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ABSTRACT 

India is one of the countries where there is high incidence of road 

accidents. The high casualty rate in these accidents can be attributed to the delay 

in medical assistance reaching the victims. One of the reasons for the delay is 

that the information about the accident might not reach the hospital/ ambulance 

faster. Hence, a system to ensure that medical help arrives in time to the site of 

the accident is required. The objective of this project is to create a SMART 

HELMET which intimates the medical helpline about the occurrence of an 

accident, thereby reducing the delay in rescue operation. 

The normal helmet which we use just provides a protection to the head 

but the smart helmet adds a feature of informing the medical helpline if an 

accident occurs. The project incorporates a Controller equipped with 

Accelerometer, GPS and GSM module placed inside the helmet. The 

accelerometer sends instantaneous data regarding the rider's acceleration to the 

controller. The controller calculates the net 'g' force from the acceleration data 

and checks whether the value crosses the safety limit. The safety limit is the 

predetermined threshold for accident occurrence. When the net ‘g’ force is 

equal to or above the threshold, there is a high chance for an accident to have 

occurred.  The controller then obtains the location of the victim from the GPS 

module and then triggers the GSM module to send the distress signal along with 

the location details in terms of longitude and latitude to the helpline which thus 

facilitates a faster rescue.  

This project will definitely reduce the fatalities in the road accidents that 

occur almost every day.  
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CHAPTER 1 

INTRODUCTION 

 The crucial time between the occurrence of an accident and the victim 

getting medical attention can often be the difference between life and death. 

Unfortunately not many people value that precious time. It will require a Good 

Samaritan to inform the helpline regarding the accident so that the rescue 

measures can be initiated. "If the patients are not arriving at the hospital in 

time, then it becomes complicated. A simple thing like bringing a patient in time 

can result in a question of life and death" said AIIMS doctor Dr.Amit Gupta. 

The reasons for the accidents can be many such as no proper driving 

knowledge, rash driving, drunken driving etc. But in some cases the person 

injured in the accident may not be directly responsible for the accident, it may 

be fault of the other rider, but end of the day it’s an accident. If accidents are 

one issue, delay in treatment/first aid is another reason for deaths. This scenario 

is something that usually is undervalued. This is where smart helmet comes in 

where it will automatically detect the accident and send a distress call and the 

accident location to the helpline.  

 In the proceedings to detect the occurrence of an accident, the project 

Smart Helmet incorporates an accelerometer to detect instantaneous 

acceleration of the rider i.e. the vehicle , a GSM module to transmit distress 

signal, a GPS receiver to locate the accident and a push button to detect whether 

the rider is wearing the helmet or not. The reason for such a design is that, 

unless mandatory, about 65 % of Indians don't wear helmet. Further according 

to a WHO report, wearing a helmet reduces chances of death by 40 per cent and 

that of severe injury by 70 per cent. Thus the SMART HELMET provides a 

pavement for better society, with less vulnerability on roads.   
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1.1  EXISTING PRODUCTS 

 The existing specially designed helmets are: 

 Skully 

 LifeBEAM 

1.1.1 SKULLY 

 The Skully AR-1 (AR stands for Augmented Reality) is the first helmet 

from the team at Skully and features the first HUD system available for a 

motorcycle helmet. Its two main features are 

 180-degree, rear-facing camera 

 A little screen placed in the bottom right portion of your field of 

view. 

 The screen allows you to see everything behind you, no matter which 

direction your helmet is facing, without any blind spots. Skully has also 

developed its own interface to bring turn-by-turn directions and a few other 

basic pieces of information to the screen, all with the purpose of reducing the 

mental load placed on the rider. Connectivity will come through pairing with 

your phone via Bluetooth, but that doesn’t mean you’ll be relying on Siri, 

necessarily. Further the helmet is also equipped with a GPS for navigation. 

 The entire helmet is custom fabricated accordingly so that it could 

accommodate all the electronics into it. 

1.1.2 LifeBEAM 

 The LifeBEAM helmet is exclusively modelled for bicycle riders with 

health related features. It provides details regarding heart rate and blood 

pressure without any strap-on. It suites for all the weather conditions and is 

entirely wireless. 
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1.1.3 COMPARISON 

 The table 1.1 provides the comparison between the smart helmet and 

the existing products.   

Table 1.1 Comparison of Existing Products and Smart Helmet 

Skully LifeBEAM Smart Helmet 

It is modelled for 

professional motorcyclists 

It is modelled for cyclists 

only. 

It is modelled for all two 

wheeler rider. 

A helmet with high end 

features. 

A helmet for measuring 

health parameters like 

blood pressure and heart 

rate. 

A helmet with simple 

electronics. 

It does not have any such 

feature. 

It does not have any such 

feature. 

It has an emergency distress 

call mechanism. 

Has GPS module to trace 

location 

 

It does not have any type of 

location finder 

It has a GPS to trace 

location.  

A mobile phone is required 

to provide Bluetooth or Siri  

connectivity 

A mobile phone is required 

to provide Bluetooth 

connectivity. 

Mobile phones are not 

required for the operation. 

Mainly made for 

professional motorcyclists  

Targeted for health 

conscious cyclists 

Targeted for common 

person 

High cost ($ 1499 approx)  High cost ( $ 1100 approx) Lower cost  (1500 INR) 

 

1.2  PROJECT BLOCK DIAGRAM 

 The project consists of an accelerometer which provides the 

instantaneous acceleration of the rider in terms of ‘g’. The controller obtains 

these values and calculates the ‘g’ force. If the ‘g’ force exceeds the 

threshold value then the controller triggers the GPS module and obtains the 

accident location from it. The controller then triggers the GSM module to 
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send the distress signal along with the accident location. The detailed 

descriptions of the various modules are presented in the following chapters. 

