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ABSTRACT

Use of alcohol, especially by young people has reached to very high levels. Driving a car after taking alcohol is highly dangerous and in many cases can lead to either injury or death. The amount of alcohol in a person’s body can be measured using a breathalyzer device. This device simply consists of an alcohol sensor and a processing element with a visual or audible output. The person blows into the sensor and the amount of alcohol is measured and is played on the indicator. This project is about the design of a microcontroller based breathalyzer device. The device provides both visual and audible outputs where the level of alcohol in the body is measured and displayed on three coloured light emitting diodes. In addition, a voice output is given to indicate the alcohol level of the user.

KEYWORDS: Microcontroller based alcohol detector, breatalyzer










ÖZ

Alkol kullanımı günümüzde çok büyük boyutlara ulaşmıştır. Özellikle gençler arasında sosyal amaçlı alkol kullanımında son yıllarda çok büyük artışlar gözlemlenmektedir. Alkolün vücudumuza bilinen birçok yan tesirleri bulunmaktadır. Bunun yanında, alkol alarak araba kulanımı da bütün dünyada, ve özellikle trafik kaza oranı çok yüksek olan KKTC’de çok büyük bir sorun haline gelmiştir. Alkollü araba kullanımı birçok durumlarda kazalarla vebazı durumlarda da ölümle sonuçlanmaktadır. Bu makalemizde mikrokontrolör destekli bir alkol detektör sistemi tasarımından bahsedilmektedir. Tasarımı yapılmış olan sistem sayesinde herhangibir şahsın almış olduğu alkol miktarı, ve ayni zamanda alkolden dolayı araba kullanma durumunda olup olmadığı, dünya alkollü sürüş limitleri de göz önünde bulundurularak kullanıcıya cihaza üfleme neticesinde belirtilmetedir. 


Anahtar Sözcükler: Mikrokontrolör tabanlı alkol detektörü
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CHAPTER 1
INTRODUCTION

 1.1 Overview
This Chapter provides brief information about the effects of alcohol consumption in the body. In addition, the effect of alcohol on a person’s ability to drive a car is discussed.

1.2	Alcohol Consumption
Alcohol use is one of the factors that lead to road accidents in all countries in the world. Drinking and driving constitutes a great danger for both the driver of the vehicle, for other people in the same car, and for the people and other vehicles on the road.
Alcohol consumption is considered to be a social problem where mostly young people consume large amounts of alcohol, especially when they meet for social occasions. The use of alcohol generally affects the body in different ways in various organs. Our brain is the most effected organ of drinking alcohol, the effects are usually transient for people who don’t drink alcohol too much.
Main effects of alcohol in the body can be summarized as follows:
· Deterioration of thinking and decision making skills
· The weakening of the memory
· Reduction insensitivity and reflexes
· Brain shrinkage and early dementia
· Damage of eye nerves
· Damage of the stomach and esophagus
· Gastritis and gastric ulcer
· It prevents the absorption of vitamins and other nutrients
· Headache and desert mouth
The amount of alcohol in our body is in general measured by the amount of alcohol in our blood. As a result of many studies, the accepted limit of the amount of alcohol before a vehicle can be used is 50mg in 100 milliliters of blood. (This amount is 80mg in 100 milliliters of blood in such countries as Britain and Ireland). Use of a vehicle by a person who has consumed alcohol greater than this amount is forbidden in all countries and when caught it carries very heavy penalties. In most countries the driver is suspended of using a vehicle for a limited period of time (e.g. for six months), and in addition the driver is expected to pay large sums of money as part of the punishment.

Alcohol affects different people in different ways. Some people may become drunk after consuming a small amount of alcohol, whereas some other people may consume twice or three times the limit and may still seem to be sober and fit to use a vehicle.

In normal circumstances, drinking one pint (half litre) of beer or a glass of wine would be enough to reach the alcohol limit. In general, being intoxicated with alcohol varies depending on the body weight ratio and the structure of the body. Even though some people could be drunk only one glass of wine, some people may not be drunk with a glass of wine 3 or 4.

