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Drive Safe Project 
Motivation:  
 
Our project aims to reduce incidents of drunk driving by allowing drivers to assess their level of 
intoxication by performing a series of sobriety tests. This product could be used by the driver 
themselves as a way to make sure they are safe if they plan on going out for a drink; or by bars, 
restaurants, and party throwers at the exit to reduce the liability of drunk drivers leaving their 
events.  
 
The design is straightforward; a driver will place their keys in a box atop a pressure sensor. 
Once the sensor confirms keys are inside the box, the box will lock while the driver performs a 
series of sobriety tests. The driver will first scan their ID in a magnetic card reader to ensure 
they have their license with them. Next, the driver will use a breathalyzer to see if their blood 
alcohol content is over the legal driving limit. After completing the breathalyzer test, the driver 
will then have to answer a math question on a keypad in an allotted time period, to test cognitive 
skills. Finally, the driver will have to repeat a pattern shown by an LED on the keypad; the LED 
will blink certain colors and the driver must press corresponding buttons on the keypad in a 
certain allotted time period to test motor and cognitive skills. Once these tests have been 
performed and passed by the driver, the box will unlock and the driver may take their keys and 
drive home.  
 
Test Cases: What happens when a test is failed? That test will restart. There are a number of 
ways in which a certain test could be failed, so we had to account for that. In the beginning, the 
box will not close unless the pressure sensor is turned “on” by placing keys on top. The next test 
is the breathalyzer: if one does not breathe on the breathalyzer to try to cheat, the LCD will print 
“INCONCLUSIVE: BLOW AGAIN” and the test will restart. If the driver blows above the 
threshold (ie they are intoxicated) the LCD will print “TAKE A SEAT”. The breathalyzer needs 30 
seconds to work properly after a high alcohol concentration reading, so the breathalyzer will be 
available to blow again after 30 seconds after failing. The next test, the math question, will be 
restarted if the driver does not answer correctly, and will continue to restart until the correct 
answer is keyed in. The next test is the driver license swipe: if a card other than a california ID is 
swiped, the LCD will print “NO CHEATING” until the driver swipes their actual ID. The final test, 
pattern recognition, will only be passed if the driver keys in the correct string.  
 
Functional Definition:  
 
The Pressure Sensor: The first stimulus our device responds to is a change in pressure 
recorded by a pressure sensor. The driver places their keys atop a pressure sensor. When the 
value of this force is recorded and above a certain threshold, the arduino is instructed to move a 
servo motor controlling a piece of acrylic to lock the door of the box, similar to entrance of a pay 



station parking lot, entrapping the keys. Once the box has been locked over the keys, the first 
test in this gauntlet is able to be accessed. 
 
Magnetic Card Reader: This first test is a simple check to make sure the driver is driving with 
their license on their person. Using a magnetic card reader wired up to the arduino, the driver 
will slide their card through the reader. Once scanned, the arduino will a) check to make sure 
the card swiped was a California ID, and then b) print your name on the LCD screen, to ensure 
you are using the correct license.  
 
The Breathalyzer: To assess BAC, we used the MQ-3 alcohol gas sensor from Adafruit, which 
uses SnO2 as a conductor, whose conductivity increases in the presence of gaseous alcohol. 
The ratio of the conductivity of SnO2 in the presence of alcohol compared to clean air allows 
one to calculate the BAC from the driver’s breath. If conductance of the sensor goes above a 
certain calibrated value, the driver is asked to try the test again in 5 minutes. Once the 
breathalyzer test has been past, the arduino is instructed to move onto the next sobriety test. 
 
Math Question: In this field test, we make use of the LCD screen and a keypad that has been 
used in previous lab exercises in PHYS 124. The arduino is prompted in the setup of the code 
to generate a random number between 10 and 99. The number is then multiplied by 3, and the 
LCD is prompted to print “What is [insert random number multiplied by 3]/3?” thus, the answer 
will be the random number generated itself. This number is two digits, and the driver has a 
limited amount of time to use the keypad to key in the correct two digit answer. This answer is 
stored by the arduino and turned into a string. If this string matches the string version of the 
random number generated, the arduino is instructed to move onto the next test, If not, the driver 
is asked to try again.  
 
