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[bookmark: _Toc38297778]Abstract 
This report is intended to highlight ways of creating a biometric deterrent to reduce the volume of drink drivers using transportation infrastructures. It will identify different aspects of biometric recognition and compare the findings to gain a definitive result. Discover competitors employing the same technology, currently on the market and select the most ideal components to create a prototype using Research and analysis. Furthermore, establish public opinion by obtaining data feedback through various quantitative research methods such as questionnaires, surveys and the Likert scale. As a result of collating evidence to support the necessity of such a preventative measure, the findings will also be produced in graph diagrams to visually illustrate the data. The culmination of the resulting data will lead to the creation of a final functional prototype that will aid in the decrease of driving under the influence.
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[bookmark: _Toc38297780]1 Introduction
[bookmark: _Toc38297781]1.1 Proposal Stimulus
Recent Figures show that currently there have been 500,000 people convicted of drink driving offences since 2000. While it is believed that fines for misdemeanours and a possible prison sentence for accidents involving fatalities is a punishment fit for the crime, statistics show that 10% of those convicted reoffend [1].Incidents relating to drink driving increase year on year and as of 2018, 5900 accidents have resulted in 8700 casualties and 240 deaths [2]. This data suggests that the punishment is not working or that drivers are willing to take the unnecessary risks due to lack of willpower. This report aims to demonstrate that the current methods of deterring such crimes are not effective and alternative technological solutions should be considered. Preventing the offense from occurring would be a positive approach in restricting injuries or death for all involved, and not relying on the courts to reprimand the felon.
[bookmark: _Toc38297782]1.2 Aims and Objectives
The aim of the project is to develop and test a prototype of a biometric device to help prevent drink driving. The objectives to support this will be:

· To investigate the literature related to historical and current attempts to prevent drunk driving using psychosocial and physical means;

· To build and test a prototype physical device;

· To evaluate the potential user acceptance and effectiveness of such a device.

[bookmark: _Toc38297783]2 Background of Study
[bookmark: _Toc38297784]2.1 Brief History
Since the first recorded drink driving arrest in 1897 of George Smith, a London taxi driver, alcohol related incidents involving vehicles has exacerbated. The first laws that prohibited drivers operating motor vehicles while inebriated went into effect in New York in 1910. 1953 saw the first breakthrough of a deterrent against drink driving with the invention of the breathalyser. The American Robert Borkenstein made remarkable improvements on previous attempts to reduce the acts of DUI and this new invention which would later become the tool used by police all over the world. The breathalyser would gauge the amount of ethanol vapours in the breath of a suspected drunk driver which would then reflect the level of alcohol in the blood stream [3]. Although crimes relating to drink driving had been acknowledged several years before in the UK, it was not until 1965 that the pressure of such violations had made the governments agenda. By 1966 the Road Safety Bill entered into legislation setting a drink drive limit of 80mg of alcohol in 100cc of blood. But it was not until the following year that the police started to utilise the breathalyser to clamp down on drink driving in Great Britain [4].
[bookmark: _Toc38297785]2.2 Analysing past technology
Research into the possibility of using breath to test alcohol content in a person’s body dates as far back as the late 19th century. Drivers who drive while intoxicated have caused problems on the roads ever since the advent of the motor car [5].The need to kerb the use of alcohol while in charge of a vehicle started to take prominence from around 1925 and although the base of each experiment revolved around the use of the drivers breath, the advances through the birth of technology are evident. To emphasize these changes in technology, governmental laws and procedures, a timeline was generated to illustrate important dates in history [fig 1.1]. Each period highlights an attempt to reduce or stop people from driving while intoxicated. Due to constant changes in laws and updates to the Traffic Act over the last 5 years the decision was made to stop the timeline at 2014. This was the last pivotal year that minimal changes were made. To include every alteration subsequent to this date would require a vast timeline, and make little significance to this report. An enlarged version of the timeline can be found in the appendix of this report.
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[Fig 1.1] Timeline depicting key stages of effort to reduce drink driving [6] [7] [8] [9]
[bookmark: _Toc38297786]
2.2.1 Current Deterrents in operation
Currently, breathalysers are in operation and used throughout the police forces around the world and they are still the front line defence against the ongoing problem of alcohol consumption while driving. The Traffic Act and Road Safety Act are constantly being changed and added to, to battle the flatlining volume of incidents that are occurring on the roads daily [10]. An attempt to reduce the alcohol limit in England and Wales to 50mg of alcohol to 100cc of blood was investigated, but research showed that this change would make no difference to the current situation [11].This study failed to make an impact due to Scotland reducing the limit to 50mg, but seeing a slight increase in alcohol related incidents [12].The Alcohol limit in England and Wales has remained the same since 1967 [13].
          With the advances in technology and the computer automations that are evident in today’s transport, more deterrents can be achieved within the compounds of the vehicle itself. Some organisations are now looking towards sensory science to immobilise vehicles, while others are still opting to use breathalyser style gadgetry. Both of these methods will be explained in further detail, later in this report.