It is difficult to measure the amount of alcohol in the blood. As a result of this, and for practical reasons it is easier to measure the amount of alcohol in our breath (e.g. in our lungs).The level of alcohol in the body is normally measured by measuring the amount of alcohol in the breath. In a typical application, the person whose alcohol level will be measured blows onto an alcohol sensor device. The alcohol sensor is calibrated and it gives an output voltage usually proportional to the amount of alcohol in the breath. Thus, the amount of alcohol in the breath is easily detected. Correlation between the amount of alcohol in the blood and breath is determined as follows:
Considering the standards used in Europe, the amount of alcohol in the blood 50mg/100mLequals to the amount of alcohol 0.22mg/ L measured in our breath or 0.05%BACin the blood (BloodAlcoholContent).In countries such as Britain and Ireland amount of alcohol in the blood 80mg /100mL is equal to 0.35mg/L alcohol amount that is measured with our breath or 0.08%BAC. Thus, if the alcohol level in the breath is measured to be over 0.22mg / L then the person is said to be over the limit. Conversely, if the alcohol level in the breath is less than 0.22mg / L then the person is assumed to be under the limit and he or she is allowed to use a vehicle.
The amount of alcohol in the body is also quoted using the unit of “Promil”, where one promil is equivalent to 100 mg of alcohol in 100 mL of blood. Thus, the acceptable limit of the alcohol in terms of promil is only 0.5.
1.3 Effects of Alcohol
The effects of alcohol on the body depends upon many factors, such as the age, gender, weight, height and so on. But in general, most people suffer from similar conditions when they consume large amounts of alcohol. Some of the typical effects of alcohol are summarised in this section.
Even after taking small amounts of alcohol many people will suffer difficulty in walking, blurred vision, slurred speech, slowed reaction times, and impaired memory. This clearly shows that the alcohol affects the brain. This effect depends upon the amount of alcohol consumed and in general larger amounts cause bigger problems. Some of these impairments are detectable after only one or two drinks and quickly resolve when drinking stops. 
On the other hand, a person who drinks heavily over a long period of time (e.g. an alcoholic) may have brain deficits that persist well after he or she achieves sobriety. Exactly how alcohol affects the brain and the likelihood of reversing the impact of heavy drinking on the brain remain hot topics in alcohol research today. 
We know that heavy drinking may have extensive and far–reaching effects on the brain, ranging from simple “slips” in memory to permanent and debilitating conditions that require lifetime custodial care. And even moderate drinking leads to short–term impairment, as shown by extensive research on the impact of drinking on driving. 
A number of factors influence how and to what extent alcohol affects the brain, including:
· how much and how often a person drinks; 
· the age at which he or she first began drinking, and how long he or she has been drinking;
· the person’s age, level of education, gender, genetic background, and family history of alcoholism;
· whether he or she is at risk as a result of prenatal alcohol exposure; and 
· his or her general health status.
The effects of alcohol in terms of the promil is given below:
0.2 promil: change in attitude, increase in body temperature.
0.5 promil: relaxation in the body, loss of coordination,. This is the limit for drink driving.
1.0 promil: visual indication of drunkness, highly loss of coordination.
1.5 promil: unable to stand up properly, difficulty in speaking and walking.
2.0 promil: unable to understand spoken words, crying or laughing for no apparent reasons.
3.0 promil: loss of reflexes, vomiting, total loss of coordination
There is considerable confusion about the accepted limits of alcohol consumption in the adults. Many researchers accept that alcohol consumption up to 14 units per week for women and 21 units for men is the limit. Any amount above these limits are considered to be excessive.
One unit is equal to one small glass of wine, a single purchased measure of spirits or half a pint of beer. Thus, the accepted limit for men is about 10 pints of beer or 21 measures of wine in a week. Similarly, for women the accepted limit is 7 pints of beer or 14 measures of wine per week.
Pregnant women should not consume any alcohol. It is known that a lot of alcohol can damage a developing baby. A small amount probably does no harm. However, the exact amount that is safe is not known. Therefore, to play safe, advice from the Department of Health is that pregnant women and women trying to become pregnant should not drink at all. If you do choose to drink when you are pregnant then limit it to one or two units, once or twice a week, and never get drunk.
But remember, many wines and beers are stronger than the more traditional ordinary strengths. A more accurate way of calculating units is as follows: the percentage alcohol by volume (% abv) of a drink equals the number of units in one litre of that drink. For example:
· Strong beer at 6% abv has six units in one litre. If you drink half a litre (500 ml) - just under a pint - then you have had three units.
· Wine at 14% abv has 14 units in one litre. If you drink a quarter of a litre (250 ml) - two small glasses - then you have had three and a half units.
Some other examples;
Three pints of beer, three times per week, is at least 18-20 units per week. That is nearly the upper weekly safe limit for a man. However, each drinking session of three pints is at least six units, which is more than the safe limit advised for any one day. Another example: a 750 ml bottle of 12% wine contains nine units. If you drink two bottles of 12% wine over a week,  that is 18 units. This is above the upper safe limit for a woman.
In addition to affecting the brain, it is also known that the alcohol has negative affects on the liver. The liver's function is to break down the alcohol, but prolonged excess can cause scarring of the liver called cirrhosis. Excessive alcohol can also cause liver cancer which is extremely hard to treat.
The pancreas is also affected from high and prolonged consumption of alcohol. Alcohol can lead to the inflammation of the pancreas and in serious condition pancreatic cancer can develop with serious consequences. It is also known that excessive alcohol consumption can cause stomach related problems and loss of appetite.
Excess alcohol can produce heart irregularities and weakening of the muscle of the heart wall, in some cases leading to heart attacks or the blockage of the main arteries. Excessive alcohol can also upset the body's natural control of blood fats and blood sugar levels. 
Prolonged alcohol may also have an effect on the bones causing bone thinning called osteoporosis and reduce the production of blood cells. Some of these effects are irreversible and the damage can be serious. 
Alcohol is addictive and it makes the consumer a dependant on alcohol. It is important to remember that alcohol addiction can have a devastating effect on social relationships and work. Excessive alcohol consumption and addiction leads to alcoholism which is considered to be a serious health risk. In general it is very difficult for an alcoholic person to stop consuming alcohol. Such a problem should be detected from an early stage so that a treatment plan can be used.
The alcohol addiction is a serious problem especially in children and young people. This addiction can be reduced by responsible retailers by not selling alcohol to under aged people. In fact, in many countries it is against the law to sell alcohol to under aged people.

1.4 Drink Driving
People who have been drinking large amounts of alcohol for long periods of time run the risk of developing serious and persistent changes in the brain. Damage may be a result of the direct effects of alcohol on the brain or may result indirectly, from a poor general health status or from severe liver disease. 
For example, thiamine deficiency is a common occurrence in people with alcoholism and results from poor overall nutrition. Thiamine, also known as vitamin B1, is an essential nutrient required by all tissues, including the brain. Thiamine is found in foods such as meat and poultry; whole grain cereals; nuts; and dried beans, peas, and soybeans. Many foods in the United States commonly are fortified with thiamine, including breads and cereals. As a result, most people consume sufficient amounts of thiamine in their diets. The typical intake for most Americans is 2 mg/day; the Recommended Daily Allowance is 1.2 mg/day for men and 1.1 mg/day for women.
Driving a vehicle while under the influence of alcohol is forbidden in all countries. In general it is accepted that no levels of alcohol is safe while driving a vehicle.
Most road accidents are somehow related to high levels of alcohol consumption. It is reported that in the year 2009 in United States, there were 10,839 fatalities in crashes involving a driver with high level of alcohol in his or her blood. All 10,839 people died as a result of the road accidents. This corresponds to 32% of all traffic accidents for the year in the United States. Of the 10,839 people who died in alcohol compared driving crashes, 7,281 (67%) were drivers with a high levels of alcohol. The remaining fatalities consisted of 2,891 (27%) motor vehicle occupants and 667 (6%) involving other people on the road. Similarly, in the year 2009, a total of 1,314 children aged 14 and younger were killed in motor vehicle related crashed in the United States. Of those 1,314 fatalities, 181 (14%) occurred in alcohol impaired driving crashes. Out of those 181 deaths, 92 (51%) were occupants of a vehicle with a driver who had high levels of alcohol, and another 27 children (15%) were pedestrians or pedal cyclists struck by drivers who consumed high levels of alcohol.
Most of alcohol related accidents seem to happen during the night time driving. The rate of alcohol impairment among drivers involved in fatal crashes in 2009 in United States was four times higher at night than during the day (37% versus 9%). In 2009, 16% of all drivers involved in fatal crashes during the week were alcohol impaired, compared to 31% on weekends. These results clearly indicate that more alcohol related accidents happen at the weekends and at night times. This result is expected as most people socialise at the weekends by consuming alcohol and then driving under the influence of the alcohol.

