system which provides the basic
platform to simulate the future transportation system in the vehicle to vehicle communication environment which
emulates the Intelligent Transportation Systems (ITS). ITS build as a network based, integrated navigation system with
different modules that combine together to communicate from one vehicle to another.[5]

One of the most promising areas of research is the study of the communications among vehicles and road-side units, or
more specifically the Vehicular Ad-hoc Network (VANET).[6]This kind of networks are self-configuring networks
composed of a collection of vehicles and elements of roadside infrastructure connected with each other without
requiring an underlying infrastructure, sending and receiving information and warnings about the current traffic
situation.[7]

In this system the VANET is used to communicate from one system to another. The information such as speed
reduction and collision information is transferred from one vehicle to another vehicle.[8] Currently, DSRC (Dedicated
Short-Range Communication has been proposed as the communications standard specifically for VANETS, it is a short
medium range communications service that offers very low latency and high data rate. DSRC is based upon the
standards IEEE 802.11p and IEEE 1609 family.[9]

Fig 5: Schematic Diagram of VANET.

V. COMMUNICATION MODULE
Low-cost and effective communications with sufficient bandwidth is necessary to pass information between
vehicles and the controllers in order to perform effective process. Various communication protocols achieve reliable,
two-way communication networks such as ZigBee, Bluetooth, but sending information through mobile phone
or GSM/GPRS modem is used.[10] This is used to send SMS messages to the authorized user

A GSM modem is a wireless modem that works with a GSM wireless network.[11] A wireless modem behaves like
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a dial-up-modem; it sends and receives data through radio waves. Like a GSM mobile phone, a GSM modem requires a
SIM card from a wireless carrier to operate. A GSM modem can be an external device or a PC Card. Typically, an

external GSM modem is connected to a computer through a serial cable or a USB cable .Also GPS system is used to
find the location of the vehicle collision.[12]

VI. SIMULATION RESULTS
Simulation is done using Proteus Simulation software .Proteus is hardware simulation tool.[12] It is compatible
with windows XP. The simulation output is shown below for both before and after collision. The parameters are set for

the steering control as variable resistor and LED’s for alarm to the driver, next vehicle and the vehicle behind.[13]

A. Simulation before Crash
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Instead of the steering, a potentiometer is used to vary the distance.[13] When it is in zero position the motor will be
running and wheels will be in moving condition. When it is in full position the motor and the wheels will be stopped
due to collision.[14]
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Fig 5: Simulation before collision.

In this simulation output the condition before crash is shown, the wheels will be rotating and all the LED’s will be
in OFF condition and the potentiometer is in initial position and no transmission to the virtual terminal.[15]

B. Simulation after Crash
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Fig 6: Simulation after collision.

In this simulation output the condition after crash is shown, the wheels are in stopped position and the two LED’s
one for driver alarm and the side vehicle will be in off position and the switch is in closed position and the information
that the vehicle is crashed is sent to the authorized mobile number

VII. CONCLUSION

This paper proposed an vehicle rear end collision avoidance system based on PCS algorithm. This provides a highly
secure system for vehicles. Collision avoidance and property damage reduction is mainly the benefit of this system and
communication between vehicles is done using wireless communication.

Proposed system have application in the area of vehicle networks, traffic control and security system etc Here the time
to collision is in the sufficient bandwidth so crash is avoided and driver is alerted and corrective action is also taken.
The severity of the collision and property damage is reduced in the highways. Also it consumes less power. As a result
we can implement a less expensive system. The simulation result is viewed using PROTEUS software.
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