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1. INTRODUCTION 

Road accidents claims many lives every year and have devastating psychological effects on the families of victims. 

In India, road accidents have decreased by around 4.1%  during 2016 as against 2015.  However   fatalities resulting 

from these accidents have risen by about 3.2% during the same period. Among the vehicle categories, two wheelers 

ranked for the highest share in total number of road accidents. As per the report, the most responsible factor for 

accidents was the driver‟s fault. There are many preventive measures to reduce the impact of the road accidents by 

which many lives might be saved. And one such effective device is the air bag which reduces the impact velocity 

preventing rider injuries. 

 

The air bags which were first developed to fit into the vehicle externally. External airbags and structure-airbag 

concepts (i.e. synthetic pressure hoses which are filled with gas before an impact) can extend the vehicle‟s crumple 

zones to provide additional energy absorption of impacts ([1],[2],[3],[4]). In general, airbags were found to be more 

effective in 90-degree collisions with a stationary car. Oblique collisions or collisions with a moving car tend to 

result in a rider sliding around the side of the bag, producing only a little change in rider‟s velocity. In addition, the 

cost of fitting an airbag was too expensive in proportion with the PTW cost. 

 

These uncertainties lead to the airbag development focused on wearable devices. The airbag jacket was a 

Hungarian invention. In simpler implementation these airbags are connected to the PTW by a cable and they are 

deployed when the cable is detached from its mounting clip [5]. In our system we developed a wearable air bag 

module around the neck, which actuates when an accident occurs thus saving organs like the spine, neck, heart, rib 

cages, lungs and shoulders. 

AB ST R ACT  

A statistical report of WHO says that “more than 1.25 million people per annum lose their life due to road traffic crashes all over  the world”. In India, 

in the year 2015 amongst the vehicle categories, two-wheelers are accounted for the highest share in total road accidents (28.8%).In order to reduce 

the injuries and protect life of the two wheeler riders a safety system is proposed. This system incorporates, various sensors which indicates accident 

occurring circumstances. At these life threatening situations, the portable air bags attached to the helmet are deployed thereby protecting the vital 

organs. The three main accident based life taking scenarios are frontal / rear head on collision, skidding during high speed or by applying sudden 

brake while driving at a high speed. This is done by detecting the crashes using sensors both in the front and rear part of the bike and inflates safety air 

bag (attached to the helmet) which is worn by the rider. Our system also detects skidding by using sensors and inflates air bags when deviated from 

the threshold angle. The speed from the speedometer is used to detect the sudden change in the vehicle speed. All these are achieved using Bluetooth 

network. By adopting this system, the number of lives claimed by two wheeler accidents will reduce at least by 60 %. 
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In the proposed system Bluetooth network is adopted. Bluetooth is defined as being a short-range radio technology 

(or wireless technology) aimed at simplifying communications among Internet devices and between devices and 

sensors. The Bluetooth module is used in the system to transfer the data between the wearable device and the other 

sensors in the vehicle. 

 

2. RELATED WORK 

Chinn [6] describes a series of tests in which two wheelers with dummy riders ran at an angle into a flat, fixed and 

rigid barrier. These were intended to simulate, in a simple type of accident where the driver s leg get trapped in 

between the barrier and the two-wheeler. Thus using the test results were developed with use in the preliminary 

evaluation of three types of leg protector. But in motorcycle accidents the motion pattern represents that the form of 

rotations of upper part rather than lower part of the body of rider involved in an accident is impeded below his 

centre of gravity in this normal movement. Adding to this the most vital life saving organs is not protected by 

protecting only the legs of the rider. 

 

Rao [7] described the measurement from sensors (Lidar and Radar) are used to determine the  relative velocity and 

distance to the potential crash opponent. This information is then combined with the collision opponents 

classification from the vision system (it can distinguish between pedestrians or vehicles) and deploy the air bags 

(external) at the right activation level. However, they used only the relative velocity as the criterion and did not take 

any measures of crash severity. 