[bookmark: _Toc38297787]2.3 Aiming for a safer future 
As the evidence suggests in section 1.1, the penalties presented by the courts for drink driving seem to be more of an inconvenience to the driver than to discourage them from carrying out the unlawful act. Although a prison sentence is possible, this however does not stop a small percentage of offenders from re-offending. According to DVLA records, between 2015 and 2019 there were over 155,000 cases of drunk drivers being caught and of those drivers, 5,181 were re-offenders, with one driver re-offending 6 times[fig 1.2] [14].
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[Fig 1.2] Graph of Offences and Re-offenders between 2015-2019 [14]

The intention of the author is to develop a biometric system that will prevent an individual from handling a vehicle if they are under the influence of alcohol. By using a combination of new biometric components and the vehicles ECU system, this should prevent the immobiliser from disengaging and prevent the engine from operating. Thus, keeping another unsafe driver from having access to the road. Using circuitry and software that is easily obtainable through self-purchase or through the educational stream, can make this project achievable and quite inexpensive. Time management is a very important element when creating a specific product or supplying a service. The difference between success and failure can be a consequence of setting time frames for each task. If the job at hand is completed on time, it will have a detrimental effect on the next, and if not, it may cause a fluctuation in costs and failure to reach deadlines. A Gantt chart will be introduced to insure that set tasks will be finalised and allow for the project schedule to be adhered to [15]. With every task that needs completing , a series of checks will be carried out and noted on test sheets. Notes will be taken on the software code and the hardware that will be created. This should determine if the objectives initiated are achieved, and also state if any problems occurred and what was done to resolve them.

[bookmark: _Toc38297788]3 Design and Specifications
[bookmark: _Toc38297789]3.1 Ideation 
The volume of accidents and fatalities that could be easily avoided, if the drunk driver could be impeded before their nonsensical actions, inspired the author of this report to evolve a concept to put this right. 
        The premise to eradicate this problem, is a biometric car key that would store the fingerprint of the driver and only allow the vehicle to manoeuvre if all the drivers credentials are correct. The key will hold information on the driver such as name, address and licence number and also give the option to store more than one user. The key would hold emergency contact details if the driver got into difficulty and contact a stored taxi number or designated friend to supply lifts if need be.
     Amongst other functions that the key may have e.g. GPS tracking, lost key facility or connecting to the DVLA database to get driver points information, the important feature would be that of an alcohol scanner.
    The scanner will study the print of the driver that is stored in memory and inspect it for traces of ethanol, if the result is positive the car will not start.
[bookmark: _Toc38297790]3.1.1 Research of Competing Technology 
To gain knowledge, and discover what the possibilities are in terms of the key’s functionality, steps to analyse further research in the field of biometrics were taken. Identifying comparable ideas from other organisations are important, by giving an understanding as to what is technology is available on the market and to recognise any limitations. 
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[Fig 1.3] Touch-based reader from TruTouch