The block diagram of the project is shown in fig 1.1 

 

 

 

Fig 1.1 Block Diagram of the Project 

 

Chapter 2 presents the hardware description of the project which provides a 

detailed description on the hardware components used. Chapter 3 deals with the 

software segment of the project which describes the software used to code the 

controller. The working of the project is presented in chapter 4. Chapter 5 

describes algorithm of the project and chapter 6 concludes the work. 

  

ACCELEROMETER CONTROLLER 

GPS MODULE 

GSM MODULE 

DISTRESS 

SIGNAL 



5 
 

CHAPTER 2 

HARDWARE DESCRIPTION  

This chapter describes the hardware segment of the project. The project 

consists of the following modules: 

 A controller 

 Accelerometer 

 GSM module 

 GPS module 

The detailed description of these modules will be dealt in the following 

sections. 

2.1 CONTROLLER: ARDUINO NANO 

2.1.1OVERVIEW 

The Arduino Nano is a small, complete, and breadboard-friendly board 

based on the ATmega328 (Arduino Nano 3.x) or Atmega168 (Arduino Nano 

2.x). It has only a DC power jack, and works with a Mini-B USB cable instead 

of a standard one. The Nano was designed and is being produced by Gravitech. 

The Arduino Nano ver 3 is shown in fig 2.1.      

 

Fig 2.1 Arduino Nano 
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2.1.2 POWER: 

The Arduino Nano can be powered by 

 The Mini-B USB connection. 

 6-20V unregulated external power supply (pin 30). 

 5V regulated external power supply (pin 27).  

The power source is automatically selected to the highest voltage source. 

2.1.3 MEMORY 

The ATmega168 has 16 KB of flash memory for storing code (of which 2 

KB is used for the boot loader); the ATmega328 has 32 KB, (also with 2 KB 

used for the boot loader). The ATmega168 has 1 KB of SRAM and 512 bytes of 

EEPROM (which can be read and written with the EEPROM library); the 

ATmega328 has 2 KB of SRAM and 1 KB of EEPROM. 

2.1.4 I/O 

Each of the 14 digital pins on the Nano can be used as an input or output, using  

 pinMode(). 

 digitalWrite(). 

 digitalRead() functions.  

They operate at 5 volts. Each pin can provide or receive a maximum of 40 

mA and has an internal pull-up resistor (disconnected by default) of 20-50 

kOhms. The Arduino Nano pinout is shown in fig 2.2. 

http://www.arduino.cc/en/Reference/EEPROM
http://arduino.cc/en/Reference/PinMode
http://arduino.cc/en/Reference/DigitalWrite
http://arduino.cc/en/Reference/DigitalRead
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Fig 2.2 Arduino Nano Pin Layout 

In addition, some pins have specialized functions: 

Serial- 0 (RX) and 1 (TX)  

These are used to receive (RX) and transmit (TX) TTL serial data. These 

pins are connected to the corresponding pins of the FTDI USB-to-TTL Serial 

chip. 

External Interrupts- 2 and 3 

These pins can be configured to trigger an interrupt on a low value, a 

rising or falling edge, or a change in value.  

 

PWM- 3, 5, 6, 9, 10, and 11 

They provide 8-bit PWM output with the analogWrite() function. 

 

SPI- 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK) 

These pins support SPI communication, which, although provided by the 

underlying hardware, is not currently included in the Arduino language. 

 

http://arduino.cc/en/Reference/AnalogWrite
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LED- 13: 

There is a built-in LED connected to digital pin 13. When the pin is 

HIGH value, the LED is on, when the pin is LOW, it's off. 

The Nano has 8 analog inputs, each of which provides 10 bits of 

resolution (i.e. 1024 different values). By default they measure from ground to 5 

volts, though is it possible to change the upper end of their range using the 

analogReference() function. Analog pins 6 and 7 cannot be used as digital pins. 

Additionally, some pins have specialized functionality: 

I2C- 4 (SDA) and 5 (SCL): 

They support I2C (TWI) communication using the Wire library. 

There are a couple of other pins on the board: 

AREF - Reference voltage for the analog inputs. Used with analogReference(). 

Reset- Bring this line LOW to reset the microcontroller. Typically used to add a 

reset button to shields which block the one on the board. 

 

2.1.5 COMMUNICATION 

The Arduino Nano has a number of facilities for communicating with a 

computer, another Arduino, or other microcontrollers. The ATmega168 and 

ATmega328 provide UART TTL (5V) serial communication, which is available 

on digital pins 0 (RX) and 1 (TX). An FTDI FT232RL on the board channels 

this serial communication over USB and the FTDI drivers (included with the 

Arduino software) provide a virtual com port to software on the computer.  

The Arduino software includes a serial monitor which allows simple 

textual data to be sent to and from the Arduino board. The RX and TX LEDs on 

the board will flash when data is being transmitted via the FTDI chip and USB 

connection to the computer (but not for serial communication on pins 0 and 1). 

http://arduino.cc/en/Reference/AnalogReference
http://wiring.org.co/reference/libraries/Wire/index.html
http://arduino.cc/en/Reference/AnalogReference
http://www.ftdichip.com/Drivers/VCP.htm
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A SoftwareSerial library allows for serial communication on any of the 

Nano's digital pins. ATmega328 also support I2C and SPI communication. The 

Arduino software includes a Wire library to simplify use of the I2C bus. 

