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Introduction

Deaf drivers face challenges due to the inability to perceive
auditory cues like emergency sirens and car honking, leading to
delayed responses and increased accident risk. Current vehicle
safety systems often overlook the needs of deaf drivers,
resulting in a lack of reliable alerts and communication methods
during critical situations.

This research aims to develop an "Autonomous loT Enabled

Hazard Detection and Communication System for Deaf Drivers"

which will:

* Provide real-time visual and haptic alerts.

« Use advanced sensor technology, machine learning
algorithms, and a mobile application.

« Bridge the communication gap.

« Enhance driving safety for deaf drivers.
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Research Question

« How can an autonomous loT-enabled system effectively detect
emergency vehicle sirens and other critical sounds in real-time for deaf
drivers?

- What types of sensor technologies and machine learning algorithms are
most effective for identifying and processing auditory cues on the road?

» How can visual and haptic feedback mechanisms be optimized to ensure
deaf drivers receive timely and clear notifications?

« What are the challenges inintegrating such a system with existing
vehicle infrastructure and how can they be overcome?

« How can a mobile application be designed to support real-time hazard
detection and provide a seamless communication interface for deaf
drivers?

» How can the system ensure reliable performance in diverse driving
environments and conditions?

5o SLIIT
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OBJECTIVES

SUB OBJECTIVE

=7 Notification System

MAIN 0 BJ ECT IVE e Emergency Vehicle Detection and

The main objective of this research is to

develop a robust and accessible hazard Continued Vehicle Horn
detection and communication system Detection and Alert System

specifically designed for deaf drivers.

, Comprehensive Driver Behavior
y Monitoring and Reporting System

\9% Integrated Emergency Support

System for Deaf Drivers
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Commercialization

' §

Market Potential:

Partnerships with automotive manufacturers.
Targeted marketing towards the deaf community.
Integration with existing vehicle safety systems.

Potential for government or organizational funding support.
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SOFTWARE ENGINEERING
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Emergency Vehicle Detection and
Notification System
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Hardware Architecture
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Covered Areas

S

loT Al Mobile App
Development
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Sources of Audio Data

* Pre-existing Datasets
UrbanSound8K: Contains environmental sound clips, including sirens.
* Manual Collection

Emergency vehicles like ambulances, police cars, and fire trucks.
Different scenarios (urban, rural, heavy traffic).

* Publicly Available Recordings

Extract sounds from YouTube videos.

DATA COLLECTED TRAIN / TEST SPLIT ‘
25m 0s ‘ 80% / 20% A a
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Data Acquisition
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Deep Learning Model

Architecture : Convolutional Neural Network (CNN) architecture
Number of training cycles(epochs) : 300

Training processor : CPU

noise - correct
siren - correct
noise - incorrect

Add Data augmentation

ACCURACY LOSS
94.3%

000

siren - incorrect
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Model Optimization Techniques
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ed Effecdlent radel ezec

Reduces Model Size = " Mal Size improvee spe
125 UL o, Soamme
W
2o &

* used dropout — to prevent overfitting

 MFCC Features — Efficient audio representation

" EFficlent modelsciecl
and fealure sezlecton

o Simplet Convorgion J

Smallerr Model Sze of feature sestection
and feature reziactlon

e Reatbitezmferaion Reatwime Infersice Real-Time Infersice
=sene Nerol i on Repberry Pi

- —

223 SLIIT
5/28/2025 16

% FACULTY OF COMPUTING ~ IT21388316 | Rathnayake RM.S.N | 24-25]-132



ESP32 Nodemcu Board Processing

& sketch_mar4a | Arduino IDE 2.3.4
File Edit Sketch Tools Help

<

WiFi Connected!
Connecting to MQTT... 8 Connected to MQTT Broker (Anonymous)

¥ ESP32 Dev Module - ‘

Audio Chunk Sent Successfully

sketch_mar4a.ino Audio Chunk Successfully

#include <WiFi.h>

#incl <PubSubClient.h>
<driver/i2s.h>

Audio Chunk Sent Successfully
Audio ent Successfully
Audio Chunk Sent Successfully
Audio Chunk Sent Successfully
Audio Chunk Sent Successfully
Audio Chunk Sent Successfully
Audio Chunk Sent Successfully
* ssid - "Dialog 4 Audio C ent Successfully
Audio Chunk Sent Successfully

* password =

* mqtt_server Audio Chunk Sent Successfully

mqtt_port = 1 Audio Chunk Sent Successfully

A A AR RRRRRRONRNDD}

Audio ent Successfully

* mqtt_username =
* mqtt_password

WiFiClient espClient;
PubSubClient client(espClient);

String clientId = "ESP32 Client " + String(random(1@ee, 9999));

upI2s() {
i2s config = {
.mode = ( )(I2S_MODE_MASTER | I2S MODE_RX),
.sample rate = 160080,
.bits per_sample I2S BITS PER_SAMPLE_16BIT,

Serial Monitor x
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Raspberry pi Board Processing

import paho.mqii.client as mqLi

import rumpy &s np

import edge impulse linux.runner as oi
import time

& MOTT Configura
MOTT_BROKER =
MOTT_PORT = 1
AUDID_TOPRIC
ALERT_TORIC =

SIREN THRESHOLD 1. T Adjust 1T meeded
COOLDOWN_PERIOD = 5 & 5 seconds cooldown Detwes