 

Awadhesh Kumar Yadav [8] in their paper aim  to reduce the fatality,  injuries and also the vehicle loss during 

collision with the opposing vehicle or  any other barrier in head to head or side wards collisions by absorbing the 

kinetic energy of rider and interrupting the instantaneous velocity of vehicle using frontal air bags. But the force of 

the impact of the air bags may be too huge that it might throw out the rider from the vehicle unprotected and thus 

causing more danger. 

 

3. PROPOSED SYSTEM 

This project is proposed to save the vital organs of a human (driver) during accidents and collisions with the aid of 

airbags. The specialty of this airbag is, it is portable and is installed in helmet of the driver (and co-driver).This 

system detects the collision and accidents with the help of various sensors. The major checks are human presence 

using heart pulse rate sensor, the sudden acceleration and deceleration using accelerometer sensor from which 

impact force developed during collision is calculated, the velocity of the vehicle which is received from 

speedometer of the vehicle. The position of the vehicle with respect to ground (i.e.) angle of the vehicle with respect 

to x and y axes are calculated using gyro sensor (to detect skidding and wheeling). Based on the values obtained 

from the sensors, the ECU detects the situations of accidents and the air bagis deployed at right time and life of the 

driver is saved. The helmet airbag module and the ECU are connected by means of Bluetooth. In order to provide 

maximum safety the vehicle gets ON only when the helmet is worn properly by the driver. The impact test is 
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conducted virtually using a technique called collision dynamics. The working of the ECU is explained in detail with 

all other modules as follows. Fig 1 depicts the overall architecture diagram of the proposed safety system.  

 

3.2 MODULES 

3.2.1 Heart rate pulse module: The heart rate pulse sensor detects the heart beat that confirms the presence of 

human being that is the driver is wearing the helmet in a proper position. It is placed in the helmet such that it is 

detects the pulse of the human near the neck position. This sensor will either produce output as 0 or 1. If the sensor 

senses the pulse it will produce the output as 1.  

 

3.2.2 Bluetooth module: Bluetooth module is used for communication between ECU which is fixed onto the 

vehicle and the helmet where air bags are situated. It plays a vital role in sending the heart rate pulse sensor output 

to ECU and the command to deploy the air bag from ECU to air bag actuator present in the helmet. 

 

Fig.1 Block Diagram of Proposed system 

 

3.2.3 Vehicle speed module: When the output of the heart rate pulse is 1 then the vehicle speed is checked, it will be 

retrieved from the speedometer of the vehicle. If the speed is greater than the 30kmhr, then the system checks for 
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the position of the vehicle using Gyro sensor at the same time instantaneous change in velocity (i.e.) change in 

velocity between previous and current cycle. If difference in velocity is greater than threshold value then it means 

the vehicle is undergoing sudden deceleration or acceleration which makes the driver unstable.  

 

3.2.4 Gyro sensor module: The gyro sensor will be placed in the centre of gravity of the vehicle in a flat surface it 

gives the angle with respect to the ground. the sensor is placed in such a way it measures 1800then the position of 

the vehicle is perpendicular with respect to ground .If the angle goes below 1350(in either sides of the vehicle) that 

is less than 450 from the ground then it becomes impossible to control the vehicle which leads to skidding. In case 

if the angle exceeds 450 with respect to longitudinal axis (rolling with respect to lateral axis) then it refers to be 

wheeling condition.  

 

3.2.4 Accelerometer module: When heart rate pulse output is 1 then during acceleration or retardation this sensor 

calculates the amount of force that is responsible for acceleration or retardation and provides in terms of kg. From 

the sensor output the impact force is calculated. This impact force is compared with the results obtained by the 

collision dynamics. If obtained value exceeds the experimental value then it means the vehicle is met with a 

massive head on collision or it is being hit by another vehicle with greater force. 

 

3.2.5 Airbag module: Basically this bag will be fitted to the helmet and based on the above conditions the nitrogen 

pellets inside the air bag will lead to explosion and the airbag gets deployed at a speed of 0.35m/s. when the ECU 

detects the such life threatening circumstances that causes accident which leads to serious injuries sometimes fatal, 

the ECU commands the air bag actuator to deploy the airbag and thus mitigating the severity of the accidents 

protecting the vital organs of the body. 