 
[bookmark: _Hlk37521025]TruTouch has introduced a new approach to measuring blood alcohol concentration, by using  a touch-based system that spectroscopically measures alcohol in the user’s tissue. This system analyses alcohol found beneath the skin’s surface (or more specifically, the blood alcohol content detected in the capillaries). Measurements are taken by shining an infrared light into the user’s skin. A portion of the light is reflected back to the skin’s surface, where it is collected by the touch pad [fig 1.3]. This light contains information on the skin’s unique chemical properties, including the concentration of alcohol [16].
[bookmark: _Hlk37520919]The use of spectrometry appears heavily in the testing by other fellow researchers, as in the case of Sheffield Hallam University. The technology implemented by the researchers is known as Matrix Assisted Laser Desorption Ionisation Mass Spectrometry Imaging (MALDI-MSI) and has been developed by the University's Biomedical Research Centre. This powerful technology is normally used to map different molecules within tissue sections and produces multiple images of finger-marks which are made up of materials from the surface of the skin and from gland secretions. Drugs, lubricants, hair products, alcohol and many more substances can be identified by this machine [17]. Although this device is not purposely built to help in the fight against drunk drivers, the technology used could easily be adapted in the future.
  Several car manufactures are currently trialling their own versions of deterrents to aid the safety of drivers, pedestrians and the vehicles. Hyundai  which was a feature of their 2019 Santa Fe model. The fingerprint would unlock the vehicle and also access the pre-set profile of the driver which contains settings specifically chosen by that user, such as seat position [18]. 
   Carmaker SEAT have showcased a new model that has 20 revolutionary safety features and one of them is a built in breathalyser. If the driver is under the influence of alcohol, the car will shut down and give the option to call a taxi. The design includes an eye monitor, so the vehicle knows who is control of the vehicle and the driver is unable to trick the system by using a sober passenger [19]. In this case, the use of a physical breathalyser may impact on the response time. The system has to wait for the driver employ the right amount of breath for the device to give an accurate reading. This innovation seems to still be in /Testing stage as no evidence of it being implemented in a vehicle can be found.
 The Driver Alcohol Detection System for Safety program (DADSS) is a consortium of different organisations that share the same objectives and goals. One such company is TruTouch which has gathered funding from the DADSS to create the fingerprint scanner. Another is SenseAir and in contrast has been developing a breath-based system. According to DADSS website, their system is designed to unobtrusively analyse alcohol in the driver’s breath. Drivers will simply be able to enter the vehicle and breathe as they normally would [20].
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[Fig 1.4] breathalyser placed on the steering column [20]

The system draws the driver’s exhaled breath into a sensor, which measures the concentrations of alcohol and carbon dioxide present[fig 1.4]. The known quantity of carbon dioxide in human breath serves as an indicator of the degree of dilution of the alcohol concentration in exhaled air. Molecules of alcohol and those of tracers such as carbon dioxide absorb infrared light at specific wavelengths. The SenseAir device directs infrared light beams on the breath sample and analyses the wavelengths returned to quickly and accurately calculate the alcohol concentration [fig 1.5]. SenseAir continues to move towards a prototype that can be integrated into a vehicle [21].
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[Fig 1.5] Ethanol detection through infrared beam [20]

[bookmark: _Toc38297791]3.2 Has the DUI predicament been eradicated ?
Biometric technology in vehicles is a concept that has been around for many years, and in many different guises. Referring to the report from the 2013 international conference (ICICES) a proposed system consists of a smart card capable of storing the fingerprint of driver. While issuing the license, the specific person's fingerprint is to be stored in the card. Vehicles have a card reader built in and the driver has to input the card and put their finger on a scanner. The fingerprint has to match the one on the card [22]. This concept and the previously mentioned ideas have never really come into fruition. Many are still in the testing phase and others are still gathering funding to advance further than just the research. Due to the fact that none of the deterrent devices have been made, drink driving is still occurring at a vast rate. 
         A survey was conducted using the online service, Survey Monkey [23]. Finding out public opinion, their attitudes towards laws and whether they feel something needs to be done would be detrimental to the decisions made to the process of creating the concept. The results can be found in the Appendix of this report.