Initialize dowm £ imer
last _detection_tims
@ | @ ) | &8 11

mode L ol . ImpulseaRunmner | |
model . Indt{)
primt 1
excepl Exception as &
print| &l")
eniEfl)

def on_connect{client, userdata, flags, rc)
ir rc |
print| )

File Edit Tabs Help

client . subscribe{AUDIO TOPIC
else
print| FE}")

def on_message(client, userdata, message)
global \ast_defection_tims

audic_data = np.rrombuffer|msessage.payload, dtype=np.intls
primt Len{asdio_data) userdatal

A LAk e amp e I we Rave 16,008 Tor nf&ref

FEEEE R R EE R R Y L A E E R E Y L A R N L O = T N T

userdataf ] = np.append|userdstal ), swsdia_data)

is Geany 1.38

Spaces indentation mode for /home/pifsiren detection.py

Spaces indentation mode for /home/pissiren_detection.py

File /homespi/siren detection.py opensd (1)

2= SLIT
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React Native App

File Edit Selection View Go & L researchapp &8 - 08 08 (I a

@ EXPLORER Appitsx M X W' AndroidManifestxm| M SirenAlert.tsx B indexjs M B metro.configjs M ﬂr)v g % O

“ RESEARCHAPP App.tsx > [@] styles > £ header

v [@® android

> W ios import React, {useEffect, useState, useRef} from 'react’;
import {

Text,

View,

SirenAlert.tsx StyleSheet

3

.eslintrc js Vibration,

> BB node_modules

~ @& src\components

.gitignore Animated,
Dimensions,
} from 'react-native’;
import {connect, MqttClient} from 'mqtt’;

= prettierrcjs
.watchmanconfig
app.json
i const {width: screenWidth, height: screenHeight} = Dimensions.get('window');

B babel.config,js
Gemfile export default function App() {

B indexjs const [alertMessage, setAlertMessage] = useState<string | null>(null);

jest.config s const [showAlertScreen, setShowAlertScreen] = useState(false);

tro.config,j
B metro.config js const fadeAnim = useRef(new Animated.Value(®)).current;

® package-lockjson const pulseAnim = useRef(new Animated.Value(1l)).current;
@ package.json
© README.md const radarCircles = [
tsconfig.json useRef(new Animated.Value(@)).current,
> OUTLINE useRef(new Animated.Value(®@.3)).current,

useRef(new Animated.Value(@.6)).current,

15

> TIMELINE

IT21388316 | Rathnayake RM.S.N | 24-25]J-132 5/28/2025 19



Notification System

953 M GA® 954 MANGAB

N Al 72% 6@
¥ Siren Alert System

@ Scanning for Sirens...

Siren Alert for Deaf Drivers

* SIREN

System Status

vontors.. DETECTED!

Current Alert:

No siren detected yet.

© Research Prototype * v1.0

e SLIIT
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Impact & Benefits

" @)10T Basep © 7
UdImproves Road Safety for Deaf Drivers <( a ((( «@j”»

-

- | A C/\ o /\ )
. . . IMPROVES ‘ . REAL-TIME
dReal-Time Detection and Alerting Fg,?;;gg’;%, BSL{‘T gjfg Et’i
e e
U Affordable [oT-based System . Rm%rgngv
0 y SiEN System

for Deaf Dnvers 7 AVOWELE
E + HAPTIC NOTIFATION

Scalable and Expandable f b 24 |

AFFa0ABLE +
DETECTION
AND ALERTING M| IOT System
’ ;g - AVFAUAL

o> 9 NETIFATION
&) £

Visual + Haptic notification

QSocial and Technological Im e D :
voctatand fechnologieal Impact 3. 2.
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Software Engineering
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Continued Vehicle Horn
Detection and Alert System

N

DeafConnect
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Introduction

* Deaf drivers cannot hear vehicle horns, risking their safety. %50 _oe 8

O" o («g »
‘§° “ee

© OO

2
e

* Existing systems don't help deaf drivers effectively.
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~ Research Question

How can we detect and classify horn sounds
accurately?

What machine learning methods can separate horn
sounds from background noise?

How can we determine the direction of the horn
sound using microphones?

What’s the best way to alert deaf drivers using visual
& haptic feedback?
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Research Gap and Novelty

Research Real-Time Localization | Noise Deaf Driver Year Key
Detection Robustness Focus Limitation

Beritelli 2021 No directional
Sharma ? ? ? 2024 Predictive
. . focus only
Zhao 2023 Lab-Only
My System 2025 Comprehensiv
e Solution
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Methodology

System Diagram

Alerts Logs
User Settings < l

Emergency Contacts

Firebase FireStore

(Cloud Database)

o ® Send Alerts
Process Signals/Classify
Horn
CNN
« Modular architecture
Determine Sound TDOA * User-friendly App
Direction

Capture Horn Sound®

128 SLIIT g’ 44

w FACULTY OF COMP G IT21278280

Mobile App

D (React Native)
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Specific and Sub Objective
Q Specific Objective

Develop a real-time horn detection system for deaf drivers

NS

DeafConnect
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Sub Obijective

@ Set up Microphones to Capture Horn Sounds

NES

DeafConnect

100%
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Sub Objective

Use Machine Learning to Classify Horn Sounds

@ﬂ Horn Classification

A pre-trained TensorFlow Lite model checks if the sound is a horn.