2.1.6 PROGRAMMING 

The Arduino Nano can be programmed with the Arduino software (IDE). 

The ATmega168 or ATmega328 on the Arduino Nano comes pre-burned with a 

boot loader that allows you to upload new code to it without the use of an 

external hardware programmer. It communicates using the original STK500 

protocol. 

The boot loader can also be bypassed and the microcontroller can be 

programmed through the ICSP (In-Circuit Serial Programming) header using 

Arduino ISP or similar. Fig 2.3 shows the Arduino IDE. 

 

Fig 2.3 Arduino IDE 

  

http://www.arduino.cc/en/Reference/SoftwareSerial
http://arduino.cc/en/Tutorial/Bootloader
http://arduino.cc/en/Main/ArduinoISP
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2.1.7 SPECIFICATIONS 

The Table 2.1 provides the Specification for Arduino Nano. 

Table 2.1 Arduino Nano Specification 

Microcontroller Atmel ATmega168 or ATmega328 

Operating Voltage  5 V (logic level) 

Input Voltage  7-12 V(recommended) 

Input Voltage(limits) 6-20 V 

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

Analog Input Pins 8 

DC Current per I/O 

Pin 

40 mA 

Flash Memory 16 KB (ATmega168) or 32 KB (ATmega328) of which 2 

KB used by boot loader 

SRAM 1 KB (ATmega168) or 2 KB (ATmega328) 

EEPROM 512 bytes (ATmega168) or 1 KB (ATmega328) 

Clock Speed 16 MHz 

Dimensions 0.73" x 1.70" 

 

2.1.8 ATmega 328 

PERIPHERAL FEATURES 

 Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode 

 One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and  

 Capture Mode 

 Real Time Counter with Separate Oscillator 

 Six PWM Channels 

 8-channel 10-bit ADC in TQFP and QFN/MLF package 

 6-channel 10-bit ADC in PDIP Package 

 Programmable Serial USART 

 Master/Slave SPI Serial Interface 

 Byte-oriented 2-wire Serial Interface (Philips I2C compatible) 

 Programmable Watchdog Timer with Separate On-chip Oscillator 
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 On-chip Analog Comparator 

 Interrupt and Wake-up on Pin Change 

The fig 2.4 provides the block diagram of the micro-controller atmega328. 

 
 

 

  Fig 2.4 Block Diagram: ATmega 328 
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2.2 ACCELEROMETER: ADXL345 

2.2.1 OVERVIEW  

The ADXL345 is a small, thin, ultralow power, 3-axis accelerometer with 

high resolution (13-bit) measurement up to ±16 g. Digital output data is 

formatted as 16-bit twos complement and is accessible through either a SPI (3- 

or 4- wire) or I2C digital interface with data rates ranging from 10 Hz to 3200 

Hz. The fig 2.5 shows the ADXL345 accelerometer. 

  

 

Fig 2.5 Accelerometer: ADXL345 

The ADXL345 is well suited for mobile device applications. It measures 

the static acceleration of gravity in tilt-sensing applications, as well as dynamic 

acceleration resulting from motion or shock. Its high resolution (4mg /LSB) 

enables resolution of inclination changes of as little as 0.25°. 

Several special sensing functions are provided. Activity and inactivity 

sensing detect the presence or lack of motion and if the acceleration on any axis 

exceeds a user-set level. Tap sensing detects single and double taps. Free-Fall 

sensing detects if the device is falling. These functions can be mapped to 

interrupt output pins. An integrated 32 level FIFO can be used to store data to 

minimize host processor intervention. Low power modes enable intelligent 

motion-based power management with threshold sensing and active acceleration 

measurement at extremely low power dissipation. 
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Fig 2.6 shows the block diagram of ADXL345. 

 

Fig 2.6 Block Diagram: ADXL345 

Pin out configuration of ADXL345 breakout board is shown in the fig 2.7. 

 

 

Fig 2.7 Pin Configuration: ADXL345 
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2.2.2 WORKING 

The sensor consists of a micro machined structure on a silicon wafer. The 

structure is suspended by polysilicon springs which allow it to deflect smoothly 

in any direction when subject to acceleration in the X, Y and/or Z axis. 

Deflection causes a change in capacitance between fixed plates and plates 

attached to the suspended structure. This change in capacitance on each axis is 

converted to an output voltage proportional to the acceleration on that axis. 

2.2.3 DIMENSIONS (Without Header) 

 Length:25mm/0.95in 

 Width:19mm/0.75in 

 Height:3.14mm/0.12in 

 Weight:1.27g/0.04oz 

 This board/chip uses I2C 7-bit address 0x53. 

2.2.4 HARDWARE FEATURES 

 Ultra low power 

 Power consumption scales automatically with bandwidth 

 User selectable fixed 10-bit resolution or 4 mg /LSB scale factor in all g-

ranges, up to 13-bit resolution at ±16 g 

 32 level output data FIFO minimizes host processor load 

 Built in motion detection functions 

o Tap/Double Tap detection 

o Activity/Inactivity monitoring 

o Free-Fall detection 

 Supply and I/O voltage range: 1.8 V to 3.6 V  

 SPI (3 and 4 wire) and I2C digital interfaces 

 Flexible interrupt modes – Any interrupt mappable to either interrupt pin 

 See data sheet for additional features 
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2.2.5 DRIVER FEATURES 

 Driver supports both SPI (3 and 4 wire) and I2C digital interface 

o I2C client using the 2.6 new style binding driver model 

o SPI using the generic Linux SPI Bus Driver Model 

 Support for Linux Power Management (PM) suspend resume 

 User selectable Sample Rate / Bandwidth 

 User selectable resolution 

 Support for 32 level output data FIFO that minimizes host processor load 

 Option to report acceleration as Linux Input Absolute or Relative events.  