1.5 Alcohol Treatment
The cerebellum, an area of the brain responsible for coordinating movement and perhaps even some forms of learning, appears to be particularly sensitive to the effects of thiamine deficiency and is the region most frequently damaged in association with chronic alcohol consumption. Administering thiamine helps to improve brain function, especially in patients in the early stages of WKS ( Wernicke – Korsakoff Syndrome ) . When damage to the brain is more severe, the course of care shifts from treatment to providing support to the patient and his or her family. Custodial care may be necessary for the 25 percent of patients who have permanent brain damage and significant loss of cognitive skills.
Treatment of alcoholism is a very difficult task for doctors and health specialists as the alcohol consumers are addictive to alcohol and they cannot function without alcohol. Most treatment options involve reducing the alcohol consumption in stages and isolating the person. The alcoholic person may have to spend several months away from his or her relatives in specially developed environments where the alcohol consumption is controlled by the administering authorities. The treatment is costly as the person has to leave his or her job and attend these isolated clinics.
Scientists believe that a genetic variation could be one explanation for why only some alcoholics with thiamine deficiency go on to develop severe conditions such as WKS, but additional studies are necessary to clarify how genetic variants might cause some people to be more vulnerable to WKS than others. 
Figure 1 shows parts of the brain affected by excessive alcohol consumption.
[image: Regions vulnerable to alcohol]
Figure1.1 Schematic drawing of the human brain, showing abnormality regions related to alcoholism.
1.6 Liver Disease
Most people realize that heavy, long–term drinking can damage the liver, the organ chiefly responsible for breaking down alcohol into harmless byproducts and clearing it from the body. But people may not be aware that prolonged liver dysfunction, such as liver cirrhosis resulting from excessive alcohol consumption, can harm the brain, leading to a serious and potentially fatal brain disorder known as hepatic encephalopathy. 
Hepatic encephalopathy can cause changes in sleep patterns, mood, and personality; psychiatric conditions such as anxiety and depression; severe cognitive effects such as shortened attention span; and problems with coordination such as a flapping or shaking of the hands (called asterixis). In the most serious cases, patients may slip into a coma (i.e., hepatic coma), which can be fatal. 
New imaging techniques have enabled researchers to study specific brain regions in patients with alcoholic liver disease, giving them a better understanding of how hepatic encephalopathy develops. These studies have confirmed that at least two toxic substances, ammonia and manganese, have a role in the development of hepatic encephalopathy. Alcohol–damaged liver cells allow excess amounts of these harmful byproducts to enter the brain, thus harming brain cells. 

1.7 Isn't Alcohol Good For the Body ?
Although excessive alcohol consumption is accepted to cause serious health problems, it is known that small amounts of alcohol could be beneficial to the body. For men aged over 40 and for women past the menopause, it is thought that drinking a small amount of alcohol (1-2 units per day) helps to protect against heart disease and stroke. Also, it is known that consuming small amounts of alcohol is good for the kidneys and it helps to stop the forming of kidney stones.

1.8 Drink-drive Alcohol Limits and Penalties by the Country
In certain countries, alcohol limits are determined by the Breath Alcohol Content (BrAC), not to be confused with blood alcohol content (BAC). Some examples are given below:
· In Greece, the BrAC limit is 25 microgrammes of alcohol per 100 millilitres of breath. The limit in blood is 0.50 g/l. 
· BrAC 25–40 = €200 fine.
· BrAC 40–60 = €700 fine, plus suspension of driving license for 90 days(introduced in 2007,)
· BrAC>60 = 2 months imprisonment, plus suspension of driving license for 180 days, plus €1,200 fine
[image: C:\Users\Newtech\Desktop\alcohol limits.PNG]
                                           Table 1.1 Alcohol Limits 
· For South Korea, the penalties for different blood alcohol content levels include 
· 0.01–0.049 = No Penalty
· 0.05–0.09 = 100 days license suspension
· >0.10 = Cancellation of car license.

CHAPTER 2
COMMERCIALLY AVAILABLE ALCOHOL DETECTOR (BREATHALYZER) DEVICES
2.1	Overview
The level of alcohol in the body is measured by measuring the amount of alcohol in the breath. There are many commercially available alcohol detector units available in the market. This Chapter describe the features of some of the popular commercially available alcohol detector (breathalyzer) devices.