@ﬂ Mel Spectrogram: Convert audio to a frequency-time map (Mel spectrogram) with
2048-point FFT, 512-sample hop, 512 Mel bands, 86 time steps.

Confusion Matrix using CNN

True Label
No_Event

Predicted Label

Horn No_Event Noise

i >R — 0 w —14
@ﬂ Normalizes the spectrogram : R Odp — 130 x 107
0.9999999999953707

@ﬂ Model Prediction: Predicted class (e.g., "horm’).

Confidence (as %).

Direction angle (fgeg).

Is it a hom? (Yes if class = "horn’ and confidence > 0.6).
Left or right? (Left if faeg < 0.

Test Accuracy - 97% 5/28/2025
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Sub Objective

@ Apply TDOA to find the horn's direction

The system figures out if the horn comes from the left or right
using the time difference between the microphones.

Cross-Correlation: Compares left and right channel signals to find the time delay

@ @ max_lag

DeafConnect

time_difference = -
44100

Angle Calculation: W)

f# = arcsin (
0.1

Direction: * [f83ee < 0: Sound comes from the left. 1 100% |

* If B3eg = 0: Sound comes from the right.

w# FACULTY OF COMPUTING ~ IT21278280 | Fernando W.T.R.P | 24-25]-132 5/28/2025 32



Sub Obijective

Build a Mobile App for Visual & Haptic Alerts

WINEN - € uN UG VHBG - (ST ERLTY WMHBEE - LAY R T
Deaf Driver Safety System € HomDetection & HomDetection € HomDetection
Deaf Driver Alert System D) Deaf Driver Alert System@ Deaf Driver Alert System Ugh

ecled 1o Firestore

Deaf Driver Safety System

ey v - o) &

o Emer gency
Horn Detection Vehicl
oo No Horn Detected
DeafConnect
& +
] %
Driver Behavior Emergency
Monitoe Support System ’*\ ﬂ' “ ﬂ

RIGHT

Reset Alert

BTN 100%
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Step 1: Label Encoding

° ° "
1label_encoder = LabelEncoder ()
encoded_labels = label_encoder.fit_transform(labels)
# Convert to one-hot encoded format for multi-class classification
encoded_labels = to_categorical (encoded_labels, num_classes=1en(label_encoder.classes_))

# Step 2: Data Preprocessing

# Normalize the mel-spectrograms (scale to [e, 1])

Mel_features = (Mel_features - np.min(Mel_features)) / (np.max(Mel_features) - np.min(Mel_features))
print("Mi np.min(Mel_features))

print("Max = ",np.max(Mel_features))

# Reshape data to include channel dimension for CNN (n_samples, height, width, channels)
Mel_features = Mel_features[..., np.newaxis] # Shape: (n_samples, 512, max_length_frames, 1)

v Data Collection and Pre-Processing ..oz oo

/_ter ¥
Mel_features, encoded_labels, test_size=0.2, random_state=40, stratify=encoded_labels
)

# Further split trainingsvalidation into training and validation (75% train, 25% val of the 80%)
X_train, X_val, y_train, y_val = train_test_split(
X_temp, y_temp, test_size=6.3, random_state=62, stratif

/_temp

)

# Print shapes to verify

print(f"Training set shape: {X_train.shape}, {y_train.shape}")

print(f"Validation set shape: {X_val.shape}, {y_val.shape
print(f"Test set shape: {X_test.shape}, {y_test.shape}")

Model Accuracy Model Loss
e —— Train Loss
0 — Validation Loss
- 2
. L3
0s
15
307 "
3 §
£ 06 10
0s
s
04 — Train Accuracy
— valdation Accuracy | o i -
03
o 3 o 5 B % E) S 3 ) 5 B Y
Epoch Epoch

Summary of Sub
Objective v Accuracy Measures
Achievement

+ Fd ] i

Twal Drived Al Gysier ﬂ

v Testing using an App

iSLIT

100% Completion
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Technologies, Techniques & Algorithms
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Non-Functional Requirements

Real-Time Response

Standards/

Best Practices Usability for Deaf drivers

Modular Design Reliability and accuracy

Simple Ul for Deaf Users

Error Handling

n Open-source Frameworks
w5 FACULTY OF COMPUTING IT21278280 | Fernando W.T.R.P| 24-25]J-132 5/28/2025 36



Ethical, Legal, and Social Issues

O Respects user privacy.

Does not store personal data.

Designed for safety and accessibility.

