




Microcontroller based alcohol detection vehicle interlocking device.
By
James Robert Tudor Jones
Supervisors: Gareth Jones, Gary Jones

Project submitted as part of the requirement for the award of Beng (Hons) Electrical and Electronic Engineering.

				April 2017

[bookmark: _Toc442373229][bookmark: _Toc480835296]DECLARATION 
I, ............................................…………………………………………………….. declare that I am the sole author of this Project; that all references cited have been consulted; that I have conducted all work of which this is a record, and that the finished work lies within the prescribed word limits. 
 
 
This work has not previously been accepted as part of any other degree submission. 
 
 

 
Signed: ............................................. 
 
 
Date: ............................................... 


[bookmark: _Toc442373230]


[bookmark: _Toc480835297]FORM OF CONSENT 
I, ............................................……………………………………………………..  hereby consent that my Project, submitted in candidature for the Beng Electrical & Electronic Engineering degree, if successful, may be made available for inter-library loan or photocopying (subject to the law of copyright) and that the title and abstract may be made available to outside organisations. 



Signed: ............................................. 
 
  
Date: ............................................... 







[bookmark: _Toc442373231][bookmark: _Toc480835298]ABSTRACT
The aim of this project is to design a Microcontroller based alcohol detection automatic ignition blocking device. The concept of the device will be for any car unable to start if the sensors detect any alcohol. Data recorded for the temperature and humidity and Alcohol tested under different environments. 
This report will contain:-
· Background Research on alcohol detection
· Background Research on Alcohol measurement
· Market research on other systems used for alcohol detection
· Research on various breathalysers
· Research on different types of alcohol sensors and selection
· Research on Temperature Sensors and selection
· Microcontroller Selection
· Circuit Design
· PCB Design
· Code is written for microcontroller
· Prototype build of Design
· Costing of Design
· Evaluation of the Project
· Improvements to the Project
· Conclusion of the Project

Software used within this project:-
· Microsoft Word
· Microsoft Excel
· Proteus
· CCS Compiler
· Tera Term
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[bookmark: _Toc480835300]Chapter 1. Introduction
Drink driving is faced in all kinds of societies all around the world. Unfortunately, even though it is a criminal offence to drive under the influence of alcohol many road accidents today are caused by drink driving. UkDrivingfacts.com explain:-
• On average 3,000 people are killed or seriously injured each year in drink drive collisions.[1]
• Nearly one in six of all deaths on the road involve drivers who are over the legal alcohol limit.[1] 
• Drinking and driving occurs across a wide range of age groups but particularly among young men aged 17-29 in both casualties and positive breath tests following a collision. The Government's most recent drink-drive campaigns aim to target this group.[1] 
• The latest provisional figures from 2004, show that some 590 people were killed in crashes in which a driver was over the legal limit, 2,350 were seriously injured, and 14,050 were slightly injured.[1] 
• And if you think you won't get caught, more than half a million breath tests are carried out each year and on average 100,000 are found to be positive.[1]
The facts above are only figures within the UK, but this is a worldwide problem that could certainly be addressed with the use of in-car alcohol detection systems put in place. The questions to ask, why is there a lack of preventive measure? Can alcohol detection systems help the driving facts above?  Above must firstly be researched, designed and tested to give an outline of results which will thoroughly investigate this project.







[bookmark: _Toc480835301]Chapter 2. Planning
[bookmark: _Toc480835302]2.1 Aims & Objectives
[image: ][bookmark: _Toc480835492]Figure 1: Project Aims and Objectives










The Aims include researching the measurements of alcohol for blood and breath tests. A use of a Feedback survey to gather data. Breathalysers on the market to give an understanding of what type of breathalysers are already functioning, to give price ranges and to check similarities with the specifications. This project will aim at investigating a series of alcohol sensors and testing the last chosen type. The design of the electronic circuit and give testing and analysis. The final purpose of the project will be to create a microcontroller based alcohol detection system that will allow power to the car engine if no alcohol has been detected and under the condition alcohol for any reason has been encountered a measurement will be taken to stop power to the engine not allowing a vehicle to start. The objective is to design the project with the use of LED indication to showing the device is running, an LCD to display data and to allow the user to read, a LED bar graph will be used to give another indication of alcohol detection. A DC motor will be controlled depending on the outcome of a pass or fail with the alcohol detector. Data will be recorded with the use of TX and RX communication to gather data through the utilisation of a Tera Term on a computer.
[bookmark: _Toc480835303]2.2 Project breakdown
	Project Breakdown Table

	Breakdown
	Description
	Dates

	Project Proposal
	Decide project idea. Design proposal for reasoning and back up With research.
	01/08/2016 - 08/08/2016

	Create Gantt Chart
	Create a Gantt chart to give a view of the timeline of what needs to be done within the project.
	 22/09/2016 -29/08/2016

	Aims & Objectives
	Look at the aims and objectives needed to give the project scope and direction.
	01/09/2016 - 29/08/2016

	Research Methodology
	Investigate the method of research and justify what type of research methodology will be used for the project.
	20/10/2016 - 26/01/2017

	Background Research
	Research facts, measurement, and limits of alcohol.
	01/08/2016 - 27/10/2016

	Feedback Survey
	Feedback from the public to gather information on drink driving effects and alcohol detection system in Vehicles.
	26/01/2016

	Market Research
	Research breathalysers already on the market. To investigate benefits, specifications and features.
	06/10/2016 - 08/12/2016

	Sensor Research
	Research all types of sensors for alcohol, Temperature and humidity. Investigate and justify which sensors will work for the project specification.
	06/10/2016 - 08/12/2016

	Component Requirement
	Investigate other components required for the project.
	13/10/2016 - 26/01/2017

	Microcontroller Selection
	Investigate and determine a microcontroller which will be suitable for the project.
	17/11/2016 - 5/01/2017

	Diagrams & Circuits
	Produce block, structure and flowchart diagrams. Create schematic circuits and simulation of the design.
	15/12/2016 - 26/01/2017

	Interim Viva
	Produce a presentation to introduce how the project has progressed
	05/01/2017 - 26/01/2017

	Building
	Build The final design after all preparation is complete with the simulation testing
	26/01/2017 - 06/04/2017


	Overall Costing
	Conclude an overall cost of the whole design.
	05/01/2017 - 06/04/2017

	Sensor Testing
	Test Sensors under different circumstances and analyse results
	12/01/2017 - 13/04/2017

	Evaluate Project
	Evaluate all finding and give future improvements 
	06/04/2017 - 20/04/2017

	Overall Conclusion
	The conclusion to be given to the project to finalise.
	06/04/2017 - 20/04/2017

	Reflection
	Overall reflection of the project to be produced
	06/04/2017 - 20/04/2017

	Poster
	Create poster for project overview
	09/03/2017 - 13/04/2017

	Final Viva
	Final presentation to present project and give a overview of the whole project.
	04/05/2017


[bookmark: _Toc480574770]Table 1: Project Breakdown Table
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[bookmark: _Toc480835305]Chapter 3. Research and Development methodology 
Research methodology establishes the research that needs to be undertaken to have a successful project. Methods are used to guide a researcher in the correct direction and to give a clear understanding of what needs to be achieved. There can be many ways to source information correctly, one of the most effective ways is by using the research onion. The research onion breaks down different methods starting from the outside of the onion working through each layer to the core of the study.
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Figure 2 illustrates the research onion each segment can be investigated to give further understanding of how the onion can be used effectively. Although it is worth being noted there can be many different types of representations of the research onion Figure 2 only being one of those many kinds.


[bookmark: _Toc480835306]3.1 Research philosophy
Research philosophy being the first layer of the onion helps the researcher think and have an idea about the type of research that needs to be achieved. At this early stage, the choice of investigation needs to be meticulously thought of as it will create structure and guidance for the proposed project although it can also give limitations if not correctly used. There are three main parts to this layer being positivism, interpretivism and realism.
Positivism research is known as taking the research and sources as the truth; this type involves research that can be justified by scientific experiments. Research-methodology.net explains ‘Positivism often involves the use of existing theory to develop hypotheses to be tested during the research process. Science can be specified as a cornerstone in positivism research philosophy.  Specifically, positivism relies on the following aspects of the science.’[3] This type of the investigation is based on hard evidence and solid facts, although the research can be excellent, there are arguments that people views and perceptions can heavily influence this sort of the research.
[bookmark: _Toc480835307]3.1.1 Interpretivism
Interpretivism can be construed as the opposite of positivism. This research can be a person’s experience and understanding of the given subject. The scientific approach is not used and allows the researcher to capture a different type of data without the constraints of real facts. Research-methodolgy.net states ‘Interpretivist approach is based on the naturalistic approach of data collection such as interviews and observations. Secondary data research is also popular with Interpretivism philosophy. In this type of studies, meanings emerge usually towards the end of the research process.’[4] 
[bookmark: _Toc480835308]3.1.2 Realism
Realism is a mixture of both positivism and Interpretivism the research analyses what the actual result is and then compares it to what it should be, Research-methodolgy.net states ‘Realism research philosophy relies on the idea of independence of reality from the human mind. As a branch of epistemology, this philosophy is based on the assumption of a scientific approach to the development of knowledge. Realism can be divided into two groups: direct and critical.’ With realism, a result can be derived which can be scientifically correct but due to external factors and real-world application can change the outcome of the result. Realism takes into account all factors.


[bookmark: _Toc480835309]3.2 Research Approaches
The second layer of the research onion is the approach section; this can be recognised on how the author will plan to achieve the research needed by type of approach taken. This layer has two different ways being either inductive or deductive approach.
[bookmark: _Toc480835310]3.2.1 Inductive
Inductive approach is carried out by gathering data and from this data developing a theory. The data is observed and then analysed for patterns to create a tentative hypothesis and supportive theory, William M.K describes ‘Inductive reasoning works the other way, moving from specific observations to broader generalizations and theories. Informally, we sometimes call this a "bottom up" approach. In inductive reasoning, we begin with specific observations and measures, begin to detect patterns and regularities, formulate some tentative hypotheses that we can explore, and finally end up developing some general conclusions or theories.’ This type of approach is very useful when testing and data can be carried out to describe and back up a supposed theory. 
[bookmark: _Toc480835311]3.2.2 Deductive
The deductive approach works the other way and links to positivism aiming towards test theory. Deductive research can be explained by having an answer to the research question and then proving the answer through test and theory; the answer can then analysed and developed results which can be corrected or confirm the answer to be correct.  William M.K describes ‘Deductive reasoning works from the more general to the more specific. Sometimes this is informally called a "top-down" approach. We might begin with thinking up a theory about our topic of interest. We then narrow that down into more specific hypotheses that we can test.’[5]  Gathering data is needed for this approach by repeated testing to provide enough evidence and support of the research already carried out.
The difference between the inductive and deductive approaches, being inductive will not set out to have the exact answer and conclusion and only the theory can be based on findings from data and can give a larger scope of the suggested question. The deductive approach, on the other hand, has a definitive answer and result which is then researched with a confirmed correct theoretical finding.


[bookmark: _Toc480835312]3.3 Research Strategies
The third layer of the research onion research strategies focuses on which method to be used to gather the required data and on how the research will be achieved. Figure 2 gives the list of research strategy:-
· Experiment
· Survey
· Case Study
· Grounded Theory
· Ethnography
· Action Research

[bookmark: _Toc480835313]3.3.1 Experiment Strategy 
Experiments are taken out to investigate the relation between two different variables. Explorable.com explain ‘is a systematic and scientific approach to research in which the researcher manipulates one or more variables, and controls and measures any change in other variables.’[6] Experiment research can be very useful by manipulating one variable to see a change in another. This method is especially useful to gather data and to analyse given results. 
[bookmark: _Toc480835314]3.3.2 Survey Strategy
Surveys collect data from the use of questionnaires; surveys can be made a clever way to achieve required data from the public to research the question. Surveys are especially suitable for extensive research, snapsurveys.com states ‘Surveys are useful in describing the characteristics of a large population. No other research method can provide this broad capability, which ensures a more accurate sample to gather targeted results in which to draw conclusions and make important decisions.’[7] The extensive data received from the public can give an accurate research on how the public would like to see the outcome and conclusion.
[bookmark: _Toc480835315]3.3.3 Case Study Strategy
A case study is an area of development within a group, person or even organisation UNSW Sydney University explains ‘A case study is an account of an activity, event or problem that contains a real or hypothetical situation and includes the complexities you would encounter in the workplace. Case studies are used to help you see how the complexities of real life influence decisions.’[8] This type of research required observing and recording.
[bookmark: _Toc480835316]3.3.4 Grounded Theory
Grounded theory known as GT, involves research of analysing data. I. Walsh, J. A. Holton, L. Bailyn, et al reports ‘GT is simply the discovery of emerging patterns in data. Everything has patterns. Everybody engages in GT every day because it’s a very simple human process to figure out patterns and to act in response to those patterns. GT is the generation of theories from data.’ [9] This type of research develops new theories surrounding a question.
[bookmark: _Toc480835317]3.3.5 Ethnography
Ethnography research is looked at from different cultures national park service states ‘Classic ethnographic research involves a detailed description of the whole of a culture outside of the country of origin of the researcher. Traditionally those engaging in ethnographic research spend years in the place of study, also known as the “field.” As a result of the time spent living among communities, ethnographers have been able to produce thick written cultural descriptions known as ethnographies that communicate the information found in the field.’[10] This allows an individual to explore other cultural viewing and research for the given question.
[bookmark: _Toc480835318]3.3.6 Action research 
Action research is undertaken within a group that have a problem and work together to make improvements on the given research; there is a particular process to follow when using this strategy 
1. Selecting a focus
2. Clarifying Theories
3. Identifying research questions
4. Collecting data
5. Analysing data
6. Reporting results
7. Taking informed action  [11]
G. Payne and J. Payne iterate ‘Action research is research which, identifying a social problem, is primarily designed to provide an empirical test of a possible solution: it contains an innovation to produce the change in policy or procedure, monitored by social research methods.’ [12] 


[bookmark: _Toc480835319]3.4 Time horizons
The fourth layer of the onion being the time horizons is crucial for the planning of research and needs to be carefully decided when chosen. There are two types to follow longitudinal and cross-sectional. 
[bookmark: _Toc480835320]3.4.1 Longitudinal
A longitudinal study is evident meaning a prolonged kind of research which can be taken over the course of many years, techtarget.com proves ‘A longitudinal study is an observational research method in which data is gathered for the same subjects repeatedly over a period of time. Longitudinal research projects can extend over years or even decades.’[13]. The aim is to research the dynamics of the problem.   
[bookmark: _Toc480835321]3.4.2 Cross-sectional
Cross-sectional research is typically used where there would be time constraints and resources; any data is collected once, over a short period before being analysed and interpreted. Alan Bryman explains ‘Normally, different organizations or groups of people are selected and a study conducted to ascertain how factors differ. So it means, collecting data on more than one case at a single point of time.’ [14] Meaning this type of timed study take a snapshot of an ongoing situation.

