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Abstract - A modern motor vehicle is a complex piece of equipment utilized by millions worldwide for transportation between two or 

more locations. Despite the many advantages of motor vehicles it is the primary source of road fatalities. Operating a motor vehicle while 

intoxicated is one of the leading causes of vehicular road accidents worldwide. Many technologies, and policies for their use have been 

developed and placed into practice for minimization of road fatalities caused by driving while intoxicated, however none is without 

drawbacks. There is need for a novel breathalyzer-enabled approach with advantages addressing the drawbacks of the technologies that 

exist. This paper briefly reviews some existing technologies which attempt to minimize driving while intoxicated. A novel breathalyzer-

enabled ignition system is then briefly proposed for reduction of the possibility of driving while intoxicated by drivers. Finally, policies 

are proposed for the secure use of the technology proposed. 
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1. Introduction 
 

he global status report on road safety [1] indicated 

that there is a continuous increase in road fatalities 

in the past decade, reaching 1.35 million in 2016. 

20-50 million individuals obtain non-fatal injuries while 

many others obtain disabilities as a result of injuries 

obtained from road fatalities [1]. Vehicular accidents are 

common in most countries and many times they result in 

injuries, damage to properties and even fatalities.  

According to [2], accidents may be caused because of 

several reasons, some outlined are speeding, reckless 

driving, distracted driving, driving under the influence of 

alcohol and driving under the influence of narcotics. Many 

countries are focusing on strategies towards reducing road 

casualties. Non-technological strategies such as speed limit 

signs, police patrol, and suspension of drivers’ licenses 

continue to assist in reducing the number of accidents but 

have limitations. Technological automotive strategies such 

as adaptive cruise control, forward collision systems, 

adaptive headlights, traction control, electronic stability 

control and lane departure warning have also assisted in 

further minimizing the risk of road accidents [3]. 

Additionally, road surveillance via closed-circuit television 

(CCTV) cameras, used to monitor traffic and detect 

speeding vehicles are also helpful.  

Driving while intoxicated increases the risk of vehicular 

accidents and also accounts for up to 35% of road fatalities 

[1]. According to [1] an intoxicated driver is over 16 times 

more likely to get involved in a road accident when 

compared to a sober driver. [1] indicates that the risk of 

accident varies with age and experience. A major 

breakthrough in combatting intoxicated driving is by 

setting legal and illegal blood alcohol limits, use of 

breathalyzer devices by law enforcement officials and 

implementing the use of ignition interlocks in vehicles 

governed by verification of drivers not exceeding blood 

alcohol thresholds. 

This paper will explore existing approaches for 

combatting intoxicated driving, after which a novel 

breathalyzer-enabled ignition system is then proposed for 

significant reduction of the possibility of driving while 

intoxicated by drivers. Finally, policies are proposed for 

use of this novel breathalyzer-enabled ignition system. 

 

 

2. Existing Technology-Based Solutions for 

Reduction of Alcohol-Related Accidents 
 

[4] developed a breathalyzer device for controlling of 

the ignition switch of a vehicle. The hardware component 

of the system included the use of a PIC16F877A 

T
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microprocessor, LCD panel, blood alcohol sensor and an 

ignition switch system. The software system involved 

included the programming of the microprocessor. When 

assembled the system detects the alcohol concentration of 

a sample of a driver’s breathe and depending of the value 

determined the system will enable or disable the ignition 

system of the vehicle. [4] did indicate that some technical 

and non-technical issues relating to the design of the 

system were experienced. The value of concentration of 

the blood alcohol sensor becomes saturated for BAC 

percentage more than 0.20 even though the alcohol 

concentration was more than that [4]. [4] stated that the 

breath alcohol sensor is cheaper, has low power dissipation 

and needs low input voltage between 3.3-5V. One negative 

of the sensor however is that it is capable of detecting 

substances other than alcohol, hence increasing the 

possibility of it misinterpreting those other substances as 

alcohol, however it has greater sensitivity towards alcohol.  

[5] presented the development of an alcohol detection 

system capable of increasing the safety of derivers in a 

smart city using Internet of Things (IoT) technology. In 

this system two blood alcohol content (BAC) thresholds 

are defined and monitored with use of a microcontroller 

unit. While in operation of the first blood alcohol content 

threshold is reached the position coordinates of the vehicle 

driven along with the BAC level of the driver are 

transmitted to a central terminal which monitors the 

vehicles. When the second BAC threshold is reached the 

vehicle’s engine is shut down by the the IoT-enabled 

alcohol detection system. The alarm on the vehicle is also 

enabled and warning indicators are put on.   