‘ Supports equal access for deaf drivers.
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Data Preprocessing

# Step 1: Label Encoding

label_encoder = LabelEncoder()

encoded_labels = label_encoder.fit_transform(labels)

# Convert to one-hot encoded format for multi-class classification

encoded_labels = to_categorical(encoded_labels, num_classes=12n(label_encoder.classes_))

# Step 2: Data Preprocessing

# Normalize the mel-spectrograms (scale to [, 1])

Mel features = (Mel_features - np.min(Mel_features)) / (np.max(Mel_features) - np.min(Mel_features))
print("Min = ",np.min(Mel_features))

print("Max = ",np.max(Mel_features))

# Reshape data to include channel dimension for CNN (n_samples, height, width, channels)
Mel features = Mel_features[..., np.newaxis] # Shape: (n_samples, 512, max_length_frames, 1)

# Split into training and testing sets (80% train, 20% test)
X_temp, X_test, y temp, y test = train_test_split(
Mel_features, encoded_labels, test_size=6.2, random_state=46, stratify=encoded_labels

# Further split training+validation into training and validation (75% train, 25% val of the 80%)
X_train, X val, y_train, y val = train_test_split(
X_temp, y_temp, test_size=8.3, random_state=62, stratify=y_ temp

# Print shapes to verify

print(f"Training set shape: {X train.shape}, {y_train.shape}")
print(f"validation set shape: {X_val.shape}, {y val.shape}")
print(f"Test set shape: {X_test.shape}, {y test.shape}")

Proof of Completion

Build the CNN Model

# Step 3: Build the CNN Model
def create_cnn_model(input_shape, num_classes)
model = models.Sequential([
# First Convolutional Block

layers.Conv2D(32, (3, 3), activation="relu', padding='same', input_shape=input_shape),

layers.BatchNormalization(),
layers.MaxPooling2D((2, 2)),
layers.Dropout(©.25),

# Second Convolutional Block

layers.Conv2D(64, (3, 3), activation='relu’, padding='same'),
layers.BatchNormalization(),

layers.MaxPooling2D((2, 2)),

layers.Dropout(0.25),

# Third Convolutional Block

layers.Conv2D(128, (3, 3), activation="relu', padding="same'),
layers.BatchNormalization(),

layers.MaxPooling2D( (2, 2)),

layers.Dropout(9.25),

# Flatten and Dense Layers

layers.Flatten(),

layers.Dense(256, activation='relu’),
layers.BatchNormalization(),
layers.Dropout(6.5),

layers.Dense(num_classes, activation='softmax')

D

return model

# Define input shape and number of classes

input_shape = (Mel_features.shape[1], Mel_features.shape[2], 1) # (512, max_length_frames,

num_classes = len(label_encoder.classes_) # 3 classes

# Create and compile the model
model = create_cnn_model(input_shape, num_classes)
model.compile(optimizer="adam', loss="categorical_crossentropy', metrics=['accuracy'])

# Print model summary
model. summary( )

IT21278280 | Fernando W.T.R.P | 24-25]-132 5/28/2025
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Proof of Completion

Layer (type) Output Shape Param # Confusion Matrix using CNN
conv2d (Conv2D) (None, 512, 86, 32) 320
batch_normalization {(None, 512, 86, 32) 128

Horn

(BatchNormalization)

max_pooling2d (MaxPooling2D) {(None, 256, 43, 32) 0]
dropout (Dropout) {(None, 256, 43, 32) 0] - 0.6
U =
conv2d_1 (Conv2D) (None, 256, 43, 64) 18,496 §§
L
batch_normalization_1 {(None, 256, 43, 64) 256 E 2 -
(BatchNormalization) '
max_pooling2d_1 (MaxPooling2D) (None, 128, 21, 64) 0
dropout_1 (Dropout) (None, 128, 21, 64) 0 @
S
conv2d_2 (Conv2D) (None, 128, 21, 128) 73,856 =
batch_normalization_2 (None, 128, 21, 128) 512
(BatchNormalization) Horn No_Event Noise
Predicted Label
max_pooling2d_2 (MaxPooling2D) (None, 64, 10, 128) 0
dropout_2 (Dropout) (None, 64, 10, 128) 8] Model Accuracy Model Loss
1.0 1 =
e —— Train Loss
flatten (Flatten) (None, 81920) 0 o ci———————
.J 20_
dense (Dense) (None, 256) 20,971,776
0.8 A
batch_normalization_3 (None, 256) 1,024 | 154
(BatchNormalization) g %77 P
3 9
dropout_3 (Dropout) (None, 256) g | <08 10
dense_1 (Dense) (None, 3) 771 931 5
0.4 4 —_— i
Total params: 21,067,139 (80.36 MB) e ey
Trainable params: 21,066,179 (80.36 MB) 034’ ' ' ' ' ' . g L . : : : : ‘
Non-trainable params: 960 (3.75 KB) 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Epoch Epoch

.dest Accuracy - 97% e—C o>
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Proof of Completion

EV1dence of Completlon
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Comprehensive Driver Behavior Monitoring System.
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Background

¢ Multimodal Approaches in Driver Behavior Analysis:
1. CNN for Visual Inputs

* Purpose: Process spatial information from video or image data.
 Model Architecture: CNNs for video sequences to capture spatiotemporal features.

2. RNN for Temporal Sensor Data
* Purpose: Handle sequential data such as time-series signals.

* Model Architecture: LSTMs (Long Short-Term Memory) for long-range temporal
dependencies.

% FACULTY OF COMPUTING ~ IT21219566 | ThathsaraS.M.K. | 24-25]J-132 5/28/2025 44



System Diagram

aaaaaa Vehical Senser ﬁ
setup

L |

Driver Behavior Monitoring Driving Performance Monitoring
Facical Movement Analysis Model Performance Analysis Model
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Data Collection

* Driver behavior data was collected from Google, Kaggle.