 Motion detection functions 

o Tap/Double Tap detection 

 User selectable Linux Input Event Codes for TAP x,y,z axis 

o Activity/Inactivity monitoring 

 User selectable Linux Input Event Code for 

Activity/Inactivity reporting 

 Option to minimize host processor load and save additional 

power by automatically switch to sleep mode during periods 

of inactivity. 

 Free-Fall detection 

o User selectable Linux Input Event Code for Free-Fall reporting 

2.3 GSM MODULE 

2.3.1 OVERVIEW 

GSM is a digital, mobile radio standard developed for mobile, wireless, 

voice communications. GSM uses a combination of both the time division 

multiple access (TDMA) and frequency division multiple access (FDMA). With 

this combination, more channels of communications are available, and all 

channels are digital. 
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The GSM service is available in following frequency bands: 

 850 MHz 

 900 MHz  

 1800 MHz 

 1900 MHz 

2.3.2 GSM MODEM  

GSM/GPRS RS232 Modem is built with SIMCOM SIM900 a Quad-

band GSM/GPRS engine, works on frequencies 850MHz, 900MHz, 1800MHz 

and 1900MHz.It is very compact in size and easy to use as plug in GSM 

Modem. The Modem is designed with RS232 Level converter circuitry, which 

allows you to directly interface PC Serial port. The baud rate can be 

configurable from 9600-115200 through AT commands. The GSM/GPRS 

RS232 Modem have internal TCP/IP stack to enable you to connect with 

internet via GPRS.  

It is suitable for SMS as well as DATA transfer application in M2M 

interface. The modem needs only 3 wires (Tx, Rx, and GND) except Power 

supply to interface with microcontroller/Host PC. The built in voltage regulator 

allows you to connect wide range of unregulated power supply (4.2V -

13V).Using this modem, you will be able to Send & Read SMS, connect to 

Internet via GPRS through simple AT commands.  The fig 2.8 shows the GSM 

module. 

 

 

Fig 2.8 GSM Module 
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2.3.3 SIM900   

Featuring an industry-standard interface, the SIM900 delivers GSM/GPRS 

850/900/1800/1900MHz performance for voice, SMS, Data, and Fax in a small 

form factor and with low power consumption. With a tiny configuration of 

24mm x 24mm x 3 mm, SIM900 can fit almost all the space requirements in 

any M2M application, especially for slim and compact demand of design.  

 SIM900 is designed with a very powerful single-chip processor 

integrating AMR926EJ-S core  

 Quad - band GSM/GPRS module with a size of 24mmx24mmx3mm 

 SMT type suit for customer application  

 An embedded Powerful TCP/IP protocol stack.  

The fig 2.9 shows a SIM900 GSM modem. 

 

Fig 2.9 SIM900 GSM Modem 

2.3.4 GENERAL FEATURES 

 Quad-Band 850/ 900/ 1800/ 1900 MHz  

 GPRS multi-slot class 10/8  

 GPRS mobile station class B  

 Compliant to GSM phase 2/2+[ Class 4 (2 W @850/ 900 MHz) ][Class 1 

(1 W @ 1800/1900MHz) ] 
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 Dimensions: 24* 24 * 3 mm  

 Weight: 3.4g  

 Control via AT commands (GSM 07.07 ,07.05 and SIMCOM enhanced 

AT Commands)  

 SIM application toolkit  

 Supply voltage range 3.4 to 4.5 V  

 Low power consumption  

 Operation temperature: -30 °C to +80 °C  

2.3.5 SPECIFICATIONS FOR DATA: 

 GPRS class 10: max. 85.6 kbps (downlink)  

 Coding schemes CS 1, 2, 3, 4 

 CSD up to 14.4 kbps  

 USSD  

 Non transparent mode  

 PPP-stack  

2.3.6 SPECIFICATIONS FOR SMS VIA GSM / GPRS  

 Point-to-point MO and MT  

 SMS cell broadcast  

 Text and PDU mode  

2.3.7 INTERFACES: 

 Interface to external SIM 3V/ 1.8V  

 analog audio interface  

 RTC backup  

 SPI interface  

 Serial interface  

 Antenna pad  

 I2C  

 GPIO 
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2.4 GLOBAL POSITIONING SYSTEM (GPS) 

2.4.1 OVERVIEW 

 

The Global Positioning System (GPS) is a space-based satellite 

navigation system that provides location and time information in all weather 

conditions, anywhere on or near the Earth where there is an unobstructed line of 

sight to four or more GPS satellites. The system provides critical capabilities to 

military, civil and commercial users around the world. It is freely accessible to 

anyone with a GPS receiver. The fig 2.10 shows the position of the satellites in 

a GPS system. 