[bookmark: _Toc480835322]3.5 Data collection methods
The last section being the core of the research onion is the data collection methods section. Two approaches of this section are primary data and secondary data, reference.com explains ‘Primary data is original research that is obtained through first-hand investigation, while secondary data is research that is widely available and obtained from another party. Primary data includes information collected from interviews, experiments, surveys, questionnaires, focus groups and measurements. Secondary data can be found in publications, journals and newspapers.’ [15] Where primary data can be gathered by the use of questionnaires, surveys, interview, tests and market research this can be very time consuming as the research will be all based on your findings. Secondary information can be collected from other people’s research and finding although this can save much time and effort the information cannot always be trusted and should be chosen with great care and by registered trusted sources.  
 
[bookmark: _Toc480835323]3.6 Research and Development Conclusion
Investigating the different layers of the research onion a suitable method was followed:
Research Methodology: Mathematical equations, accurate answers and results were used within this engineering project meaning positivism was the best method to use.
Research Approaches: The given project researches the design, completion of conception, progression of project build and testing throughout therefore Deductive was the best method to use.
Research Strategies: The strategies used for the given project are grounded theory due to analysing data and results and experiments to examine findings.
Time Horizons: A longitudinal approach has been taken out for the given project for being over the course of 2 years.
Data Collection: Primary and secondary data collection will be used within the particular project, primary data such as a questionnaire, tests and marketing and secondary data collection from other sources.











[bookmark: _Toc480835324]Chapter 4. Background Research 
The research undertaken is used to look at different methods, along with researching different alcohol measurements, user feedback, breathalysers on the market, alcohol sensors, temperature sensors and humidity sensors. An overall comparison and conclusion will be utilised to provide the process of the given design. 
[bookmark: _Toc480835325]4.1 Alcohol Detection
Blood alcohol content BAC measured in % (percentage) is used to gauge the amount of alcohol present in the blood and can be easily converted into Mg/L (milligramme per litre) which is more commonly utilised in the United Kingdom. Bactrack.com Describes ‘Blood Alcohol Content (BAC) describes the percentage of alcohol present in the blood. BAC testing enables law enforcement and medical professionals--as well as concerned individuals-to objectively estimate the level of a person’s alcohol intoxication. Put simply, the higher the BAC number, the greater the impairment.’ [16] There is differences in legal limits across the world but as for the United Kingdom 80mg.org.uk explains ‘The UK legal limit for drivers is 80 mg of alcohol per 100 ml of blood, often referred to as a BAC or blood-alcohol concentration.’ [17] There are five types alcohol testing that can be used to detect BAC findlaw.com explains these five types as ‘BAC level: urine, saliva, hair follicles, blood and breath. However, only breath analysis (i.e. breathalyzer) and blood screening are broadly used by law enforcement for gathering evidence.’ [18] The United Kingdom commonly use breathalysers to detect alcohol on British drivers but for any conviction to take place a blood test has to be formally taken at a police station for evidence to be used in a court of law. 
[bookmark: _Toc480835326]4.2 BAC Blood Test
A blood test is a method that can be used to measure the amount of alcohol in a person WebMd.com states ‘A blood alcohol test measures the amount of alcohol (ethanol) in your body. Alcohol is quickly absorbed into the blood and can be measured within minutes of having an alcoholic drink. The amount of alcohol in the blood reaches its highest level about an hour after drinking.’ [19] This method can only be used by a person’s consent. If a person refuses to take this approach when asked this could lead to significant legal consequences. Bactrack.com goes on to explain ‘Analysis of a blood sample for BAC is generally more accurate than breath and urine tests, but lab testing errors can occur and render test results inaccurate. Factors that can affect accuracy include lack of sterilization, preservatives and/or refrigeration, coagulation, vial mix-ups, and fermentation of blood in the vial.’ [16] Blood tests would always be the most accurate way of testing alcohol hence ‘BAC’ Blood Alcohol Content.   
[bookmark: _Toc480835327]4.3 BAC Breath Test / Breathalysers
A Breath Test in the United Kingdom is measured in Mg/mL (milligramme per millilitre). Mg/mL can be easily converted to BAC and the same vice versa, but in different countries, there are different ratios used for the conversation between these two measurements. Lions Laboratories Limited observes that ‘In some countries it is still the practice to convert the result of a breath alcohol analysis to a blood alcohol concentration. In order to do this use must be made of a blood: breath ratio. There is much dispute and debate on this subject [much of which is now significantly out of date and misinformed], which means that different countries have each adopted their own assumed value of this ratio when preparing this legislation – such as 2,000:1 in France and Scandinavia; 2,100 in the USA, Australia and Korea; and 2,300:1 in the United Kingdom, Malaysia and Ireland.’ [20] Although BAC is the main measurement usually used around the world, breath testing at Mg/mL is also used significantly for measuring alcohol on a person. 
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												[21][bookmark: _Toc480574771]Table 2: Level of alcohol Limits in UK

When inspecting Table 2, it explains for England, Wales and Northern Ireland the limit of alcohol per Micrograms per 100 millilitres of breath is 35 and for Scotland, it is 22. Although the police force has very accurate top of the range breathalysers which can be purchased there are many other breathalysers which can be bought and looked at on the market.




[bookmark: _Toc480835328]4.4 User Feedback Survey 
A survey was created to ask the first hundred people to investigate and research about different views and effects on alcohol and driving. Survey monkey was used to create a simple ten question survey this gathered results on whether an alcohol detection interlocking system would be utilised. The questions asked included:-

1. What is your age? 
2. What is your gender? 
3. Have you ever been prosecuted for drink driving? 
4. Have you ever or do you know anyone who has been affected by a drunk driver?
5. At what age do you consider a higher risk of drink driving? 
6. Are you aware of the UK drink drive limits? 
7. Have you or do you know of anyone that has had an excessive amount to drink one day /night and has been unsure of being over the drink drive limit the next morning? 
8. Did you, or they take the risk to drive that morning? 
9. If an alcohol detection interlocking system could be installed to stop a car from starting and used to prevent drink driving, would you install such a device? 
10. Do you think all newly made production cars, should be compulsory of having alcohol detection systems?  










[bookmark: _Toc480835329]4.4.1 User Feedback Analysis
[image: ][bookmark: _Toc480835494]Figure 3: Survey Question 1
















[image: ][bookmark: _Toc480835495]Figure 4: Survey Question 2


















[image: ][bookmark: _Toc480835496]Figure 5: Survey Question 3

















[image: ][bookmark: _Toc480835497]Figure 6: Survey Question 4
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[bookmark: _Toc480835498]Figure 7: Survey Question 5



[image: ][bookmark: _Toc480835499]Figure 8: Survey Question 6
















[image: ][bookmark: _Toc480835500]Figure 9: Survey Question 7
















[image: ][bookmark: _Toc480835501]Figure 10: Survey Question 8



















[image: ][bookmark: _Toc480835502]Figure 11: Survey Question 9

















[image: ][bookmark: _Toc480835503]Figure 12: Survey Question 10

















[bookmark: _Toc480835330]4.4.2 User Feedback Discussion
Investigating the user feedback results, a range of ages and gender completed the survey. Interesting results occurred such as only 4% said they had been prosecuted for drink driving compared to 41% admitting they have or know someone who has been affected by drink driving. The main age that was considered the higher risk of drink driving were between the ages of 18 to 24, second came the ages of 25 to 34 and thirdly 45 to 54 which was an interesting finding as the ages of 35-44 ended up being one of the lower risked of drunk driving. 90% of people said they were aware of the drink driving limits although because of restriction on the created survey it would have been interesting to elaborate on this question to put an extra multi-choice question to ask which one was the correct over the limit answer. One of the most compelling questions was to ask about being unsure of driving the morning after drinking, the response to this issue proved that almost everyone had been in this situation once before, and which led to the next question had anyone taken the risk that morning? The results proved that most people had taken the risk. The last questions established that 70% of people would install an alcohol detection system on their vehicle but there was still the minority that decided they would not install such device. Having them installed compulsory on newly made production vehicles had a slightly different result of 80% saying yes they should be, which proves that 10% of people would not like to install a device o their vehicle but still think they should be required on new production vehicles.


[bookmark: _Toc480835331]4.4.3 User Feedback Conclusion
It is evident that a lot of ages and gender have been affected before by drink driving or know someone who has, this gives cause for concern as this seems to be an ongoing problem that will never stop. It was also proven that many people take the risk the next morning, meaning they do not know whether they are over the limit causing danger to themselves or someone else and even possibly facing prosecution if caught. The feedback given for the alcohol detection systems was very refreshing knowing that most people would like to either install or make it mandatory for new production vehicles. These findings gave a new outlook for the project providing a purpose for the design.




[bookmark: _Toc480835332]Chapter 5. Sensor/Market Research & Comparison
There are many types of breathalysers out there commonly used today which have a wide range of specifications and parameter. Although they all have the same job and give out the same outcome, these devices have to perform accurately and are all certified before making it to the market.

[bookmark: _Toc480835333]5.1 Investigation - Breathalysers
[image: Image result for Professor Robert F. Borkenstein first breathalyzer]







[bookmark: _Toc480835504]Figure 13: First Breathalyser 1954

									[22]
A common breathalyser is formally known as a handheld device which can detect a user under the influence of alcohol. Although history explains that as early as the 1700’s J.J plenc proposed the identification of poisons and chemicals, it was later on that the first breathalyser was invented by Robert F. Borkenstein of Indiana University, breathalyser.org states ‘In 1954, Professor Robert F. Borkenstein of Indiana University invented the Breathalyzer, the first practical instrument for testing breath alcohol.’[23] This was a pinnacle change on how alcohol was measured on a human, since then they have revolutionised, as technology has advanced so have the design, size and sensors.  



[bookmark: _Toc480835334]5.1.1 AlcoSAFE KX6000S Breathalyzer
[image: Alcosafe breathalyser unique features] 
The alcoSAFE KX000S breathalyser is a top of the range breathalyser which has in fact been used on a famous UK television show holby city as explained by breathalysers.co.uk ‘The AlcoSAFE KX6000S was used on BBC 1's Holby City Medical Drama Series. One of the central characters (Dr Greg Douglas - played by actor Edward Macliam) is featured being breathalised by an AlcoSAFE breathalyzer.’ [24] 
                                                                                         
						          [24][bookmark: _Toc480835505]Figure 14: AlcoSAFE KX6000S

This breathalyser has been given a 5 out of 5-star rating as it is the full package with it being easy to use, 5x supplied reusable mouthpieces and the ability to change the display units between BAC, %o and Mg/L and all at a reasonable price of £84.50 the main features are:- 
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	              [bookmark: _Toc480574772]Table 3: AlcoSAFE KX6000S Specification

			 [24]	           
[bookmark: _Toc480835335]5.1.2 AlcoVISOR MARS Pro Breathalyzer
[image: ][image: Alcovisor Mars Breathalyzer] The AlcoVISOR Mars Pro Breathalyzer is used as a police grade breathalyser which has a very accurate and fast response reading for alcohol detection. Breathalyser direct explains ‘The Alcovisor Mars won very high marks during a test of competing breathalysers in a recent road and laboratory test by DriveStart, part of Road Safety Analysis - a leading UK based road safety analysis company.’ [25] It has been given a 4.5 out of 5-star rating with a very impressive design. The unit costs £159. This breathalyser has been put under very good testing. Breathalyser direct goes on to saying ‘The street test involved testing a number of people who had been drinking on a night out with the Alcovisor Mars against a £600             [25] Police issue Lion 500 (supplied by ourselves) and then laboratory test using a wet bath simulator, used to calibrate and check breathalysers very accurately.’ [25] Undertaking these tests this breathalyser was given the best performance breathalyser in drive start Test, the main features are:- [bookmark: _Toc480835506]Figure 15: AlcoVISOR MARS Pro











                                                               	[25][bookmark: _Toc480574773]Table 4: AlcoVISOR MARS Pro Specification

[bookmark: _Toc480835336]5.1.3 AlcoSCAN CA20 Pro Breathalyzer 
[image: ]
The AlcoSCAN CA20 Pro breathalyser offers superb accuracy. This breathalyser is very popular with NHS and some companies as stated from breathalyserdirect.co.uk ‘This device has quickly established itself as a robust, highly accurate breathalyzer and is already very popular with the NHS and a large number of companies due to its reliability and robust breathalyzer design.’ [26] Having this popularity has given this breathalyser an excellent marketing success.    
		                                                                                   [26]								       [bookmark: _Toc480835507]Figure 16: AlcoScan CA20

[image: ]The AlcoScan CA20 comes as a kit with a 9V battery, three mouthpieces, a hard pro carry case, 12 month warranty and is registered with all the required regulations. The main features include:-	 						                            









			[26]				                                                                		[bookmark: _Toc480574774]Table 5: AlcoScan CA20 Specification


[bookmark: _Toc480835337]5.1.4 AL7000 mg/L Digital Breathalyser
[image: AL7000 mg/L Digital Breathalyser plus 1 Free Test & Drive breathalyzer kit ]The AL7000 breathalyser provides a useful device for a clinic and workplace environment, valuebreathalysers.co.uk explains ‘Latest model AL7000 breathalyzer with prism replaceable sensor. This premium EU model of the AL7000 alcohol breath tester displays mg/l Breath alcohol content 0.220 for Scotland, Ireland & France 0.350 for the rest of the UK. 0.090 for workplace HSE screening.’ [27] 
						                     [27][bookmark: _Toc480835508]Figure 17: AL7000

[image: ]The AL7000 comes with an affordable kit which includes batteries fitted, five mouthpieces, hard storage case, wrist strap and a 12V DC power cable. There is also the option of changing the sensors to keep the accuracy correct without having to calibrate anything as a sensor module is already calibrated and can be simply replaced. The main features include:-
                   [28][bookmark: _Toc480574775]Table 6: AL7000 Specifications




[bookmark: _Toc480835338][image: ]5.1.5 Breathalyser Comparison Table[bookmark: _Toc480574776]Table 7: Breathalyser comparison Table


Inspecting Table 7 illustrates the range of differences between the breathalysers that are currently on the market, in the finding the table proves that semiconductor breathalyser has a longer response time compared to the fuel cell versions. There is also a substantial difference in cost between the semiconductor type and fuel cell. While researching between both semiconductor and fuel cell technology, there is a vast amount of information available with Semiconductor technology, although when researching fuel cell technology a lack of resources was available on the Technology concluded the choice of semiconductors sensors being used within this project.






[bookmark: _Toc480835339]5.2 Investigation – Alcohol/Gas Sensors	
Many gas sensor devices can be looked at these gases include Co, Alcohol, propane, CH4, O2, HCHO, Dust, LPG, Butane, Smoke and many others. Research explains that some sensors can detect more than one gas making the sensors able to work on a broad range of gases, but they will detect each gases at different ranges. 
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									                                                 [29][bookmark: _Toc480574777]Table 8: MQ Range Gas Sensors

Table 8 demonstrates the difference in ranges between the MQ gas sensor products. For example, when looking at the MQ3 sensor, it has a very low range detection at 0.05 ppm (parts per million) this is equal to 0.05 Mg/L for Co, Alcohol and CH4. The MQ5 lowest range is 200 ppm equal to 200 Mg/L. Proving that the MQ3 has a significantly lower detection range than the MQ5, But the MQ5 has a much higher detection range than the MQ3. These ranges need to be considered when choosing the sensor for the design. The MQ gas sensors are a very common sensor available on the market along with others such as Figaro. Figaro also has many gas sensors with again different ranges.   										


