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Executive Summary

Road traffic accidents remain a leading cause of death and injury in Sri Lanka, with over 2,000 fatalities
reported annually. Public bus operations are disproportionately represented in these statistics, with driver
fatigue, mobile phone use, and inattentiveness identified by the National Transport Commission as
primary contributing factors. Despite this, Sri Lanka's bus fleet has operated without any proactive,
automated driver monitoring capability — relying instead on reactive post-accident reporting and manual

inspections that consistently fail to prevent incidents before they occur.

The SafeDriver Solution

SafeDriver is a fully implemented, Al-powered hybrid edge-cloud platform that continuously monitors
bus driver behaviour in real time and intervenes before unsafe situations escalate into accidents. The
system deploys a Raspberry Pi 4-based embedded unit fitted with a NoIR infrared camera and GPS module
inside the bus cabin. Using OpenCV, MediaPipe, TensorFlow Lite, and YOLO running locally on the
device, SafeDriver detects drowsiness through Eye Aspect Ratio and PERCLOS calculations, yawning
via Mouth Aspect Ratio analysis, head-turn distraction, mobile phone use, and cigarette smoking — all at

29-31 frames per second with sub-100 millisecond local alert latency.

System Architecture and Key Components

Component Delivered Capability
Embedded Real-time detection of drowsiness, yawning, head-turn distraction, mobile
Monitor phone use, and smoking on Raspberry Pi 4 at 29-31 FPS using MediaPipe,

TensorFlow Lite, and YOLO.

Alert Escalation | Four-level graduated response: immediate on-device buzzer and voice
warning escalating to Firebase cloud push notifications and NTC authority
SMS for persistent unsafe behaviour.

Authority NextJS web application with live fleet map, real-time alert management
Dashboard (Active / Acknowledged / Resolved), driver profiles, route monitoring,
feedback analytics, and hazard zone mapping across Sri Lanka.




Component Delivered Capability

Passenger Flutter cross-platform app (Android & 10S) with live bus safety status,
Mobile App driver and bus feedback, reward points, emergency SOS with contact

confirmation, and multilingual support in English, Sinhala, and Tamil.

Cloud Backend | Firebase Firestore (10-entity normalized schema), Cloud Functions,

Authentication, and Cloud Messaging with offline alert buffering for
intermittent rural connectivity.

Table 2:System Architecture and Key Components

Outcomes and Achievements

All core driver behaviour detection algorithms — drowsiness, yawning, head-turn, phone use, and
smoking — implemented and validated with confidence scores consistently above 0.77 in testing.
End-to-end alert pipeline from on-device detection to authority dashboard notification confirmed
operational with latency under 5 seconds over standard connectivity.

Authority web dashboard deployed with live Firestore integration, showing real fleet data including
driver records, bus assignments, alert histories, and passenger feedback.

Passenger mobile application delivered in three languages with feedback submission, reward points,
emergency SOS, real-time bus safety status, and QR-based bus identification.

Comprehensive test suite prepared covering 10 functional and 8 non-functional test cases across
performance, security, reliability, and usability dimensions.

Total per-vehicle hardware cost of approximately LKR 75,000 — substantially below imported

commercial alternatives — making nationwide fleet deployment economically viable.

Significance and Impact

SafeDriver is the first driver monitoring solution purpose-built for Sri Lanka's right-hand-drive public bus

fleet, with multilingual interfaces, tropical climate hardware selection, and integration with NTC

regulatory reporting requirements. By shifting from reactive accident investigation to proactive real-time

intervention, the system has the potential to meaningfully reduce the human and economic cost of bus-

related road accidents across the country. The modular, open-source-based architecture ensures the

platform can scale cost-effectively across the national fleet and adapt to future regulatory and operational

requirements



1.Introduction

1.1 Background

Road safety is a complex global challenge, particularly acute in developing countries where infrastructure,
enforcement, and awareness may be inadequate. In Sri Lanka, over 2,000 road fatalities are reported
annually, with bus accidents accounting for a significant proportion. According to the National Transport
Commission (NTC), the leading causes include driver fatigue, mobile phone use while driving, and general

Inattentiveness to road conditions.

Traditional safety measures in Sri Lanka rely heavily on reactive processes: accident reports, manual
inspections, and driver self-reporting. These approaches fail to provide real-time interventions, which have
been proven critical in reducing accident risk. Advancements in computer vision, machine learning, and
embedded systems now offer new possibilities. Systems using cameras and Al to monitor drivers have
demonstrated effectiveness in detecting early warning signs such as prolonged eye closure (PERCLOS),
yawning, and head pose changes indicative of drowsiness. Moreover, integrating driver monitoring
systems with GPS data and cloud infrastructure enables hazard mapping and timely alerts, fundamentally

improving accident prevention and emergency response.

1.2 Problem Statement

Sri Lanka's public transport system currently lacks a proactive and continuous monitoring mechanism for

the safety of drivers and passengers while on the move. Key challenges identified include:
* Absence of real-time detection of driver fatigue and distraction, leading to unaddressed risky
behavior during operation.

* Delayed accident prevention — warnings or interventions typically occur post-incident rather than

proactively.

* Limited communication pathways between drivers, transport authorities, and passengers regarding

live safety status.

* Lack of scalable, cost-effective Al-enabled monitoring solutions tailored to local conditions

including right-hand-drive vehicles, tropical climates, and multilingual requirements.

* High per-vehicle costs of imported commercial systems that are unsustainable at national scale.
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1.3 Project Aim

The SafeDriver system aims to revolutionize public transport safety in Sri Lanka by providing a
comprehensive, Al-driven monitoring solution that bridges the gap between reactive accident reporting
and proactive safety intervention. The system serves as a technological backbone for modernizing Sri
Lanka's public transport infrastructure while ensuring scalability and cost-effectiveness through locally

developed, open-source-based hardware and software.

1.4 1.4 Objectives

e Detect drowsiness using Eye Aspect Ratio (EAR), blink frequency, head pose and yawning
detection.

e Identify distractions (mobile phone usage) via CNN models.

e Implement a multi level alert system (buzzer, voice, authority notifications).

e Integrate GPS based hazard mapping for accident prone zones.

e Develop a passenger transparency mobile application.

e (Generate automated compliance reports for authorities.

1.5 Project Scope

SafeDriver is a modular, scalable driver-monitoring system targeting Sri Lankan public bus fleets. The
system continuously analyses driver behavior to detect drowsiness and distraction and escalates alerts to
drivers, authorities, and passengers via a hybrid edge-cloud architecture. The solution encompasses four
integrated tiers: (1) an embedded device on Raspberry Pi 4 performing real-time Al inference, (2) an edge
analytics layer processing detections locally, (3) a Firebase cloud services layer for data persistence and

communications, and (4) user-facing web and mobile applications for authorities and passengers.
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Summary of Chapter 1

Chapter 1 restates the project background, problem statement, aim, objectives, and scope to frame
SafeDriver as a proactive Al-based solution for improving bus safety in Sri Lanka. It explains that current
public transport safety practices are largely reactive and do not provide real-time intervention for
drowsiness or distraction, which creates a serious accident risk. The chapter also establishes the project’s
intended outcomes, including drowsiness detection, distraction identification, multi-level alerts, GPS-

based hazard mapping, a passenger transparency app, and automated compliance reporting.