DATACOLLECTED R TRAINZTEST SELIT & Collect data g
22,429 items %Y 79%/21% &
¥ Connect a device to start building your dataset.
Dataset i o B
o . » RAW DATA
Training (17.818)  Test D Y 8 )
img_99979
img_99979 phone-in-hand...  Yesterday, 01:...
img_99751 phone-in-hand...  Yesterday, 01:...
img_99633 phone-in-hand...  Yesterday, 01:...
img_99822 phone-in-hand...  Yesterday, 01:...
img_9974 phone-in-hand...  Yesterday, 01:...
img_99452 phone-in-hand...  Yesterday, 01:...
img_99429 phone-in-hand...  Yesterday, 01:...
img_99379 phone-in-hand...  Yesterday, 01:...

528 SLIIT
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https://www.kaggle.com/competitions/state-farm-distracted-driver-detection
https://www.kaggle.com/competitions/state-farm-distracted-driver-detection
https://www.kaggle.com/competitions/state-farm-distracted-driver-detection
https://www.kaggle.com/competitions/state-farm-distracted-driver-detection
https://www.kaggle.com/competitions/state-farm-distracted-driver-detection
https://www.kaggle.com/competitions/state-farm-distracted-driver-detection
https://www.kaggle.com/competitions/state-farm-distracted-driver-detection
https://www.kaggle.com/competitions/state-farm-distracted-driver-detection
https://www.kaggle.com/competitions/state-farm-distracted-driver-detection

Image data

Input axes

image

Image width

Resize mode

Fit shortest v

SLHT SLIT

O

Image height

o |
A-H

w5 FACULTY OF COMPUTING

Data Preprocessing

[ 10 Data classes

1. Normal driving
i T 2. Texting on right hand
TP ° 3. Talking on the phone right hand
o 4. Texting on left hand
lﬁfiﬁ?ﬂ?.f}n';f'{,ﬁ;‘i';?fg'fﬁl‘ﬁ 5. Talking on the phone left hand
radio, phone-in-hand-left, phone- 6. Operating the radio
in-hand-right, r ..
e L 7. Drinking / eating
Show all features v
8. Reaching behind
9.

Hair and makeup
10. Talking to the passenger
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Model Training

Neural Network settings
- . Data explorer (full training set
Training settings P (full training set) @
Number of training cycles @ 200 © drinking - correct v
©  hair-and-makeup - correct -
Use learned optimizer @ @ normal-driving - correct
@ operating-the-radio - correct ‘ @,
Learning rate ® 0.0001 @ phone-in-hand-left - correct
@ phone-in-hand-right - correct .
- @ reaching-behind - correct ” ”
Training processor CPU v
5P @ @ talking-on-the-phone-left - correct
, @ talking-on-the-phone-right - correct
Data augmentation ® . . ‘
@ talking-with-passenger - correct ‘ *
@ drinking - incorrect ®
_ . hair-and-makeup - i t
Advanced training settings a ®  hair-an ma EUF_’ ncorree '
@® normal-driving - incorrect
@ operating-the-radio - incorrect Q !
Validation set size @ 20 % @® phone-in-hand-left - incorrect
1 T B T S e L1 ot S TP + ' =
Split train/validation set on metadata key @
On-device performance @ Engine: ® [ EON™ Compiler (RAM optimized) « ]
Batch size ® 2
) INFERENCING ... PEAK RAM USA... FLASH USAGE
Auto-weight classes @
3 ms. 159.3K 175.5K
Profile int8 model ®
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Model Accuracy

Confusion matrix

ACCURACY
DRINK HAIR-» NORM OPER/ PHON PHON REACF TALKIlI TALKII TALKI UNCEI

91 l93% DRINKINtm 0.2%

HAIR-ANI 1.8% m 0% 0.2% 0.3% 0.3% 1.3% 0.3% 0.8% 0.8% 10.0%

0% 0.2% 0% 0.6% 0% 0.6% 0.6% 0.2% 4.3%

NORMAL- 0% 0.4% 0.2% 1.5% 0.4% 0.2% 0.2% 0% 0.4% 7.2%

OPERATII 02% 0% 0% m 0.4% 0% 0%  06% 0%  02% 2.3%
) . PHONE-II 0%  02% 08% 0% [Erv W 0% 0% 0% 0% 0%  6.3%
Metrics for Transfer learning X
PHONE-II 0.4%  02% 0% 0%  02% m 0% 0%  0.2% 0% 3.8%
METRIC VALUE REACHIN' 0%  03% 0% 0% 0%  0.3% m 03% 0% 0.8% 3.0%
TALKING- 0.2% 0.8% 06% 02% 08% 0%  0.4% 0.2%  0.8% 6.4%
Area under ROC Curve @ 1.00
TALKING- 0.6% 0.4% 0% 0% 0%  02% 02% 0% m 0%  3.9%
Weighted average Precision @ 0.95 TALKING- 0%  1.5% 1.2% 07% 0.5% 02% 05% 02% 0% m 7.5%
) F1 SCORE 0.95 0.9 093 097 084 097 096 083 096 0092
Weighted average Recall @ 0.95
i
Weighted average F1 score ® 0.95