2.2	Breathalyzers
A breathalyzer is a device for measuring and estimating the blood alcohol content from breath sample. These are small handheld battery operated devices. There are many models of consumer or personal breath alcohol testers on the market. These hand held devices are generally less expensive than the devices used by the police. Most retail consumer breath testers use semiconductor alcohol sensor chips, which is less expensive, less accurate, and also less reliable than professional devices.
Nearly all breathalyzer devices have alcohol sensor chips with a small plastic tube. The user is required to blow into the tube and onto the sensor. The sensor detects the alcohol content in the breath and then with the help of a digital processing unit it displays the alcohol content of the user. Most devices are microcontroller or microprocessor based for portability, low-cost, and user friendliness.
Most breathalyzer devices are approved by the law enforcement authorities so that they can be used reliably before driving.
2.2.1 Alcomate Breathalyzer
Alcomate is a company specialised in the development of breathalyzer devices. The company offers several models of breathalyzers. One of their popular devices is known as the Alcomate Premium (see Figure 2.1). This device has the following features:
· Portable
· Battery operated (1.5V AA batteries x 2)
· Low-cost
· 4-digit LCD display
· Internal mouth piece
· Oxide semiconductor alcohol sensor
· No calibration needed
[image: AlcoMate Premium AL7000 Breathalyzer]
Figure 2.1 Alcomate Premium breathalyzer device
2.2.2 BACtrack S75 Breathalyzer
This is a small breathalyzer device (see Figure 2.2) with the following specifications:
· Portable
· Battery operated
· Low-cost
· Accurate fuel cell sensor technology
· %BAC output
· 4-digit LCD display
· No maintenance requirements
· Front facing mouth piece
[image: http://alcootechcanada.com/catalogue/imagesCat/S75g.jpg]
Figure 2.2 BACtrack S75 Breathalyzer
2.2.3 AlcoHAWK Q31-2800 Breathalyzer
This is also a small hand held portable breathalyzer with the following specifications (see Figure 2.3):
· Portable
· Low-cost
· Ultra slim design
· Replaceable mouth piece
· %BAC output
· Digital display
[image: 8824597 Angle Large]
	Figure 2.3 AlcoHAWK Q31-2800 breathalyzer
2.2.4 AlcoScan AL2500 Breathalyzer
This is a 3-digit digital breathalyzer with the following specifications (see Figure 2.4):
· Portable
· Battery operated
· Low cost
· No mouth piece
· 3-digit LCD display
[image: AlcoScan AL2500]
Figure 2.4  AlcoScan AL2500 breathalyzer
2.2.5 AlcoSafe Kx6000s Breathalyzer
This is a tri-colour handheld breathalyzer device that shows whether the user is above or below the alcohol limit. The device is calibrated with %BAC output. The features of this device are (see Figure 2.5):
· Portable
· Low cost
· Tri-colour LED display
· 3-digit display of alcohol content
· User selectable alert levels
· Digital indication of high and low levels
· Hard plastic mouth pieces
[image: Alcosafe KX6000S Breathalyzer]
Figure 2.5 AlcoSafe Kx6000s breathalyzer


2.3	Breathalyzer Sensor Operation
When the user exhales into a breath analyzer, any ethanol present in their breath is oxidized to acetic acid at the anode:
CH3CH2OH(g) + H2O(l) → CH3CO2H(l) + 4H+(aq) + 4e-
At the cathode, atmospheric oxygen is reduced:
O2(g) + 4H+(aq) + 4e- → 2H2O(l)	
The overall reaction is the oxidation of ethanol to acetic acid and water.
CH3CH2OH(l) + O2(g) → CH3COOH(l) + H2O(l)
The electrical current produced by this reaction is measured by a microprocessor,and displayed as an approximation of overall blood alcohol content (BAC) by the Alcosensor.

CHAPTER 3
DESIGN OF THE BREATHALYZER DEVICE

 3.1	 Overview
This Chapter briefly describes the features of the breathalyzer device designed and developed by the author. The actual hardware and software details of the designed system are given in later Chapters.
3.2	The Designed Breathalyzer Device
The block diagram of the breathalyzer device designed and developed by the author is shown in Figure 3.1.

[image: ]
		Figure 3.1 Block diagram of the designed breathalyzer device

The device basically consists of the following parts:
· A plastic tube
· An alcohol sensor chip
· A microcontroller development system
· An LCD display
· Three coloured LEDs
· A speech processor chip
· Speaker
The basic operation of the device is described below:
The person whose alcohol level is to be measured blows into the plastic tube. The sensor at the end of the tube detects the alcohol level and provides an analog signal output proportional to the level of the alcohol detected. This analog signal is then converted into digital by the microcontroller using a built-in analog to digital converter (A/D). 
The microcontroller processes the received signal and based to pre-calibration results it determines the actual alcohol level. The microcontroller displays the measured alcohol level on the LCD in terms of mg /L. At the same time, the alcohol level of the user is indicated on three coloured Light Emitting Diodes (LEDs). 
If the alcohol level is below the limit then the green LED is turned on to indicate that the user can drive a vehicle as his or her alcohol level is below the limit. If the alcohol level is at the limit then the orange LED is turned on to indicate that the user should not drive as his or her alcohol level is very very close to the limit. If on the other hand the alcohol level is above the limit then the red LED turns on to indicate that the user must not drive a vehicle under any circumstances as his or her level of alcohol is above the legal limit.
In addition to providing the alcohol level on the LCD and by using three LEDs, the alcohol level is also output as voice through a small speaker. This is actually a novelty as none of the commercially available breathalyzer devices have voice outputs. A person under the influence of alcohol usually has difficulty in discriminating colours, and thus the alcohol level can be interpreted wrongly. People under the influence of alcohol can understand speech easier than discriminating colours. As a result of this, the device designed by the author should provide more accurate interpretation by people who have consumed alcohol.

CHAPTER 4
THE HARDWARE

4.1	Overview
This Chapter describes the function of each hardware element used in the design of the breathalyzer device.
The plastic tube is simply a small tube that covers the alcohol sensor. The tube enables the user to blow through it in order to activate the sensor.


