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Problem Overview
● Drunk driving kills more than 10 

thousand Americans / year. 
● Current ignition lock systems are 

car-based in an increasing age of 
shared vehicle ownership.

● Volunteer breathalyzers need to be 
professionally installed and are 
expensive. 

● Can be used by an individual or by 
a bar or drinking establishment for 
their customers. 
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Our Solution

● Box with Faraday cage inside to 
prevent push-to-start keys. 

● Key-based solution. Users place 
their keys in box and can only 
retrieve them when sober. 

● LED Display on top to notify users 
of their blood alcohol content. 
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Original Design - Overview

● Passcode switches to prevent 
different user from retrieving key. 

● Arduino Pro Mini 328 receives 
alcohol gas sensor and passcode 
input, sends trigger to relay.

● Power distribution circuit consists 
of 12V battery and 5V DC / DC 
converter. 

● PCB holds power distribution and 
passcode circuitry.
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Original Design - High-Level Requirements
● Breathalyzer box can accurately measure user’s blood alcohol content to a precision of 0.02% and 

display that information on a 7 segment LCD display.
Result: Met Requirement 70% of the time vs. commercial breathalyzer. 
Critical error rate <4% (detect <0.08 when not or vice-versa). 

● An inaccurate passcode will prevent the user from unlocking the breathalyzer box regardless of their 
blood alcohol content.
Result: Met Requirement.

● The breathalyzer box can prevent a push-to-start key from being used, and be manufacturable from 
less than $100 of parts.
Result: Met Requirement.
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Project Build Overview - Stages
Stage 1: Construction and test the separate individual 
components. 
● Passcode Circuit, Lock Mechanism, RFID / Case, 

Arduino Code, Alcohol Gas Sensor, Power Circuit, 
LED

Stage 2: Integrate related circuits. 
● Lock Mechanism with RFID / Case, Power Circuit 

with Arduino and LED
Stage 3: Full integration and testing. 
● Gather data of box fully together, and investigate 

future work. 
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Project Build (Software)
● Alcohol gas sensor data converted to a blood 

alcohol content with the 60 - 2s rolling 
average. 

● Thresholds set by comparing to commercial 
breathalyzer.

● Assume the box starts in locked state when 
turned on (i.e. always need to breath in to 
unlock). 

● When a breath is detected, blood alcohol 
content is calculated and sent to LEDs. 

● If user blood alcohol content < the legal limit, 
and passcode correct, box unlocks. 

● Solenoid re-extends after 1 minute, box 
locked when lid is closed. 
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Project Build (Physical Design)
Physical Case constructed in several stages. 
● Wood cut from 0.25” balsa wood using a 

dremel with wood blade. 
● Various components screwed together where 

reinforcement needed. (i.e. two lid pieces). 
● Wood glue with super glue used for all piece 

attachments. 
● Copper and aluminum foil super glued along 

with PCB, alcohol gas sensor, and and switch.
● Solenoid screwed down. 
● Groove cut in the lid for solenoid to extend into 

and lock case. 
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Requirement & Verification Tables
Power

● Passed all Requirement & Verification tests 
from 5V DC/DC converter and 12V battery. 

● 12V battery drop-off as charge decreased - 
discussed next slide.

● Used resistor network to test current.
● 5V DC/DC Output at >40% 

battery data on next slide. 
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Requirement & Verification Tables - 
Microcontroller and Passcode

● Passed all Requirement & Verification tests for 
Microcontroller and Passcode.

● Passcode Circuit PCB output = ~4.47 V for 
correct passcode, ~0.05V for incorrect.  
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Requirement & Verification Tables 
Physical Design

● Passed all Requirement & 
Verification tests for Physical Design.

● Lock switch changed from physical 
switch to part of container design. 

● Added aluminum to original RFID 
plan of just copper sheet. 
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Requirement & Verification Tables 
Alcohol Gas Sensor

● Passed all Requirement & Verification tests 
for Alcohol Gas Sensor.