12



2. Literature Review

2.1 Driver Monitoring Approaches

The literature on driver monitoring systems identifies four main technical approaches: image-based
methods using facial features, biological-signal-based methods (EEG, ECG), vehicle-based measures
(steering and lane behavior), and hybrid combinations of these. Each approach presents distinct trade-offs

between accuracy, implementation cost, and practical deployability in real-world transport contexts.

Image-based deep learning models such as 3D CNNs and CNN-LSTM networks have achieved over 90%
accuracy for drowsiness detection in controlled environments. Specialized architectures can detect
mobile-phone usage and other distractions with accuracy above 95%. These results demonstrate that
computer vision and deep learning provide a strong technical foundation for real-time detection of risky
driver behaviors. However, most published benchmarks are obtained under ideal laboratory conditions
with controlled lighting and standardized camera positioning, limiting their direct generalizability to field

deployments.

Biological signal approaches using EEG and ECG offer high physiological accuracy but require physical
sensors attached to the driver, making them impractical for public transport deployment where drivers
change frequently. Vehicle-based approaches monitoring steering behavior and lane deviation are non-
intrusive but suffer from elevated false-positive rates due to legitimate driving maneuvers and variable

road conditions.

2.2 Deep Learning Techniques for Drowsiness and Distraction Detection

The PERCLOS (Percentage of Eye Closure) metric has been established as a highly reliable indicator of
driver drowsiness, measuring the proportion of time the eyes are more than 80% closed over a rolling
temporal window. Srivastava et al. (2024) demonstrated a lightweight real-time PERCLOS
implementation capable of operating on embedded hardware with minimal latency. Complementary
research by Rahman et al. (2023) showed that combining EAR with head pose estimation using 3D
landmark tracking significantly improved detection accuracy under varying lighting conditions, including

the low-light scenarios common in early morning bus operations.

For distraction detection, Jin et al. (2020) developed a deep-learning scheme achieving high accuracy for

cell-phone use detection, while Vaegae et al. (2022) presented an efficient distracted driver detection

13



system with accuracy exceeding 95% across multiple distraction categories. These architectures, when
converted to TensorFlow Lite quantized models, retain sufficient accuracy levels for deployment on

Raspberry Pi 4 hardware within the required inference time budget.

Yawning detection as a supplementary fatigue indicator uses Mouth Aspect Ratio (MAR) calculations
analogous to EAR. Soukupova and Cech (2016) established the foundational facial landmark approach
underpinning modern real-time blink and yawn detection. MediaPipe's 468-point face mesh has since
become the dominant framework for extracting these landmarks efficiently on mobile and embedded

platforms.

2.3 Commercial Driver Monitoring Solutions and Their Limitations

Commercial driver monitoring products from international vendors such as Mobileye, Seeing Machines,
and SmartDrive demonstrate that integrated camera-based systems with multi-level alerts and cloud
connectivity are technically mature. However, these solutions are designed primarily for left-hand-drive
vehicles, temperate climates, and high-income markets. Key limitations for Sri Lankan deployment
include: limited support for Sinhala and Tamil languages; incomplete environmental specifications for
high-humidity tropical conditions; and per-vehicle licensing costs economically unsustainable for Sri

Lanka's predominantly small-scale, privately operated bus fleets.

The Sri Lankan government's 2025 rapid deployment initiative for Al-powered driver monitoring
confirmed the national policy priority but relied on imported commercial systems with limited
localization. Studies and government reports highlight additional constraints: intermittent rural
connectivity, right-hand-drive vehicle configurations, and significant economic pressure on transport

operators. These factors collectively create a strong case for a locally developed, cost-optimized solution.

2.4 GPS and Hazard Mapping in Transport Safety

Amin et al. (2025) demonstrated SafeTrax, an loT-based smart collision prediction and alert system that
correlates GPS location data with historical accident hotspots to generate context-sensitive driver alerts.
Their work showed that combining real-time vehicle position with a dynamic risk map significantly
reduces response time for safety-critical events. This geofencing approach, adapted to Sri Lanka's road

network, forms the conceptual basis of SafeDriver's GPS hazard mapping module.
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Cloud-based analytics platforms built on Firebase Real-time Database provide infrastructure for
aggregating location and behavioral data across a fleet, enabling pattern recognition for recurring hazard
zones and temporal risk analysis as demonstrated by Khalil et al. (2025). Firebase's offline persistence
capabilities are particularly relevant for the intermittent connectivity environments encountered on rural

Sri Lankan routes.

2.5 Research Gaps and Justification for SafeDriver
From this review, several critical research gaps and practical challenges emerge that justify the SafeDriver
project:

* Lack of driver monitoring solutions specifically optimized for right-hand-drive bus configurations.

* Insufficient environmental hardening specifications for tropical climates with high humidity and

direct sunlight.
* Limited multilingual and culturally adapted user interfaces in Sinhala and Tamil.
* High-cost barriers preventing large-scale deployment across developing-country bus fleets.

* Absence of integrated passenger transparency mechanisms in existing commercial systems.

SafeDriver addresses these gaps through: locally developed Raspberry Pi-based hardware reducing per-
vehicle costs to approximately LKR 75,000; TensorFlow Lite models optimized for edge deployment
eliminating dependency on continuous network connectivity; offline-capable GPS hazard mapping with
periodic cloud synchronization; multilingual interfaces for drivers, passengers, and authorities; and right-

hand-drive camera positioning calibrated for Sri Lankan bus configurations.
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Summary of Chapter 2

Chapter 2 reviews existing driver monitoring methods, deep-learning techniques for drowsiness and
distraction detection, commercial systems, and GPS-based safety approaches. It shows that computer
vision and lightweight edge Al are suitable for real-time monitoring, but many existing solutions are
limited by laboratory conditions, high cost, poor localization, and lack of support for Sri Lankan transport
needs. The chapter concludes by identifying the research gaps that justify SafeDriver, especially right-
hand-drive support, multilingual usability, tropical-environment suitability, and passenger transparency

features.
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3. Methodology and Proposed Solution

3.1 Development Methodology

The project follows an iterative, Agile-inspired methodology aligned with the university's progress-report
milestones and CMMI-oriented process requirements. Work began with stakeholder consultations,
problem analysis, and a comprehensive literature review, synthesized into a Software Requirements

Specification (SRS) containing functional, non-functional, and pilot-success criteria.

Tasks are managed using GitHub Projects and Trello boards, ensuring requirements, design changes, and
implementation work are tracked and reviewed systematically. Regular team and supervisor meetings are
documented through CMMI-compliant minutes capturing decisions, risks, and action items. The

development lifecycle progressed through the following phases:
* Phase 1 - Requirements and Literature Review (Weeks 1-4): Stakeholder meetings, SRS
definition, literature survey.

* Phase 2 - System Architecture and Design (Weeks 5-8): UML diagrams, four-tier architecture,

high-level component design.

* Phase 3 - Detailed Design and Prototyping (Weeks 9—14): Database design (ER and Firestore),
GUI prototypes using Figma, test plan preparation.

* Phase 4 - Implementation (Weeks 15-24): Parallel development of monitoring system (Python),
authority dashboard (NextJS), and passenger app (Flutter).

* Phase 5 - Testing and Calibration (Weeks 25-30): Unit, integration, system, and acceptance testing
with threshold tuning.

* Phase 6 - Pilot Deployment and Evaluation (Weeks 31-36): Real-world bus testing, final

documentation, and report preparation.