4.2 Alcohol Sensor 
The alcohol sensor is a small cylindrical sensor with dimensions 9.2mmdiameter and7.8mmlength. The sensor provides analog output voltage proportional to the detected alcohol level. The type of sensor used in the design is the TGS 2620, having the following features:
· High selectivity to organic vapours
· Low power consumption
· 4-pin device
· Small size
· Long life
· Output voltage linear to detected alcohol level
TGS2620 alcohol sensor is the product of companyFigaro3.Although the sensor is mainly used to detect alcohol, it is also sensitive to other gases. Figure 4.1 shows a picture of the sensor. As it can be seen, the top part of the sensor has a small grill so that the chip can detect gases. The chip includes a small heating element and for proper operation this hating element should be activated. The pin configuration of the TGS 2620 sensor is as follows:
Pin 1: heater connection
Pin 2: sensor output
Pin 3: +V power supply pin
Pin 4: heater connection
In a typical application the sensor is powered from a +5V DC supply. The heating element is connected to the power supply permanently. i.e. pins 1 and 4 should be connected to power supply +5V and ground respectively. It is recommended by the manufacturers that a small resistor should be connected between pin 2 and the ground supply. The sensor output is obtained from pin 2. It is recommended by the manufacturers to use a 4K resistor at pin 2. The chip should be calibrated before it is used in a circuit. The calibration process involves measuring and plotting the output voltage by exposing the sensor to different amount of alcohol. The actual calibration process carried out by the author is described in later sections of the project.
The sensitivity of TGS2620 with the other gases other than alcohol is shown in Figure 3. The block diagram of the sensor is shown inFigure4.2. As can be seen from this graph, the sensor is sensitive to other gases such as Methane, CO, Hydrogen, Iso-butan, and ethanol. The horizontal axis of the graph is the gas concentration, while the vertical axis is the external resistors to be used in the design.
[image: Description: view big pic]
Figure 4.1 TGS 2620 alcohol sensor
The TGS 2620 sensor connection diagram is shown in Figure 4.2. As can be seen from this diagram the output voltage is taken across the load resistor RL and the internal heating element is connected to the power supply lines.
[image: ]
		Figure 4.2 TGS 2620 sensor sensitivity

[image: ]
                  Figure 4.3 TGS 2620 sensor block diagram

Figure 4.4 shows the structure of TGS2620. Using thick film techniques, the sensor material is printed on electrodes (noble metal) which have been printed onto an alumina substrate. One electrode is connected to pin No.2 and the other is connected to pin No.3. The sensor element is heated by RuO2 material printed onto the reverse side of the substrate and connected to pins No.1 and No.4. Lead wires are Pt-W alloy and are connected to sensor pins which are made of Ni-plated Ni-Fe 50%.

The sensor base is made of Ni-plated steel. The sensor cap is made of stainless steel. The upper opening in the cap is covered with a double layer of 100 mesh stainless steel gauze (SUS316).

[image: C:\Users\Newtech\Desktop\alcohol sensor.PNG]
		Figure 4.4 The sensor structure
The sensor specifications taken from the manufacturers data sheet is shown in Table 4.1. The physical dimensions of the alcohol sensors are given in Figure 4.5.


[image: ]
              Table 4.1 Specifications of the TGS 2620 sensor

[image: C:\Users\Newtech\Desktop\dimensions.PNG]
		Figure 4.5  Physical dimensions of the TGS 2620 sensor
Circuit voltage (Vc) is applied across the sensor element which has a resistance (Rs) between the sensor’s two electrodes and the load resistor (RL) connected in series. When DC is used for Vc, the correct polarity must be maintained. The Vc may be applied intermittently. The sensor signal (VRL) is measured indirectly as a change in voltage across the RL. The Rs is obtained from the formula given below:
[image: C:\Users\Newtech\Desktop\formula.PNG]

4.3 The Microcontroller Development System
The design of the breathalyzer device is based on the Ready For PIC microcontroller development kit. This is a full development kit with on-board device programmer and in-circuit debugger. The specifications of this development kit are:
· PIC16F887microcontroller
· Bootloader programmer
· Input-output ports
· Reset button
· UART serial communication module
· USB connector
One of the most important features of the kit is the presence of programmer hardware. Thus, a program that has been written and compiled can be transferred very easily into the program memory. This development kit is connected to PC and user program can be loaded into microcontroller program memory through the program that is pre-installed to the microcontroller program memory and known as the bootloader. Another nice side of the kit is the presence of the IDC-10 type connector sockets  on the edges of the circuit. It is possible to fix similar devices such as LCD, LEDs, buttons, RS232 serial port, Ethernet port to this kit outside. 
Figure 4.6 shows the picture of the Ready For PIC development kit used in the design.
[image: ]
	Figure 4.6 The Ready For PIC development kit
Some of the commonly used PIC microcontroller terms and concepts are given in the following sections.
4.3.1 Input / Output - I/O
A PIC Microcontroller can control outputs and react to inputs e.g. you could drive a relay or read input buttons. With the larger devices it's possible to drive LCDs or seven segment displays with very few control lines as all the work is done inside the PIC Micro. Comparing a frequency counter to discrete web designs you'll find two or three chips for the microcontroller design and ten or more for a discrete design. So using them saves prototype design effort as you can use built in peripherals to take care of lots of the circuit operation. 

Many now have a built in ADC so you can read analogue signal levels so you don't need to add an external devices e.g. you can read an LM35 temperature sensor directly with no interface logic.




4.3.2 Peripherals
The PIC microcontroller has many built in peripherals and this can make using them quite daunting at first which is why I have made this introductory page with a summary of each major peripheral block.  

[bookmark: Flash_memory][bookmark: ICSP][bookmark: IO_Ports]4.3.3 I/O Ports
Input / Output ports let you communicate with the outside world so you can control leds, LCDs or just about anything with the right interface.  You can also set them as inputs to gather information. 

4.3.4 Pin Directions
Most PIC microcontroller pins can be set as an input or and output and this can be done on the fly e.g. for a Dallas 1 wire system a pin can be written to generate data and read at a later stage. The TRIS register controls the I/O direction and setting a bit in this register to zero sets the pin as output while setting it as one sets the pin as input. This allows you to use a pin for multiple operations e.g. the Real Time clock project uses RA0, the first pin of PORTA, to output data to a seven segment display and at a later point in the program read the analogue value as an input.

[bookmark: Timer__Counters]4.3.5 Timers for Microcontrollers
The timer function is one of the basic features of a microcontroller. Although some compilers provide simple macros that implement delay routines, in order to determine time elapsed and to maximize use of the timer, understanding the timer functionality is necessary. This example will be done using the PIC16F877 microcontroller in C. 



[bookmark: Comparator_and_comparator_voltage]4.3.6 Comparator and comparator voltage reference 
The comparator is module that has two analogue comparators which can be set up in one of 8 different ways. Either digital or analogue inputs can be compared to reference voltages.
In one mode an internally generated voltage reference is used as an input to both comparators and in the same mode multiplexing lets you monitor up to four different inputpins.