 

 
Fig 2.10 Satellite Position in GPS System 

 

In the GPS system, a constellation of 24 satellites circles the earth in 

near-circular inclined orbits. By receiving signals from at least four of these 

satellites, the receiver position (latitude, longitude, and altitude) can be 

determined accurately. In effect, the satellites substitute for the geodetic 

position markers used in terrestrial surveying. In terrestrial surveying, it is only 

necessary to have three such markers to determine the three unknowns of 

latitude, longitude, and altitude by means of triangulation. With the GPS 

system, a time marker is also required, which necessitates getting simultaneous 

measurements from four satellites. 

 

http://en.wikipedia.org/wiki/Satellite_navigation
http://en.wikipedia.org/wiki/Satellite_navigation
http://en.wikipedia.org/wiki/GPS_receiver
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The GPS system uses one-way transmissions, from satellites to users, so 

that the user does not require a transmitter, only a GPS receiver. The only 

quantity the receiver has to be able to measure is time, from which propagation 

delay, and hence the range to each satellite, can be determined. Each satellite 

broadcasts its ephemeris (which is a table of the orbital elements as described), 

from which its position can be calculated. Knowing the range to three of the 

satellites and their positions, it is possible to compute the position of the 

observer (user). The geocentric-equatorial coordinate system is used with the 

GPS system, where it is called the earth-centred, earth-fixed (ECEF) coordinate 

system.  

2.4.2 GPS ACCURACY 

For the moment, knowing the positions of three satellites and the 

measured range to each, the position of the observer relative to the coordinate 

system can be calculated. Of course, the satellites are moving, so their positions 

must be tracked accurately. The satellite orbits can be predicted from the orbital 

parameters. These parameters are continually updated by a master control 

station which transmits them up to the satellites, where they are broadcast as 

part of the navigational message from each satellite. Just as in a land-based 

system, better accuracy is obtained by using reference points well separated in 

space.  

 

2.4.3 POSITION DETERMINATION & TIMING 

 

The GPS constellation consists of 24 satellites in six near-circular orbits, 

at an altitude of approximately 20,000 km. The ascending nodes of the orbits 

are separated by 60°, and the inclination of each orbit is 55°. Time enters into 

the position determination in two ways. 

 First, the ephemerides must be associated with a particular time or epoch. 

The standard timekeeper is an atomic standard, maintained at the U.S. Naval 
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Observatory, and the resulting time is known as GPS time. Each satellite carries 

its own atomic clock. The time broadcasts from the satellites are monitored by 

the control station, which transmits back to the satellites any errors detected in 

timing relative to GPS time. No attempt is made to correct the clocks aboard the 

satellites; rather, the error information is rebroadcast to the user stations, where 

corrections can be implemented in the calculations. It can be assumed, 

therefore, that the satellite position relative to the ECEF coordinate system (the 

geocentric-equatorial coordinate system), is accurately known. 

 Second, time markers are needed to show when transmissions leave the 

satellites so that, by measuring propagation times and knowing the speed of 

propagation, the ranges can be calculated. Therein lies a problem, since the user 

stations have no direct way of telling when a transmission from a satellite 

commenced.  

The problem is overcome by having the satellite transmit a continuous-

wave carrier, which is modulated by a pseudo-random code, timing for the 

carrier and the code being derived from the atomic clock aboard the satellite. At 

a user station, the receiver generates a replica of the modulated signal from its 

own (nonatomic) clock, which is correlated with the received signal in a 

correlator. A delay is introduced into the replica signal path and is adjusted until 

the two signals show maximum correlation. If the receiver clock started at 

exactly the same time as the satellite clock, the delay in the replica path would 

be equal to the propagation delay.  

 

2.4.4 GPS SIGNAL 

  

GPS satellites transmit two radio signals. These are designated as L1 and 

L2. A Civilian GPS uses the L1 signal frequency (1575.42 MHz) in the UHF 

band. The signals travel by line of sight, meaning they will pass through clouds, 
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glass, plastic etc but will not travel through solid objects such as buildings and 

mountains. 

The GPS signal contains three different bits of information — a pseudo 

random code, almanac data and ephemeris data. 

 The pseudo random code is simply an I. D. code that identifies which 

satellite is transmitting information. You can often view this number on 

your GPS unit's satellite information page; the number attached to each 

signal bar identifies which satellites it's receiving a signal from. 

 Almanac data is data that describes the orbital courses of the satellites. 

Every satellite will broadcast almanac data for every satellite. Your GPS 

receiver uses this data to determine which satellites it expects to see in the 

local sky. It can then determine which satellites it should track. With 

Almanac data the receiver can concentrate on those satellites it can see 

and forget about those that would be over the horizon and out of view. 

Almanac data is not precise and can be valid for many months. 

 Ephemeris data is data that tells the GPS receiver where each GPS 

satellite should be at any time throughout the day. Each satellite will 

broadcast its own ephemeris data showing the orbital information for that 

satellite only. Because ephemeris data is very precise orbital and clock 

correction data necessary for precise positioning, its validity is much 

shorter. It is broadcast in three six second blocks repeated every 30 

seconds.  

 

2.4.5 GPS STATUS 

 Factory Start: All data is considered invalid. 

 Cold Start: Almanac data is current but Ephemeris is not or has expired. 

 Warm Start: Both Almanac and Ephemeris data is current. 
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2.4.6 UBLOX GPS MODEM 

 

UBLOX GPS Receiver with ceramic POT Antenna provides reliable 

positioning, navigation, and timing services to worldwide users on a continuous 

basis in all weather, day and night, anywhere on the Earth.  Global Positioning 

System (GPS) satellites broadcast signals from space that GPS receivers, use to 

provide three-dimensional location (latitude, longitude, and altitude) plus 

precise time. GPS UBLOX receiver can acquire GPS signals from 65 channels 

of satellites and output position data with high accuracy. 