IT21219566 | ThathsaraS.M.K. | 24-25]J-132 5/28/2025 49



Model Deployment

cap = cv2.VideoCapture(e)

while 3
ret, frame = cap.read()
if ret: DBM-Model-Run.py X

break DBM-Model-Run.py > & store_result
import cv2
import requests
import firebase_admin
resized_frame = cvz.resize(Frame, (96, 96}) from firebase admin import credentials, firestore
from datetime import datetime

result = classify_image(r‘esized_frame) cred = credentials.Certificate("D:/Driver-Behavior-Monitoring-Model-Run/serviceAccountKey.json™)
pr‘int(result) fireba?efadmin.in%tializeﬁapp(cred)
db = firestore.client()

classify image(image):

url = "http://localhost:1337/api/image”

_, img_encoded = cv2.imencode(.jpg’, image)

files = {'file': ('image.jpg', img_encoded.tobytes(), “image/jpeg’)}
response = requests.post(url, files=files)

return response.json()

store result(result)

cv2.imshow( ‘Webcam', frame)
if cv2.waitkKey(l) & @xFF == ord('q'):

break
store result(result):

cap.release() predicted class = max(result['result']['classification’'], key=result['result']['classification’'].get)
cv2.destroyAllwindows ()

doc_ref = db.collection( detections’).document()
doc_ref.set({

‘result’: predicted class,

‘timestamp’: datetime.now().isoformat

1)

cap = cv2.VideoCapture(®e)
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Model Deployment

O | .csasss7ass © 2¢425f3b15bb3beb898f6e6005d; 11daysago  704.37 MB

Docker container that includes an HTTP
interface to run the model.

PS D:\Driver-Behavior-Monitoring-Model-Run> & C:/Python311/python.exe d:/Driver-Behavior-Monitoring-Model-Run/DBM-Model-Run.py

{'result’: {'classification': {'drinking’: ©.000183092619408885335, 'hair-and-makeup': 1.2963785138708772e-06, 'normal-driving': 3.984605705429276e-07, 'operati
ng-the-radio’: 4.260187438376306e-07, 'phone-in-hand-left': 1.839543462866277e-86, 'phone-in-hand-right': ©.00031643625698052347, ‘reaching-behind': ©.99392151
83258057, 'talking-on-the-phone-left': 6.087520765252208e-11, 'talking-on-the-phone-right': 8.0855737304501235485, ‘talking-with-passenger': 2.089898316626204e

-e6}}, 'timing’': {'anomaly': @, ‘classification': 32, 'dsp': @, 'json': 19, ‘stdin': 1}}

{'result’: {'classification’: {'drinking': 8.736484596738592e-85, 'hair-and-makeup': 7.89706646742161e-88, 'normal-driving': 4.275167719836048e-11, 'operating-
the-radio’: 8.759949565728675e-88, 'phone-in-hand-left’: 1.4678050441752077e-10, 'phone-in-hand-right': ©.0001264539605472237, 'reaching-behind': ©.99976295232
77283, 'talking-on-the-phone-left': 3.215795947876499¢e-15, 'talking-on-the-phone-right’: 2.31312624237@3447e-05, 'talking-with-passenger': 5.321054263873748e-0

9}}, 'timing': {'anomaly': @, 'classification': @, 'dsp': @, 'json': @, 'stdin': @}}
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Database Configuration

dmin.initialize app(cred)
a'e.cllent()

() > detections > 08uCIrXnkNRAN.

-~

2 (default) I detections

+ Start collection + Add document

detections

g sLT

s FACULTY OF COMPUTING IT21219566 | ThathsaraS. M. K.

¢ 0@8uCIrXnkNRAINTIBEmcg

OGu8IMC32inSUrVhlpng
BQHzLNjCFZY5k07¢

BVFOphRmO0f62900D2 jK

TWkKHITzFbciEhimDn2C
1X2kyVXACjKnBjFgMAI9

1pnBUhFBJLIpt1F

WYLnhfLzc
2NQuKmmU2BmSSDzEcSDI
2P1uNvRImTvTavig71C3

2YOIL7cLxgFDYDxpEWEK

& 08uCIrXnkNRANTIBEmcg

+ Start collection
+ Add field

result: ‘reaching-behind”

timestamp: "2025-03-19T02:10:13.977245"

| 24-25]-132
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Mobile Application

Dialog all &

Driver Behnvinr
Aneliectics

Driver Behnvinrs

Renching Behind

Detected nt 21:49:17

% 0%

Renching Behind

Detected nt 02:10:13

Behavior Distributinn
t Detect

Renching Behind

Detected ot 21:47:5
@ 370 Resching ek

Renching Behind

. 9 Drinking Detected ot 21:49:13

Renching Behind

Detected ot 21:47:53

g Behind: 970 D
g @ orinking: 9 (1%)

Renching Behind
Detected at 03:20:3 1
Hands-free devices are safer but <an

still be distrncting

Renching Behind

Pate

I ‘

ESLIT
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Communication Support System for Deaf
Drivers
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INTRODUCTION

» LipAssist is a lip reading model designed to assist the deaf and hard-of-hearing community

» It uses deep learning to interpret lip movements and convert them into text.
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RESEARCH QUESTION

Q How can deaf drivers share emergency details effectively without

spoken communication ?

What delays do deaf drivers face in getting help during

; emergencies ?
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OBJECTIVES

To create a real-time lip-reading tool that helps
deaf drivers understand spoken instructions during
emergencies, ensuring safety and clear
communication.