4.3.7 Sleep Mode
Sleep mode (or low power consumption mode) is entered by executing the 'SLEEP' command.  The device can wake from sleep caused by an external reset, Watch Dog Timer timeout, INT pin RB port change or peripheral interrupt.

[bookmark: Devices]4.3.8 PIC Microcontroller Flash Memory size
You may think that 1k or even 8k is so tiny that it won't be useful but each PIC microcontroller uses RISC (Reduced Instruction Set Computing) which simply means that it has a cleverly arranged instruction set that only has a few instructions.  The mid range parts have 35 instructions. If you use the high level language as recommended in this site then you won't need to be too aware of the instruction set it just means you can do a lot with a small amount of memory.

[bookmark: RAM_and_EEPROM_size]4.3.9 PIC microcontroller RAM and EEPROM size
The PIC microcontroller RAM size is also important as it stores all your variables and intermediate data. For example one should avoid using floating point variables in a program as these variables occupy large amounts of data memory.


4.4 The LCD
The LCD module helps us to display output from our programs. Both text and numeric data can be displayed on the LCD screen. Most LCDs are designed using the Hitachi HD44780 controller chip. The LCD is basically parallel device and can be driven directly from the microcontroller I/O ports. The LCD used in the design was a 2 row by 16 column alphanumeric LCD. The LCD is interfaced to the microcontroller using 4 data lines and 2 control lines.

4.5 The LEDs
A light-emitting diode (LED) is a semiconductor light source. LEDs are used as indicator lamps in many devices and are increasingly used for other lighting. Introduced as a practical electronic component in 1962, early LEDs emitted low-intensity red light, but modern versions are available across the visible, ultraviolet, and infrared wavelengths, with very high brightness.

4.5.1 Advantages of LEDs
· LEDs produce more light per watt than do incandescent bulbs; this is useful in battery powered or energy-saving devices.
· LEDs can emit light of an intended color without the use of color filters that traditional lighting methods require. This is more efficient and can lower initial costs.
· The solid package of an LED can be designed to focus its light. Incandescent and fluorescent sources often require an external reflector to collect light and direct it in a usable manner.
· When used in applications where dimming is required, LEDs do not change their color tint as the current passing through them is lowered, unlike incandescent lamps, which turn yellow.
· LEDs are ideal for use with occupancy sensors, since they are unaffected by frequent on-off cycling, unlike fluorescent lamps that burn out more quickly when cycled frequently.
· LEDs are built inside solid cases that protect them, unlike incandescent and discharge sources, making them extremely durable.
· LEDs have an extremely long life span when conservatively run: upwards of 100 000 hours, twice as long as the best fluorescent bulbs and twenty times longer than the best incandescent bulbs. (Incandescent bulbs can also be made to last an extremely long time by running at lower than normal voltage, but only at a huge cost in efficiency; LEDs have a long life when operated at their rated power.) LEDs ran at higher currents have a reduced life span. Further, LEDs mostly fail by dimming over time, rather than the abrupt burn-out of incandescent bulbs.
· LEDs light up very quickly. A typical red indicator LED will achieve full brightness in microseconds; LEDs used in communications devices can have even faster response times.
· LEDs can be very small and are easily populated onto printed circuit boards.
Three coloured LEDs were used in the breathalyzer circuit. The green colour LED indicates that the alcohol level is below the limit. The orange colour LED indicates that the alcohol level is at the limit. The red colour Led indicates that the alcohol level is over the limit.
4.6 The Speech Processor
The speech processor provides voice output through a small speaker. The EMIC text-to-speech module is used in the breathalyzer design. This module receives words as text from the serial port of the microcontroller and then activates the speaker to sound the words as voice. The specifications of the speech processor is as follows:
· Serial TTL interface (2-wire, 2400 baud)
· Requires single +5VDC supply
· Compact size: 2.0" L x 1.375" W
· On-board 8 Ω, 300 mW speaker driver
· Easy-to-use ASCII or hexadecimal command sequences
· Bi-color LED for visual indication of activity
· 0.100" pin spacing for easy prototyping and integration
· -40 ºC to +85 ºC operating temperature
Figure 4.7 shows the picture of the speech processor used in the breathalyzer design.
[image: ]
			Figure 4.7 The speech processor
The connection diagram of the speech processor module is shown in Figure 4.8.
[image: ]
Figure 4.8 Connection diagram of the speech processor
The function of each pin of the speech processor is given in Table 4.2.
[image: ]
Table 4.2 The function of each pin of the speech processor
The speech processor is connected to the microcontroller I/O ports using only 4 pins as shown in Figure 4.9.
[image: ]
Figure 4.9 Connecting the speech processor to the microcontroller
The speech processor is controlled by sending either hexadecimal commands or ASCII commands through its serial port. In this project ASCII commands are used for simplicity. Table 4.3 gives a list of the supported commands.
[image: ]
Table 4.3 List of the supported commands
As an example, to speak the word “hello”, all we have to do is send the following text through the serial port of the microcontroller:
	say = “hello;”
In addition to sending text to be spoken, one can also set the various parameters of the speech processor such as the volume, pitch, and the speed between the words.

4.7	The Circuit Diagram of the Designed Breathalyzer Device
 The complete circuit diagram of the designed breathalyzer device is shown in Figure 4.10. The device is operated from a PIC16F887 type microcontroller with a 8MHz crystal clock for timing. The TGS 2620 alcohol sensor chip is connected to analog port RA0 of the microcontroller. The LEDs are connected to output port PORTC of the microcontroller through current limiting resistors. The LCD is connected to PORT B of the microcontroller using a 4-bit data and 2-bit control lines. PORTD of the microcontroller is reserved for the speech processor chip.
[image: figure6]
	Figure 4.10 Circuit diagram of the designed breathalyzer device



CHAPTER 5
THE SOFTWARE

5.1	Overview
[bookmark: _GoBack]This Chapter is about the software and calibration of the designed breathalyzer device. The operation of the software is given in detail in the Chapter.