 The output is serial data of 9600 baud rate which is standard NMEA 0183 

v3.0 protocol offering industry standard data messages and a command set for 

easy interface to mapping software like Trimble Studio and embedded devices 

like Microcontrollers. Fig 2.11 shows the GPS module. 

 

 

Fig 2.11 GPS Module 

 

FEATURES 

 Both RS232 & TTL signal outputs. Very easy to interface with 

Microcontrollers.  

 High sensitivity -160dBm & Searching up to 65 Channel of satellites. 

  Low power consumption. 
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 GPS L1 C/A Code. 

 Supports NMEA0183 V 3.01 data protocol. 

 Real time navigation for location based services.  

 Works from +5V DC signal and outputs 9600 bps serial data. 

 Ceramic POT antenna built on module.  

 Used in Car Navigation and Marine Navigation, Fleet Management 

& Vehicle Tracking. 

 

 SPECIFICATION 

 Operating Voltage 5 V DC Regulated Power Supply & Operating Current 

150 mA.  

 Sensitivity -160 dBm, Channels 65. 65 parallel channels all in view 

searching.  

 L1 C/A code Protocol output baud rate 9600 bps no handshaking. 

 Protocol format NMEA0183 V 3.01 GGA, GLL, GSA, GSV, RMC, 

VTG. 

 Output Voltage level 3.3V signals. Serial UART interfacing directly to 

microcontrollers working at 5V and 3V. 

 Frequency 1, 1575.42 MHz.  

 C/A Code 1.023Mhz chip rate.  

 Accuracy in Position 5 Meters, Accuracy in Velocity 0.1 Meters/Second, 

Accuracy in Time 0.1 Microsecond. 

 Time to First Fix for first power on 33 Second approx, Time to 

Reacquisition 2 Second.  

 Update Rate 1 Hz.  
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DATA FORMAT 

Eg: 

 

$GPRMC,225446,A,4916.45,N,12311.12,W,000.5,054.7,190215,020.3,E*68 

 

Legend:            
 

          225446           Time of fix 22:54:46 UTC 

          A                    Navigation receiver warning A = OK, V = warning 

          4916.45,N      Latitude 49 deg. 16.45 min North 

          12311.12,W   Longitude 123 deg. 11.12 min West 

          000.5              Speed over ground, Knots 

          054.7              Course Made Good, True 

          190215           Date of fix  19 February 2015 

          020.3,E           Magnetic variation 20.3 deg East 

          *68                 mandatory checksum 
 

2.5 PUSH BUTTON 

The main ideology behind including a push button is to detect the 

presence of human inside the helmet. Various cases are witnessed where people 

do not wear a helmet but place it in front of them while driving or hang it along 

the rear view mirror. If the helmet falls down under such cases, the distress 

signal must not be triggered. Precautions must be enforced to avoid such 

situations. Hence we require a mechanism to detect the human presence. 

 

There are multiple ways to detect the presence of human. Certain methods 

are: 

 PIR sensor 

 IR pulse detector 

 Push buttons 

2.5.1 PIR: 

PIRs are basically made of a pyroelectric sensor, which can detect levels 

of infrared radiation. 
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2.5.2 IR PULSE DETECTOR 

The sensor itself consists of an infrared emitter and detector mounted 

side-by-side and pressed closely against the skin. When the heart pumps, there 

is an amount of blood pressure, which increases the amount of infrared light 

from the emitter that gets reflected back to the detector. The detector passes 

more current when it receives more light, which in turn causes a voltage drop to 

enter the amplifier circuitry. This can be used to detect the presence of head 

inside the helmet. 

The major reason for avoiding their use is 

 The sensors are bulkier.  Sensor - 10mm 

                                                   Module - 29 to 40 mm 

So when this is placed inside the helmet, it becomes protruding and 

affects the ease of driver. 

 Since the helmet is exposed to the sunlight the rise in temperature will 

also trigger the sensors.  

 It gets easily affected by the ambient radiations from the sun. High 

degree of ambiguity will be present, thus reducing the sensitivity and 

accuracy. 

2.5.3 5500 SERIES PUSH BUTTONS 

 LL1105 switch SPECIFICATIONS 

 Contact rating:  50mA 12VDC 

 Mechanical life:  5,000,000 Cycles 

 Contact Resistance:  50mΩ at 5VDC, 10mA 

 Insulation Resistance:  100MΩ Min. at 100V 

 Dielectric Strength:  250VAC (50Hz., 1 Minute) 

 Force:  65 ± 20 gram force 

 Operating Temperature:  -20°C to 70°C  

 Size:  6X6 mm 
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2.6 BATTERY SPECIFICATIONS  

The table 2.2  provides the specifications for the Li-ion 18650 battery. 

Table 2.2 Battery Specification 

 

  

 This chapter explained the specification and the functionality of every 

module present in the project. The operation of these modules will be dealt in 

further chapters. 
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CHAPTER 3 

SOFTWARE DESCRIPTION 

Arduino is an open-source computer hardware and software company, 

project and user community that designs and manufactures kits for building 

digital devices and interactive objects that can sense and control the physical 

world. This chapter provides an brief outline of Arduino IDE. 

An integrated development environment (IDE) is a software application 

that provides comprehensive facilities to computer programmers for software 

development. An IDE normally consists of a source code editor, build 

automation tools and a debugger. Most modern IDEs have intelligent code 

completion. 