Pattern Repetition: This last test assesses the driver’s motor function and processing 
capability. A red and green LED blinks in a specific pattern, (e.g. green, red, red,  green). Keys 
on the keypad correspond to these colors (1=green, 2 = red), thus for the above example, the 
driver has to press 1 2 2 1 in succession in a certain alotted time, to test motor function and 
pattern recognition. This string will again save to the arduino and will be tested against the 
correct string for a given LED blink pattern. If the pattern is correct, the arduino turns the servo 
motor, allowing the driver to retrieve their keys and drive home.  
 
Sensors:  
 
Force Sensitive Resistor-Square (Adafruit): This sensor is connected to an analog pin on the 
Arduino, the sensor with no weight has a resistance upward of 1MΩ, which will decrease with 
increasing force applied on it. This sensor has a lower limit of detection of 100g, below the 
average weight of a person’s keys. The arduino responds to this sensing of the environment by 
turning the motor to lock the keys inside the box. 
 



Magstripe Reader (Adafruit): This sensor reads the digital information stored on a California ID 
magnetic stripe. This determines whether or not the driver has their license on them, and the 
arduino responds to this sensing by writing the name on  the ID on the LCD screen. 
 
MQ-3 Alcohol Gas Sensor (Adafruit): This sensor compares the analog voltage value across 
the SnO2 conductor while in the presence of gaseous alcohol to its value in clean air. The ratio 
of these values is related to the concentration of alcohol on the driver’s breath, thus giving a 
value for the driver’s BAC. The arduino responds to this stimulus by either allowing the driver to 
move onto the next test or repeating the breathalyzer again.  
 
Grayhill 4X4 Analog Keypad: This analog keypad is wired to record the values of pressed 
keys. The arduino responds to the stimulus of a keypress by recording the value of the key 
press or keypresses as a string, and then comparing that string to the “correct answer” string 
predetermined by the answer to the math question or sequence of LED’s for the pattern 
recognition test. 
 
Mechanical Considerations: 
 
The major mechanical consideration for this project is the lock box that the keys are placed in. 
The casing is simple wood pieces  nailed together. The top of the box is made of acrylic so the 
driver can see the keys inside. Attached to the side of the box is a servo motor connected to a 
long, thin wooden piece. The servo motor turns 90 degrees when keys are present inside the 
box, in turn blocking the box from opening due to the wooden piece. Inside the box is a force 
sensor, which lets the servo motor know to lock the box when keys are present. The acrylic lid 
opens via a simple hinge mechanism, just like a door.  
 
Electrical Considerations: 
 
This project requires all but 1  digital pin and every analog pin to accommodate all of our 
sensors and displays. The pressure sensor requires an analog pin output a The resistance of 
the sensor is inversely proportional to the weight on it. Thus, if a very light or no object is 
touching the sensor, the resistance is very high and the capaictor will take a very long time to 
charge. We then know if keys are on the sensor if the capacitor is charged before a given time 
tolerance. A schematic of this setup is shown below:  
 
 
 
 
 
 
 
 
 



 
 
 
 
Once the FSR has a value of HIGH (meaning keys are on top of it) the servo motor will lock the 
keys in the cage. The servo motor schematic is shown below:  
 
 
 
 
 
 
 
 
 
 
 
 
 