3.2 System Architecture Overview

SafeDriver employs a distributed four-tier architecture combining edge computing for real-time
processing with cloud integration for data analytics and communication. This hybrid approach ensures
minimal latency for safety-critical functions while enabling comprehensive fleet-wide monitoring and

reporting.

17



3.2.1 Tier 1 - Embedded Edge Device

Built on Raspberry Pi 4 with a NoIR camera module (for infrared night vision), GPS module, audio buzzer,
and local SSD storage. The device runs Python with OpenCV, MediaPipe, TensorFlow Lite, and YOLO,

processing all video locally for zero-latency safety decisions without network dependency.

3.2.2 Tier 2 - Edge Analytics

The computer vision pipeline processes facial landmarks via MediaPipe, computes EAR/MAR metrics,
estimates 3D head pose, and classifies distractions via TensorFlow Lite CNNs. Behavioral events
exceeding configured thresholds are structured as alert objects with timestamps, GPS coordinates, and

driver identifiers for cloud transmission.

3.2.3 Tier 3 - Cloud Backend (Firebase)

Firebase Firestore stores structured operational data for drivers, vehicles, routes, alerts, feedback, and
configuration. Firebase Authentication provides role-based access control. Cloud Functions handle
serverless processing and report generation. Cloud Messaging dispatches push notifications to the

dashboard and passenger app.

3.2.4 Tier 4 - User Applications

A NextJS-based web authority dashboard serves fleet operators and transport regulators. A Flutter-based
cross-platform passenger mobile application serves passengers on Android and 10S. Both communicate

exclusively with the Firebase backend using authenticated REST APIs and real-time Firestore listeners.

3.3 Multi-Level Alert Escalation System
The alert escalation system implements a four-level graduated response protocol:

* Level 1 (0-5 seconds): Immediate local audio buzzer and text-to-speech voice warning to the

driver.

* Level 2 (5-15 seconds): Increased alert intensity with repeated voice warnings and visual

indicators.

* Level 3 (15+ seconds): Automated push notifications and SMS to National Transport Commission

authority dashboard.

18



* Level 4 (severe/emergency): GPS location sharing with emergency services for critical incidents.

Smart threshold management allows dynamic sensitivity adjustment based on time of day, route risk level,
and driver-specific behavioral baselines. Thresholds are stored in the Firestore configs collection and can

be updated remotely by system administrators.

3.4 Technology Stack
Layer / Module Technology / Tool Purpose
Hardware Raspberry Pi 4, Pi Camera 2 Embedded processing and sensing

NolR, GPS, Buzzer

Computer Vision

OpenCV, MediaPipe (468-pt
face mesh)

Face/eye tracking and head pose
estimation

Deep Learning

TensorFlow Lite, YOLO

Drowsiness and distraction detection
on edge

Backend & Cloud

Firebase Firestore, Cloud
Functions, Cloud Messaging,

Real-time data and communications

Authentication
Web Dashboard NextJS, React, TypeScript Authority fleet management interface
Mobile Application | Flutter (Dart) Cross-platform passenger application
Languages Python, TypeScript, Dart System integration, web, and mobile

dev

Project Management

GitHub Projects

Task tracking and version control

Table 3:Technology Stack
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Summary of Chapter 3

Chapter 3 explains the development methodology and the overall SafeDriver solution design. It describes
an iterative, Agile-inspired process aligned with the project milestones, from requirements and
architecture through prototyping, implementation, testing, and pilot deployment. The chapter also presents
the four-tier architecture, multi-level alert escalation strategy, and technology stack that combine

Raspberry Pi edge processing, Firebase cloud services, a web dashboard, and mobile applications.
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4. UML Diagrams
4.1 Use Case Diagram
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4.2 System Architecture Diagram
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4.3Class Diagram

Figure 2 - System architecture diagram
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4.5Activity Diagram
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4.6Raspberry Model Diagram
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Figure 6 - Raspberry Model Diagram

As608 Fingerprint Reader Sensor

Chapter 4 presents the UML diagrams used to model the SafeDriver system at a structural and behavioral

level. It includes the use case, architecture, class, sequence, activity, and Raspberry Pi model diagrams,

which together define how the system components interact and how the monitoring workflow is executed.

This chapter provides the blueprint for implementation by translating the project requirements into clear

system models.
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5. Database Design

5.1 Overview

The SafeDriver backend uses Cloud Firestore as its primary operational database, complemented by
Firebase Authentication for identity management and Cloud Storage for media attachments. To maintain
rigorous data modeling, the team first designed a normalized relational ER model and then mapped it to
Firestore collections, preserving all key entities and relationships while optimizing for Firestore access

patterns.

5.2 Core Data Entities

Entity Description

VEHICLES Buses equipped with SafeDriver devices; stores registration,
device binding, GPS telemetry, safety score, and status.

DRIVERS Registered bus drivers with biometric profiles, license
numbers, experience, safety scores, and alert counts.

ROUTES Public transport routes with start/end points, distance,
estimated time, active vehicles, and performance KPIs.

USERS Authentication profiles with global role assignments (driver,
passenger, admin, authority).

PASSENGER DETAILS Passenger profiles with preferences, favourite buses/routes,
device tokens, and verification status.

FEEDBACK Structured passenger feedback linked to driver and bus;
includes ratings, comments, images, GPS location, and
public flag.

ALERTS Real-time unsafe behaviour events with type, severity tag,

GPS coordinates, timestamp, and device/driver/vehicle IDs.

POINT TRANSACTIONS Immutable reward point audit trail with delta, new balance,
reason, and timestamp.
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Entity Description

DEVICES Embedded device records with MAC/device 1D, driver and

vehicle assignment, last active time, and health status.

CONFIGS System-wide Al model configuration including detection

thresholds and alert sensitivity parameters.

Table 4:Core Data Entities

5.3 Key Entity Relationships

ROUTES < VEHICLES via routeld — each route can have multiple active vehicles.

DRIVERS < VEHICLES via driverld — a driver is assigned to one vehicle per shift.

USERS <> PASSENGER_ DETAILS via userld — one profile per user.

USERS < FEEDBACK and POINT _TRANSACTIONS via userld.

VEHICLES <> FEEDBACK and ALERTS via busNumber.

DRIVERS <> ALERTS via driverld — enables per-driver incident pattern analysis.

DEVICES < ALERTS via deviceld — alerts partitioned by date for efficient time-range queries.

VEHICLES « DEVICES via busNumber — each vehicle has exactly one registered device.

5.4 Firebase Firestore Physical Data Model

The Firestore physical model maps relational entities to collections optimized for the access patterns of

the SafeDriver application:

vehicles/{busNumberPlate} — vehicle fields and runtime telemetry.

drivers/{driverld} — driver profiles with biometric and safety attributes.

routes/ {routeld} — route data including performance KPIs and stop arrays.
devices/{deviceld} — device records with driver and vehicle assignments.
alerts/{deviceld}/{date}/{alertld} — alerts partitioned by date for efficient time-range queries.
feedback/{feedbackld} — feedback linked to user, bus, and driver.

passenger details/{uid} — passenger profile with preferences and favorites.
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* point_transactions/{transactionld} — immutable reward point audit trail.

* configs/model configurations — system-wide Al configuration parameters.