 

3.1 ARDUINO IDE 

The Arduino development environment contains a text editor for writing 

code, a message area, a text console, a toolbar with buttons for common 

functions, and a series of menus. It connects to the Arduino hardware to upload 

programs and communicate with them. 

The toolbar buttons allow you to verify and upload programs, create, 

open, and save sketches, and open the serial monitor. 

 Verify 

Checks your code for errors. 

 Upload  

Compiles your code and uploads it to the Arduino I/O board.  

 New  

Creates a new sketch. 

 Open  

     Presents a menu of all the sketches in your sketchbook. 

http://en.wikipedia.org/wiki/Open-source
http://en.wikipedia.org/wiki/Software_application
http://en.wikipedia.org/wiki/Computer_programmer
http://en.wikipedia.org/wiki/Software_development
http://en.wikipedia.org/wiki/Software_development
http://en.wikipedia.org/wiki/Source_code_editor
http://en.wikipedia.org/wiki/Build_automation
http://en.wikipedia.org/wiki/Build_automation
http://en.wikipedia.org/wiki/Debugger
http://en.wikipedia.org/wiki/Intelligent_code_completion
http://en.wikipedia.org/wiki/Intelligent_code_completion


29 
 

 

 

 

 

 

Additional commands are found within the five menus: File, Edit, Sketch, 

Tools, and Help. The menus are context sensitive which means only those items 

relevant to the work currently being carried out are available. 

3.1.1 Edit 

Copy for Forum 

Copies the code of your sketch to the clipboard in a form suitable for 

posting to the forum, complete with syntax colouring. 

Copy as HTML  

Copies the code of your sketch to the clipboard as HTML, suitable for 

embedding in web pages. 

3.1.2 Sketch 

Verify/Compile 

Checks your sketch for errors. 

Show Sketch Folder  

Opens the current sketch folder. 

Add File 

Adds a source file to the sketch  

Import Library  

Adds a library to your sketch by inserting #include statements at the start 

of your code.  

  

Clicking one will open it within the current window. 

 Save  

Saves your sketch (code). 

 Serial Monitor  

Opens the serial monitor. 

http://arduino.cc/en/guide/Environment#serialmonitor
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3.1.3 Tools 

Auto Format 

This formats your code nicely: i.e. indents it so that opening and closing 

curly braces line-up and that the statements inside curly braces are indented 

more. 

Archive Sketch  

Archives a copy of the current sketch in .zip format. The archive is placed 

in the same directory as the sketch. 

 

3.1.4 Board  

Select the board that you're using. 

Serial Port 

This menu contains all the serial devices (real or virtual) on your 

machine. It should automatically refresh every time you open the top-level tools 

menu. 

Programmer  

For selecting a hardware programmer when programming a board or chip 

and not using the onboard USB-serial connection. Normally you won't need 

this, but if you're burning a bootloader to a new microcontroller, you will use 

this. 

Burn Bootloader  

 The items in this menu allow you to burn a bootloader onto the 

microcontroller on an Arduino board. This is not required for normal use of an 

Arduino board but is useful if you purchase a new ATmega microcontroller 

(which normally comes without a bootloader).  

 This chapter dealt with the outline of  Arduino IDE and programming the 

controller to perform the operation. The operation of the module is described in 

the following chapter.  

  

http://arduino.cc/en/Tutorial/Bootloader
http://arduino.cc/en/Tutorial/Bootloader
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CHAPTER 4 

OPERATION 

 The basic operation of the Smart Helmet is as follows. When the push 

button is enabled the circuit is powered up and the controller obtains the 

acceleration data and calculates the ‘g’ force. If the force exceeds the threshold 

then the location is obtained from GPS and is transmitted by GSM to the 

helpline. The details of operation of each module are presented in the following 

sections. Fig 4.1 shows the operational flow chart of the project 

 

Fig 4.1 Operational Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

START 

PUSH BUTTON 

ENABLED 

OBTAIN GPS DATA 

EXCEEDING 

THRESHOLD 

VALUE 

GET ACCLEROMETER 

DATA 

STOP 

SEND DISTRESS SIGNAL 

AND THE COORDINATES 

CALCULATE ‘g’ 

FORCE 

YES 

YES 

NO 

NO 



32 
 

 

The Smart Helmet consists of the following hardware components: 

 Arduino 

 Push Button 

 Accelerometer 

 GSM Module 

 GPS Module 

The working of each is given below. 

4.1 ARDUINO NANO 

Arduino is an open source platform which has an Atmega328 controller 

embedded in it. This controller controls the other modules of the smart helmet. 

It obtains the raw accelerometer reading from the accelerometer ADXL345 

through I2C and converts it into ‘g’ force along all the 3 axes using the 

following calculations: 

Gx = Raw_x/(2^(R-1)) 

Gy = Raw_y/(2^(R-1)) 

Gz = Raw_z/(2^(R-1)) 

R- Resolution = 12 bits. 

G(x) – ‘g’ force in one axis 

Raw _ (x) – Accelerometer output of one axis.  

From this the resultant ‘g’ force acting on the human is found by: 

Net ‘g’ force = Sqrt (Gx^2+Gy^2+Gz^2). 

