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ABSTRACT: Alcohol-impaired driving continues to be a leading contributor to road traffic fatalities and injuries
across the globe. This paper presents the design and implementation of an Alcohol Sensing Alert with Automatic
Engine Lock System — an embedded safety solution that autonomously detects ethanol concentration in the driver's
vicinity and prevents vehicle ignition when unsafe levels are identified. The system employs an MQ-3 semiconductor
gas sensor interfaced with an Arduino UNO microcontroller, a relay module for ignition circuit control, a 16x2 LCD
display, and an active buzzer for real-time audio-visual alerts. Upon detecting alcohol concentration beyond a
calibrated threshold, the microcontroller simultaneously activates the warning outputs and opens the relay to disable the
engine, ensuring the vehicle cannot be operated. The prototype validates the technical feasibility of embedding
proactive intoxication detection into standard vehicle architecture, offering a low-cost, reliable, and autonomous
mechanism to support road safety and reduce alcohol-related accidents.

KEYWORDS: MQ-3 sensor; Arduino UNO; engine lock system; embedded safety; drunk driving prevention; relay
control; road safety; ignition interlock.

I. INTRODUCTION

Drunk driving remains one of the most preventable yet persistent causes of road traffic deaths worldwide. Despite strict
legal frameworks and public awareness initiatives, a considerable number of drivers continue to operate vehicles after
consuming alcohol, severely impairing their reaction time, spatial judgment, and decision-making capacity. The
consequences extend beyond the driver, endangering passengers, pedestrians, and other road users.

Traditional countermeasures — including roadside breathalyser tests and random police checks — are inherently
reactive and limited in coverage. They depend entirely on law enforcement presence, which cannot be continuous or
universal. What is required is a proactive, vehicle-integrated mechanism that acts automatically before the vehicle is set
in motion.

The Alcohol Sensing Alert with Automatic Engine Lock System addresses this gap directly. By embedding an MQ-3
alcohol sensor within the vehicle cabin, the system evaluates the driver's sobriety at the point of ignition and physically
prevents engine start-up if intoxication is detected above a predefined threshold. This approach eliminates dependence
on external monitoring and ensures an immediate, objective response based entirely on sensor readings. The system
combines embedded electronics, sensor technology, and microcontroller-based automation to deliver a cost-effective
and reliable safety solution suitable for integration into both private and commercial vehicles.

II. RELATED WORK

Several researchers have explored embedded alcohol detection systems aimed at improving vehicular safety. Patil et al.
(2018) developed a vehicle safety system using an MQ-3 gas sensor interfaced with an Arduino microcontroller to
detect alcohol concentration in the driver's breath. When the measured value exceeded the preset threshold, the system
activated an alert and cut off the ignition supply to prevent the vehicle from starting.

Kumar and Reddy (2019) proposed an alcohol detection and vehicle control system that locked the engine upon

detecting alcohol above the permissible limit. Their work demonstrated the reliability of microcontroller-based ignition
interlock mechanisms in real driving conditions.
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Sharma et al. (2020) designed an automated vehicle control system where sensor data was continuously monitored,
providing real-time feedback and enabling instant response upon alcohol detection. The implementation demonstrated
the potential of sensor-based solutions in creating safer transportation systems.

Gupta et al. (2021) presented a microcontroller-based vehicle safety system that activated an automatic engine
shutdown if the driver attempted to start the vehicle while intoxicated. The system employed a relay circuit to
disconnect the ignition line, ensuring the vehicle remained immobile until safe driving conditions were confirmed.

Ramesh et al. (2021) introduced a system utilising a calibrated MQ-3 sensor to improve detection accuracy and
response time, incorporating a display module that presented real-time alcohol concentration levels. Singh et al. (2020)
further emphasised the importance of proper sensor calibration, noting that environmental factors such as temperature
and humidity can significantly influence sensor readings and must be accounted for during system design

II1. PROPOSED SYSTEM

A. Design Considerations:

e The MQ-3 sensor is positioned near the driver's seat to sample ambient air for ethanol vapour.

e A predefined ADC threshold value is set corresponding to the legal alcohol limit.

e A moving-average filter across eight consecutive samples is applied to reduce sensor noise.

e  All alert outputs — buzzer, LED, and LCD — are activated simultaneously upon detection.

e The relay remains in the normally closed position during safe conditions and opens only upon alcohol
detection.

e The system enters a warm-up period of approximately sixty seconds after power-on before readings are
considered valid.

B. Description of the Proposed Algorithm:
The aim of the proposed system is to prevent vehicle operation by an intoxicated driver through autonomous detection
and immediate ignition lockout. The system operates across three primary stages.

Step 1: Alcohol Concentration Sensing The MQ-3 sensor continuously monitors ethanol vapour concentration in the
driver's vicinity. Its analog output voltage, proportional to alcohol concentration, is fed into the Arduino UNO's ADC
pin A0 and converted into a digital value. The ADC conversion follows:

ADC Value = (V_out/ V_ref) x 1023 — eq. (1)

where V_out is the sensor's analog output voltage and V_ref is the reference voltage (5V). This yields a digital value
between 0 and 1023 representing the detected concentration level.

Step 2:
Threshold Comparison and Smoothing To eliminate noise-induced false readings, a moving-average filter is applied
over a window of N consecutive samples:

V_avg=1/N) x X ADC_i,fori=1to N —eq. (2)
where N = 8 samples. The smoothed value V_avg is then compared against the calibrated threshold T, which is

determined during sensor calibration to correspond to the permissible blood alcohol concentration limit. The sensor
resistance ratio, used during calibration, is given by:

Rs/Ro = (V_ref—V_out)/ V_out —eq. (3)

where Rs is the sensor resistance under measured gas concentration and Ro is the sensor resistance in clean air. A lower
Rs/Ro ratio indicates a higher alcohol concentration.