Summary of Chapter 5

Chapter 5 describes the database design used to support SafeDriver’s cloud backend. It outlines the core
entities such as vehicles, drivers, routes, users, feedback, alerts, devices, configs, and point transactions,
along with their relationships and Firestore mappings. The chapter shows how the logical data model was
normalized first and then adapted into a Firestore physical structure optimized for real-time queries and

mobile access.
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6. GUI Detailed Design and Prototypes

Design Principles and Tools

The graphical user interface design follows the principles of clarity, safety-critical visualization, and
multilingual usability described in the PR2 non-functional requirements. Figma was used as the main tool
for wireframing and interactive prototyping, ensuring consistent style and reusable components across the

embedded Ul, authority dashboard, and passenger mobile application.

6.1 Authority Dashboard Screens

The web-based dashboard for fleet operators and transport authorities includes:

e Login & access control screens integrated with Firebase Authentication and role-based
routing.

e A Fleet Overview homepage with map visualization of active buses, color-coded by safety
status and route.

e Driver Management views for listing drivers, viewing safety scores, and checking biometric
registration status.

e Live Alert pages with filterable tables by route, driver, alert type, and time range.

e Route Monitoring pages with charts for incidents per route, on time performance.

e Configuration views for managing alert thresholds, hazard zones, and notification recipients.
Figma Link:

https://www.figma.com/design/ib3qEk3sChFRF41i3UuQZ0/Untitled?node-id=0-
1 &t=rHgVNtVkOvdxBwrj-1
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https://www.figma.com/design/ib3qEk3sChFRF4fi3UuQZ0/Untitled?node-id=0-1&t=rHqVNtVk0vdxBwrj-1
https://www.figma.com/design/ib3qEk3sChFRF4fi3UuQZ0/Untitled?node-id=0-1&t=rHqVNtVk0vdxBwrj-1

() SafeDriver

(3 SafeDriver

‘SafeDriver Dashboard

Live Alerts Ve et !
ot bty S

onitor your fleet &

Active {1 Acknwiedged 0] Rescived (0 sastory (0]

[wT—. Drvers amButy Saty Scone s Tossy
24 15 . 3

Frequent eye closures detected -

Recent Feedback

Quick Actions

&) safeDriver
Driver Management Fleet Management System
Totai usos
Filter Drivers
venicte Fiset . Fieet ratytcs

Vehicle Fleet Overview

) SafeDriver - 4w e

Feedback Management

Totw Fesamaek verage Rating
o 1. a2
Filters
M Types g T

Feedback ltems

Excellent driving

Poor ventilatian . —

Clean and comfartable b - .

31



6.2 Passenger Mobile Application Screens

The passenger app, designed using Flutter and guided by PR2 requirements, includes:

Registration and login screens using email/OTP and storing profiles in passenger details.

A Home screen that displays current route information, driver safety status, and last alert
summaries for the selected bus.

A Feedback form allowing passengers to submit comments, select categories, attach images,
and optionally remain anonymous.

A Points Wallet showing current points and a list of point transactions with reasons and

timestamps.

Favorites management for saving commonly used buses and routes for quick access.

Figma Link: https://www.figma.com/design/X6BaOAPspOH2MycPN4qtFp/Untitled?node-id=7-
23&t=krzd1UMS5u4BTbwxn-1
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https://www.figma.com/design/X6BaOAPspOH2MycPN4qtFp/Untitled?node-id=7-23&t=krzd1UM5u4BTbwxn-1
https://www.figma.com/design/X6BaOAPspOH2MycPN4qtFp/Untitled?node-id=7-23&t=krzd1UM5u4BTbwxn-1
https://www.figma.com/design/X6BaOAPspOH2MycPN4qtFp/Untitled?node-id=7-23&t=krzd1UM5u4BTbwxn-1

Summary of Chapter 6

Chapter 6 focuses on the GUI detailed design and prototypes for the authority dashboard and passenger
mobile application. It explains the design principles used, including clarity, safety-critical visualization,
and multilingual usability, and shows how Figma was used to develop the wireframes and interactive
mockups. The chapter also defines the main screens for dashboards, alerts, route monitoring, feedback,

rewards, and emergency support to ensure the system is easy to use for all user groups.
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7. Implementation

7.1 Embedded Monitoring System

The core of SafeDriver is a Raspberry Pi 4-based embedded monitoring unit running a Python application
integrating multiple Al-powered detection modules. The system achieves real-time performance at 29-31

frames per second with sub-100ms local alert latency.
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7.1.1 Drowsiness Detection Pipeline

The drowsiness detection pipeline uses MediaPipe's 468-point face mesh to extract per-frame facial
landmarks. Eye Aspect Ratio (EAR) is calculated from six landmark coordinates around each eye. A
rolling 15-second closure event counter tracks microsleep episodes, and a Mouth Aspect Ratio (MAR)
detector identifies yawning events. The PERCLOS metric is computed over a configurable rolling window

with the following operational thresholds:

* EAR threshold: 0.25 (below this value = eye closed).
* Eye closure duration before alert trigger: 3.0 seconds.

* Yawn count fatigue threshold: 3 yawns within any 5-minute window.
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Development testing confirmed successful detection of yawning events (Yawning Detected
overlay with drowsy event count incrementing), head-absent events (driver face not visible for 3
seconds triggering complete turn-away alert), and normal baseline monitoring at 31.3 FPS with

PERCLOS 0.01.

7.1.2. Distraction Detection Pipeline

2208BBRBEEE

Distraction detection runs as three parallel inference modules: (1) Head Turn Detection via
MediaPipe head pose estimation triggers alerts when head rotation exceeds +30 degrees from
center for more than 3 seconds (confirmed: Head Turn Detected, Direction: LEFT, Yaw: -39.5°);
(2) Mobile Phone and Object Detection using a YOLO-based model detects phones at confidence
0.77-0.87 and bottles at 0.76—0.91 with bounding box overlays; and (3) Cigarette Detection using
a dedicated CNN detects cigarettes at confidence 0.82—0.94. Processing speeds for the combined
pipeline range from 100—141ms per frame on Raspberry Pi 4.
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7.1.3 Alert and Cloud Transmission

Level 1 and 2 alerts use the onboard buzzer and text-to-speech voice system for immediate local
warnings. Level 3 alerts structure event objects containing deviceld, driverld, busNumber, alert
type, GPS coordinates, timestamp, and severity tag, transmitting these to the Firebase alerts
collection. Firebase Cloud Messaging then dispatches push notifications to the authority dashboard

and, for Level 4 events, to NTC officials via SMS gateway.

7.1.4 Crowded in-cabin background handling

Since the SafeDriver system operates within a crowded bus cabin, passengers, seats, and other
objects may appear in the background and introduce visual noise during distraction detection. To
address this, the pipeline is designed to focus on a predefined driver-centric region of interest rather
than the entire frame, ensuring that head turn, mobile phone use, and cigarette detection are
evaluated primarily around the driver area. This approach reduces the influence of background
motion, minimizes false detections, and improves robustness under realistic bus conditions.

Although the figures use clean white backgrounds for presentation clarity, the actual
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implementation is intended for more complex environments with occlusion, clutter, and variable

lighting.

7.2 Authority Dashboard

The authority dashboard is a NextJS web application connected to Firebase Firestore via real-time

listeners, providing transport authorities and fleet operators with comprehensive monitoring and

management tools.

Main Dashboard: KPI summary (5 total buses, 4 drivers on duty, 1 active alert), recent

alerts, and recent passenger feedback with ratings.

Live Alerts: Real-time alert table with Active/Acknowledged/Resolved/History tabs. Each
alert shows driver ID, bus, route, severity, and action buttons (Acknowledge, Contact
Driver, Resolved). Confirmed real-time data from Firebase showing 'Frequent eye closures

detected' for Driver 48:88:E7, 4 hours ago.