 

4. EXPERIMENTAL RESULTS 

The Accident mitigation system was designed and implemented for two wheelers. The physical view of the  

developed system is shown in Fig. 8. 

 

 

Fig.8 Physical model of the proposed safety system 
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This system is broadly classified into three units based on its functioning: 

1. 4.1. Driver detection unit: The human detection module consists of heart rate pulse sensor and Bluetooth 

sensor. When heart rate pulse sensor detects the human presence (driver-wearing the helmet in proper 

position), then it gives „1‟ as output. This value is transmitted to accident detection unit which is in the 

vehicle, through Bluetooth module. 

2. Accident detection unit: On receiving the value as 1, the vehicle speed is obtained from vehicle 

speedometer. At the same time accelerometer module also works along with it. If velocity exceeds certain 

value (30kmph) then difference in velocities between the previous cycle and current cycle is checked. At 

the same time position of vehicle is also checked using gyro sensor. If the module detects sudden collision, 

acceleration (or) deceleration, skidding or wheeling condition (refer modules) then it transmits „1‟ to airbag 

unit through Bluetooth. 

3. Airbag unit: As soon as it receives „1‟ the airbag module deploys the airbag. 

 

4.2 CALCULATION OF IMPACT FORCE: 

In Collision dynamics the dynamics of the vehicle during head on collision is analyzed using ANSYS software by 

using EXPLICIT DYNAMICS. The steps involved in collision dynamics are as follows: 

 

GEOMETRY CREATION: 

The skeleton model of a two wheeler is modelled using “design modeller” software as shown in the Fig.9.A wall is 

also created such that the frontal side of the vehicle hits head on. 

 

 

Fig.9Skeleton model of a wall and a two-wheeler 

 

The wall is given the material properties of a concrete and the bike skeleton posses the material property of a 

structural steel. 

 

MESHING: 

In this step we divide the model into minute bodies (approx 0.25mm3), which are tetrahedral in shape. In order to 

get best results meshing is carried out . The solution is carried out in each node of the model. 
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SOLUTION INITIALIZATION: 

Various constraints are given to the model in order to equate the model with real time conditions. 

The following constraints are given below: 

• The wall is fixed (displacement is zero) as depicted in the Fig.11.  

• The bike moves with a velocity of 28m/s (approx 100kmph) towards the wall (in x axis). 

 

SOLVING: 

The distance between the wall and the front most part of the vehicle is 30cm. (i.e.) Analysis takes place from the 

time the vehicle is 30cm in front of wall. The vehicle collides at 0.0107s (for the given conditions). The equivalent 

stress is calculates and also the deformation in the vehicle is calculated. The solution runs for about 0.015s. 

 

4. RESULT ANALYSIS 

The graphs are generated with time on x axis and equivalent stress, deformation on y axis respectively (Refer 

Fig.13 and Fig.14).From the graph the stress developed during collision is found. From this value the Impact force 

is calculated. The impact force depends upon the mass of the vehicle. 

Impact force (Fi) = m (u-v) 

V=0 final velocity is zero  

Since vehicle stalls Fi = mu 

In this model, assuming the normal laden weight of the vehicle to be 220kg 

Fi =220 *28 = 6160N 

The theoretical value matches with the experimental value. This is the threshold impact force set such that if the 

impact force value exceeds this value during collision, then the airbag deploys. 

 

Fig.13 Time vs. Equivalent Stress 

 

Fig.14 Time vs. Deformation 
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When any of these conditions:-head on collision, sudden deceleration and skidding occurs the LED of the prototype 

switches on. In real time the LED is replaced with the air bag module. 

 

5. CONCLUSION 

This work designs a safety system that mitigates the impact of the accidents in two wheelers. Thereby, reducing the 

severity of injuries and number of lives lost can be significantly by triggering portable and wearable air bags. The 

proposed system also helps in mitigation of all possible accident situations like the head-on collision, skidding at 

high speed and instant deceleration of the vehicle. To calculate the impact force by manual experimentation using 

dummies and real vehicles will be costly and more time consuming. Thus the use of ANSYS software adopted by 

this system can considerably saves more time, cost and effort. In future, this work can also be extended as a safety 

system for co passenger of the vehicle, thereby saving more lives. 
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