[6] utilized a microcontroller, MQ303A alcohol sensor, 

ADC0809, LCD1602 panel, voice annunciator unit and a 

motor for speed control in the development of a 

breathalyzer enabled ignition system. The driver’s breath 

alcohol concentration is measured by the MQ303A sensor 

and the corresponding voltage signal is passed to the 

ADC0809 for analogue to digital conversion. The 

microprocessor compares the digital signal to a predefined 

threshold value, and then signals the car motor. The car 

ignition is enabled when no alcohol is detected. However, 

when the blood alcohol concentration level is less than 

20mg/100ml, the car ignition is enabled but the motor 

limits the speed to under the state’s speed limit. At higher 

blood alcohol concentration levels there is greater 

limitation on the speed allowance for the vehicle, the 

vehicle does not start and a voice prompt is given out. One 

drawback of this system of [6] is that if the driver starts the 

vehicle sober and while driving becomes intoxicated, there 

is no action made corresponding to that situation. 

[7] developed an advanced system to continuously 

monitor the blood alcohol concentration level in a vehicle 

with use of the MQ-3 alcohol sensor, GPS module, 

PIC18F25K50 microcontroller, normally-closed 

electromagnetic relay and the GSM modem. The GPS 

module would detect the location of the vehicle using 

position coordinates and the GSM modem would transmit 

this information via a SMS messaging to an appropriate 

security department. The MQ-3 sensor was calibrated 

using 30 users with different alcohol concentrations, each 

within a one (1) meter range from the sensor and inside a 

closed environment. The normally-closed relay would cut 

power to the ignition based on a signal from the 

microcontroller. The SIM900 GSM modem was used 

which had a RS-232 serial port and a baud rate of 115200 

by default. A NEO6MV2 GPS module was utilized which 

used the NMEA0183 protocol, a RS-232 serial port and a 

baud rate of 4800. The PIC18F25K50 microcontroller was 

programmed in C using the CCS compiler. The analogue 

signal from the MQ-3 sensor was converted to a digital 

signal of 10 bits resolution. To set the threshold value, the 

sensor voltage corresponding to the alcohol concentration 

was determined from the calibration graph, and the 

decimal value of this voltage was programmed. This 

system of [7] was simulated using the PROTEUS software 

and a variable resistor used to simulate the working of the 

sensor. During implementation in 5 vehicles, the sensor 

was placed on the steering wheel as opposed to the seat 

belt. According to [7], this was done since the density of 

alcohol in the breath followed a perpendicular trajectory 

with respect to the driver. The performance of the system 

was evaluated using 30 users with different concentrations 

of beer (low, middle, high). A detection percentage of 84% 

was measured, with the error being due to factors such as 

open windows, air condition and passenger high alcohol 

level. At full operation the system consumed 0.95W and 

the alcohol level detection time was less than 100 ms. One 

drawback of this system of [7] is that it emulates the use of 

a vehicle but does not actually consider the use of an actual 

vehicle or model for use. Another drawback is that it does 

not consider the fact that contamination of the breath air 

can occur within the cabin of the vehicle itself. 

[8] presented the development of system to be embedded 

on the seatbelt of a vehicle and would monitor the blood 

alcohol concentration of a driver. An ignition interlock 

system embedded in the vehicle would prevent an 

intoxicated driver from operating the vehicle, as long as 

the blood alcohol concentration is above the threshold. The 

system utilized a microcontroller along with a 

spectroscopic method of measuring blood alcohol levels. 

Currently, breathalyzers are used to determine the BAC 

level of drivers based on a partition ratio. This ratio is 

based on 2100ml of breath air having the same weight of 

ethanol as in 1ml of blood. It was argued that this 
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partitioning ratio posted a disadvantage to measuring 

accurate BAC levels since it may produce erroneous 

measurements and false indications of intoxication levels. 

[8] indicated that in this system the driver would place a 

finger through a hole in the sensor which contained a light 

source and spectroscopic detector. The light score and 

detector were on opposite sides of the finger, and a 

polychromatic light beam was emitted though the finger. 

The detector would measure the intensity of different 

wavelengths of light emerging through the finger and 

transmit this data to the microprocessor. Alcohol contains 

a sharp spectral absorbance at 1190nm, which would result 

in the intensity of light at this frequency being inversely 

related to the blood alcohol content. A high absorbance of 

light by the alcohol would result in a low intensity result at 

this wavelength, corresponding to high BAC level. The 

microprocessor used a statistical algorithm to compare the 

intensity information with the wavelengths emitted at the 

light source to determine the BAC level. However, 

depending on the amount of hematocrit in a person’s 

blood, the absorbance of light would be different. Hence 

the system made consideration to this when applying the 

statistical algorithm. The detector was positioned and 

oriented to allow the driver to easily insert the finger, 

however it would be inaccessible to other occupants when 

the doors were closed and the vehicle was in motion. 

Other methods exist, however all have their drawbacks 

that can how effective they are in reducing driving while 

intoxicated. There is a need to develop a breathalyzer-

enabled ignition system which provides all benefits of 

existing systems and resolves the drawbacks of all existing 

systems. In the subsequent section of this paper will 

address this. 

 

3. Proposal of a Novel Breathalyzer-Enabled 

Ignition System for Reduction of Alcohol-

Related Accidents 
 

The proposed breathalyzer-enabled ignition system will 

have blood alcohol concertation sensors installed on the 

seatbelts of the driver and every passenger seat of the 

vehicle. Alternatively, the blood alcohol sensors can be 

located above each driver seat, attached to the hood. The 

system must make use of Field Programmable Gate Arrays 

(FPGAs) for monitoring and control of the entire system. 