Driver Management: Searchable list showing 6 total drivers (4 on duty). Each entry
displays name, license, bus number, route, safety score, alert count, and actions (View, Edit,

Call, Delete, Set Off Duty).

Fleet Management: Bus fleet overview with number plates, device MACs, active status,

live tracking, and fleet analytics tabs.

Route Monitoring: Active routes (5 active / 5 total, 3 buses currently operating) including
Colombo-Kandy-01 and Colombo-Matara-EX1-18 with distance, estimated time, and

bus/stop counts.

Feedback Management: 16 total feedbacks, 4.2 average rating (out of 5), filterable by type
and priority.

Hazards Monitoring: Interactive Sri Lanka map with live monitoring mode for adding and

managing danger zones.

System Settings: Language configuration (English, Sinhala, Tamil), appearance, and Al

threshold management.
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7.3 Passenger Mobile Application

The passenger application is built with Flutter for cross-platform deployment on Android and iOS,

connecting to Firebase for real-time safety data and feedback processing.

Onboarding: Language selection screen (English, Sinhala, Tamil) followed by animated
introduction slides for Smart Feedback System, Real-Time Tracking, and Safe & Reliable
Transport.

Authentication: Phone/OTP login, email/password and Google Sign-In registration, forgot
password via OTP.

Dashboard: Real-time journey tracking, QR code scanning for bus identification, Quick
Actions panel (View Buses, Our Drivers, Emergency, Feedback), and Current Journey
status.

Search: Available buses list (NB-1231, NB-4564, NB-4567, NB-4576) with safety scores;
driver directory with profiles, safety scores, on-duty status, and contact details.

Feedback Flow: Bus Behavior and Driver Behavior submission with 5-star rating, multi-
select quick tags, anonymous posting option, and image attachment.

Emergency: Emergency contacts (Police 119, Ambulance 1990, Fire 110, SLTB Hotline),
SOS alert with contact confirmation dialog, location sharing, incident reporting, and safety
tips.

Maps: Integrated Google Maps with Bus Stop and Navigate modes.

Profile: Reward Points display (3/100 points shown in testing), Trip History, Feedback
History, Edit Profile, and Help & Support with Live Chat.
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7.4 Driver Mobile Application

The driver application is built with Flutter for cross-platform deployment on Android and iOS,
connecting to Firebase for real-time data synchronization and efficient fleet management. The
application provides drivers with tools for attendance tracking, bus management, alert monitoring,

complaint handling, and communication with administrators.

e Onboarding: Introduction screens highlighting key features such as route management,
administrative support, and safety awareness for drivers.

e Language Selection: Multi-language support with English, Sinhala, and Tamil language
options.

e Authentication: Secure login using a registered phone number with OTP verification for
driver identification.

e Dashboard: Personalized dashboard displaying driver information, assigned bus details,
attendance status, alerts, ratings, and quick action shortcuts.

e Attendance Management: Drivers can mark daily attendance and maintain attendance
records for operational monitoring.

e Bus Assignment Management: View assigned buses, vehicle information, registration
details, route assignments, permit details, and operational status.

e Safety Alert Monitoring: Receive and review real-time safety alerts, including drowsiness
detection, yawning detection, and driver visibility warnings, with detailed alert history.

e Profile & Performance Management: Manage personal information, driving license
details, assigned routes, experience records, passenger ratings, and performance evaluations.

e Complaint Management: Submit complaints related to bus operations, route issues, safety
concerns, system errors, and track complaint resolution history.

e Help & Support: Contact administrators, request emergency assistance, create support
tickets, and monitor support request progress and responses.

e Settings & Preferences: Customize language and theme settings, refresh profile
information, access support services, receive notifications, and securely log out of the

application.
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7.5 Development Infrastructure

The project uses the safe-driver-cluster GitHub organization with separate repositories: safe-
driver-web (TypeScript), safe-driver-passenger-app (Dart), safe-driver-backend (Python), safe-
driver-documents (private), and safe-driver-model (Python, 121 commits). GitHub Projects and
Trello boards organize tasks by status: Backlog, In-Progress, Review, Testing, and Completed.

GitHub Actions provides initial CI/CD for automated unit and integration testing.

Link: safe-driver-cluster repositories

safe-driver-cluster

Follow

ns to engage with your

People

BOOG

Top languages

Python @ Dart TypeScript
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https://github.com/orgs/safe-driver-cluster/repositories

Project Management: Trello boards for task tracking organized by status (Backlog, In-
Progress, Review, Testing, Completed) Link: https://github.com/orgs/safe-driver-

cluster/projects/1/views/1

In Progress

Figma Ul Design

Implement driver

Summary of Chapter 7

Chapter 7 presents the implementation of the SafeDriver system across the embedded unit, cloud
backend, web dashboard, and mobile apps. It details the drowsiness and distraction detection
pipelines, alert transmission workflow, authority dashboard features, passenger app functions,
driver app functions, and development infrastructure. The chapter confirms that the system was
fully implemented with real-time detection, Firebase integration, live dashboards, multilingual

apps, and supporting project management workflows.
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8 Test Plan and Test Cases

8.1 Test Objectives and Levels

The test plan aims to verify that SafeDriver meets the functional and non-functional requirements
defined in the SRS and PR2 documentation. Testing is organised into unit, integration, system, and
pilot/acceptance levels, focusing particularly on safety-critical driver-monitoring and alerting

functions.

8.2 Test Environment and Tools

The planned environment reuses the hardware and platforms identified in earlier documents:

e Raspberry Pi 4 with camera, GPS, buzzer and local storage for the embedded
monitoring unit.

e Firebase project with Firestore, Cloud Functions, Cloud Messaging, and
Authentication.

e Android and iOS devices for mobile apps and modern browsers for the web
dashboard.

e GitHub Actions and local runners for automated unit and integration tests on selected

components.

8.3 Functional Test Cases

Representative functional test cases include:

e Driver monitoring tests to validate EAR-based drowsiness detection, distraction
classification by TensorFlow Lite models, and alert escalation timelines.

e Alert pipeline tests to ensure that unsafe events create records in Firestore, trigger
notifications to the dashboard and, at higher levels, notify authorities.

e Feedback and points tests verifying that passenger feedback submissions
create feedback documents, upload attachments, and generate the correct point
transactions.

e User management tests for role-based access to dashboard pages and app features

across drivers, passengers, admins, and authorities.
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Each test case is documented with ID, description, preconditions, detailed steps, expected results,

and traceability to SRS requirement IDs.
8.4 Non-Functional Test Cases
Non-functional tests focus on performance, security, reliability, and usability defined in PR2:

e Performance tests simulate multiple buses and passengers to confirm that backend

response times and alert latency stay within required thresholds.

o Security tests verify TLS usage, authentication flows, role-based access control, and data

anonymization for passenger data.

o Reliability tests check device recovery after network interruptions and power cycles,

validating offline buffering and reconnection logic.

o Usability tests evaluate whether drivers, passengers, and administrators can complete

critical tasks quickly and without confusion on prototypes.

8.5 Test Plan and Test Case Document

Driver Monitoring System

e Test Case Document

e Test Plan Document

Authority Dashboard

e Test Case Document

e Test Plan Document

Passenger Mobile App

e Test Case Document

e Test Plan Document
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8.6.1 Authority Web Dashboard Test Cases Summary

e Verified dashboard metrics display accurately.

e Confirmed live alerts appear in real time.

e Checked driver and vehicle information is shown correctly.
e Validated alert acknowledgment and resolution actions.

e Ensured the dashboard remains responsive and stable during normal use.