5.2	The Software
The software of the breathalyzer device is based on mikroC language, developed by mikroElektronika. mikroC is one of the popular C languages developed for PIC microcontrollers. The language supports a large number of library functions for peripheral devices such as RS232, RS485, CAN bus, A/D converter, USB bus, compact flash, SD card, Lcd, GLCD, and many more.
The operation of the breathalyzer device is shown in Figure 5.1 as a Program Description Language (PDL).

	BEGIN
		Define the connection between the LCD and the microcontroller
		Declare the variables used in the program
		Configure PORT A as analog input
		Configure PORT C and PORT D as digital output
		Reset the speech processor
		Initialize the UART
		Set the volume, speed, and pitch of the speech processor
		Send message “Near east university alcohol detector to speaker”
		Initialize LCD
		DO 60 times
			Display “WAIT” on LCD
			Send message “Wait” to speaker
			Wait 1 second
		ENDDO
		Flash the LEDs for 5 seconds
		Display a message to ask the user to blow into the sensor
		Send a message to the speaker to blow into the sensor
		Read the alcohol level from the sensor
		Calculate the actual alcohol level
		Display the actual alcohol level on the LCD
		IF alcohol level below the limit THEN
			Turn on the green LED
			Send message “You are under the limit” to the speaker
			Send message “You can drive” to the speaker
		ELSE IF alcohol level at the limit THEN
			Turn on orange LED
			Send message “Warning warning you are near the limit”
			Send message “Drive with caution” to the speaker
		ELSE IF alcohol level is above the limit THEN
			Turn on red LED
			Send message “Warning warning you are over the limit”
			Send message “Warning do not drive” to the speaker
		ENDIF
		Send message “Thank you for being sensible” to the speaker
	END
Figure 5.1 Operation of the program
The complete program listing is given in Appendix A. At the beginning of the program the connection between the LCD and the microcontroller is defined using sbit instructions. The actual connection between the LCD and the microcontroller is as follows:

	LCD		microcontroller

	RS			RB2
	EN			RB3
	D4			RB4
	D5			RB5
	D6			RB6
	D7			RB7

A 4-bit LCD interface is used where only 6 pins are required to control the LCD. The program then creates a function called Write_To_UART. This function receives a constant string (text in this case) and the sends this string to the speech processor so that the string message can be spoken on the speaker. Before sending the message the program checks to make sure that the speech processor is ready to receive a message.
The main program starts with the keyword “main”. At the beginning of the main program the program variables are declared. Some of the variables are floating point, while some others are integer or character type.
The program then configures PORT A for analog input since the output of the alcohol sensor is connected to port pin RA0. PORT B is configured as digital output since the LCD is interfaced to this port. PORT C is also configured as digital output since the three LEDs are connected to this port. PORT D is configured as digital input and output since this port controls the speech processor. The only input from the speech processor is the pin to check whether or not the speech processor is ready to receive a command or a message.
The program then resets the speech processor and initializes the UART to the default 9600 baud rate. The parameters (volume, pitch and speed) of the speech processor are set by sending the appropriate speech processor commands to the UART.
Before initializing the LCD, the message “Near east university alcohol detector” is sent to the speech processor. Then the program enters a loop to count down from 60 down to 0. This delay is necessary to warm up the alcohol sensor as the manufacturers recommend that the device should only be used after about a minute of applying power to it.
The device is now ready for testing. The LEDs flash for 5 seconds to tell the user that he or she should blow into the plastic tube. At the same time the message “Blow now” is displayed on the LCD and the speaker tells the user to “blow” into the plastic tube.
At this point the user must blow into the plastic tube so that his or her alcohol level can be measured. The program reads the alcohol level through analog port RA0. The value read is converted into the actual calibrated alcohol level by using the calibration equation (see the next section). The actual alcohol level of the user is displayed on the LCD in mg/L. At the same time the appropriate LED is turned on to indicate the alcohol level. A sound is also output from the speaker to tell the user about his or her alcohol level.
If the calibrated alcohol level is below 0.1mV then it is assumed that the level of alcohol is below the minimum. The green LED turns on and the speaker tells the user that his or her alcohol level is low and can use a vehicle.
If the calibrated alcohol level is between 0.1 and 0.34 then it is assumed that the alcohol level is very close to the limit. The orange LED turns on and the user is notified through the speaker that he or she is close to the limit.
If on the other hand the calibrated alcohol level is above 0.34 then it is assumed that the user has consumed alcohol above the legal limit. The red LED turns on and the speaker tells the user not to use a vehicle as he or she is above the limit.



5.3	The Calibration Process
The alcohol detector was calibrated using a commercial breathalyzer device. The calibration process is given below:
· Display the output of the alcohol send or in millivolts on the LCD
· Consume a small amount of alcohol
· Blow into the commercial device and note the reading
· At the same time, blow into our device and note the reading on the LCD
· Increase the amount of alcohol consumption and repeat the above process
· Take at least 5 or 6 readings
The calibration curve is shown in Figure 5.2. It is clear that the figure is linear. The relationship between the alcohol level (in mg/L) and the output of the sensor (in millivolts) was calculated to be as follows:
	mV = 0.00054*ADC – 1.42						(5.1)
where, mV corresponds to the alcohol level in mg/L and ADC corresponds to the voltage read by the analog to digital converter.
Thus, using equation (5.1) one can calculate and process the alcohol level detected by the alcohol sensor.
Figure 5.3 shows a picture of the breathalyzer device designed and developed by the author (the speech processor and the speaker are not shown).



	Figure 5.2  Relation between sensor voltage and alcohol amount

[image: 23032012833]
	Figure 5.3 Picture of the breathalyzer device designed by the author




CHAPTER 6
RESULTS AND DISCUSSION
The device is operated from a PIC16F887 type microcontroller with a 8MHz crystal clock for timing. The TGS 2620 alcohol sensor chip is connected to analog port RA0 of the microcontroller. The LEDs are connected to output port PORTC of the microcontroller through current limiting resistors. The LCD is connected to PORT B of the microcontroller using a 4-bit data and 2-bit control lines. PORTD of the microcontroller is reserved for the speech processor chip.