[bookmark: _Toc480835340]5.2.1 MQ3 Alcohol Sensor
[image: C:\Users\Student\Google Drive\e-portfolio\Education & Training\Year 3\Major project\08880-01.jpg]The MQ3 alcohol sensor detects ethanol in the air; it is a straightforward and easy to use the sensor. MQ3 sensors work almost the same as many other gas sensors on the market. Moreover, is commonly used to detect alcohol on a human’s breath. It has a high sensitivity and fast response time.  The MQ3 price ranges are £3.00 - £6:00 when bought single and can be as little as 0.99p when purchased in bulk units of 100, making these sensors very affordable. The Sensors provide an analogue resistive output based on alcohol concentration, which can be easily directed to a                                                 microcontroller chip. Key features are:-                                           [30][bookmark: _Toc480835509]Figure 18: MQ3 Sensor

Features:
· 5V DC or AC circuit
· Requires heater voltage
· Operation Temperature: -10 to 70 degrees C
· Heater consumption: less than 750mW
Dimensions:	
· 16.8mm diameter
· 9.3 mm height without the pins
[image: ]There are six pins on the MQ3 sensor. Two pins are for the required heater voltage which is for the heating system on the sensor, and the other four are to be connected to Power and ground. As shown in Figure 19 the pins labelled ‘H’ are the heater voltage pins which are connected to +5V or GND either way around is acceptable and the pins labelled ‘A’ and ‘B’ are connected to Power and Ground. This information is all given in the Datasheet provided. However, how does it work?                              [31] Taking a look at the alcohol sensor can easily explain how.[bookmark: _Toc480835510]Figure 19: MQ3 Sensor Pins


Inside the MQ3 consists of a tube with all the pin connected to the tube, Eun Jung Park observes that ‘Basically, this tube is a heating system that is made of aluminium oxide and tin dioxide and inside of it there are heater coils, which practically produce the heat.’ [32] The tube is covered by Sn02 which is tin dioxide with arum between them making it an arum electrode. 
[image: ]
   




                                        [32][bookmark: _Toc480835511]Figure 20: Inside Look of MQ3

By inspecting Figure 20, it explains the Sn02 is on the outer shell with the Aurum inside. The Al2o3 is a ceramic casing, the pins setup is explained with the heater pins going through the middle of the system like a coil, and the other pins give the analogue resistive output which can be seen coming from the sides of the tube.
When the tube heats up the Sn02 Ceramics semi-conduct allowing to make more current flow because there are more free electrons. When ethanol is applied, and the alcohol molecules meet the electrode, the ethanol burns into acetic acid enabling more current being produced; the more alcohol molecules, the more current is produced. This current change gives different analogue output values from the sensor.



[bookmark: _Toc480835341][image: Alcohol Sensor MQ303A]5.2.2 MQ303A Alcohol Sensor
The MQ303A alcohol sensor is an updated version of the MQ3. This component again detects alcohol in the air with high sensitivity, fast response time, long life and is slight in size. The big difference with this sensor is that it only requires 0.9V AC or DC to run, making it more power efficient than the MQ3. The range detection is also a lot bigger, ranging from 1 – 10000 ppm which is equivalent to Mg/L, compared to MQ3 with a range of 0.1                                – 10 ppm. With all the added features comes a price with               [33]                                                                                                                        the MQ303A ranging between the cost of £6-£12 for single units and a little cheaper for a bulk of 100 costing £3-£5 which could be costly considering other sensors which are cheaper on the market. This sensor works the same as the MQ3 and is near enough built the same way.  A ceramic tubular and heater coil is used, but there will be obvious differences on how the inside of this component is made to allow the difference of features that comes with the MQ303A.[bookmark: _Toc480835512]Figure 21: MQ303A Sensor
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		         	[33][bookmark: _Toc480574778]Table 9: MQ303A Technical Data

[bookmark: _Toc480835342][image: Figaro TGS2620 Alcohol, Solvent Vapors Gas Sensor]5.2.3 Figaro TGS2620 Alcohol Sensor
The Figaro sensors are another range of gas sensors which are available on the market. The TGS2620 detects alcohol in the air; they have low power consumption, high sensitivity long life. TGS2620 powers at 5V Ac or DC and they range between 60 – 10000 ppm (Mg/L). The cost for a single unit is £11.88 from RS components and looking at £10.70 each when buying over 20+ units. Therefore the sensors are substantially expensive compared to other sensors which could have a huge effect on business when produced on a mass scale. When inspecting the datasheet again, these sensors are formed of a      [34] sensor electrode detecting a change in resistance when ethanol is applied.[bookmark: _Toc480835513]Figure 22: Figaro TGS2620 Sensor

[image: ]
					[34][bookmark: _Toc480835514]Figure 23: TGS2620 Features and Applications










[bookmark: _Toc480835343][image: ]5.2.4 Figaro TGS822 Alcohol Sensor
The TGS822 is another alcohol sensor from the Figaro range. High sensitivity, high stability and being reliable make it very similar to the other alcohol sensors that have been reviewed. The supply voltage is at 5V/DC. The detection range on the TGS822 is 50 – 5000 ppm (Mg/L). The cost for 1 unit are £8.90 and for 50+ units £9.50 each again proving a little more expensive compared to other alcohol sensors on the market. All alcohol sensors which have been researched so far are all built in the [35] same way containing a heater module and some                 electrode ceramic material the Figaro TGS822 follows the same procedure, proving that all alcohol sensors are the same, but there are different manufacturers and set up differently for detection ranges.[bookmark: _Toc480835515]Figure 24: Figaro TGS822 Sensor

[image: ]
			[35][bookmark: _Toc480835516]Figure 25: TGS822 Features and Applications








[bookmark: _Toc480835344]5.2.5 TGS 2600 Air Contaminants Sensor
[image: https://static.rapidonline.com/catalogueimages/Product/S50-0084P01WL.jpg]The TGS 2600 air contaminant sensor can detect alcohol in the air sufficiently, but they are used more for other gases within the air such as Methane, Carbon Monoxide and iso-butane, meaning the applications they are used for are more for air cleaners, ventilation control or air quality monitors. Even though this sensor may not be as suitable for alcohol breathalysers in comparison to other sensors, it gives good visual in the differences when later inspected with a comparison table. The sensor cost 
[image: ]		                     		                    [36]                                                    	                                                                          [bookmark: _Toc480835517]Figure 26: TGS 2600 Air Contamination

			[36][bookmark: _Toc480574779]Table 10: TGS 2600 Features







[bookmark: _Toc480835345]5.2.6 AL7000 Alcohol Module Sensor (PRISM)
[image: ]The AL7000 Alcohol module Sensor is widely used ready built as a module to place straight into different types of breathalysers. It has an advanced oxide semiconductor device and has a wide range detection. These sensor modules are ready calibrated and have a connector ready to plug in which proves a very useful feature. These type of module sensors cost £19.99 to £30.00
                                                                                        [37][bookmark: _Toc480835518]Figure 27: AL7000 Alcohol Module Sensor
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         				[38]                       [bookmark: _Toc480574780]Table 11: AL7000 Specifications 








[bookmark: _Toc480835346][image: ]5.2.7 Alcohol Sensor Comparison Table
                                                         [bookmark: _Toc480574781]Table 12: Alcohol Sensor Comparison Table


Table 12 illustrates the comparisons of each sensor, with most features being very similar with slight differences. One of the most significant findings was that all the sensors and dependent on temperature and humidity meaning a temperature sensor was added to the project to give a reading of the environment temperature before the alcohol sensor result is given.









[bookmark: _Toc480835347]5.3.8 Sensor Selection Conclusion
The MQ3 V2 Gravity module was used because this module was already calibrated for use, proving to be sufficient to use for the required design the gravity sensor circuit can be seen below:-
[image: ]





										[39][bookmark: _Toc480835519]Figure 28: MQ3 gravity module schematic


The sensor has a 0-5V output with the measurement being calculated with the change of resistance on the sensor when vapour is detected. This sensor needs at least a 9 bit Analogue to digital converter for it works properly to give it sufficient space to take a range of readings.










[bookmark: _Toc480835348]5.3 Investigation – Temperature Sensors
Many different methods can be used to measure temperatures such as thermal couples, thermo-resistors and contactless sensors. A temperature sensor is essential for the design because the Alcohol sensor is dependent on temperature to give the correct required data. The market has a different range of temperature sensors which include:-
Thermistors
Thermistors (thermos resistors) are known as contact sensors. The resistance depends on temperature. The negative temperature coefficient is known as this type of sensor, wavelength electronics explains ‘With an NTC thermistor, when the temperature increases, resistance decreases. Conversely, when temperature decreases, resistance increases. This type of thermistor is used the most.’[40].  A thermistor essentially acts as a variable resistor, but with them containing a semiconductor material, they can measure temperature due to this certain material having the properties of temperature sensitivity. There are two types of thermistors commonly known as NTC and PTC radio electronics explains ‘Negative temperature coefficient (NTC thermistor) This kind of thermistor has the property where the resistance decreases with increasing temperature, i.e. k is negative.’[41] and also goes on to explain ‘Positive temperature coefficient (PTC thermistor) This type has the property where the resistance increases with increasing temperature, i.e. the value of k is positive.’[41] Therefore the output voltage can determine the temperature, these components are very cost effective.
[image: Thermocouple Assembly, a section where the 2 thermocouple wires are shown]Thermocouple
A different type where the sensor consists of two wires are the thermocouple sensors as shown in Figure 29, this kind of sensor can have a broad range of temperature measurement and can be very effective for certain applications. Having output from the open end thermocouple wires the voltage generated is proportional to the temperature being measured. Lower heat gives lower voltage where higher heat gives higher voltage.
[42][bookmark: _Toc480835520]Figure 29: Thermocouple Assembly

Resistance Temperature Detectors
Resistance temperature detectors also are known as RTD’s, consists of a wrap of wire around a ceramic or glass core, but other materials can be used. This type of sensor is more commonly used for precision devices usually for handheld applications, for example, a probe to measure the heat inside an oven. 
[bookmark: _Toc480835349]5.3.1 Temperature Sensor Type Comparison
	Parameter
	Thermistor
	Thermocouple
	RTD

	Temp Range
	Within 50°C of a given centre temperature
	–270°C to 1260°C
	−260°C to +850°C

	Relative Cost
	Very inexpensive
	Moderate depending on application
	Most expensive

	Time Constant
	6 to 14 seconds
	-
	1 to 7 seconds

	Stability
	Very stable
	Stable
	Stable

	Sensitivity
	High
	High
	Low

	Advantages
	Durable     Long lasting Highly sensitive   Small size Lowest cost Best for measuring single point temperature
	Durable                 Fast Response High Resolution Very High-Temperature range           Direct contact to material
	Best response time
Linear output
Widest Operating Temperature Range
Best for measuring a range of temperatures 

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	Disadvantages
	Nonlinear output             Limited temperature range             Slow response time
	Non-Linear   Operation very Complex         Long length of wire influenced by corrosion
	Expensive     Low Sensitivity

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


[bookmark: _Toc480574782]        Table 13: Temperature Sensor Type Comparison
Investigating table 13 A thermistor was the type of sensor used for this project; this type was chosen because the temperature ranges were adequate for the application, and they are very cost effective,  sustainable and small enough in size. Sensors on the market were researched:-  
	
[bookmark: _Toc480835350]5.3.2 Analog Devices AD22100ATZ Temperature Sensor
[image: Analog Devices AD22100ATZ Temperature Sensor, -40 → +85 °C, 3-Pin TO-92]The ADD22100ATZ temperature sensor has an analogue output with an internal onboard chip with signal conditioning it an ideal sensor for some applications and comes packed with many features such as:-
· 200°C temperature span 
· Accuracy better than ±2% of full scale 
· Linearity better than ±1% of full scale 
· Temperature coefficient of 22.5 mV/°C 
· Output proportional to temperature × V+ 
· Single-supply operation 
· Reverse voltage protection                                                                                                              [43][bookmark: _Toc480835521]Figure 30: AD22100ATZ Temp Sensor

· Minimal self-heating 
· High level, low impedance output
Other specifications include:-
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	                              							[43][bookmark: _Toc480574783]Table 14: AD22100ATZ Temperature Sensor Specifications

[bookmark: _Toc480835351]5.3.3 IST INNOVATIVE SENSOR TECHNOLOGY Tsic 306 TO92 Temperature Sensor
[image: IST INNOVATIVE SENSOR TECHNOLOGY Tsic 306 TO92 Temperature Sensor, -50 → +150 °C, 3-Pin TO-92]The IST 306 T092 is a digital temperature sensor, which features a fully calibrated and accurate low power temperature Measurement, other features are:-
· Fully calibrated
· Custom calibration and assembly available
· Outstanding accuracy of ±0.3 K (TSic™ 30x)
· Accuracy range of 80 K can be shifted [44] (default: +10 °C to +90 °C)[bookmark: _Toc480835522]Figure 31: TSIC 306 T092 Temp Sensor

· Very low power consumption
· Available with digital, analogue and ratiometric output signal
· Excellent long-term stability
[image: ]
 		






	


                 
			[44][bookmark: _Toc480574784]Table 15: TSIC 306 T092 Temp Sensor specifications


[bookmark: _Toc480835352]5.3.4 Analog Devices TMP01FPZ Temperature Sensor
[image: Analog Devices TMP01FPZ Temperature Sensor, -55 → +150 °C, 8-Pin PDIP]The TMP01 series of programmable temperature controllers produce a voltage output that is proportional to absolute temperature. This particular sensor gives an output of TTL/CMOS. A clever feature that comes with this sensor includes when the device is above or below a certain temperature a control signal is sent, other features are:-
· −55°C to +125°C (−67°F to +257°F) operation                                                         
· ±1.0°C accuracy over temperature       
· Temperature-proportional voltage                         [45] output                                                                                                  [bookmark: _Toc480835523]Figure 32: TMP01FPZ Temperature Sensor

· 20 mA open-collector trip point outputs 
· TTL/CMOS compatible 
· Single-supply operation (4.5 V to 13.2 V) 
· PDIP, SOIC, and TO-99 packages
[image: ]








				
					[45][bookmark: _Toc480574785]Table 16: TMP01FPZ Temperature Sensor Specifications

[bookmark: _Toc480835353]5.3.5 Microchip MCP9701T-E/LT Thermistor IC, -40 to +125 °C, 5-Pin SC-70
[image: Microchip MCP9701T-E/LT Thermistor IC, -40 → +125 °C, 5-Pin SC-70]The MCP9701T-E/LT Thermistor microchip converts temperature to analogue voltage, it can drive large capacitive loads and has a resistance to parasitic capacitance. The advantage to this type of component is the feature of being able to connect straight to PICMicro and its ability to measure and display temperature in binary-coded decimal. Other specifications include:- 

	[46][bookmark: _Toc480835524]Figure 33: MCP9701T-E/LT Thermistor IC
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											[46][bookmark: _Toc480835525]Figure 34: Microchip MCP9701T-E/LT Thermistor IC specifications

[bookmark: _Toc480835354]5.3.6 Maxim DS1920-F5+ Temperature Sensor, F5 MicroCan
[image: Maxim DS1920-F5+ Temperature Sensor, -55 → +100 °C, 2-Pin F5 MicroCan]The Maxim DS1920-F5+ Temperature Sensor can measure temperature in any environment and work in such environments as dust and moisture areas. These sensors can communicate via 1-wire with other sensors to a processor via a single port. Features include:-
· High-Speed 12Mbps Universal Serial Bus (USB) Interface
· Supports Standard and Overdrive 1-Wire® Communication                                                      [47][bookmark: _Toc480835526]Figure 35: DS1920-F5+ Temperature Sensor

·  Slew-Rate-Controlled 1-Wire Timing and Active Pullup for Improved 1-Wire Network Performance
· DS9490R has an RJ11 Interface for Standard Connectivity Accessories such as the DS1402D-DR8
· DS9490B has an iButton Interface and Retains a Fixed iButton
·  Built-In Custom DS2401 Identification Chip
· Reads all 1-Wire and iButton Devices. Writes All Except EPROM 1-Wire/iButton Devices 

[image: ]




                                                                                                         
[bookmark: _Toc480574786]Table 17: Maxim DS1920-F5+ Temperature Sensor, F5 MicroCan specifications

	                       [47]


[bookmark: _Toc480835355]5.3.7 Temperature Sensor Comparison Table
[image: ][bookmark: _Toc480574787]Table 18: Temperature sensor comparison table

Investigating temperature sensors has enabled table 18 to be created, allowing a comparison of each sensor. The surface mount and device mounted sensors can be used but for the required application and design limitations, these sensors will not be chosen, for future design, a surface mount may be an option especially for design cost and space saving within a handheld device. The AD22100ATZ temperature sensor was selected over the other sensors due to Analogue output, 1% accuracy, the required temperature range and the most cost effective.  A minimum resolution requirement for the design will be a 9 bit because the temperature sensor has a -40 to +85 Degree range.