The authority web dashboard test cases were created to ensure that the administrative panel of the
SafeDriver system operates correctly and provides reliable real-time supervision. These tests
confirm that important dashboard elements such as total vehicles, active drivers, alerts, and recent
activity are displayed with accurate values. They also check that live alerts are received instantly
from the backend, allowing the authority user to monitor unsafe driving events without delay. In
addition, the test cases verify that alert actions such as acknowledgment, escalation, and resolution
function as expected, so incidents can be properly managed from detection to closure. Overall,
these test cases show that the web dashboard is stable, responsive, and suitable for traffic safety

monitoring and control.
8.6.2 Driver Monitoring System Test Cases Summary

e Verified driver identification through fingerprint authentication.

e Tested drowsiness detection using eye closure and blinking patterns.

e Checked yawning, head pose, phone usage, smoking, and drinking detection.
e Evaluated system behavior under low light, occlusion, and framing issues.

e Confirmed event logging, offline operation, and alert escalation work properly.

The driver monitoring system test cases were developed to validate the most critical safety
functions of the project, which are detecting unsafe driving behavior and responding with timely
warnings. These tests cover fingerprint-based driver identification, GPS integration, eye aspect
ratio-based drowsiness detection, yawning recognition, head pose monitoring, and distraction
detection for phone usage, smoking, and drinking. They also examine how the system performs in
difficult conditions such as low-light environments, partial face occlusion, empty seats, and sudden
lighting changes, where false detections could easily occur. Further test cases verify that all events

are logged correctly with time, GPS location, and driver identity, while offline operation and
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network recovery ensure the system remains functional even without continuous cloud access.
Overall, these tests prove that the driver monitoring unit is accurate, resilient, and effective for real-

world road safety use.
8.6.3 Passenger App Test Cases Summary

e Verified app installation, first launch, and onboarding flow.

o Tested registration, login, OTP, and biometric authentication.

e Checked profile, dashboard, QR scan, live tracking, and bus information features.
e Validated feedback submission, rewards, notifications, and settings.

e (Confirmed security rules, offline handling, performance, and accessibility.

The passenger app test cases were created to ensure that the mobile application provides a smooth,
secure, and user-friendly experience for passengers using the SafeDriver system. These tests verify
that the app installs properly, launches correctly, and guides new users through onboarding,
language selection, registration, OTP verification, and biometric login. They also confirm that
passengers can access profile details, scan bus QR codes, view live tracking maps, check driver
and bus information, submit feedback, and receive notifications without errors. In addition, the test
cases validate security restrictions, offline behavior, response speed, and accessibility features such
as font scaling and color contrast, which are important for practical daily use. Overall, these test
cases demonstrate that the passenger app is functional, reliable, and ready for cross-platform

deployment on Android and iOS devices.
Summary of Chapter 8

This section establishes how the team will prove that SafeDriver works as specified. It explains
the testing strategy (unit, integration, system, and pilot tests), the target environments (Pi hardware,
Firebase backend, apps), and gives representative functional and non-functional test cases tied
back to requirements. With this plan and sample tests, the project has a clear, structured approach
for validating safety-critical behaviour detection, alerting, performance, security, and usability

across all implemented system components.
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9. Discussion

9.1 Achievement of Objectives

The SafeDriver project has made strong progress toward all seven stated objectives. Drowsiness
detection using EAR, blink frequency, head pose, and yawning is largely implemented and
functioning in real-time testing. Distraction detection via mobile phone, object, and cigarette
models is operational with confidence scores consistent with literature benchmarks. The multi-
level alert system with buzzer and voice feedback is complete, and Level 3 cloud notification flow
has been validated. The passenger transparency application is implemented with core features

ready for demonstration and user acceptance testing.

GPS-based hazard mapping has been fully implemented with GPS integration, real-world data
collection, and threshold tuning completed. Automated compliance report generation 1is

implemented, with Firestore data structures and the report output layer validated and operational.

9.2 Comparison with Existing Solutions

Compared to commercial solutions such as Seeing Machines Guardian, SafeDriver offers several
localization advantages: multilingual support for Sinhala and Tamil; right-hand-drive camera
positioning; NolR camera for tropical/low-light performance; and a total hardware cost of
approximately LKR 75,000 per vehicle versus significantly higher imported system costs. The
open Firebase backend provides flexible adaptation to Sri Lanka's specific NTC regulatory

reporting requirements.

The primary limitation compared to mature commercial systems is the absence of formal field
accuracy benchmarking under Sri Lankan driving conditions and bus cabin configurations.
Academic benchmarks report >90% drowsiness detection accuracy for similar architectures, and
the implementation aligns with those methods; localized field validation data has been collected

during pilot deployment to further substantiate system performance.

9.3 Challenges and Limitations

* Lighting variability: Direct sunlight at certain angles in right-hand-drive positions can
temporarily degrade MediaPipe landmark detection quality. The NoIR camera mitigates

low-light scenarios but not high-glare conditions.
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* Connectivity: Sri Lanka’s rural routes have intermittent mobile data coverage. The oftline
alert buffering mechanism (capacity: 500 events) has been tested during extended
connectivity outages and successfully maintains data integrity during interruptions

exceeding 2 hours.

* Driver acceptance: Behavioral monitoring systems can face driver resistance. Transparent
communication of system purpose and graduated (non-punitive initial) alert design aim to

mitigate this.

* GPS accuracy: Urban canyon effects in Colombo reduce GPS positional accuracy to
approximately +50 meters, affecting hazard zone geofencing precision. A buffer zone has

been implemented as mitigation.

* Regulatory compliance: The system processes biometric-like behavioral data; formal data
protection compliance with Sri Lanka's Personal Data Protection Act (2022) must be

verified before full deployment.

9.4 Future Work

e Complete and validate GPS hazard mapping with real NTC accident data and field-test
geofencing accuracy across diverse route types.

e (Conduct formal pilot deployment on 5—10 Colombo metropolitan buses to collect ground-
truth detection accuracy data.

e Explore additional detection capabilities: seatbelt compliance monitoring, passenger count
estimation, and lane departure integration.

e Conduct formal driver and passenger acceptance studies to quantify usability and adoption

readiness.
Summary of Chapter 9

Chapter 9 discusses the extent to which the project objectives were achieved, the technical
performance of the system, and how SafeDriver compares with existing solutions. It also highlights
practical challenges and limitations such as lighting variability, connectivity issues, GPS accuracy,
user acceptance, and regulatory compliance. The chapter concludes with future work directions
such as improved field validation, enhanced hazard mapping, and possible extension of detection

capabilities.

62



10. Conclusion

SafeDriver represents a significant contribution to addressing Sri Lanka's public transport safety
challenge through locally developed, cost-effective Al technology. The system successfully
integrates computer vision-based driver monitoring, a multi-level alert escalation framework,
Firebase cloud-based fleet management, and a passenger transparency platform into a coherent,

scalable solution tailored to Sri Lankan conditions.

The implemented system demonstrates that real-time drowsiness and distraction detection on
affordable embedded hardware (Raspberry P14) is technically feasible at operationally meaningful
performance levels. Yawning detection, EAR-based eye closure monitoring, head turn detection,
mobile phone detection, and cigarette detection all function correctly in development testing. The
Firebase-based cloud architecture provides scalable infrastructure for fleet-wide deployment, and

multilingual applications address the localization gaps identified in commercial alternatives.