Communication Facilitation

lip reading model

Emergency scenarios

Offline Capability
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SYSTEM

OVERVIEW

Backend Server

Lip Assist Inference Module

Input Predefined video

|

Validates upload

Calls model service

Load pretrained model

Process video frames

Predict spoken words

< PreProcssiing

— 5 Transcribed text

Display Output
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Data collection

B The GRID audiovisual sentence corpus

Lar ]
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What is GRID? | Examples | Downloading | Documentation | Credits

What is GRID?

GRID is a large multitalker audiovisual sentence corpus to support joint computational-behavioral studies in speech perception. In brief, the corpus consists of high-quality audio and video (facial) recc
now". The corpus, together with transcriptions, is freely available for research use. GRID is described in more detail in this paper.
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Word Structure

Word Type

Command bin, lay, place, set
Color blue, green, red, white
Preposition at, by, in, with

Letter A to Z (excluding W)
Digit 0to9
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Alignment Data Visualization

print(f'This is the alingments of the one video: {alignments}')

print(" ")

tf.strings.reduce join([bytes.decode(i) for 1 in num to char(alignments.numpy()).numpy()])
plt.imshow(frames|[74])

This is the alingments of the one video: [ 2 914 39 212 21 539 120639 6 39 20 23 15 39 14 15 23]

<matplotlib.image.AxesImage at @x7eac63db5570>

SLII
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Video Frame Data Representation & Predictions

print(f‘whole the frame: {frames.shape}’)

ranesiel Epoch 123: val loss did not improve from 1.43750

/1 — @s 122ms/step
Original: set white at u nine soon

<tf.Tensor: shape=(46, 140, 1), dtype=float32, numpy= Predicted: set white at u nine son
array([[[1.4991663 ],
[1.4991663 ],

1.4616871 1, Original: set white by 1 four now
Predicted: set white by 1 four now

whole the frame: (75, 46, 140, 1)

P P B T P P B P B B B P P B S T P B B P T P P T P P P PP P P T

ey
.41227072],
.41227072],
.41227072]],

1.4991663 ],
'-jziigi}, Epoch 129: val loss improved from 1.38357 to 1.31727, saving model to best weights.weights.h5
1.4616871 1,
/1 —— Q8 2TMS[step
-a1227072], original: set red by h eight now

jﬁi:g;g] Predicted: set red by h eight now

PPN OSSNSO NSNS NSNS NSNS NSNS NSNS APPSO NSNS AN NSNS NSNS NSNS NSNS NSNS NSNS AN AN NSNS NSNS NSNS NSNS NSNS NSNS NSNS NSNS NN

1.4616871 ], original: set blue at n two now
.4616871 1,

1.4991663 ]|, Predicted: set blue at t two now
.3373124 1,
.3373124 ],
.3373124 1],

1.0119373 ],

.87495831],
.87495831],
.83747915]]], dtype=float32)>

528 SLIIT
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Model Architecture Summary

model.summary{}

Total params: (32.32 MB)

Model: “seguential”

Layer (type) Output Shape
(None, 75, 45, s

| conv3d ( )

Trainable params: (32.32 MB)

| batch_normalization
( )

| activation (

| max_pooling3d (

Non-trainable params:

conv
batch_normalization_1
( )

activation_1 (

max_pooling3d_ 1 (

| conv 2 [ )

| batch normalization 2
" ;

| activation 2 (
| max_pooling3d 2 (

| time_distributed
)

| bidirectional (
| dropout ( )
| bidirectional 1 (

| dropout_1 (

| dense (

528 SLIIT
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ackend Implementation

def load _model() -> Sequential: def load data(path: str):
model = Sequential() def load video(path:str) -»> List[float]: path = bytes.decode(path.numpy())
cap = cv2.VideoCapture(path) print(f'This is the path: {path}')
.add(Conv3D(128, 3, input_shape=(75, 45, 140, 1), padding="came')) frames = [] file name = path.split("\\")[-1].split(".")[e]

.add(BatchNormalization()) £n . : / ; 1 Yy -
| add{Activation( relu']) for _ in range{int(cap.get((cv2.CAP_PROP_FRAME_COUNT))))
.add(MaxPoo13D(pool_size=(1, 2, 2))) ret, frame = cap.read()

frame = tf.image.rgb to grayscale(frame)
.add(Conv3D(256, 3, padding-'same’)) frames. append(frame[198:236, 80:220, :]) Vl‘.jGO_Pﬂth = OS-Path-Jﬁln(_ f‘a‘-éf > ::1 > ‘I‘.Flle_nf'me,l--mf-g ) . R
-add(BatchNormalization()) cap.r‘elease() alignment_path = os.path.join("data’, 'alignments®, 's1', f'{file name}.align")
.add(Activation('relu'))
.add(MaxPool13D(pool_size=(1, 2, 2)))

file_name = os.path.splitext(os.path.basename(path))[@]

mean = tf.math.reduce_mean(frames) if not os.path.exists(video_path):
T R T e std = tf.math.reduce_std(tf.cast(frames, tf.float32)) raise FileNotFoundError(f“Video file not found: {video_path}")

-add(BatchNormalization()) return tf.cast((frames - mean), tf.float32)/std ST DD Crermilema s Darerl pRiy s _ ‘
.add(Activation( relu’)) raise FileNotFoundError(f“Alignment file not found: {alignment_path}")