[bookmark: _Toc480835356]5.4 Investigation – Humidity Sensors 
[image: https://www.engineersgarage.com/sites/default/files/imagecache/Original/wysiwyg_imageupload/4214/Humidity-Sensor2.gif]Along with a temperature sensor, an alcohol sensor is dependent on humidity. Therefore, a humidity sensor is used to allow the alcohol sensor to give the correct data. 





			      [48][bookmark: _Toc480835527]Figure 36: Types of Humidity Sensor

There are two different main types of electronic humidity sensors being resistive and capacitive as shown in Figure 39. 

Resistive Type 
Resistive humidity sensors detect a change in resistance in response to moisture; engineers garage explains ‘Resistive type humidity sensors pick up changes in the resistance value of the sensor element in response to the change in the humidity.’[48]
[image: https://www.engineersgarage.com/sites/default/files/imagecache/Original/wysiwyg_imageupload/4214/Humidity-Sensor4.gif]



									
									[48][bookmark: _Toc480835528]Figure 37: Resistive Humidity Sensor

An electrode is made up of precious metals as a shape of a comb; a polymeric film is engineering garage goes on to explain ‘he film acts as a humidity sensing film due to the existence of movable ions. Change in impedance occurs due to the change in the number of movable ions.’[48]


Capacitive Type
The change in capacitance measures capacitive humidity sensors. The capacitive type has a hygroscopic dielectric material to form a small capacitor. The value of capacitance can be determined while moisture is present, engineergarage explains ‘In absence of moisture, the dielectric constant of the hygroscopic dielectric material and the sensor geometry determine the value of capacitance. At normal room temperature, the dielectric constant of water vapour has a value of about 80, a value much larger than the constant of the sensor dielectric material. Therefore, absorption of water vapour by the sensor results in an increase in sensor capacitance. At equilibrium conditions, the amount of moisture present in a hygroscopic material depends on both the ambient temperature and the ambient water vapour pressure. This is true also for the hygroscopic dielectric material used on the sensor.’[48]
[image: https://www.engineersgarage.com/sites/default/files/imagecache/Original/wysiwyg_imageupload/4214/Humidity-Sensor3.gif]




								      [48][bookmark: _Toc480835529]Figure 38: Capacitive Humidity sensor


The Polymer layer as shown in figure 38 was deposited on the electrode this layer senses the given humidity. On top of this layer a gold layer is deposited which and acts as an electrode, engineering garage explains ‘The vapours enter or leave the hygroscopic sensing layer until the  vapour content is in equilibrium with the ambient air or gas. Thus capacitive type sensor is basically a capacitor with humidity sensitive polymer film as the dielectric.’[48] This proves that humidity sensors broken down into the simplest of terms are simply a capacitor with the polymer film as a dielectric to provide the humidity sensitivity.



[bookmark: _Toc480835357]5.4.1 Honeywell HIH-4000-004 Humidity Sensor
[image: Honeywell HIH-4000-004 Humidity Sensor, -40 → +85 °C, 3-Pin SIP]The Honeywell Humidity sensor is used for high volume applications, such as Refrigeration equipment, medical equipment, battery powered systems and HVAC equipment. These particular sensors use a linear voltage output which can be directly sent to a controller, PIC and other devices at great ease. The main features include:-
· Moulded thermoset plastic housing
· Near linear voltage output vs %RH
· Laser-trimmed interchangeability
· Enhanced accuracy, fast response
· Fast response time
· Stable, low drift performance
· Chemically resistant
                                                                                           	               [49]                                [bookmark: _Toc480835530]Figure 39: Honeywell HIH-4000-004

[image: ]











                                                                                                                                                                             [49]											[bookmark: _Toc480574788]Table 19: Honeywell HIH-4000-004 specifications

[bookmark: _Toc480835358]5.4.2 TE Connectivity HPP801A031 Humidity Sensor
[image: ]The TE Connectivity humidity sensor can be used for linear voltage as well as frequency output. No calibration is needed for these sensors making them interchangeable, they are used for many applications, and main features include:-
• Lead free
• High reliability
• Long-term stability		
• Low temperature coefficient									
• Fast response time
• Part could be washed with distilled water [50][bookmark: _Toc480835531]Figure 40: TE Connectivity HPP801A031 Humidity Sensor

[image: ]









  										                       [50][bookmark: _Toc480574789]Table 20: TE Connectivity HPP801A031 Humidity Sensor specifications





[bookmark: _Toc480835359]5.4.3 TE Connectivity HPP805A031 Humidity Sensor
[image: TE Connectivity HPP805A031 Humidity Sensor, -40 → +60 °C, 3-Pin]The TE Connectivity humidity sensor is a transducer constructed from a patented polymer structure and can give very accurate results. The sensor provides a linear output voltage meaning it can be directly interfaced with a microcontroller. Key features include:-				[51][bookmark: _Toc480835532]Figure 41: HPP805A031 Humidity Sensor

· Full interchangeability
· Compact size
· Very-low-temperature dependence
· Not affected by water immersion
· Suitable for 3 to 10 V dc supply voltage
[image: ]











[bookmark: _Toc480574790]Table 21: HPP805A031 Humidity Sensor specifications



        [51]

[bookmark: _Toc480835360]5.4.4 Honeywell HIH-5030-001 Humidity Sensor
[image: Honeywell HIH-5030-001 Humidity Sensor, -40 → +85 °C, 3-Pin SMD]The HIH-5030-001 humidity sensor is an ideal component to work with battery powered systems with a supply of 3V. This sensor can operate as low as 2.7V. This sensor utilises a linear voltage output giving direct input into a microcontroller. This sensor is especially suited for a battery operated systems at low drain with a current draw of 200µA. Features include:-											                                                                       [bookmark: _Toc480835533]Figure 42: HIH-5030-001 Humidity Sensor

· Operates down to 2.7 V, often idea in battery-powered systems where the supply is a nominal 3 V
· Moulded thermoset plastic housing
· Near linear voltage output vs %RH
· Laser-trimmed interchangeability
· Low power design
· Enhanced accuracy
· Fast response time
· Stable, low drift performance
· [image: ]Chemically resistant [52]






[bookmark: _Toc480574791]Table 22: HIH-5030-001 Humidity Sensor specifications

[52]
[bookmark: _Toc480835361]5.4.5 Humidity Sensor Comparison
[image: ]










[bookmark: _Toc480574792]Table 23: Humidity Sensor Comparison

Investigating humidity sensors has enabled table 23 to be created. Although all of the sensors were adequate for the design, the Honeywell HIH4000-004 and the TE connectivity HPP801A031 being through hole, resulted in these sensors being chosen over the others. Overall the Honeywell HIH4000-004 was selected due to the adequate operating temp and humidity being within range. The minimum requirement was 10 bits for the humidity sensor to work correctly and have enough range on the microcontroller to take measurements.






[bookmark: _Toc480835362]Chapter 6. Design & Implementation 
The following section was carried out step by step by selecting the chosen sensors from the previous investigations, by requiring certain information via the datasheets enables the selection process of the microcontroller to begin. Once the microcontroller being used is identified, the design process can proceed and be built. 
[bookmark: _Toc480835363]6.1 Block Diagram
[image: ]












[bookmark: _Toc480835534]Figure 43: Block Diagram of Design





[bookmark: _Toc480835364][image: D:\Users\Student\Desktop\major project flowchart pic.jpg]6.2 Flowchart




















[bookmark: _Toc480835535]Figure 44: Flowchart of Design Program




[bookmark: _Toc480835365]6.3 Structure Diagram
[image: ][bookmark: _Toc480835536]Figure 45: Structure Diagram of Design













[bookmark: _Toc480835366]6.4 Sensor Selection and Specifications for Microcontroller
Upon research and investigation of each sensor, a table was created to illustrate the measurements, how many pins are required, if the output is analogue or digital and how many bytes are needed.
[image: ]


[bookmark: _Toc480574793]Table 24: Sensor Selection


Upon investigating each sensor in Table 24 this partly explains what type of microcontroller was necessary to be chosen, other parameters that had to be considered were:-
[image: ]







[bookmark: _Toc480574794]Table 25: Other Microcontroller Requirements



Table 25 explains other requirements needed from the microcontroller to work adequately for the design. 

[image: ]





[bookmark: _Toc480574795]Table 26: Microcontroller comparison


When the requirements were complete, the parameters were used on microcontroller.com and by using the drop down table the four PIC’s above in Table 26 were available. Although all of the above microcontrollers were acceptable for the given design, The PIC16F18346 was the microcontroller that was chosen because of the sufficient specification and the low cost of £0.68. Later on, a different microcontroller was chosen because while investigating the software used to create the schematic and PCB design the software only supported the PIC16F1938, therefore this microcontroller was used.










[bookmark: _Toc480835367]6.5 Proteus Software
Proteus provides software to create a schematic design representation of the alcohol detection interlocking system. Proteus has also got a coding section which compiles and simulates the given design. Proteus provides the perfect tool to begin the design electronically before the initial build. Problems that can occur are debugged and rectified to make the design process as smooth as possible.

[bookmark: _Toc480835368]6.5.1 Schematic Design
[image: F:\Education & Training\Year 3\Major project CCS & Proteus\Proteus final report Captures\proteus full design.JPG]










[bookmark: _Toc480835537]Figure 46: Proteus schematic Circuit Design




 

[image: F:\Education & Training\Year 3\Major project CCS & Proteus\Proteus final report Captures\proteus 5v reg.JPG][image: F:\Education & Training\Year 3\Major project CCS & Proteus\Proteus final report Captures\sensor input voltage clamp pic.JPG]







[bookmark: _Toc480835538]Figure 47: Proteus Schematic 5V Regulator Protection Circuit



 
[bookmark: _Toc480835539]Figure 48: Proteus Schematic Input Sensor voltage clamp circuit into PIC





[image: F:\Education & Training\Year 3\Major project CCS & Proteus\Proteus final report Captures\Motor.JPG]





 
[bookmark: _Toc480835540]Figure 49: Microcontroller output to Motor



[image: F:\Education & Training\Year 3\Major project CCS & Proteus\Proteus final report Captures\LED bargraph and tell on.JPG]









[bookmark: _Toc480835541]Figure 50: LED Graph Output and Tell on LED Output






[image: F:\Education & Training\Year 3\Major project CCS & Proteus\Proteus final report Captures\LCD Screen.JPG]




[bookmark: _Toc480835542]Figure 51: LCD output from Microcontroller




[image: F:\Education & Training\Year 3\Major project CCS & Proteus\Proteus final report Captures\Virtual Terminal.JPG]





 [bookmark: _Toc480835543]Figure 52: Virtual Terminal Output









[bookmark: _Toc480835369][image: ]6.5.2 Coding[bookmark: _Toc480835544]Figure 53: First stage Coding Setup

[image: ]Figure 53 shows the beginning part of the coding where everything is initially setup the ADC ports channels are setup for the microcontroller on line 25 and line 32. Inspecting lines 36 to 39 the coding allows ‘TO ACTIVATE’ and ‘PRESS BUTTON’ to be viewed on the LCD screen. [bookmark: _Toc480835545]Figure 54: coding to create start up Delay

Figure 54 illustrates coding which will view ‘Please wait for initialising’ on the LCD screen and the led bargragh to light up to count accordingly. This part creates enough delay for the alcohol sensor to warm up and settle between each test, please refer to 7.2 Alcohol sensor test for warm up times and settled time voltages.
[image: ]Figure 55 details how the push button is integrated into the coding making the coding go to certain parts of the while loop depending if the button is pressed or not. When the button is pressed this allows the user to read the instruction on the LCD screen, to blow in the tube and a 5-second delay is counted while a user is blowing.[bookmark: _Toc480835546]Figure 55: Loop, Button Press and LED delay







[image: ]Figure 56 shows how the value of bits is taken from the breath been blown on the alcohol sensor, the measurement of bits is then converted to percentage with some math coding. While this is happening another delay of 5 seconds and the LED bar graph will show the count up then down.[bookmark: _Toc480835547]Figure 56: reading the ADC, changing bits to percentage

[image: ][bookmark: _Toc480835548]Figure 57: Measurement Ranges

Figure 57 illustrates that the next stage of coding being entered is dependent on the measurement result by using an If statement. This enabled too but the measurements in different stages and to give a different feedback result on the LCD screen. This process was repeated for all possible result readings.


[bookmark: _Toc480835370]6.5.3 Proteus Discussion
Figure 46 illustrates the overall final design of the alcohol detection interlocking system. Different parts of the system can be viewed to have a closer understanding of what each part produces. 
Figure 47 illustrates the 5V regulator protection circuit an LM7805 was used to regulate the input voltage of 9V to a steady 5V output supply to the circuitry. The use of a Zener diode was used to limit the voltage to 5V by using a 5V1 value. Although this could be easily changed up to 25V when wanting to use this circuit for higher voltages. If the supply voltage exceeds the Zener diode, the transistor will switch and enables the thyristor, therefore shorting out the supply, this will prevent any voltage rise, and the fuse will effectively blow stopping all supply voltage to any of the circuits. Other components used are resistor current limiters and the use of capacitors to reduce any unwanted noise. 
Figure 48 shows a simple input voltage circuit; this represented all the sensor circuits. The potentiometer is a representation of a sensor connected to power and ground. The output then goes through a voltage clamp circuit with the use of a Zener diode and current limiter resistor to protect the Microcontroller from any unwanted increase in voltage. The Capacitor was used to remove any unwanted noise or interference. 
Figure 49 illustrates the motor and will be activated when the alcohol sensor detects no alcohol. This section was added to the circuit to prove power goes to the car engine to enable a car to start up. 
Figure 50 illustrates output LEDs that represent the bar graph sliding LED component, and a green LED power on tell LED. All LEDs have a pull-up resistor of 220R. 
Figure 51 illustrates the LCD device connected to the Microcontroller. The microcontroller was installed to give data visual information output for the user when the alcohol detection system was used. 
Figure 52 illustrates the Virtual terminal output from the TX and RX pins to give a communication output this represents the Wireless communication being used for the initial design.