The detailed and validated database design, complete GUI prototypes for both the authority
dashboard and passenger mobile app, and a comprehensive functional and non-functional test suite
collectively demonstrate a fully realised SafeDriver solution. With GPS hazard mapping,
automated compliance reporting, and all core detection modules implemented and validated, the
project delivers a robust, deployable SafeDriver platform capable of contributing meaningfully to

reducing Sri Lanka’s road traffic fatalities through proactive, Al-driven safety intervention.
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Abstract

Road traffic accidents remain a critical public health and economic challenge in Sri Lanka, frequently linked
to driver fatigue, distraction, and unsafe operational practices in public transport. Existing law enforcement
mechanisms rely mainly on reactive measures such as post-incident investigations and manual inspections,
offering limited real-time intervention capability during journeys. International driver monitoring solutions
demonstrate promising results using Al and computer vision. Yet, none of these applications cannot be
directly applied to local context mainly due factors such as cost, local environments cannot be directly
mapped, connectivity limitations, multilingual requirements etc. To bridge this gap, the SafeDriver research
proposes an Al-powered real-time driver monitoring and accident prevention system specifically tailored
for Sri Lankan public buses. The main objectives are to detect drowsiness and distraction using computer-
vision-based facial analysis, identify risky behaviors such as mobile phone usage, integrate GPS-based
hazard awareness, and provide multi-stakeholder safety feedback to drivers, authorities, and passengers.
The system employs a Raspberry Pi4 embedded platform with a camera module to capture the driver’s face,
uses MediaPipe and OpenCYV for facial landmark detection, and computes metrics such as Eye Aspect Ratio,
blink frequency, yawning, and head pose to infer fatigue and inattention. TensorFlow Lite, YOLO
convolutional neural network models are used to detect mobile phone usage and other distractions in real
time. A four-level alert escalation mechanism delivers audio alerts to the driver and, when necessary,
provides visual warnings and notifies transport authorities via cloud services. GPS integration enables
hazard-zone aware alerts and continuous logging of incident locations. Data has been synchronized to a
Firebase backend that supports an authority dashboard and a Flutter-based passenger mobile application for
transparency and safety status updates. Pilot evaluation is designed around quantitative metrics such as
detection accuracy, false-positive rate, alert latency, and system uptime, as well as qualitative indicators
including driver acceptance, passenger satisfaction, and operational impact. The expected outcome is cost-
effective, scalable, and locally adaptable driver monitoring platform that can significantly reduce unsafe

driver behaviors and support data-driven policy decisions for Sri Lanka’s public transport sector.

Keywords: Driver monitoring, Computer vision, Public transport safety, Edge computing, Object

detection
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1. Introduction

Road traffic accidents represent a significant global public health challenge, with driver fatigue,
distraction, and improper behavior identified as primary contributing factors [1]. The World Health
Organization reports that road traffic injuries result in approximately 1.35 million deaths globally
each year, with developing countries bearing a disproportionate burden of this crisis [1]. Sri Lanka
exemplifies this challenge, experiencing its worst bus accident in two decades on May 11, 2025,
when 23 people died after a driver who had worked 13.5 hours crashed in Kotmale [29, 30],

catalyzing unprecedented government action on Al-powered driver monitoring systems.

The integration of artificial intelligence and computer vision technologies has emerged as a
promising approach to proactive accident prevention through real-time driver monitoring [2, 3].
However, the majority of driver monitoring research and development has been conducted in
developed countries with specific infrastructure, climatic, and operational conditions that may not

translate effectively to developing country contexts such as Sri Lanka.

This review systematically examines the current state of driver monitoring technology, analyzes
both existing commercial solutions and Sri Lanka's rapid government deployment, identifies
critical gaps in research and implementation regarding developing country applications, and
establishes justification for developing a localized system specifically designed for Sri Lankan

public transport operations.
2. Global Context of Driver Monitoring Systems

2.1 Academic Research

Current research in driver monitoring can be categorized into four main approaches: image-based,
biological-based, vehicle-based, and hybrid methodologies [3]. Research has achieved 92%
accuracy using 3D convolutional neural networks for drowsiness detection [4], while hybrid CNN-
LSTM models demonstrate accuracy rates exceeding 90% in laboratory conditions [5]. Advanced
research methodology using CNN with Eye Aspect Ratio (EAR) and Mouth Aspect Ratio (MAR)
techniques achieved significant drowsiness detection accuracy using the formula: EAR = (|p2-p6|

+ [p3-pS|) / (2x|pl-p4|) [6, 7]. However, field deployment experiences reveal significant
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performance degradation in tropical environments, with systems showing 15-30% accuracy

reduction in high-humidity conditions [18, 19].

Deep learning approaches for distraction detection have achieved 95.7% accuracy in detecting cell
phone usage with 144 fps processing speed [8]. The HCF (Hybrid CNN Framework) combines
multiple pre-trained models including Inception V3, ResNet50, and Xception, achieving
accuracies of 95.75%, 96.2%, and 90.3% on different driver behavior datasets [9]. TensorFlow
Lite optimization techniques enable deployment on resource-constrained systems, reducing model

size by 75% while maintaining accuracy within 2% of full-precision models [14].

2.2 Commercial Systems

Analysis of three major commercial systems reveals significant limitations for Sri Lankan
deployment. MajuTech Singapore MDSM-7 System offers advanced driver ID recognition
supporting up to 20 driver profiles with comprehensive behavior detection but has undisclosed
pricing likely exceeding developing country budgets and limited environmental specifications for
tropical conditions. Guardian Sea Al Driver Monitoring System demonstrates broader regional
presence with Al-powered dashcam technology and multi-modal alert systems but lacks
multilingual support for Sinhala and Tamil languages with connectivity dependence problematic
for rural areas. Stonkam DMS31 Driver Monitoring System emerges as the most commercially
viable option at $920 USD with operating temperature range of -20°C to +70°C and IP69K
waterproof rating but still lacks comprehensive tropical hardening requirements and English-only

language support.

Multi-tiered alert systems have proven effective in providing graduated responses to detected
unsafe behavior [22], implementing four-level escalation protocols from subtle audio feedback to

emergency intervention involving external authorities.
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3. Sri Lankan Road Safety Context and Government Response

3.1 Current Safety Crisis

Sri Lanka faces severe road safety challenges that exceed regional and global averages across
multiple indicators [10]. The country records over 2,000 road fatalities annually, representing
significant road safety challenges among South Asian countries [10]. Between 2020 and 2024,
road accidents claimed more than 12,140 lives, with 2,243 fatalities recorded in 2024 alone [13].
Research conducted in municipal areas revealed government buses with 5 crashes per 100,000
trips, while private buses showed 10 crashes per 100,000 trips [11]. The Sri Lanka Transport Board
reports approximately 1,400 buses involved in accidents annually, resulting in direct losses

exceeding Rs. 800 million [13].

The severity of this crisis was tragically demonstrated on May 11, 2025, when a SLTB bus carrying
Buddhist pilgrims crashed in Kotmale, killing 23 people and injuring 54 - marking Sri Lanka's
worst bus accident in two decades [29]. The investigation revealed the driver, and conductor had
worked a 13.5-hour duty period, highlighting the critical role of driver fatigue in road accidents
[30]. Research indicates that drowsy driving causes significant portions of traffic accidents in Sri
Lanka, with the economic impact of motor traffic accidents estimated at Rs. 300-400 billion

annually, potentially reaching Rs. 700 billion according to some experts [31].