The proposed breathalyzer-enabled ignition system must 

meet the following specifications: 

 

 (a) Allows configuration of the system with blood alcohol 

concentration thresholds and at least three (3) contact 

numbers (must include a family member contact number, 

administrator contact number and police department 

contact number) which will be used in intercepting 

intoxicated drivers in control of vehicles, in the event 

driver is deemed to be intoxicated during commute. 

 

(b) Fool-proof and capable of guaranteeing no intoxicated 

driver controls a vehicle. If breath-alcohol concentration 

level is above threshold the vehicle is not enabled for start 

and voice warning is made by the unit to all passengers of 

the vehicle. The vehicle should not be enabled to start 

using a passenger’s breath. Even if a passenger sits into the 

driver seat and is able to enable the ignition, the instant the 

passenger removes themselves from the driver’s space, the 

system would resample the breath of whoever is behind the 

driver seat and determine if the disable the ignition switch 

or not. 

 

(c) Monitors the breath-alcohol concentration level on the 

driver side during journey and warns driver if level is 

within 20% below the threshold. If no action taken, then 

vehicle hazard light and horn must be switched on for 

alerting neighboring drivers.  

 

(d) Monitors the breath-alcohol level on the driver side 

during journey if the level is within 20% below the 

threshold all listed contact numbers are sent warning 

messages and calls containing the coordinates of the 

intoxicated driver, so that they can be intercepted before 

causing harm via accident.  

 

(e) Must include an evolutionary model in determining the 

true blood alcohol concentration state of the driver’s 

breath. A vehicle cabin is open and the air in the section of 

the cabin in which the driver is seated is susceptible to 

contamination from other sections of the cabin.  As such it 

is very possible that a driver may not be intoxicated, 

however a passenger in the vehicle may be intoxicated and 

the breath air from such passenger may contaminate the 

breath air on the driver side entering the blood alcohol 

concentration sensor, hence resulting in the proposed 

breathalyzer-enabled ignition system giving false positives. 

Alternatively, the driver may be intoxicated while all 

passengers are not intoxicated but because of the 

contamination in the cabin, false negatives can be made. 

This model should be taken into consideration in the 

development of this breathalyzer-enabled ignition system. 

 

4. Policy Changes Possible with Proposed 

Breathalyzer-Enabled Ignition System 
 

Several key policies must be taken into consideration 

with the introduction of this proposed breathalyzer-enabled 

ignition system. The purpose of these policies are to 
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maximize the effectiveness of the system in minimizing the 

instance of driving by intoxication. Some policies for 

consideration are as follows: 

 

(i) Mandatory Installing in all Vehicles  

It is expected that the proposed breathalyzer-enabled 

ignition system can significantly reduce road fatalities by 

driving while intoxicated. Assuming this outcome is what 

is wanted, it must be made law and mandatory that all 

vehicles be fitted with the breathalyzer-enabled ignition 

system (at the expense of the owners of the vehicles) to 

add a supervisory component to the driving experience of 

all drivers.  

 

(ii) All Drivers Must Wear Seatbelt 

The blood alcohol concentration (BAC) sensor will be 

mounted on one of two places – either on the seatbelts or 

on the hood of the vehicle above the head of the driver and 

passengers. Once the BAC sensor is mounted on the 

seatbelt of the driver and passengers this will be the only 

avenue for measuring the BAC of the driver’s blood. As a 

result, it must be mandatory that all drivers wear seatbelts. 

 

(iii) Periodical Inspection of Breathalyzer Ignition System 

The breathalyzer-enabled ignition system will be 

utilized for its supervisory benefit and if it is very effective 

in carrying out this function it will possibly be subject to 

malfunction and even tampering by drivers. It must be 

made mandatory that all installed units must be inspected 

periodically to ensure that they are fully functional or not 

tampered with. Making the device tamper-proof will 

further prevent the possibility of destruction. Tampering 

with the breathalyzer-enabled ignition system or failure to 

inspect on time should result in fines/penalties to owners of 

the vehicles.  

 

(iv) Security of the Identity and Coordinates of Intoxicated 

Drivers 

Care must be taken to ensure that the breathalyzer-

enabled ignition system keeps the identity and coordinates 

of the intoxicated driver and vehicle secure and only 

revealed to the protective authorities who need it for 

intercepting an intoxicated driver in control of a moving 

vehicle. 

 

 

5. Conclusions 
 

This paper briefly reviewed some existing technologies 

which attempt to minimize driving while intoxicated. A 

novel breathalyzer-enabled ignition system was then 

proposed for reduction of the possibility of driving while 

intoxicated by drivers. Finally, policies were proposed for 

use of the proposed technology in reducing driving while 

intoxicated. It is possible that once the contents of this 

paper are considered and implemented that the possibility 

of driving while intoxicated will be minimized 

significantly. 
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