[bookmark: _Toc480835371]6.5.4 Proteus Conclusion
Proteus enabled a professional and easy creation of the circuit layout, coding and simulation.  Allowing to illustrate the whole schematic design and by implementing coding to communicate and tell the microcontroller its instructions gave an easy simulation and view of the overall project. CCS compiler was used to communicate and supply the start-up program needed for the coding along with being used to compile the program into the chip. Once the circuit design was working, and all the coding was complete. MPLAB IPE was used to upload the coding to the PIC16F1938 Microcontroller.
















[bookmark: _Toc480835372]6.6 Easy PC Software
Easy PC software was used to create a schematic that can be translated into a PCB design. The schematic design is slightly different to the Proteus schematic as instead of making a schematic which is all joined, small circuits were created and assigned to the correct nets.
[bookmark: _Toc480835373]6.6.1 Easy PC Schematic Design[bookmark: _Toc480835549]Figure 58: Easy PC Schematic

[image: ]









[image: ][bookmark: _Toc480835550]Figure 59: Easy PC 5V Protection Circuit

[image: ][bookmark: _Toc480835551]Figure 60: Easy Pc Microcontroller and LED bar Graph






[image: ][bookmark: _Toc480835552]Figure 61: Easy PC Other Sections











[bookmark: _Toc480835374]6.6.2 Easy PC PCB Design
[image: ][bookmark: _Toc480835553]Figure 62: PCB Design Top Layer











[image: ][bookmark: _Toc480835554]Figure 63: PCB Design Bottom Layer












[image: ][bookmark: _Toc480835555]Figure 64: PCB 3D view Top Layer










[image: ][bookmark: _Toc480835556]Figure 65: PCB 3D view Bottom Layer













[bookmark: _Toc480835375]6.6.4 Easy PC Conclusion
Easy PC was an adequate piece of software that allowed the use of creating a PCB design. The overall design can also be altered to save space and money. The schematic design was translated into a PCB drawing, and the 3D view gives an excellent simulated illustration of what the PCB will look. The PCB was not made for the final build but going down the PCB route for a mass production would have to be the most cost-effective and efficient way of designing the project.




















[bookmark: _Toc480835376][image: ]6.5 Battery Source
[image: F:\battery capture.PNG]








[53][bookmark: _Toc480574796]Table 27: Total Current discharge for battery
[bookmark: _Toc480835557]Figure 66: Energizer 9V Battery


[image: ]A 9V battery was used and chosen for the design as shown in Figure 66. Table 27 explains the total current discharge when adding up all the current dissipating components together although a total current of 325mA and a rule of thumb being made to multiply the amount by three giving a minimum total current of 975mA, this is the basis of the device being continuously used. In a real application, this would not be the case as the device will only be used when needed. Therefore the Energiser 522 9V battery was acceptable for the given design giving enough power for the 5V regulator and enough capacity in theory. A further improvement would be to use a rechargeable battery source. 

[53][bookmark: _Toc480835558]Figure 67: Continuous Discharge of energizer 522 9V battery

[bookmark: _Toc480835377]6.6 Casing
[image: F:\casing.jpg]A suitable casing was chosen for the design although this casing was not used in the final design the proposed casing design would be the type of casing used to hold:-
· A completed PCB Board Design
· 9V Battery
· All Sensors
· Communication Modules
· LCD Display
· Cable mount


[54][bookmark: _Toc480835559]Figure 68: Proposed casing for Design



Figure 68 illustrates an Evatron Hand-held LCD Case which was adequate for the required design the specification for this includes:-

· Hand-held case fitted with a window to take a display.
· Window area 65 x 23 mm
· Moulded in black ABS
· Available with battery compartment which accepts either one or two PP3 9V batteries or 4x AA cells
· Battery compartment lid snap fits onto case
· Range of accessories available separately




						

[bookmark: _Toc480835378]6.7 Final Build
[image: D:\Users\Student\Downloads\20170420_093918.jpg]Figure 69 shows the final build of the microcontroller based alcohol detection interlocking system. A steering wheel and dashboard sticker and the key were only build to get a visualisation of how the system works. A key switch was installed to represent the ignition of a vehicle, one the key switch was turned on this would turn a LED light on the dashboard sticker to show the system was powered up.[bookmark: _Toc480835560]Figure 69: Final Build Alcohol Detection interlocking system Design








[image: D:\Users\Student\Downloads\20170420_093218.jpg]Figure 70 illustrated the Alcohol detection device. The final design would not have this type of enclosure, and a PCB would be used instead of a breadboard, but the prototype gives a visualisation of how the circuitry was achieved and displayed in a transparent box to view everything inside. The device has a pushbutton, LED bargragh, LCD Screen, green LED tell light, the MQ3 sensor, temperature sensor, humidity sensor, and the communication apparatus. [bookmark: _Toc480835561]Figure 70: Final build Alcohol Detection Device





[image: D:\Users\Student\Downloads\20170420_093927.jpg]
Figure 71 show the communication device being used. The APC220 Radio Communication Module was connected to the RX and TX pins for data transmitting and receiving. The USB module was attached to a laptop and was able to gather data wirelessly. 
 



[bookmark: _Toc480835562]Figure 71: Wireless Radio Communication



[bookmark: _Toc480835379][image: ]6.8 Build Cost[bookmark: _Toc480574797]Table 28: Build Cost Table

Table 28 details the total cost for the prototype being £110.98 which was a considerably good cost compared to breathalysers which are already on the market. More cost would need to be considered if the PCB was manufactured and paid for around the region of £60-£70, along with other parts to be able to connect the device to different vehicles. Some components such as resistor, capacitors, LEDs, and the USB connection were only offered in bulk meaning that components will be left over for further designs if more were to be made. If the device was to be made the cost can be considerably lowered by buying all parts in bulk.



[bookmark: _Toc480835380]Chapter 7. Testing & Analysis
[bookmark: _Toc480835381]7.1 5V Voltage Regulator Protection Circuit Test 
[image: D:\Users\Student\Downloads\20170404_220502.jpg]The 5V voltage regulator as shown in Figure 72 was built and tested. The output Regulated voltage was tested from 9V and stepped down to 0V and recorded into a table of results; this test was implemented to check the dropout voltage and to illustrate the differences with an oscilloscope and Digital multimeter measurement.
[bookmark: _Toc480835563]Figure 72: 5V Regulator

[image: ]










[bookmark: _Toc480835564]Figure 73: 5V Regulator DMM Testing

Figure 73 illustrates that at 9 volts input there is a steady 5.03 volts regulated output and at a 1.94V input the voltage dropped completely off from this point. Table 29 was made to record further plots, and a graph was created showing the input voltage effected the difference on output regulation.
[bookmark: _Toc480835382]7.1.1 Voltage Regulated DMM output Measurement








[bookmark: _Toc480835565]Figure 74: DMM Voltage Regulated output Graph

	Power Supply (V)
	Digital Multimeter Regulated Voltage (V)

	9
	5.03

	8.5
	5.03

	8
	5.03

	7.5
	5.03

	7
	5.03

	6.5
	5.03

	6
	4.61

	5.5
	4.15

	5
	3.75

	4.5
	3.46

	4
	3.11

	3.5
	2.7

	3
	2.27

	2.5
	0.85

	2
	0.01

	1.94
	0

	1.5
	0

	1
	0

	0
	0




The results given by investigating Table 29 and Figure 74 explain that that from 9V to 6.5V there is a steady 5.03V output.  This test only starts at 9V the given voltage regulator can handle a 25V input and regulate to 5V although this was not needed for this project as the device being designed was only powered by a 9V battery. 6V to 2V explains that as the input voltage is decreasing the regulator also starts to decreases the dropout voltage was at 1.94V where there was no regulated output voltage at this point meaning that if the power source were to get this low, there would be no power to the circuit. 

[bookmark: _Toc480574798]Table 29: Voltage Regulated DMM output Results



[bookmark: _Toc480835383]7.1.2 Voltage Regulated Oscilloscope Output
[image: D:\Users\Student\Downloads\20170404_225638.jpg]







[bookmark: _Toc480835566]Figure 75: Oscilloscope Regulator Test

[image: C:\Users\Student\Google Drive\e-portfolio\Education & Training\Year 3\Major project\Voltage Reg Testing\Voltage reg 9V input.JPG][bookmark: _Toc480835567]Figure 76: Oscilloscope measurement 9V Input











An oscilloscope was used to measure the input and output of the Voltage Regulator Circuit as shown in figure 76.  Figure 76 explains the oscilloscope being set up to measure 2V per division, one division from up from the bottom of the oscilloscope was where the Ground line was placed for both measurements in line with the yellow and blue triangles. The measurements can be taken by manually counting the squares to give a rough intuitive guess, but the RMS voltage was accurately [image: C:\Users\Student\Google Drive\e-portfolio\Education & Training\Year 3\Major project\Voltage Reg Testing\Voltage reg 5V input.JPG]given on screen.









[bookmark: _Toc480835568]Figure 77: Oscilloscope measurement 5V Input

[image: C:\Users\Student\Google Drive\e-portfolio\Education & Training\Year 3\Major project\Voltage Reg Testing\Voltage reg 2.15V input.JPG][bookmark: _Toc480835569]Figure 78: Oscilloscope measurement 2.15V Input











The power supply was decreasing manually to examine the DC voltage line decrease and the RMS result decrease.








[bookmark: _Toc480835570]Figure 79: Oscilloscope Voltage Regulated output Graph


	Power Supply (V)
	Oscilloscope Input Voltage Measurement (CH2) (V)
	Oscilloscope Output Regulated Voltage Measurement (CH1) (V)

	9
	8.95
	5.2

	8.5
	8.52
	5.2

	8
	7.99
	5.18

	7.5
	7.51
	5.18

	7
	6.99
	5.18

	6.5
	6.51
	5.18

	6
	6.01
	4.78

	5.5
	5.51
	4.29

	5
	5.02
	3.92

	4.5
	4.51
	3.61

	4
	4.05
	3.26

	3.5
	3.49
	2.84

	3
	2.99
	2.4

	2.5
	2.5
	0.823

	2
	2.01
	0.172

	1.5
	1.51
	0.16

	1
	1.02
	0.16

	0.5
	0.524
	0.16

	0
	0
	0




[bookmark: _Toc480574799]Table 30: Oscilloscope Regulator Measurements
The results are given by investigating Table 30 and Figure 79 explain that that from 9V to 6.5V there is a steady 5.2V, Oscilloscopes have such high accuracy that it can pick up the slightest of changes even to a 100mV difference. Therefore from 8V to 6.5V there was a measurement of 5.18V still being produced, then from 6V to 3V, the output voltage dropped as the supply drops. The results then explain that the dropout voltage is at 2.5V to 0 as the oscilloscope shows the reading as low as 160mV down to 0V, giving no power to the circuit. 

[bookmark: _Toc480835384]7.1.3 Comparison of DMM and Oscilloscope Measurements
[bookmark: _Toc480835571]Figure 80: Voltage Regulator Comparison of DMM and Oscilloscope


Figure 80 illustrates a comparison of both the DMM and oscilloscope voltage curves. The results are very similar as expected from an analogue test perspective.

[bookmark: _Toc480835385]7.1.4 Conclusion of Voltage Regulator Protection Circuit Test
The investigation and testing of the Voltage Regulator protection circuit gives a result that a  DMM and oscilloscope give both adequate results, the results prove that from 6.5V downwards the voltage significantly drops and between 2-2.5V is where the dropout voltage occurs down to 0V. Other Voltage regulators and circuits can be used to get an even lower voltage drop down to as low as 1V, but this type was adequate for the given design.
	
	





[bookmark: _Toc480835386]7.2 MQ3 Alcohol Sensor Test
The MQ3 alcohol sensor was tested several times under different conditions. The sensor was connected to a 5V input supply with an oscilloscope measuring the output voltage. Different drinks were tested over a period of 90 minutes to compare the differences. The same heat Temperature while applying the tests in a household was kept to try and give a better and more accurate result. The alcohol sensor was also tested the morning after having an excessive amount of alcohol to see if any readings could be taken.

[bookmark: _Toc480835387]7.2.1 Warm up time and settled Voltage
The Warm up time for the MQ3 V2 Gravity module was tested a 5V supply was provided to the alcohol sensor, and the output was connected to an oscilloscope.    
[image: ]Figure 81 shows the voltage output when the sensor is first switched on at 3.37V. The voltage was timed to see how long the warm up time takes the data sheet explains that it takes 20 Seconds to warm up.[bookmark: _Toc480835572]Figure 81: Warm up time Voltage output





[image: ][bookmark: _Toc480835573]Figure 82: Approx. settled Output Voltage

This was not the case when testing; the warm up time took 90 Seconds a considerably longer time than anticipated therefore within the coding much time needed to be gained by using an initializing screen and then a calculating screen to count close the 90 seconds. Please see future improvements for other ideas suggested to overcome the warm up time problem.
The settling time ranged between 800mV to 900mV meaning that there was a slight loss of range this can easily be converted to bits and then deducted at the end to find the actual reading, please refer to 7.2.4 converting Voltage output to Mg/L which will explain the process of finding the minimum voltage drink driving limit.

[bookmark: _Toc480835388]7.2.3 Time to settle between each Test
The time it took the output voltage to settle in-between each test was approx. 20-30 Seconds compared to the datasheet explaining that it only takes 5 Seconds. Therefore the coding was implemented to have a 30 second wait time between each test to allow the voltage to settle.



[bookmark: _Toc480835389]7.2.4 Converting Voltage output to Mg/L and Correcting Settled Voltage



The equation above can be used to derive bit from the output voltage or vice versa therefore but firstly the drink drive limit needs to be calculated, 0.35Mg/L is the drink-drive limit in the UK to work this out:-





Dividing the ADC reading by 10 bits gives the Mg/L reading if the %BAC reading needs to be derived:-

0.08% being the alcohol driving limit in the USA.
Knowing that the lowest bit can be 355 for the limit the Analogue voltage limit can be derived from the equation above:-






The calculated result of 573.3mV explains that anything below this reading means being with the drink driving limit and anything above means being over the limit. A problem was found with this result, looking back at the settled voltage the lowest output voltage was between 800-900mV, therefore, this would mean being always over the limit even under the condition of having no alcohol. Therefore the best solution was to deduct the bits or highest voltage output from the given result:-






This can be deducted from the original equation:-





Therefore:-


This result gave a more realistic range for the drink driving limit and was used throughout the rest of the testing as a reference point for being under or over the limits.

