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Introduction

Intoxicated driving poses a critical public
health issue in the United States. According
to the CDC (Centers for Disease Control and
Prevention),

- 32 people in the United States are killed
every day in crashes involving an alcohol-
impaired driver

- That is one death every 45 minutes

The consumption of alcohol and drugs can
significantly impair one's ability to accurately
judge their level of impairment, leading to
tragic consequences on the roadways.
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Drinking alcohol causes the
pupils to dilate or expand.

In the state of Washington,
the legal limit for blood
alcohol content (BAC) while
driving is 0.08%.

The locus coeruleus is a
brain structure that controls

pupil dilation and
constriction.

Preliminary Research

The muscles in the iris,
which controls the size of
the pupil, become relaxed
because of alcohol on the

body.

Pupillometry is a technique
used to measure changes in
pupil size.

Alcohol diminishes
norepinephrine release in
the locus coeruleus, which

can affect pupil size and
other physiological
processes in the body.
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. Can a mathematical model be developed to

Research Questions

accurately predict drug/alcohol intoxication
based on changes in pupil size and reactivity?

How well does the model integrate into an
app to detect drug/alcohol intoxication
compared to traditional methods (e.g.,
breathalyzers, blood tests)

How can the app be designed to protect the
privacy and rights of individuals who are being
tested for drug/alcohol intoxication?

How can the app be user-friendly and easy for
law enforcement and other users?

How can the app be adapted for other
scenarios, such as medical imaging and
security systems?




Hypothesis

If 1 can develop an app that utilizes computer
vision algorithms to analyze pupil size and
reactivity, it will accurately predict drug/alcohol
intoxication with a sensitivity and specificity of
at least 90% compared to traditional methods
such as breathalyzers and blood tests.

This hypothesis states that the app, which uses
computer vision algorithms to analyze pupil size
and reactivity, can accurately predict drug/alcohol
intoxication with high accuracy (90% or higher)
compared to traditional methods. It also sets a
specific benchmark for the app's performance in
terms of sensitivity and specificity, which
measures how well the app can correctly identify
individuals under the influence and those not.
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Image capture: The first step is
to capture an image of the
person's eye using the camera on
the mobile device. The app will
use the camera to take a clear and
focused image of the person's

2
eye.

Data analysis: The app will then
use machine learning algorithms
to analyze the data collected from
the ratio of

pupil/iris measurement and
compare it with a database of
known patterns of drug and
alcohol intoxication.

Procedure

Pupil and iris detection: The
next step 1s to use computer
vision algorithms to detect and
locate the pupil in the captured
image. The app will use various
image processing techniques to
identify the pupil and remove any
unwanted artifacts or reflections.

If not intoxicated, the

user will be informed,

and they will be told to
have a safe drive

Pupil and iris measurement:
Once the pupil and iris are
detected, the app will measure
pupil and then compare its size to
the iris to give a ratio.

If intoxicated, the user
will be informed and
taken to another screen
to call an emergency
contact or connect and
confirm with an uber or
another transportation
service




Detection

Ratio Calculation Function

Program

def find_ratio(image):
small diameter, small circle img = find small diameter(image)

import cv2
import numpy as np
from motplotlib import pyplot as plt

def find_small_dismeter(image):
# Blur the imoge to reduce noise
gray_blurred = cv2.medianBlur(image, 5)

# Apply the HoughCircles function to detect small circles

print(circles)
if circles is None:
print("Unable to detect a small diameter circle (e.g. the pupil)")
return None, None
# Convert the circle parometers a, b and r to integers.
detected_circles = np.uintl6(np.around(circles))

Jdef find big diameter(image):
# Blur the imoge to reduce noise
gray_blurred = cv2.medianglur(image, 5)

# Apply the HoughCircles function to detect big cireies
circles = cv2.HoughCircles(gray blurred, cv2.HOUGH GRADIENT,

print(circles)

1, 20, param1-56, param2-36, minRadius=6, maxRadius=25)|

if circles is None:
print(*Unable to detect a big diameter circle (e.g. the iris)")
return None, None

# Convert the circle parameters @, b and r to integers.

detected_circles = np.uint16(np.around(circles))

# Make a copy of the image to draw the circles on
circle_img = gray_blurred.copy()

diameter = &
# Plot each circle

count - 1

for pt in detected circles[o, :]:
ptle] # X-coordinate
pPt[1l] # Y-coordinate
pt[2] # Radius

2

Iris Detection Function

¥
"
a
diameter - d

print(f"Circle #{count} detected at ({x}, {y}) with raidus={r} pixels")
print(d)

# Draw the circumference of the circle in green)

ov2.circle(circle_img, (x, ¥)s r» (8, 255, 8), 2)

# Drow o small circle (of radius 1) to show the center in red.
5 (255, @, @), 3)

ov2.circle(circle_img, (x, ¥),

count += 1

Pupil Detection Function

circles = cv2.HoughCircles(gray_blurred, cv2.HOUGH GRADIENT, 1, 20, paraml=5@, param2=30, minRadius=38, maxRadius=58)

return diameter,circle img

big diameter, big circle_img = find big diameter(image)
ratio = small diameter/big diameter
return ratio, small circle img, big circle img

if ratioc is none:
return "Both diameters must be provided to calculate the ratio.”|

# Load the image

image = cv2.imread(‘eyes13.jpg", @)

print(image.shape)

ratio, small circle img, big circle img = find ratio(image)
print(“Ratio of the diameters: ", ratio)

plt.imshow(small circle img, cmap = "gray")
plt.show()

# Display the image with big circles
plt.imshow(big circle_img, cmap = “"gray”)
pli-show()

find_small_diameter(image): This function takes an image as input and ap
median filter to reduce noise. It then applies HoughCir to detect small cir

the pupil) within a specified radius range. It returns the diameter of the detected circle

an image with the detected circle drawn on it.
find_big_diameter(image): This function takes an image as input and 2
to reduce noise. It then applies HoughCitcles to detect larger circles (e.g
It returns the diameter of the detected circle

pplics a

median filter
the iris) within a specified radius rang

an image with the detected citcle drawn on it.

find_ratio(image): This function takes an image as input and calls the
find_pupil_diameter and find_iris_diameter functions to detect the small and
ircles respectively. It then calculates the ratio of the diameters of the detected circles
g circles.

big

ci
and returns the ratio along with images of the detected small and |




.®

Welcome

Crsoarsing

App Development

Tuterial

& MainTab

Comact

Srat prtaniyaaman som

You are not intoxicated

This current image
provided proves
that you are
currently not
intoxicated and
safe to drive.

Have a safe drive!

You are intoxicated

Call Uber
Call Emergency
Contact

D v
Grab
~ DiDi
o Ola
2D sot
) Heio
i) inDriver
99 99
p Yandex




NO RESULT

jpupil compared againat the s

cation in
) resction ime of the




Conclusion

In conclusion, the app accurately detects the diameters of the
iris and pupil and calculates their ratios. The app aims to
provide a tool for individuals to assess their level of intoxication
based on a ratio of the diameter of the small and big circles in
their eyes. The app includes an onboarding process, a home
screen with a test button, a privacy policy, a contact screen, and a
settings screen for customization options. In the future, clinically
testing this app results to compare with the FDA-approved
pupillometer (a medical device intended to measure by reflected
light the pupil size) Overall, the app aims to promote safety by
providing individuals with a quick and easy way to assess

their level of intoxication and make informed decisions.
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