-add(MaxPool13D(pool_size=(1, 2, 2)))

frames = load_video(video_path)

-add(TimeDistributed(Reshape((-1,)))) alignments = load_alignments(alignment_path)

.add(Bidirectional(LSTM(128, kernel_initializer="orthogonal’, return_sequences=Trus))) return frames, alignments
.add(Dropout(8.5))

f load_alignments(path:str) -» List[str]:
.add(Bidirectional (LSTM({128, kernel_initialirzer="orthogonal’, return_sequences=True))) with Dpen(path, r ) as f:
-add(Dropout (8.5)) lines = f.readlines()
tokens = []

.add(Dense(char_te num.vocabulary size() + 1, kernel initializer="he normal’, activation="softmax’)) for line in lines:

line = line.split()

if line[2] 1= "sil’:

"new_best_weights2.weights.h5")) tokens = [*tokens, - » line :2 ]

irn model
— return char_to_num(tf.reshape(tf.strings.unicode_split(tokens, input_encoding="UTF-8"), (-1)))[1:]
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Testing Using A WebApp

‘Select 2 video from the dataset below:

bbaf2n.mpg

Welcome to
DeafAssist!

DeafAssist s designed to & Original Video Preview 4 Model Input Visualization
enhance communication for — Tor 4
deaf drivers in emergency 9
situations by leveraging

reat-time lip reading and

voice-o-text conversion.

[ Architecture Flow: > 8 Model loaded successfully!

Input Video Frames (T xHx

wx0)

+ &l Raw Model Predictions
3D Convolutional Layers

(Spatiotemporal Feature
Extraction)

+

Bidirectional GRUS
(Temporal Modeling)

+

Fully Connected Layer
(Vocabulary Prediction)

® . CTC Decoded Tokens
CTC Loss (Sequence

Alignment)

+

Output Sequence (Words or

Phonemes)

Raw argmax tokens:

$®: Decoded Speech
® How to Use:
1. Upload or select a pre-
loaded video: Choose a _ I -
video to test real-time video:62KiB audi KiB other streams:0KiB global headers:0KiB muxing overhead: 3.33
o reache; Predicted Transcript: bin blve st £ tw now frame= fps=0.0 g .0 Lsize= 111KiB time=00:00:02.92 bitrate= 312.7kbits/s speed= 15x
2 \Vkioc Prosdose Mo [libx264 @ ©000018b7ded0a8e] frame I:1 Avg QP:21.85 size: 6320
e [libx264 @ 00O0A18b7ded0a80] frame P:47  Avg QP:21.91 size: 1620
[libx264 @ 00OEO18b7ded0a80] frame 7/ Avg QP:23.47 size: 297
[libx264 @ 0000018b7ded0a88] consecutive B-frames: 49.3% 5.3% 8.0% 37.3%
[libx26u 0000018b7ded®a80] mb I I16..4: 32.4% 66.9% 0.7%
[libx264 0000018b7ded0a8e] mb P I16..4 3.2% 2.7% 0.0% Pl6..4: 40.8% 8.9% 6.7% 0.0% 0.0% skip:37.8%
[libx264 @ 6000018b7ded0a80] mb B I16..4: ©.7% 0.8% 0.0% B16..8: 30.9% 1.1% 0.1% direct: 1.3% skip:65.2% 10:53.1% L1:U45.6% BI: 1.4%
[libx264 @ ©000018b7ded0a8®] 8x8 transform intra:51.9% inter:83.9
[libx264 @ ©000018b7ded®a80] coded y,uvDC, uvAC intra: 27.3% 67.7% 8.8% inter: 9.4% 25.0% 1.1%
[libx26u 0000018b7ded®a80] ilé v, h dc,p: 14% 30% 13% U3%
[libx264 @ 0000018b7dedda80] i8 v, h,dc,ddl,ddr,vr hd, vl hu: 18% 29% 41% 2% 1% 2% 1% 2% 3%
[libx264 @ 6000018b7ded®a88] id4 v, h,dc,ddl, ddr vr hd,vl hu: 17% 31% 6% 4% 2% 38% 2% 0% 0%
[libx264 a i8c dc,h,v,p: 42% 26% 26% 6%
[libx264 @ ©000018b7ded0a80] Weighted P-Frames: Y:0.0% UV:0.0%
[libx26u 0000018b7ded®a80] ref P LO: 64.8% 7.6% 18.4% 9.2%
[libx264 0000018b7ded0a80] ref B LO: 79.2% 14.6% 6.2%
[libx264 a ref B L1: 94.6% 5.U4%
[Libx264 a kb/s:166.16
[aac @ 0000018b7daedc80] Qavg: 1083.495
This is the path: data\sl\bbaf2n.mpg
WARNING:tensorfloi out of the last 5 calls to <function TensorFlowTrainer.make_predict_function.<locals>.one_step_on_data_distributed at 9x00!
f.function retracing. Tracing is expensive and the excessive number of tracings could be due to (1) creating @tf.function repeatedly in a loop,
ifferent shapes, (3) passing Python objects instead of tensors. For (1), please define your @tf.function outside of the loop. For (2), @tf.func
rue option that can avoid unnecessary retracing. For (3), please refer to https://www.tensorflow.org/guide/function#controlling_retracing and h
pi_docs/python/tf/function for more details.
1/1 2s 2s/step
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