[bookmark: _Toc480835390]7.2.5 One Can of Lager Test  








[bookmark: _Toc480835574]Figure 83: One can of lager test

[image: ]
When testing the MQ3 alcohol sensor under the condition of the person experimenting having exactly one can of lager (Stella 550ml) reading was taken every five minutes to plot the difference in results. Examining Figure 83 and Table 31 it is evident that the test at 0 minutes just after the drink was consumed, there was a significant spike in voltage indicating that the user was well above the drink limit scale. This stated that there was much vapour still present in the mouth giving a high output and giving a false reading because within 30 minutes there was a dramatic drop in voltage output. Over the course of 90 minutes, reading was taken every 5 minutes. The user was within limit at approx. 60 minutes being under the 1.19V (0.35mg/L) limit. At 55 minutes the output spiked slightly, the user experienced gas and burped just before this test causing a spike in alcohol vapour.[bookmark: _Toc480574800]Table 31: Can Of Lager Results Table



[bookmark: _Toc480835391]7.2.6 Glass of Wine Test[bookmark: _Toc480835575]Figure 84: Glass of Wine Graph

[image: ]
The Same test was repeated for a glass of Rosé wine. The initial test just after the drink was again very high giving an incorrect reading which again started to settle around the 30-minute mark. Another spike occurred further down at 70 minutes which was interesting comparing to the can of lager which spiked at a similar later time. The readings illustrate that the alcohol vapour decreases and at 85 minutes the user were within the drinking limit. 





[bookmark: _Toc480574801]Table 32: Glass of Wine Results






[bookmark: _Toc480835392]7.2.7 Neat Double Vodka Test 

[bookmark: _Toc480835576]Figure 85: Neat Double Vodka Graph
[image: ]


The same experiment was taken out for the neat double vodka. This test experienced a quick drop in output voltage and alcohol detection between 15 to 45 minutes. Noticeably quicker compared to the can of lager and the glass of wine, but when from there on the output eased of dropping and the results were higher than the others towards the end being over the limit of 1.19V all the way until the end. Another finding very similar to previous tests showed there is a spike once again this time at 50 minutes. 




[bookmark: _Toc480574802]Table 33: Neat Double Vodka Results


[bookmark: _Toc480835393][image: ]7.2.8 Neat Double Amaretto[bookmark: _Toc480835577]Figure 86: Neat Double Amaretto Test
[bookmark: _Toc480574803]Table 34: Neat Double Amaretto Result table



The experiment on the Neat Double Amaretto surprisingly gave a feeble response compared to other drinks tested and by examining figure 86 and table 34 the user was within the limit as quick as 40 minutes. The alcohol vapour wore off very quickly proving that it would be technically safe to drive from after 40 minutes. There was a spike once again at 35 minutes, which started to suggest by examining all results previously, that there will always be a spike at some point, noticing that it is usually when the drink has been digested, and gas occurs from the user. 





[bookmark: _Toc480835394][image: ]7.2.9 Chocolate Liquor Test[bookmark: _Toc480835578][bookmark: _GoBack]Figure 87: Five Chocolate liquors Graph


The chocolate liquor test was taken out because it is commonly asked if it is safe to drive after consuming. Figure 88 and Table 35 explain that after consuming five of the chocolate liquors it only took 10 minutes to be within the driving limit, after that the alcohol sensor did detect a little alcohol but only enough to raise the voltage approximately 50-100mV. Therefore after consuming five chocolate liquors, it would have been safe to drive. Similar to all the output results another rise occurred this time being subtle around the 15-minute mark. 



[bookmark: _Toc480574804]Table 35: Five chocolate liquors table


[bookmark: _Toc480835395]7.2.10 All drinks Results Conclusion[bookmark: _Toc480835579]Figure 88: All Drinks Comparison Graph


Upon completing all the previous tests, an overall comparison graph was created to illustrate the differences in voltage output. As expected all of the tests gave a large voltage output straight after consuming and then dropped dramatically as the vapour wore off. It was evident that all the drinks tested had a slightly different decrease in output voltage by examining the response lines. At 90 minutes every test was within the limit, except for the vodka which still gave a reading of being on the limit voltage, the result was expected as vodka is known as a unyielding alcohol drink. Common guidelines explain that after each standard drink, 45 minutes must surpass before attempting to drive. From examining the results this guidance document only coincided with the five chocolate liquors and the neat double amaretto, the other drinks still illustrated being over the limit at 45 minutes. The guidelines say standard drinks, but what are standard drinks? The guidelines could also be based on drinking while eating which also affects the vapour output. The alcohol content reading also depends on gender and a person weight, given more time all these avenues could be tested. 

[bookmark: _Toc480835396][image: ]7.2.11 Post Alcohol Morning Test[bookmark: _Toc480835580]Figure 89: Over the Limit graph


This Experiment was taken the morning after a very excessive previous night of drinking. The drinks included roughly eight cans of Stella, Captain Morgan’s spiced rum and diet coke, Amaretto and diet coke, white wine and peach snaps. The total amount was unclear but didn’t matter as this test was only to prove if the alcohol content can be picked up the next morning and whether the user was over the limit. The user fell asleep approximately 2 am in the morning and was awake at 10 am the test was taken after a glass of water and started approx. 10:30am. Examining Figure 90 and Table, 36 made it evident that the user was not safe to drive as the results over the course of 90 minutes showed that the drink drive limit was exceeded. The voltage output illustrates that there didn’t seem to be any stability the lowest reading being at 15 minutes and the highest at 0 minutes. The results were fascinating looking back at the 4.4 feedback survey within the report, 65% of people admitted that they had taken the risk to drive.  [bookmark: _Toc480574805]Table 36: Morning after Result table





[bookmark: _Toc480835397][image: ]7.3 Communication Test[bookmark: _Toc480835581]Figure 90: Truly Magical Virtual Terminal Communication

Figure 91 displays the virtual terminal software used for the APC220 Radio Communication Module. Truly Magical was used as this software was compatible with the module. The module was able to be connected by using the default parameters, and while using the alcohol system, due to the coding is written for the design the data was able to be printed and viewed on the computer screen. The log viewed can be saved, and data collection was possible. The use of an SD card and USB would have been an improvement to save the data for future use.








[bookmark: _Toc480835398]Chapter 9. Evaluation
Undertaking all the build, tests and analysis, it can be evaluated that the aims and objectives have been met. This project was made to build a microcontroller based alcohol detection vehicle interlocking device; overall the required specification was achieved:-
· A 9V input regulated to a 5V output for the circuit design.
· Input button to initialize the coding.
· Temperature sensor recording
· To record an alcohol sensor to detect any level of alcohol vapours.
· A bargraph LED display to demonstrate a count.
· Display warnings via an LCD screen
The investigated research looked at different types of sensors that were needed for the detailed design. Upon choosing the adequate sensors. Tests were carried out on the MQ3 Alcohol sensor, to investigate the behaviour when being put under different conditions. The tests proved that the datasheets could not be entirely backed up as there were many discrepancies when looking at the warm up times and the settling times. 
The main aims and objective were to build a working device that could detect alcohol and stop a vehicle from receiving power; this was achieved as a working demonstration was completed. The final design was not a completed final product as the proposed enclosure, and PCB design was not produced, but the demonstration being a prototype proved the circuit layout, coding and initial build worked to the required specification.
The MQ3 alcohol tests gave interesting results demonstrating how the sensors behave. It is clear that under any circumstance if a drink is consumed and a test is taken directly after, any user will fail instantly because the sensor picks up a high vapour content. The outputs fall very significantly as expected but different drinks are giving slightly different responses. Giving the time frame of the project more tests could have been carried out and done differently such as:-
· Different Gender
· Different Age
· More than one drink consumed
· Testing it while eating food or consuming water
· Other types of drink
· Testing for longer period (especially for the morning after alcohol test
[bookmark: _Toc480835399]Chapter 10. Conclusion & Recommendations                                         
The purpose of this report was to create a microcontroller based alcohol detection vehicle interlocking device. Overall the device was successfully made to a working condition, throughout the research, design, and testing other parameters begun to be recognised to improve the device further. Researching alcohol sensors made the author realise that temperature and humidity also played a part for the desired results. To conclude the project the research design and testing were successfully achieved although certain problems could be highlighted throughout each section.
The introduction given within the project provides an outline of the facts of the UK drinks driving problems that are faced. The stats and figures presented show how important a device proposed to prevent drink driving could be of great value to the general public not just to help the user of the device but even to potentially save other people’s lives.
The planning taken out for the project was the first building block to create structure. Guidance and deadlines were used to carry out the project as smoothly as possible. The planning worked very efficiently, but as any project is built around deadlines and dates, little modifications can take effect that easily changes the course of the project. Meaning that the planning was sometimes revised as time elapsed. One example of adjustment being that when the alcohol sensors were researched it was found that these sensors were dependent on temperature and humidity creating an advancement of researching different sensors to make a working device. The planning was used successfully and with the utilization of a Gantt chart gave a clear visualisation of the planned timescale needed for the project.
The research section was successfully used by the help of utilising the correct methodology. The method was sought out by using the onion to find out which layers would best match the proposed project. Once finding the right methodology of research it was used throughout the project to find and gather useful information. The research taken out gave an overview of different alcohol testing and measurements. A breathalyser was the proposed way to create the interlocking device for the project. Therefore breathalysers and sensors were researched. Market research proved there were many types of breathalyser then, on the other hand, looking for alcohol sensors was harder than first thought. Overall the market research was a success by finding many different kinds that were adequate for the proposed design. 
The design and implementation progressed exceptionally well-creating building blocks suck as block diagrams and flowcharts gave direction. The previous research allowed the ease of choosing a suitable microcontroller. The use of software Proteus and easy PC provided an understanding of achieving the final build and proved very useful to create a coding to work the microcontroller in C programming. Testing was taken out under many circumstances the outcome of different output from an oscilloscope and multimeter to measure the dropout voltage was fascinating to see, the results being very close but the accuracy was easy to compare. The alcohol testing was very rewarding and exciting to witness, the output of different alcohol drinks gave expected results with a few minor problems. The testing was very successful but more testing given more time would have proved to be very useful as the alcohol sensors did not seem to be as accurate as anticipated dues to temperature and humidity difference and because the alcohol sensors only pick up on vapours, wrong reading was inevitable.

Many Future improvements and recommendations were considered for the project:-
Temperature & Humidity - The output was always dependent on the surrounding temperature, therefore, the same heat was approximately kept the same throughout all of the testings. Given more time the sensor could have been tested under different temperatures to review the differences and to give a precise, accurate reading. The same could be said about the humidity more testing could have been made to find how the humidity would affect the alcohol sensor. The results could have given great information allowing the coding to be adjusted accordingly for a better final design. 
Airflow detection sensor – It was made aware that the MQ3 alcohol sensor would take a reading without even having to breathe on the sensor this created a big problem for the design, therefore for future improvements the introduction of an airflow sensor to detect if air has been blown would have been a useful device. For example, if no air were detected then the device would lock out and ask to blow again until an adequate amount of breath was applied.
USB or SD card data collection – The design was made so data could be communicated to a tera terminal on the laptop or computer, but this was only used to show that data was able to be collected. A better design would be to use a USB for data collection with the utilization of an SD card or type of memory card to save the data. This type of data saving could be very useful for police or could even for insurance companies to possible bring  insurance premiums down. 
DNA recognition and fingerprint – From research and discussions with different people, there was always the question, what’s stopping someone else blowing on the sensor. Even though this design was not intended to stop someone all together completely but more of down the line of being a preventive measure there is the possibility of someone cheating the system by getting someone else to blow on the sensor. DNA recognition and fingerprint recognition could be considered so that the design will know if the correct person is blowing on the sensor. Not enough time or resources were provided to make it happen but giving more research this could well be possible.
 Final build, better enclosure and tubing – The final build was not the end product. The build was specifically designed to demonstrate how the device would, future improvements with the final build would be to create and manufacture a cost effective PCB board layout, then to get an enclosure that could be CAD designed specifically for the PCB and Batteries. The use of a replaceable tube for blowing onto the sensor would also be considered. 



















[bookmark: _Toc480835400]Chapter 11. Reflection
Undertaking HND Electronics and topping up to a Beng (Hons) Electrical and electronic degree has been a gratifying, enjoyable and demanding experience. The development process achieved throughout the timeline and journey of my major project has been difficult to believe. Before the major project started the task was daunting but from the expertise and supporting modules the major project became manageable.
 I feel the major project has created confidence and made me competent in areas such as presentations, leadership, interpersonal skills, and descriptive writing. These attributes have changed over the journey for the better and have given me a very high professionalism and view into engineering.  
Creating a working prototype has made me think of what I can design and implement or improve next. I feel like the steps taken out within the major project, has given me a better in-depth knowledge and understanding of my product. Working on the major project has given me the insight of what type of engineer I want to be and given me experience and theory that can be used in industry. 
An understanding that I found to be key when designing a project was time management. Time has to be used wisely and efficiently to be able to fit everything that was needed within the project.
Overall I think the major project was achieved well and with excellent resources and a steadier timescale, the final build could have become a final product.   
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The Appendices for content such as datasheets, proteus schematics, coding, easy PC files and demonstrations of the working prototype can be all found on the supplied CD.