The device designed by the author can be improved by the following additions or modifications:
· The circuit can be implemented on a printed circuit board
· Parts of the circuit can be miniaturized by using small footprint components
· More voice messages can be added to the device to make it user friendly
It is hoped that the voice output novelty implemented in this design can be used by the manufacturers of the commercial breathalyzer devices.

CHAPTER 7
CONCLUSIONS
In this project the design of a microcontroller based alcohol detector device (breathalyzer) is given. The device has the following features:
· Low cost
· Portable
· Battery operated
· LCD output to indicate alcohol level
· Tricolour LED output to indicate alcohol level
· Speech output through a speaker
The device provides three types of outputs. The LED outputs indicate whether or not the user is allowed to use a vehicle legally. The LCD shows the amount of alcohol in mg/L. The speech output is a novelty of the design. None of the commercially available breathalyzer devices provide speech output. The problem with LED type output is that a person under the influence of alcohol may not discriminate different colours and thus the results can be interpreted wrongly. Speech output on the on the other hand is more reliable as a person who has consumed alcohol can understand and interpret audio output far better than visual output.
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APPENDICES
Appendix A
THE COMPLETE PROGRAM LISTING

Date:  April, 2012
File:  ALCOHOL.C
================================================================*/
//
// Configure the connection between the LCD and the microcontroller
//

sbit LCD_RS at RB2_bit;
sbit LCD_EN at RB3_bit;
sbit LCD_D4 at RB4_bit;
sbit LCD_D5 at RB5_bit;
sbit LCD_D6 at RB6_bit;
sbit LCD_D7 at RB7_bit;

sbitLCD_RS_Direction at TRISB2_bit;
sbitLCD_EN_Direction at TRISB3_bit;
sbit LCD_D4_Direction at TRISB4_bit;
sbit LCD_D5_Direction at TRISB5_bit;
sbit LCD_D6_Direction at TRISB6_bit;
sbit LCD_D7_Direction at TRISB7_bit;

//
// This function sends ASCII command text to the speech processor
//
voidWrite_To_UART(const char s[])
{
unsigned char i = 0;

while(PORTD.RC4 == 1);                  	// Wait if BUSY

while(s[i] != '\0')                     		// Send the command text
  {
Soft_UART_Write(s[i]);
i++;
  }
}


//
// Start of MAIN program
//
void main()
{
float mV;
unsigned char Txt[14], Disp[4];
int Temp;
unsigned char j, k;

TRISA = 1;
TRISC = 0;
TRISD = 0x14;
PORTC = 0;
ANSEL=0;
ANSELH=0;
//
// Reset the spech processor to start with
//
 PORTD.RD6 = 0;
Delay_Ms(1000);
PORTD.RD6 = 1;
Delay_Ms(100);
//
// Initialise the Soft UART to communicate with the speech processor
//
Soft_UART_Init(&PORTD, 2, 0, 2400, 0);
//
// Set some of the speech processor commands
//
Write_To_UART("volume=7;");
Write_To_UART("speed=0;");
Write_To_UART("pitch=3;");
Delay_Ms(2000);
//
// Start sending messages to the speech processor
//
Write_To_UART("say=near east university alcohol detector;");
Delay_Ms(2000);
Write_To_UART("say=near east university alcohol detector;");

//
// Initialise the LCD
//
LCD_Init();
//
// Display message to wait for 1 minute until the device is ready
// Send out a message every 10 seconds to wait...
//
Lcd_Out(1,1, "WAIT...");
Write_To_UART("say=wait;");
  k = 0;
  j = 60;

while(j != 0)
  {
k++;
if(k == 10)
	 {
		k = 0;
Write_To_UART("say=wait;");
	 }
ByteToStr(j,Disp);
Lcd_Out(2,1,Disp);
Delay_Ms(1000);
j--;
  }

//
// Now the device is ready. Flash the LEDs and display a mesage for the
// user to blow into the sensor within 5 seconds
//
Write_To_UART("say=blow now;");
Lcd_Out(1,1, "Blow now...");

for(j=0; j< 5; j++)
  {
	PORTC = 0;
Delay_Ms(500);
	PORTC = 0xFF;
Delay_Ms(500);
  }
  PORTC = 0;
//
// Now analyse the results and display as appropriate
//
// Read from the sensor
//
Write_To_UART("say=analyzing now;");
Temp=ADC_Read(0);
mV=Temp*4.88;
Lcd_Out(1,1, "Alcohol (mg/L):");

//
// Convert to alcohol level in mg/Litre and display
//
mV = 0.00054*mV - 1.42;
if(mV < 0.1)Lcd_Out(2,1,"0   ");
else
   {
FloatToStr(mV, Txt);
Lcd_Out(2,1, Txt);
   }
//
// Turn on appropriate LED and also sound the speaker
//
if(mV < 0.1)
   {
     PORTC = 1;                         	// Turn on GREEN LED
Write_To_UART("say=you are under the limit;");
Delay_Ms(1000);
Write_To_UART("say=you can drive;");
Delay_Ms(2000);
Write_To_UART("say=you can drive;");
Delay_Ms(2000);
Write_To_UART("say=you can drive;");
Delay_Ms(2000);
Write_To_UART("say=you can drive;");
   }
else if(mV > 0.1 && mV < 0.34)
   {
     PORTC = 2;                        	// Turn on ORANGE LED
Write_To_UART("say=warning warning you are near the limit;");
Delay_Ms(1000);
Write_To_UART("say=drive with caution;");
Delay_Ms(2000);
Write_To_UART("say=drive with caution;");
   }
else
   {
	 PORTC = 4;                        	// Turn on RED LED
Write_To_UART("say=warning warning you are over the limit;");
Delay_Ms(1000);
Write_To_UART("say=warning do not drive;");
Delay_Ms(2000);
Write_To_UART("say=warning do not drive;");
   }
Delay_Ms(5000);
Write_To_UART("say=thank you for being sensible;");
x: goto x;                            // End of program - wait here
}


APPENDIX B
TGS 2620 ALCOHOL SENSOR DATA SHEET



APPENDIX C
TEXT TO SPEECH CHIP DATA SHEET
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