[bookmark: _Toc38297792]3.3 Developing the Prototype
To compile the necessary elements to produce a working prototype, there are three stand out companies that manufacture circuitry that will be suitable for the tasks ahead.
· Arduino
· Adafruit
· Raspberry Pi
Arduino is the popular open-source electronics prototyping platform based on easy-to-use hardware and software. It's intended for artists, designers, hobbyists, and anyone interested in creating interactive objects or environments and is designed to be as flexible as possible to fit your project's needs [24]. 
A mainstay in the world of makers and electronics, the Raspberry Pi is a single-board, low-cost, high-performance computer first developed in the UK by the Raspberry Pi foundation. Not only has it helped bring electronics and computer programming to people around the world, but it has also become a staple of the maker community [25].
Adafruit was founded in 2005 by MIT hacker & engineer, Limor Fried. Her goal was to create the best place online for learning electronics and making the best designed products for makers of all ages and skill levels. Adafruit has expanded offerings to include tools, equipment, and electronics that Limor personally selects, tests, and approves before going in to the Adafruit store. Adafruit is a 100% woman owned company [26].  
       The main comparisons between them are that Arduino is a microcontroller board that runs a specific code again and again. It also very easy to connect (interface) sensors and electronic components to the system. Arduino can gain its power from a battery pack which makes it more portable and can be smaller in size [27].
     The Raspberry pi, in essence is a minicomputer that contains circuitry like a microcontroller (Arduino). Pi is also a more powerful system, It can run several programs at once, but needs more complex coding like installing libraries and additional software for connecting sensors and other components [27].
Adafruit supply electronic components that are compatible with many other electronic companies such as Arduino and Pi. As long as the pricing of the integral elements are competitive, purchasing from Adafruit will be a favoured choice.
           To maintain the dimensions of a standard size car key fob, certain components need to be specifically chosen to fulfil this intention. For the purpose of this project the use of the Arduino system will be implemented, along with components that are compatible. Arduino has been selected due to previous experience and knowledge of that system and the elements that are needed are available and inexpensive. The power source is a major positive for the Arduino which will make the key portable and easy to drive. If there is a loss of power, the Arduino will just restart, unlike the Raspberry Pi. As the Pi runs on an operating system, it may receive damage to the software which means that it must be properly shutdown before disconnecting. 
Examples of potential components required are:
· [bookmark: _Hlk37523432]Triad spectroscopy sensor AS7265X [28]
· Arduino Nano board [29] [fig1. ]
· PCB Header
· PCB 
· 2.2 inch LCD screen [30] (fig 1.) 
· Breadboard (optional)
· Cables
· LED’s
· Key casing made from 3D printer
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                 [Fig 1.6] LCD display [30]                             [Fig 1.7] Arduino Nano board [29]


[bookmark: _Toc38297793]3.3.1 Software Required
To make the Arduino prototype fully operational, the open-source Arduino IDE software will be adopted. This software enables the programmer to easily write code and upload the data to the Arduino Nano board. It can run on all the major operating systems such as Windows and Mac OS and the programming language of C/C++ is used in the editor. As the Arduino is simply a micro-controller it can be used with any software that allows coding in C as long as a little modifying to the software is made. These modifications include the addition of the Arduino libraries. 
 
[bookmark: _Toc38297794]4 Implementation
[bookmark: _Toc38297795]4.1 Time Management
To successful complete the tasks that are involved with creating the biometric key, pre- planning the time of each assigned role is essential. This can be carried out by employing a Gantt chart that can plot a timely course of steps to finalise the end product. The Gantt chart below [fig 1.8] is an example of how the chart can be put into practise, as this is purely a proposed report. 
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[Fig 1.8] Gantt Chart example of how they can be utilised [15].

[bookmark: _Toc38297796]
4.1.2 Implementation of prototype
At this point in time, no prototype has been designed nor produced, as this report is still in the research stage.