● 60-2s difference for 0.07% on commercial 
breathalyzer avg ~-402.5

● 60-2s difference for 0.09% on commercial 
breathalyzer avg ~-450.0

● 0.24V difference between 0.07% and 0.09%. 
● Average difference between each 0.02% = 

~0.35V. 
● 60-2s difference for sober breath = ~+58.8 (or 

+0.294V vs. no difference for no breath. 
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Requirement & Verification Tables 
User Interface

● Passed all Requirement & Verification 
tests for User Interface.

● On / off switch part of battery. 
● LED Display supplied with 5V instead 

of 3.3V. 
○ Still within datasheet limitations, and based 

off of powering with 5V DC/DC converter.

● Added a second LED Display to 
container. 

○ Currently used for debugging information. 
○ Plan to take utilize as part of future work.
○ Passed all requirements of first display.
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Requirement & Verification Tables 
Lock Mechanism

● Passed all Requirement & Verification tests 
for Lock Mechanism.

● Due to battery limitations and regulator 
issues discussed previously, solenoid can 
receive as little as 8V. 

○ Still functions as expected. 

Relay receives ~4.5V 
from Arduino under 
load. (needs minimum 
3.5V to trigger)
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Functional Tests 
(Arduino, Relay, and Lock, Passcode)

● Two separate test circuits. 
○ Passcode
○ Arduino, Relay, and Lock

● Passcode test circuit was used to model what 
would eventually be on PCBs.

○ Valid passcode = ~4.47V output = strong logical high. 

● Arduino, Relay, Lock circuit was to test the 
ability or Arduino to trigger lock. 

○ 100% success rate after resolving current issues 
(discussed later in challenges). 

S



Challenges 
(RFID Blocking & Solenoid Overheat)

● Initial plan involved RFID blocking using 
copper sheeting for Faraday cage. 

○ Only worked ⅔ times. 
○ Gaps too large especially around hinge. 
○ Resolved using aluminum foil layers superglued 

to cover gaps. 

● Solenoid became extremely warm to the 
touch after being on for >few min. 

○ Solenoid draws 7.2 watt-hours (0.6 A x 12 V). 
○ Resolved by changing code to only unlock for 1 

minute - user then relocks by closing the box 
anytime after the 1 minute has passed. 
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Challenges (Alcohol Gas Sensor)

Breathalyzers are inherently inaccurate:
● fuel vapors, humidity, temperature, 

and ratio assumptions. 
● Dramatic  improvements after 24 

hour warm up (difference between 
individual BAC levels 50x). 

● 70% of values within 0.02% of 
commercial breathalyzer - room for 
improvement.
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Overall Success and Comparison Data

● Overall, project fully functioned as 
expected and originally envisioned. 

● Error rate for blood alcohol content > 
0.02% from commercial breathalyzer 
high 

○ Due to lack of data at upper blood alcohol 
ranges.

● Critical error rate low. 
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Future Work
● Functionality augmentation.
● Keypad has already been attached to 

box to test for future work. 
● Plan is to allow user to input their height, 

weight, and gender. 
● They can then press a switch on the box 

that will take in their next breath and 
calculate how approximately long until 
they can retrieve their keys. 

● Other future work around gathering more 
data from alcohol gas sensor, trying new 
sensors, and improving reliability. 
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Ethics and Safety
● Most effective way for us to collect data and test project is to test ourselves 

with drinking and compare versus a commercial breathalyzer. 
○ All group members 21.

● Need to make sure breathing apparatus and breathing into box is sanitary.
○ Designed to use straws, so user’s mouth does not make contact with device.

● Electronic components in moving box. 
○ Superglued PCB and all electronic components to box to prevent from moving around.
○ Used heat shrink to isolate exposed wires. 
○ Whenever possible, all electronic parts were kept within box in a separate area from key 

chamber.

● No consumer data saved about blood alcohol content. 
● Attempted to remain conservative with blood alcohol content to reduce risk of 

Critical Error 1. 
● Tested output voltage from battery to make sure it stayed at safe levels.
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Conclusion

Questions? 

Thank you to our TA, Shaoyu Meng!

Thank you to our Professor, Wei He!
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