Step 3: Actuation and Alert Upon a positive detection, the microcontroller opens the relay to disconnect the ignition
circuit, activates the buzzer, illuminates the red LED, and updates the LCD to display "Alcohol Detected — Engine
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Locked." The vehicle remains immobilised until the alcohol level drops below the threshold and the system is manually
reset.

IV. SYSTEM WORKING

Step 1: Power on the system and allow the MQ-3 sensor to complete its sixty-second warm-up period.
Step 2: Begin continuous analog sampling of alcohol concentration on ADC pin A0 and convert the reading using eq.
(D).
Step 3: Apply the moving-average filter over eight samples using eq. (2) to obtain a stable, noise-reduced reading.
Step 4: Compute the Rs/Ro ratio using eq. (3) to determine the current alcohol concentration level.
Step 5: Compare the filtered ADC value V_avg against the predefined safety threshold T°.
Step 6: If V_avg <T:
o Keep relay closed (ignition circuit active).
e Display "System Ready — Driver Safe" on LCD.
e [lluminate green LED and return to Step 2.
Step 7: If V_avg > T:
e  Open relay to physically disconnect the ignition circuit.
e Activate buzzer alert.
e [lluminate red LED.
e Display "Alcohol Detected — Engine Locked" on LCD.
Step 8: Continue monitoring sensor readings in the locked state.

Step 9: If alcohol level returns below threshold T, await manual reset before restoring ignition, then return to Step 2.
Step 10: End.

V.EXPERIMENTAL RESULTS AND TESTING

The proposed Alcohol Sensing Alert with Automatic Engine Lock System was tested under controlled laboratory
conditions to evaluate its detection accuracy, response time, and actuation reliability. Testing was conducted across
three defined scenarios: below-threshold (safe), at-threshold (boundary), and above-threshold (intoxicated).

In the below-threshold scenario, the MQ-3 sensor was exposed to normal ambient air. The ADC readings remained
consistently within the safe range, the smoothed value V_avg stayed below the calibrated threshold T, the relay held the
ignition circuit in the closed position, the green LED remained illuminated, and the LCD displayed "System Ready —
Driver Safe," confirming normal operation.

In the above-threshold scenario, ethanol-soaked cotton was introduced near the sensor to simulate driver intoxication.
Upon the smoothed ADC value crossing the threshold, the system responded within 0.8 seconds — the relay opened to
disconnect the ignition circuit, the red LED activated, the buzzer sounded a continuous alert, and the LCD updated to
display "Alcohol Detected — Engine Locked." The engine simulation motor ceased operation immediately, confirming
successful ignition lockout.

In the boundary scenario, alcohol concentration was maintained close to the threshold value. The moving-average filter
proved effective in preventing false triggers caused by momentary fluctuations, ensuring stable and reliable decision-
making at the boundary condition.

Multiple repetitions of all three test scenarios produced consistent and repeatable results. A small number of false
positives were observed when the sensor was briefly exposed to isopropanol-based hand sanitiser, which is a known
limitation of the MQ-3 sensor's cross-sensitivity to non-ethanol volatile compounds. Overall system performance is
summarised below.

IJIRCCE®©2026 | AnISO 9001:2008 Certified Journal | 1109




© 2025 1JIRCCE | Volume 14, Issue 2, February 2026| DOI:10.15680/1JIRCCE.2026.1402030
Www.ijircce.com | e-ISSN: 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.771| ESTD Year: 2013|

ciﬁ km %\ International Journal of Innovative Research in Computer
n ' and Communication Engineering (IJIRCCE)
IJ I RccE (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

L DIAC N DIAC M
Alcohol Sensing Alert with Alcohol Sensing Alert with Engine Lock System
Engine Lock System
Vehicle Power oy ||
(12VBal) & =
l w3 Relay
b A e —. ~—
Power Mgmt \Yg 0 |
e 4)?: 5 Microcontroller Comm Module A, Unmi' il
Rsiooh — (Aduino) (GSM/GPS Ve B | N
Riimals (Optional IoT) e
- Deasion o ‘
a3/ A0 L Aethodue e M am ®— L FY] Usl]
Breah (Buzzer, LED, =T *; a =0 ‘
Modue 1 LCD/12C | B
—_—
Vehicie Ignition
| Starter o 1 5
e
Fig.1. Block Diagram Fig. 2. Circuit diagram

VI. CONCLUSION AND FUTURE WORK

The Alcohol Sensing Alert with Automatic Engine Lock System successfully demonstrates that a reliable, low-cost,
and fully autonomous drunk-driving prevention mechanism can be realised using commercially available embedded
components. The system accurately detected alcohol concentrations above the defined safety threshold, disabled the
vehicle ignition circuit within sub-second response time, and provided immediate audio-visual feedback to the driver
across all test scenarios. Multiple test repetitions confirmed consistent and repeatable performance, validating the
technical soundness of the proposed design.

By intervening at the point of vehicle start-up rather than after an incident has occurred, the system embodies a
proactive rather than reactive approach to road safety. Future enhancements may include replacing the MQ-3 sensor
with a fuel-cell electrochemical sensor for improved ethanol specificity, integrating a GPS module for real-time
location reporting, incorporating cloud-based data logging for historical analysis, and extending the system to
commercial fleet vehicles for large-scale deployment. Additionally, the application of machine learning algorithms to
analyse multi-sensor inputs could further improve detection accuracy and reduce false-positive occurrences caused by
environmental volatile compounds.
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