Digital Multimeter Regulated Voltage (V)	9	8.5	8	7.5	7	6.5	6	5.5	5	4.5	4	3.5	3	2.5	2	1.94	1.5	1	0	5.03	5.03	5.03	5.03	5.03	5.03	4.6100000000000003	4.1500000000000004	3.75	3.46	3.11	2.7	2.27	0.85	0.01	0	0	0	0	DMM Output Voltage


Regulated Voltage





Oscilliscope Output Regulated Voltage Measurement (CH1) (V)	8.9499999999999993	8.52	7.99	7.51	6.99	6.51	6.01	5.51	5.0199999999999996	4.51	4.05	3.49	2.99	2.5	2.0099999999999998	1.51	1.02	0.52400000000000002	0	5.2	5.2	5.18	5.18	5.18	5.18	4.78	4.29	3.92	3.61	3.26	2.84	2.4	0.82299999999999995	0.17199999999999999	0.16	0.16	0.16	0	Oscilliscope Measurement Input Voltage


Regulated Voltage





Digital Multimeter Regulated Voltage (V)	9	8.5	8	7.5	7	6.5	6	5.5	5	4.5	4	3.5	3	2.5	2	1.94	1.5	1	0	5.03	5.03	5.03	5.03	5.03	5.03	4.6100000000000003	4.1500000000000004	3.75	3.46	3.11	2.7	2.27	0.85	0.1	0	0	0	0	Oscilliscope Regulated Voltage Measurement  (V)	9	8.5	8	7.5	7	6.5	6	5.5	5	4.5	4	3.5	3	2.5	2	1.94	1.5	1	0	5.2	5.2	5.18	5.18	5.18	5.18	4.78	4.29	3.92	3.61	3.26	2.84	2.4	0.82	0.17	0.16	0.16	0.16	0	Measured Voltage


Regulated Voltage




Alcohol Sensor Can of Lager (stella) Test 

Can of Lager (stella) 	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	3.72	2.56	2.1800000000000002	2.0699999999999998	1.96	1.93	1.8	1.54	1.48	1.25	1.22	1.3	1.1299999999999999	1	0.99267000000000005	0.95	0.91600000000000004	0.91300000000000003	0.874	Time (M)


Output Voltage (V)




Alcohol Sensor Glass of Rosé Wine Test

Glass of Wine	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	4.3600000000000003	3.05	2.63	2.44	2.64	2.36	2.2999999999999998	2.2200000000000002	2.1800000000000002	1.94	1.84	1.62	1.45	1.31	1.35	1.1599999999999999	1.25	1.1299999999999999	1.07	Time (M)


Output Voltage (V)




Neat Double Vodka Alcohol Test 

Neat Double Vodka 	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	4.97	3.21	3	2.73	2.5099999999999998	2.2000000000000002	2.0099999999999998	1.9	1.82	1.7	1.77	1.42	1.36	1.31	1.31	1.3	1.27	1.24	1.19	Time (M)


Voltage Output (V)




Neat Double Amaretto Alcohol Test 

Neat Double Amaretto 	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	4.26	3.03	2.6	2.31	2.0499999999999998	1.61	1.37	1.55	1.1299999999999999	1.04	0.86099999999999999	0.86099999999999999	0.82699999999999996	0.70599999999999996	0.71299999999999997	0.77500000000000002	0.72499999999999998	0.71499999999999997	0.71299999999999997	Time (M)


Voltage Output (V)




Five Chocolate liquors Alcohol Test 

Five Chocolate liquors 	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	3.6	1.76	1.03	1.06	1.05	1.1000000000000001	1.04	1	0.96699999999999997	0.98899999999999999	0.97899999999999998	0.97099999999999997	0.95	0.93300000000000005	0.97099999999999997	0.97499999999999998	0.98299999999999998	0.94599999999999995	0.95399999999999996	Time (M)


Voltage Output (V)




All Drinks Comparison

Can of Lager (stella) 	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	3.72	2.56	2.1800000000000002	2.0699999999999998	1.96	1.93	1.8	1.54	1.48	1.25	1.22	1.3	1.1299999999999999	1	0.99267000000000005	0.95	0.91600000000000004	0.91300000000000003	0.874	Glass of Wine	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	4.3600000000000003	3.05	2.63	2.44	2.64	2.36	2.2999999999999998	2.2200000000000002	2.1800000000000002	1.94	1.84	1.62	1.45	1.31	1.35	1.1599999999999999	1.25	1.1299999999999999	1.07	Neat Double Vodka 	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	4.97	3.21	3	2.73	2.5099999999999998	2.2000000000000002	2.0099999999999998	1.9	1.82	1.7	1.77	1.42	1.36	1.31	1.31	1.3	1.27	1.24	1.19	Neat Double Amaretto 	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	4.26	3.03	2.6	2.31	2.0499999999999998	1.61	1.37	1.55	1.1299999999999999	1.04	0.86099999999999999	0.86099999999999999	0.82699999999999996	0.70599999999999996	0.71299999999999997	0.77500000000000002	0.72499999999999998	0.71499999999999997	0.71299999999999997	Five Chocolate liquors 	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	3.6	1.76	1.03	1.06	1.05	1.1000000000000001	1.04	1	0.96699999999999997	0.98899999999999999	0.97899999999999998	0.97099999999999997	0.95	0.93300000000000005	0.97099999999999997	0.97499999999999998	0.98299999999999998	0.94599999999999995	0.95399999999999996	Over Limit Voltage (1.19V)	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	Time (M)


Voltage output (V)




Morning After Alcohol Sensor Test

Morning after Alcohol test	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	1.62	1.41	1.47	1.2569999999999999	1.46	1.44	1.41	1.43	1.45	1.383	1.3660000000000001	1.3560000000000001	1.39	1.34	1.43	1.4	1.51	1.29	1.31	Over Alcohol Limit  Voltage (1.19V)	0	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	1.19	Time (M)


Voltage Output (V)
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Aims

Objectives

Planning

Planning is needed for the project requirements. This
section will include aims, objectives, project breakdown and
agantt chart to give direction for the project.

Research

Research methodolgoy is undertaken to explain which type
of method will be used for the project. Background research.
Feedback survey, market research, and sensors will be
investigated.

Design

Following the research the design will put it into practice to
meet the project specifications. Schematic drawings and
coding will be used through proteus to implement and build
‘aworking design. Easy PC will be used to create a PCB board
Prototype.

Testing &
Analysis

Testing is carried out on certain parts of the design. The
results will be analysed. Any changes needed will be applied
from the results to meet the project specification.

Evaluation

To evaluate the projects results and design an overall
conclusion will be evaluated from the data. This section will
evaluate the aims and objective to see if it met the required

specification. Future improvements will be assesed.
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Level of alcohol England, Wales and Northern
Ireland

Micrograms per 100 millilitres of breath 35
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What is your gender?

Answered: 100 Skipped: 0

Male
26.00% (26)

AN

Female
74.00% (74)
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Have you ever been prosecuted for drink
driving?

Answered: 99 Skipped: 1

Yes
404% (4)
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Have you ever or do you know anyone who
has been effected by a drink driver?

Skipped: 0

100
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At what age do you consider a higher risk
of drink driving?
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Are you aware of the UK drink drive limits?

Answered: 100 Skipped: 0

No
10.00% (10)

Yes
30.00% (90)
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Have you or do you know of anyone, that
has had an excessive amount to drink one
day/night and has been unsure of being
over the drink drive limit the next morning?
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Did you, or they take the risk to drive that
morning?
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If an alcohol detection interlocking system
could be installed to stop a car from
starting and used to prevent drink driving,
would you install such a device?

Answered:99  Skipped: 1

100
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Do you think all newly made production
cars, should be compulsory of having
alcohol detection systems?

0 Skipped: 0

No
17.00% (17)

Yes
83.00% (83)




image16.jpeg




image17.jpeg
Display

Backiit LCD display

Fast, clear feedback of
resuitto the user by means

of plain text with a

backlit display & audible signal

Mouthpiece Siot
‘Specially designed for
controlling the steady inflow
of the sample through
the mouthpiece.

Menu buttons
Quick access to the menu

- Set temperature display unit

- Set display (%, Gfl, %BAC, mg/)
- Callthe last 64 test memory

- Callthe cumulative test counter

“Traffic light Display
In adition to the LCD numerical
result. User can rely on the
3-steps LED light
GREEN,YELLOW, RED

RED light preset for country of
operation

POWER button
Power on/off button

‘confirm button for menu setting
TEST bution
All measurements are performed

by pressing one single:
button.
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Indication of BrAC |0.00 to 2.00 mg/litre % BrAd

Warm Up Time |20 -45 30 secs.

Response Time |within 5 seconds

Recycle Time Within 60 Seconds

Mouth Piece Included

Sensor New Premium Semiconductor
Power Supply |2 x AA Batteries Supplied
Weight 105g including batteries

115mm Height x 52 width x 18

Dimensions (mm) | o

Auto power off
Flow Check Technology
Remarks Error Sensing Technology
Battery Low Indication

TCSS Easy Read Traffic Light System
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[Indication of BrAC

[0.00 to 2.00 mgyiitre %
Brac

[warm Up Time Below 30 secs

Response Time [within 2 seconds

Recydle Time 10 Seconds

Mouth Piece [included x 5

[sensor Fuel Cell Platinum Sensor
Power Supply [2 x A Batteries Supplied
[weight [85g with batteries

Dimensions (mm)

10.7cm x 5.1cm x 2 cm

Remarks

[Auto power off

Flow Check Technology
Error Sensing Technology
Battery Low Indication

Designed to pick up alcohol

|vapour
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[Indication of BrAC

[0.00 to 2.00 mgyjitre Brac

[warm Up Time Below 30 secs
Response Time [within 2 seconds
Recydle Time 10 Seconds

Mouth Piece [3 x Included

[sensor Premium Fuel Cell
Power Supply 1 x Battery - Supplied
[weight 105 including batteries

Dimensions (mm)

104mm Helght x 40 width x
120 depth

Remarks

[Auto power off
Flow Check Technology

Error Sensing Technology

Battery Low Indication
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[Indication of B.A.C [0.00 t0 0.40% B.A.C. or mg/l equivalent by LED display

[Accuracy [+/-0.010%BAC at 0.050%BAC
[Mouth piece |5 supplied with unit and additional mouthpieces available
[Sensor [Semiconductor type alcohol sensor
[Power supply [Two 1.5V "AA" Alkaline batteries
[ Weight 103¢ (Including batteries)
[Dimension (mm) _[116 (height) X 50 (width) X 21
|- Auto power off

|- Battery Low indication
|- CE, DOT, FDA approval

|- Air flow rate checking

|- Calibrated to legal limit of 0.05 % B.A.C

|- Self sensor testing

|- Easy to replace sensor

|- Features the ability to change sensors on one’s own.

[Remarks

|WE RECOMMEND THAT YOU ADD A PACK OF 100 MOUTHPIECES
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Breathalysers. AIcoSAFE KXG000S | AlcoVISOR MARS Pro | AlcoSCAN CAZ0Pro | AL7000 mg/L
Power supply 2xAAbatteries | 1x attery Supplied | 1 Battery Supplied | 2 AA batteries
Indication of BrAC 0-amg/t 0-2mg/t 0-2mg/t 0-amg/L
‘Warm up Time 0sec 0sec 0sec -
Response Time Within s sec Within3 Sec Within 2 5a¢ within s sec
SensorType Semi Conductor Fuel cell Fuel cell Semi Conductor
‘Weight 105 1055 105 103
“Auto Power OFf Yes Yes Yes Yes
Flow Check Technology Yes Yes Yes Yes
Error Sensing Technology Yes Yes Yes Yes
Battery Low Indication Yes Yes Yes Yes
Replacement sensor - - - Yes
cost(g) i E59.00 500 £55.00]
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200 ~ 10000 ppm $6.9 Grove - Gas Sensor (MQ2) & 101020055
0.05 ~ 10 ppm $6.9 Grove - Gas Sensor (MQ3) & 101020006
co 200 ~ 10000 ppm $6.9 Grove - Gas Sensor (MQ5) & 101020056
20 ~ 200 ppm 75 Grove - Gas Sensor (MQ9) & 101020045
0 ~ 1000 ppm $399 Grove - Multichannel Gas Sensor & 101020088
100 ~ 2000 ppm $6.9 Grove - Gas Sensor (MQ2) & 101020055
0.05 ~ 10 ppm ppm $6.9 Grove - Gas Sensor (MQ3) & 101020006
Alcohol 200 ~ 10000 ppm $6.9 Grove - Gas Sensor (MQ5) & 101020056
20 ~ 1000 ppm $7.9 Grove - Alcohol Sensord? 101020044
10 ~ 500 ppm $399 anncl Gas Sensor & 101020088
> 1000 ppm $399 ichannel Gas Sensor & 101020088

Propanc
200 ~ 5000 ppm $6.9 Grove - Gas Sensor (MQ2) & 101020055
5000 ~ 20000 ppm. $6.9 Grove - Gas Sensor (MQ2) & 101020055
0.05 ~ 10 ppm $6.9 Grove - Gas Sensor (MQ3) & 101020006
cH4 200 ~ 10000 ppm $6.9 Grove - Gas Sensor (MQ5) & 101020056
500 ~ 10000 ppm 75 Grove - Gas Sensor (MQ9) & 101020044
>1000 ppm $399 Grove - Multichannel Gas Sensor & 101020088
02 0~ 25% VOL $59 Grove - Gas Sensor (02)& 101020002
HCHO 5 ~ 40 ppm $149 Grove - HCHO Sensor@ 101020001
Dust 0 ~ 8000 pes/0.01ct $159 Grove - Dust Sensor @ 101020012
200 ~ 5000 ppm $6.9 Grove - Gas Sensor (MQ2) & 101020055
156 0.05 ~ 10 ppm $6.9 Grove - Gas Sensor (MQ3) & 101020006
20 ~ 10000 ppm $6.9 Grove - Gas Sensor (MQ5) & 101020056
500 ~ 10000 ppm 75 Grove - Gas Sensor (MQ9) & 101020045
Butanc 3000 ~ 5000 ppm $69 Grove - Gas Sensor (MQ2) & 101020055
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MQ-3 Sensor
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Heating system(coil,Al203)

Al203

Au (Aurum) : Electrode
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Model No. MQ303A
Sensor Type Semiconducor
Standard Encapsulation Veta
Detecton Gas Aconal
Concentration 20-1000ppm Alcohal
[Heater Votage] Vs, | _09V20.V_ACorDC
Loop Votage | V. <6voC
load Re
Sandara | - Adustable
Resisance
Cireut
. Heater
Condions | " Ru | 450050 (Roon Ten)
Resisance
[eater Current]_1n T20220mA
Heater Power | P S 140mW,
Sensor
Ps st0mw
Consumption
Sensi
™ | k| aKo-t00k (o ain)
Character | Resistance
Rs(in a/RS(125ppm
Sensiivty | S ¢
Alcohol)z3
Siope | @_[0:50%0.15 (/R Alcolcl)
Tem._Humidly | 20Cz2C; 65%z5%RH
Ve 0 V01V IC
fonditon | Standard test ircut
Vi 0.9 V0.1V D
Preneat tme Over 48 hours
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Feature: Applications:
* Low power consumption * Alcohol festers
* High sensitivity o alcohol and organic * Organic vapor defectors/alarms
solvent vapors * Solvent detectors for factories, dry cleaners,
* Long life and low cost and semiconductor industries

* Uses simple electrical circuit
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TGS 822 - for the detection of Organic Solvent Vapors

Features: Applications:
* High sensitivity to organic solvent vapors * Breath alcohol detectors
such as ethanol * Gas leak detectors/alarms
* High stability and reliability over a long * Solvent detectors for factories, dry
period cleaners, and semiconductor

* Long life and low cost
* Uses simple electrical circuit
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Gases Detected Air Contaminants

Application Air Quality Control
Meter Type. FCB Mounted
Dimensions. 92 (Dia)x 17.8mm
Height 17.8mm

Model Number p TGS 2600-800
Width 9.2mm

Minimum Operating Temperature -10°c

Maximum Operating Temperature +50°C
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Specifications

Method of Measure | BrAC (Breath Alcohol Content) to %BAC (percent Blood
Alcohol Concentration)

Range 0.000% to 0400%BAC

Accuracy +-0.01% up t0 0.10% BAC

Sensor ‘Advanced Oxide Semiconductor (2 Generation)

Power Two 15V AA alkaline batteries (included)

Testing Capacity Approx. 100-200 with new batteries

Operating Temperature | 10~ 40 degrees Celsius

Warm Up Less than 1 minute
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%

Alcohol sensor

ma3 MQ303A Figaro TGS2620 | _Figaro 165822 TGS 2600

Voltage supply (V) s s s s s s

Voltage Output (V) o5 o5 o5 o5 o5 o5

Chan ch ch ch ch ch
- t gein ange in ange in ange in ange in ange in
casureme! Resistance Resistance Resistance Resistance Resistance Resistance

pins 6 3 a 6 a N/A

Operating Temy

o netemp -10to70 -10to70 -10t040 -10t050 -10to+50 -10t040

sensor Type ‘Semi - Conductor | Semi - Conductor | Semi- Conductor | Semi - Conductor | Semi - Conductor | semi - Conductor,
Yes Yes Yes Yes Yes Yes
£3.00 £6-£12 £11.88 £8.90 £9.32 £19.99
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‘Sensor Function Temperature.