The resultant ‘g’ force is compared with a predetermined value and if it 

exceeds that value there is a high chance of an accident to have occurred. The 

Arduino now obtains the coordinates of the accident using the GPS module 

through software UART which gives latitude, longitude position in GPRMC 

format from which the actual values are determined. 
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After the position of the accident is obtained, the GSM is triggered by the 

Arduino through the hardware UART to call to the emergency helpline and send 

the accident location by an SMS stating that an accident has occurred and the 

position of the accident to provide faster rescue. 

 

4.2 PUSH BUTTON AND POWER 

 The push button is used switch on the module whenever the rider wears 

the helmet. The push button is positioned such that, it is pressed when the rider 

wears the helmet. The size of LL1105 switch is 6X6mm hence it does not 

protrude out causing discomfort to the rider. The actuating force, to change the 

state of the switch is less enough which is sufficient to get the switch activated 

when the rider wears it, avoiding any interaction with the user in terms of the 

driver taking measures to switch it on whenever he is about to drive. 

When the button is pressed, the power is fed to the Arduino from the 

battery thus switching it on. All other modules are powered from the Arduino. 

By this way, power is conserved when the helmet is not under operation. 

 

4.3 ACCELEROMETER 

 The accelerometer is a MEMS device that measures the acceleration in all 

the three coordinates. The sensor consists of a micro machined structure on a 

silicon wafer. The structure is suspended by polysilicon springs which allow it 

to deflect smoothly in any direction when subjected to acceleration in the X, Y 

and Z axis. Deflection causes a change in capacitance between fixed plates and 

plates attached to the suspended structure. This change in capacitance on each 

axis is converted to an output voltage proportional to the acceleration on that 

axis. This output of the accelerometer will be in digital. The accelerometer 

sends the measured instantaneous acceleration of the 3 coordinates to the 

Arduino which is interfaced using I2C.The accelerometer sends about 200 

values for every second.  
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4.4 GSM MODULE 

The GSM module is used to communicate about the accident to the 

medical helpline. The module can send an SMS and make an emergency call 

regarding the situation. It is powered by a 12v 1A supply. It is usually 

programmed using the AT commands to perform its operation. The interfacing 

of the GSM module is very simple with Arduino Nano. Briefly, an activated 

SIM card should be inserted in its defined slot and wait for the signal LED to 

stop blinking which indicates that the signals are received. After this the AT 

commands are specified for the necessary actions.  The following commands 

are used in Smart Helmet. 

 AT – Initializes the GSM module 

 ATD – Calls the specified number 

 ATH – Hangs the call  

 AT+CMGF – To send text message 

4.5 GPS MODULE 

GPS is used to provide the position of the accidents using the satellite 

coordinates. It usually provides output in the GPRMS format. The position can 

be decoded by using necessary software steps. Initially when the GPS is 

provided with the supply the signal LED starts blinking to indicate that it is 

searching for the signal, but when it stabilizes the GPS receives the coordinates 

about the location, which is fed to the Arduino via software UART. The 

received data is usually of the form:  

Time/status of GPS/latitude/(N/S)/longitude/(E/W)/ground speed/tracking 

angle/date of fix/empty/check sum. 
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4.6 PROJECT SCHEMATIC  

The fig 4.2 shows the project schematic and the interfacing of the various modules. 

Fig 4.2 Project schematic 

 

This section dealt with the interfacing of the various modules together 

and their operation. The following chapter describes how the modules are 

controlled using the software codes and the algorithm behind the accident 

detection. 
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CHAPTER 5 

DETECTING ACCIDENTS 

 The real scenario accident cannot be easily detected because it involves 

the prediction of the circumstance of the event and the human tolerance. 

Moreover the situation of one accident may not suite for the other. But the 

threshold of the accident can be reverse engineered by calculating the human 

tolerance level of various common road events like  

 Sudden braking 

 Speed breaker 

 Pot hole 

 All these events involve a certain threshold for its occurrence. Their 

values were tentatively found from various experimental trails. 

 Sudden braking  : 2.25 g 

 Speed breaker    : 2.65 g 

 Pot hole              : 3.25 g  

 The experimental results are shown in the following figures where the 

values are calculated by using Dynamic Length Moving Average in order to 

remove rapid fluctuation and to calculate an effective force over the period of 

the event. 

 There are no significant variations in the accelerometer output when the 

vehicle is running normally. But a spike occurs when ever the above mentioned 

event occurs ,from there the moving average order changes depending upon the 

value obtained. But the riders are able withstand this force, so the threshold for 

the occurrence of the accident must be a value greater than it. 

 It was found that the maximum time duration that an event persists is 

around 2.5 Sec. And the maximum ‘g’ force experienced during experimentation 

was just below 3.5 g. By calculations a human can withstand about 8 g for 5 sec 

depending upon their individual capability. So an event like accident would be 

sustained for about 5sec and the force experienced will also be high. 

 If these conditions are satisfied then it can be concluded that there is a 

high chance for the accident to have occurred. 
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CHAPTER 6 

CONCLUSION 

Though road accidents are not entirely in one’s hand, the trauma that it 

leads to, can be confined. It is arguably true that the fatality of an road accident 

can be reduced by providing medical assistance to the victim within the golden 

hour. Thus the project, smart helmet takes a step forward to save one’s life by 

reducing the delay in providing medical help to the victim. Further the project is 

also modelled in such a manner that it will not send a falsie distress signal to the 

medical helpline thus making it a reliable accident detector.  

The project can be made as a user-friendly product by incorporating the 

electronic module into any helmet converting them to a Smart Helmet. Thus the 

project SMART HELMET takes us a step closer in creating a safe and secure 

roadrides. 
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