Now that the keys are locked inside the cage, the driver performs a breathalyzer test using the 
MQ-3 alcohol gas sensor. This sensor uses an analog pin to read the voltage across the SnO2 
resistor. The resistor has a resistance inversely proportional to the concentration of alcohol in 
the air surrounding it, thus a higher analog voltage read corresponds to a higher presence of 
gaseous alcohol. If the analog voltage is above a certain threshold, this will trigger the digital pin 
to be HIGH, signalling a BAC over the legal limit. A schematic of this sensor is shown below:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
After the breathalyzer test has been passed, two of the remaining tests are performed using the 
keypad and Liquid Crystal Display. The arduino keeps track of which key has been pressed 
through certain analog values. Different resistances are hooked up to different rows, thus a 
certain voltage corresponds to a certain row. The column that has been pressed is recognized 



by sweeping through all columns, similar to exercise 3 of Lab 3. A schematic of the keypad is 
shown below:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The liquid crystal display is connected to the Arduino without using an LCD shield, in order to 
preserve the ordering of the arduino pins, instead of mapping each pin to the appropriate pin on 
the shield. A schematic of how the LCD will be wired to the arduino is available on the Arduino 
website for the LCD library, and is shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Image taken from https://www.arduino.cc/en/Tutorial/HelloWorld 
 
Resistors, potentiometers, capacitors, and LEDs will all be employed for the electrical 
component of this project. 
 
The driver will use the Magstripe to swipe their ID. This will allow us to digitally read the 
information on the card. The Magstripe has two digital outputs from which information encoded 
on the card can be read. A schematic is shown below:  

https://www.arduino.cc/en/Tutorial/HelloWorld


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Interface: 
 
We used the Arduino Uno to complete this project. A 5V input from the Uno will power all 
sensors and displays. The pinout for this project is described below: 
 
Pressure sensor: pin A5 
Servo motor: pin 11 
Breathalyzer: pin A0 
Magstripe: pins 3, 4 
Keypad: pins A1, A2, A3, A4 
LCD screen: pins 9 8 7 6 5 4 
LED’s: pins 13 12 
 
Only 2 digital pins are vacant on the arduino for this project. The Gnd pin on the arduino is used 
as a ground. We use the Serial monitor to track functionality until the project is working 
satisfactorily.  
 
Software: 
 
Programming was done in C, using the Arduino IDE. We used the Liquid Crystal, PS2 keyboard 
and Servo libraries for the LCD, magstripe, and servo motor respectively. Most tests involve 
analog voltage readings to various output pins.  
 
The trickiest part of this was to get the Arduino to not only read the magnetic stripe when a card 
was swiped, but to turn the binary input into letters, and store those letters in a string, and print 



a specific part of that string on the LCD screen. It was also challenging to have the arduino test 
if a california license was swiped, instead of- say a credit card- which would allow the driver to 
“cheat” the system. 
 
Testing:  
 
Our project is portable and does not need any special conditions or mediums to operate 
effectively. This project is meant to be used inside a building, so apart from transporting it safely 
from the lab, it should work perfectly well in the presentation. 
 
Safety: 
 
This project operates at low voltages, with limited movement, without anything flammable, 
poisonous, or sharp. Safety hazards are very limited.  
 
Parts and Reusability:  
 
All sensors were either purchased by Dr. Barreiro or are available in the lab. Had to design the 
box and supply the hinge to build it. PHYS 124 projects in the future can make use of the 
Magstripe sensor, the breathalyzer and the pressure sensor. The cage and mechanical parts 
had the longest lead time, but all portions of the project were constructed in the allotted time.  
 
Expansion Options: 
 
One idea to expand the scope of the Drive Safe project is to attach the IR sensor used in the 
mini project to the door of the cage. When the cage is closed, the IR sensor would be activated, 
and this activation would prompt the arduino to turn the servo motor and lock the cage with the 
keys inside. Another reach goal would be to use an eye motion sensor to detect twitching of the 
eye, which can be a sign of intoxication.  
 
De-scope Options:  
 
The great thing about this project idea is the ability to expand and de-scope. In other projects, 
methods would have to change in order to de-scope. However, with this project, one can simply 
add or take away sections of the field sobriety test.If the tests become too monotonous, for 
example, the driver may get tired of having to pull out and swipe their ID every time, a test can 
be taken out with a couple of backslashes, allowing the entire test to be shorter.  
 



 
Examples of user interface

 