Output Type Analogue
Interface Type Analogue
Accuracy 1

Mounting Type ‘Through Hole
Pin Count 3

Operating Temperature Range 40485
Minimum Operating Temperature “40°C
Maximum Operating Temperature +85°C
Minimum Operating Supply Voltage av

Maximum Operating Supply Voltage 65V
Package Type To92

Length 521mm
Height 5.33mm
Width 4.49mm
Board Level Components Y

‘Sensor Gain 225mvrc

Dimensions. 5.21x4.19x5.33mm
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‘Sensor Function

Output Type
Accuracy. 203°C
Mounting Type ‘Through Hole
Pin Count 3

‘Operating Temperature Range 50 +150°C
Minimum Operating Temperature. 50

Maximum Operafing Temperature +150°C
Minimum Operating Supply Voltage 3v

Maximum Operating Supply Voltage 55V

Package Type To92

Length 477mm
Height 401mm
Width 241mm

Resolution 01
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‘Sensor Function Temperature.

Output Type CcMos, TTL
Interface Type Voltage.
Accuracy s1C
Mounting Type ‘Through Hole
Pin Count 8

Minimum Operating Temperature. 55°C
‘Operating Temperature Range 55 +150°C
Maximum Operating Temperature 150°C
Minimum Operating Supply Voltage asv
Maximum Operating Supply Voltage 132V

Package Type FDIP
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‘Sensor Function
Output Type

Interface Type

Accuracy

Mounting Type

Pin Count

Operating Temperature Range
Minimum Operating Temperature
Maximum Operating Temperature
Minimum Operating Supply Voltage
Maximum Operating Supply Voltage
Package Type

Length

Height

Width

Resolution

Temperature
Voltage
Analogue
e

Surface Mount
5

40 +125°C
“0°c
+25°C

a1y

55V

so70

22mm

imm

1:35mm

sbit
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‘Sensor Function
Interface Type

Accuracy

Pin Count

Minimum Operating Temperature.
‘Operating Temperature Range
Maximum Operating Temperature

Package Type

55

55 +100°C

+100°C

F5 MicroCan
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! ]

®

Analog Devi ISTINNOVATIVE | _Analog Devices Microchip | Maxim DS1920-F5+
AD22100ATZ SENSOR TMPO1FPZ MCPOTOIT-ENT | Temperature
Temperature & Te"s‘ze"““’e TECHNOLOGY Tsic |  Temperature | Thermistor IC, ,SC- |Sensor,F5 MicroCan
Humidity Sensors nsor pend peran o
Temperature
Supply Voltage (v) a6 355 a5-132 3155 5
Supply Current (a) Sooua oA SonA - -
[OutputType Anslogue Digital TT/cmos Anslogue Use
interface Type 3 wire 3 wire 8wire awire Twire
Temp Accuracy (%) 1% 0% 1% s -
Mounting Type Through Hole | Through Hole P Surface Mount | Device Mounted
Pin Count 3 3 s 5 2
[Operating Temp (°C) “to+85 Soto+150 Sstorzs ot S5to+100
Temp Resolution - 01¢ - - 05°C
[Cost (£) 248 522 a7 025 5.07





image54.gif
Polymeric
Humidity Sensors

Elastic Type Electronic type
Type Capacitive Type
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‘Sensor Function
Output Type

Interface Type

Accuracy

Mounting Type

Pin Count

Minimum Operating Temperature.
‘Operating Temperature Range
Maximum Operating Temperature
Minimum Operating Supply Voltage
Maximum Operating Supply Voltage
Package Type

Length

Height

Width

Humiaiy Sensor
Analogue
Analogue
235%RH
Through Hole

3

“0°c

40 485

4vde

58Vdc

SIP

447mm

8.59mm

2.03mm
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‘Sensor Function
Output Type

Interface Type

Mounting Type

Pin Count

Minimum Operating Temperature
Operating Temperature Range
Maximum Operafing Temperature
Maximum Operating Supply Voltage
Height

Board Level Components

Dimensions.

Humidy Sensor
Analogue
Analogue
Through Hole

2

50

50 +140

10vac

6.2mm

Y

102x62mm




image61.jpeg




image62.png
‘Sensor Function
Output Type

Interface Type

Accuracy

Mounting Type

Pin Count

Operating Temperature Range
Minimum Operating Temperature
Maximum Operating Temperature
Minimum Operating Supply Voltage
Maximum Operating Supply Voltage
Height

Dimensions.

Board Level Components

Resolution

Humidy Sensor
Voltage
Analogue
5%RH
Through Hole
3

<0 +50°C
“0°c

“50°C

av

10vae
50.5mm
1.4x595mm
v

0.4 %RH
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‘Sensor Function Huridity Sensor

Output Type Analogue
Interface Type Analogue
Accuracy =3%RH
Mounting Type ‘Surface Mount
Pin Count 3

Minimum Operating Temperature. 40
‘Operating Temperature Range 40485
Maximum Operating Temperature

Minimum Operating Supply Voltage 27v
Maximum Operating Supply Voltage 55V

Package Type SMD
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. 2,
-
I *
Honeywell HIH- TE Connectivity Honeywell HIH-
Sensors 4000-004 Humidity HPP801A031 HPP805A031 5030-001 Humidity
Sensor, SIP Humidity Sensor | Humidity Sensor Sensor,,SMD

|Supply Voltage (V) 4-5.8 10 5 2.7-55
|Supply Current (A) 500pA 1nA 2mA 200pA
|Output Type Analogue Analogue Analogue Analogue
Interface Type 3wire 2 Wire 1wire -
Mounting Type Through Hole Through Hole machine mount Surface Mount
Pin Count 3 2 3 3
|Operating Humidity (%) 0t0 100 1t099 - -
|Settling Time 70ms. - - -
|Cost (£) 14.54 4.20 45.07 8.06
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Microcontroller PIC16F1938 PIC16F18346 PIC16F1518 PIC16F1718
[Voltage supply (V) 55 55 55 55
Program Memor

e i 2 2 2 2
(kbytes)
PIN Count 2 2 2 2
Internal Oscillator 38 Mz 32z 16MHz 16MHz
[Total A/D Channels u 17 17 17
Max A/D
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Resolution
[spr 1 2 1 1
UART 1 1 1 1
[Cost (£) 111 0.68 0.82 0.85
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15 void main() //Beginning of main coding
16E¢

17 unsigned long int value, temperture,temp: //setup unsigned long intergers instructions
1 float fvalue; //setup a float instruction

19

20 setup_adc_ports (sANO|SANI) ; // setup analogue 1 and analogue 2 ports
21 setup_adc (ADC_CLOCK_INTERNAL) ; //setup internal clock

22 setup_lcd (LCD_DISABLED) ; //setup lcd display

23 led_init():

22

25 set_ade_channel (1) ; //setup analgue to digital channel 1

26 delay us(30); //delay 3soms

27 temperture = read adc(): //assign read A to D to temperature

28 printf("\n\rAlconol Detection System"): //print onto virtual terminal
29 temp — tempertuze / 20; //temp equal to temperature divided by 20

30 prince ("\n = s1u\n\xv cemp) //print temp and humidity result to virtual terminal
31

32 set_adc_channel (0); //setup analgue to digital channel 0

33 delay_us (30); //detay soms

3¢ value = read_adc(): //assign read A to D to value

35

36 1ca_gotexy(1,1); //set first LCD line

37 printt (led_putc, "T0 A " //print onto firt line of LD

38 lcd_gotoxy(1,2); //set second LCD line

39 printf (led_pute, "PR wy //Print on to second line of LCD
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led_gotoxy(1,1); //set first LCD line
prints (led_pute, T

1lca_gotoxy(1,2); //set second 1CD line
prints (led_putc, "F

//print onto firt line of LCD

" //Print on to second line of LCD

1ca_gotexy(1,1); //set first LCD line
printf (lcd_putc, "Bl //print onto firt line of LD
lcd_gotoxy(1,2); //set second LCD line

printf (lcd_putc, //Print on to second line of LCD
delay ms(1000) ; //delay befors LEDI

output_low (LEDL) ; //LED turn on accending for 5 seconds

delay_ms(1000);
output_low (LED2) ;

delay_ms(1000);

output_low (LED3) ;

delay_ms(1000);

output_low (LED) ;

delay_ms(1000);

output_low (LEDS) ;

delay_ms(1000);

output_high (LEDS) ; //LED turn off Decending for 5 seconds
delay_ms(1000);

output_high (LED4) ;

delay_ms(1000);

output_high (LED3) ;

delay_ms(1000);

output_high (LED2) ;

delay_ms(1000);

output_high(LED1) ;

delay ms(1000);
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while (input (Button) ) ;
while (! input (Button) ) ;

output_High (LED1) ;
output_High (LED2) ;
output_High (LED3) ;
output_High (LED4) ;
output_High (LEDS) ;

output_low (pin_b7) ;
1ca_gotoxy(1,1);
printf (lcd_putc, "
lcd_gotoxy(1,2);

printf (lcd_putc, "T
output_low (LEDE) ;

while (input (Button) ) ;

1ca_gotexy(1,1);
printf (lcd_putc, "
lcd_gotoxy(1,2);
printf (lcd_putc, "F
delay ms(1000) ;
output_low (LEDL) ;
delay ms(1000);
output_low (LED2) ;
delay ms (1000 ;
output_low (LED3) ;
delay ms(1000);
output_low (LED4) ;
delay ms (1000) ;

//Button is
//Button is

//turn 1ED1
//turn 1ED1
//turn 1ED1
//turn 1ED1
//turn 1ED1

pressed
pressed

223
orr
orr
orr
orr

//turn motor off

//set girst

LcD line

//print onto firt line of LCD

//Button is

//set girst

pressed

LD line

//print onto firt line of LCD
//set second 1CD line

//Print on to second line of LCD
//de1ay before 1EDI

//LED turn on accending for 5 seconds




image82.png
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

value = read adc()

fvalue=value;

fvalue=((1024- (1024-Evalue))/1024) #100;
unsigned int) (fvalue);

value:

1ca_gotexy(1,1);
printf (lcd_putc, "
lcd_gotoxy(1,2);
printf (lcd_putc, "C
delay ms (1000 ;
output_high (LEDS) ;
delay ms (1000 ;
output_high (LEDS) ;
delay ms (1000 ;
output_high (LED3) ;
delay ms (1000 ;
output_high (LED2) ;
delay ms (1000 ;
output_nigh (LED1)
delay ms (1000 ;

//take reading

//value is equal to fvalue
//turning bytes into percentage
//assigning value to an unsighned Interger

//set first LD line
//print onto firt line of LCD

//set second 1CD line

//Print on to second line of LCD
//de1ay before 1EDI

//LED turn on Decending for 5 seconds
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133 if (value<20)
1348 €

135 prints("\n o

136 printf("\n\x Pass :1us”,value):
137 lca_gotoxy(1,1);

138 prince (1ca_pute, "\fPass")
139 1ca_gotoxy(1,2)

120 prints (Led_putc, "Safe

101 output_high (pin_b7);

122

183 outpur_low (LED1) ;

180

145 y

156

147 1 ((value>=20) & (value<so))

1458 «

189 princ ("\n Decection &
150 Prince(M\n\x Pass S1uiit,value):
151 1ca_gotexy(1,1):

152 princt (led_putc, " vecredn) ;
153 1ca_gotoxy(1,2)

156 prince (lca_pute, "within limit");
155 output_high (pin_b7);

1356

157 outpur_low (LED1) ;

158 output_low(LED2) ;

//if value is belov 20% the Coding vill be entered

//set first LD line
//print onto first LCD line

//set second 1CD line

//print onto the second LCD line

//set B7 pin to high to make the motor turn

//turn 1EDI ON

//If value is equal ¢ above 208 and below 40%

//print to virtual Terminal
//print value percentage to virtual terminal
//set first LD line

//print onto first LCD line

//set second 1CD line

//print onto the second LCD line

//set B7 pin to high to make the motor turn

//turn 1EDI ON
//turn LEDZ ON
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item [ aty Description Part Number Supplier Cost Per Part | Min Qty [ Total Cost
11 PICI6FI938 [PIC16LF1938-E/ML | Microchip Direct £111 1 £111
2 [ 1 MQ3 V2 Gravity Alcohol sensor N/A ThePiHut.com £8.00 1 £8.00
3 | 1 | Analog Devices AD22100ATZ Temperature Sensor | 5230098 RS Components £4.48 1 £4.48
2 |1 Honeywell HIHA000-004 Humidity sensor 8744562 RS Components £14.50 1| ewse
s |1 Green LED. 536D RS Components €014 5 £0.70
6 | 5 | RsProRsseries Aial Fixed Resistor 1000 £5% 2W |  707-8827 RS Components £0.035 0 | £03s
7 | 5 | RSProRs Series Avial Fixed Resistor 4.7k0 £5% 7077726 RS Components £0.017 0 | f017
8 | 1 | RS ProRs Series Avial Fixed Resistor k0 £5% 707-7666 RS Components £0.017 0 | f017
5 | 6 | RsProRs Series Axial Fixed Resistor 2200 £5% 7077612 RS Components £0.112 0 | a1
10 | o |MNichicon Aluminium Electrolytic Capacitor 1000FS0 | oo s Components 0166 5 o8
V dc 4mm (0.14F Capacitor)
11 | 1 | Murata Single Layer Ceramic Capacitor SLCC 1nF 117316 RS Components £0.167 0| 67
2|4 NXP Zener Diode, 5.1V 5% 0.5 W 544-3597 RS Components £0.06 0 | a1
B |1 Vishay IN4001-£3/54 Diode, 50V 1A 6288931 RS Components £0.138 0 | a3
1 | 1 | STMicroelectronics L78ox L780SACV, Single Linear | oo o s Components 0370 N 037
Voltage Regulator, 1A5V
5|1 Energizer MAX Alkaline 5V Battery 514-5051 RS Components £3.14 1 £3.14
16 | 1 | Mag 2N3704 NPN Bipolar Transistor, 0.8 A, 60V 295505 RS Components £0.186 1 €019
17 | 1 | ON Semiconductor, MCRE8-2G, Thyristor, 50V 8624944 RS Components £0.662 0 | f662
B | 1 16x2 LCD Display Blue Negative Mode 572228 Rapid Electronics £5.120 1 512
19 | 1 | Pc220 Wireless Data Communication Module | 112015183927 Ebay £27.9%0 1| e
20 | 1 ush Button Switch, 1P67 5131702 RS Components £5.260 1 £5.26
2|1 Universal 2 Wire Ignition Switch 2 Keys 111758906500 Ebay £8.490 1 £8.49
22 | g |10seEmentlEd Ba’g'g‘r’::"‘g" DisplayRedYelow | 11729022958 Ebay £2.500 1 £2.50
B |1 Casing Enclosure 302474 Rapid Electronics £12.310 1| enat
| 2 60(BreadboardAumperl\:;es(‘onnectorscab\essel J—— ebay 25 N 25
TOTAL | £110.98
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