[bookmark: _Toc38297797]Conclusion
The research figures for road accidents that are specifically caused by drink driving show that there has been minimal decline (if any) in the volume of accidents since this crisis was highlighted in the 1980’s. Although deterrents have made an appearance in the last six decades, they have done nothing to stem the occurrence of accidents or make drivers think twice before attempting the ride home. The penalties that are put upon the drivers through the courts or side of the road fines, have become more tough in the past couple of years, but the problem still persists. That is why prevention is better than cure and with today’s ongoing advances in technology this is a goal that can be reached. 
     Biometric sensory verification, although in its early stages, has received further research to unite this technology with that of vehicles. Breath and touch sensors are at the centre of the studies, with spectrometry being adapted by some companies. This is where infrared light is shone through the skin and measurements are taken when the light is reflected back to the skin surface. It is able to read the alcohol levels that are detected in the blood of the capillaries. An alternate process is for the use of a breath sensor that fits on top the steering column of a vehicle and the drivers normal breath is drawn into it. Here the breath is passed through an infrared beam and the ethanol content of the breath is read. Both of these examples are to lead to one ultimate aim, and that is to stop the vehicle from starting.
       Due to all ongoing deterrents however still in the prototype and testing phase, the challenges to reduce these criminal activities are still there. This report sets out a proposal to diminish drink driving accidents by preventing the drunk driver from being able to start the vehicle. Using a biometric car key, it will enable the user from driving before they are even in the vehicle. The key will contain a sensor that reads the alcohol content of the potential user and calculates whether they are able to drive or not. The key prototype will be created using an Arduino microcontroller and compatible components. The initial idea was to use a spectroscopy sensor, but on further investigation this technology is still in the early stages of production and locating a compatible sensor is difficult. So, for the benefit of this report and following through on the prototype, an MQ-3 alcohol sensor will be used in it’s place. The major difference between the sensors is that the MQ-3 is more of a breathalyser than a touch sensor and can take the readings of ethanol that’s extracted through the users breath [31]. Even though they are different sensors the outcome should be comparable. 
        Drink driving is a problem that could be entirely avoided if the people instigating it had any self-restraint. Instead, it is up to inventors and computer programmers to take over and do the thinking on their behalf. Many innocent people have been touched by tragedy through these senseless acts and by implementing biometric technology it is hoped that such predicaments will be a thing of the past.
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[bookmark: _Toc38297799]Appendix
[bookmark: _Toc38297800]Appendix A – Public Opinion
The following survey was conducted via social media and using the online resource, Survey Monkey. It was intended to gather insight into public knowledge and also determine if there would be a demand for such a product on the market.
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The data received from the survey highlighted a few interesting facts of information:
1. Those surveyed think that more needs to be done to solve the problem of drink driving and feel that not enough is being done to tackle it.
2. Stricter punishments need to be handed out such as stronger sentences and larger fines. But as evidence suggests, this will not resolve the dilemma.
3. Only 15% know the real alcohol limit. This has to be the biggest problem facing the public with drink driving. Whether it is a lack of clarity or understanding, better education is a must.
4. 87% think we need a technological deterrent. People have started to realise that the old ways of deterring drivers from drinking just is not working. With new technological advances happening regularly, now is the time for new prevention measures.
5. 32.35% of those asked, have or would drink and drive. This highlights the problem in todays society. Accidents can be avoided, but not while some members of the public are still willing to break the law.
6. People would prefer to be told they need one rather than go out and buy one independently.  This indicates that the key should be imposed by the government as a safety feature just like the seat belt. It should be sold to car manufacturers who will supply the key with every vehicle.
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[bookmark: _Toc38297801]Appendix B – Timeline of Drink Driving Deterrents.
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[bookmark: _Toc38297802]Appendix C – Literary Sources

The following sources were used for inspiration
· Biometrics wave poised to transform future driving /  Praveen, Joe
https://www-sciencedirect-com.ezproxy.uwtsd.ac.uk/science/article/pii/S0969476517300966
Biometric Technology Today , Article, Volume 2017, Issue 5, May 2017, Pages 5-8
· Statistical anti-spoofing method for fingerprint recognition / Park, Y., Jang, U. / Lee, E.C.
https://doi-org.ezproxy.uwtsd.ac.uk/10.1007/s00500-017-2707-3
Soft Computing, Article, Pub: 11 July 2017, Issue Date: July 2018, Vol 22, Issue 13.
· Survey of Biometric Techniques for Automotive Applications / Villa, Maria et.al
https://www.researchgate.net/publication/324502905_Survey_of_Biometric_Techniques_for_Automotive_Applications
Information Technology – New Generations, Jan 2018, Page 475-481
· Drug and Alcohol Crash Risk: A Case-Control Study / Lacey, J.H, et.al
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/812355_drugalcoholcrashrisk.pdf
U.S Department of Transportation NHTSA, Report Date: Dec 2016,
· Road Safety Bill
https://publications.parliament.uk/pa/cm200405/cmbills/054/05054.15-18.html
Session 2004-05, 
· Drink-driving Factsheets
http://www.ias.org.uk/uploads/pdf/FSdrink-driving092019.pdf
IAS-Institute of Alcohol Studies
· Development of Vehicle Ignition Using Fingerprint / Abedalrahim, Jamil., et al.
https://www.researchgate.net/publication/338221904_DEVELOPMENT_OF_VEHICLE_IGNITION_USING_FINGERPRINT
Journal of Engineering and Applied Sciences, Dec 2019, Volume 14
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