According to the National Transport Commission, leading causes of bus accidents include driver
fatigue, mobile phone usage, and inattentiveness to driving conditions [12], exacerbated by
competitive private bus operations where revenue pressures encourage faster speeds and extended
driving hours. Prior to 2025, the existing road safety framework relied heavily on reactive
approaches through accident reports, manual inspections, and driver self-reporting, failing to

provide real-time interventions critical for accident prevention [12].

3.2 Government's Rapid Deployment Initiative (2025)

In response to the Kotmale tragedy, the Sri Lankan government announced an unprecedented rapid
deployment of Al-powered driver monitoring systems on May 15, 2025, just four days after the
accident [29]. Transport Minister Bimal Rathnayake unveiled a comprehensive initiative to
implement Al-backed driver monitoring across the public transport network, marking the country's

first major deployment of such technology.
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The pilot program launched on August 12, 2025, at Kataragama Depot with 40 Al cameras installed
on both state-run SLTB and private buses [28]. These systems provide sophisticated detection
capabilities including driver fatigue and drowsiness monitoring, eye closure detection, mobile
phone usage alerts, seatbelt compliance checking, and real-time alerts to drivers and fleet managers
through GPS-integrated systems. Technology is designed to prevent accidents before they occur

rather than simply record them, representing a fundamental shift in safety approach [28, 32].

The government has said that all long-distance buses must install Al-backed driver monitoring
systems with the requirement tied to route permit issuance. This represents a transformative shift
from virtually no drowsiness detection systems to comprehensive Al-powered monitoring across
the entire public transport network within 12 months. The initiative will eventually extend to
commercial trucks and potentially railway systems [13], covering Sri Lanka's extensive transport

network of over 7,700 SLTB buses plus thousands of private operators.

Prior to this deployment, despite academic research from local universities and various pilot
studies, Sri Lanka had no widespread operational driver drowsiness detection systems. The
transport sector relied primarily on traditional safety protocols, basic GPS tracking, and general
fleet management systems without specific drowsiness detection features. The government's rapid
deployment represents a significant policy shift from reactive accident investigation to proactive

prevention technology, supported by international partnerships and development collaboration.
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4. Critical Deployment Gaps and Localization Requirements

4.1 Technical and Environmental Challenges

Right-Hand Drive Configuration Challenges

Right-Hand Drive Configuration inherited from British colonial influence [17] requires complete
reconfiguration of camera mounting positions, fields of view, and facial recognition algorithms.
International systems designed for left-hand drive vehicles create significant blind spots and
suboptimal angle coverage when applied to right-hand drive vehicles, necessitating specialized
camera positioning and different sensor angles. The government's current deployment may not

fully address these configuration requirements, potentially limiting effectiveness.
Tropical Climate Requirements

Tropical Climate Requirements present severe challenges with average temperatures of 27-32°C
and humidity levels frequently exceeding 80% [18, 19]. Commercial systems demonstrate
significant performance degradation, with driver detection accuracy dropping from 98% to 85%
in high-humidity conditions and false positive rates increasing by 40-60% due to condensation and
thermal interference. Camera sensor performance is reduced by 20-30% after six months without

proper protection.

Environmental challenges include year-round high humidity affecting sensor reliability, two
monsoon seasons with flooding risks, salt air accelerating corrosion in coastal routes, and intense
UV exposure degrading equipment. Required technical solutions include heated enclosures
preventing condensation, desiccant systems for humidity protection, anti-fog lens coatings, and
military-grade environmental protection exceeding standard automotive specifications. The
government's rapid deployment may utilize standard commercial systems without comprehensive
tropical hardening, potentially leading to reduced effectiveness and higher maintenance

requirements over time.
Connectivity and Communication Infrastructure Challenges

Sri Lanka's mountainous terrain and hill country regions present significant connectivity
challenges for real-time communication systems. Research indicates that rural and hilly areas

experience internet connectivity issues with coverage gaps of 15-25% in mountainous regions [23].

72



During periods of limited internet connectivity, traditional web and mobile application

communication systems face substantial operational constraints.

However, the SafeDriver system architecture addresses these connectivity limitations through
strategic design choices. GPS technology operates independently of internet connectivity, utilizing
satellite-based positioning systems that maintain functionality regardless of terrestrial network
availability [24]. This ensures continuous driver location tracking, monitoring capabilities, and

warning alert systems remain operational even during connectivity interruptions.

The implementation of offline hazard-prone zone detection systems represents a critical
technological advancement for deployment in connectivity-challenged environments [25].
Utilizing offline mapping capabilities with pre-loaded geographical hazard data, systems can
maintain full operational capacity for location-based safety alerts. When vehicles approach
predetermined hazard zones, systems can trigger appropriate driver warnings without requiring
real-time internet connectivity, ensuring consistent safety interventions across all operational

environments [25].
Satellite Communication Solutions

Recent developments in satellite internet technology, particularly Starlink mobile connectivity
solutions, offer promising opportunities to address Sri Lanka's hill country connectivity
limitations. Starlink's low Earth orbit (LEO) satellite constellation provides broadband internet
access with latencies of 20-40ms, significantly improving upon traditional satellite communication
systems [26]. Technology demonstrates effectiveness in mountainous and remote regions where

terrestrial infrastructure deployment remains economically challenging [26].

For Sri Lankan public transport operations in hill country routes, Starlink mobile connectivity
could provide reliable backup communication systems, enabling continuous fleet monitoring and
emergency response capabilities. Cost analysis suggests that selective deployment of Starlink
connectivity for critical routes could provide 95%+ connectivity coverage while maintaining

economic viability for public transport operations [27].
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4.2 Economic and Infrastructure Constraints

International commercial systems typically cost $2,000-5,000 per vehicle with additional licensing
fees of 15-25% annually [19]. For Sri Lanka's 25,000 public transport vehicles, this represents
$50-125 million initial investment with $10-30 million ongoing costs. The government's rapid
deployment, while necessary for immediate safety, may face sustainability challenges given these
economic constraints. Sri Lanka's recent economic crisis creates extreme price sensitivity, with the
Transport Board operating on minimal profit margins requiring heavily subsidized public

transport.

Local development offers 60-80% cost reduction compared to imported alternatives, with
estimated development and manufacturing costs significantly lower per vehicle unit. The
SafeDriver system's local approach becomes increasingly relevant as the government scales from

40 buses to implementation across thousands of vehicles by next year.

Sri Lanka's telecommunications infrastructure presents connectivity challenges including
intermittent rural coverage, bandwidth limitations, and power outages affecting infrastructure [23].
Required solutions include edge computing for offline operation, store-and-forward systems for
intermittent connectivity, data compression reducing bandwidth requirements, and adaptive

streaming adjusting quality based on available bandwidth.

4.3 Cultural and Operational Adaptation

Sri Lanka's multilingual environment requires comprehensive language support for Sinhala
(74.9% of population) with 52-letter alphabet, Tamil (co-official status) with distinct script
requirements, and English as link language. Emergency alerts and interfaces must support all three
languages with culturally appropriate terminology, addressing cultural sensitivity due to historical
linguistic tensions. The government's current deployment may utilize English-only interfaces,

potentially limiting driver acceptance and effectiveness.

Sri Lankan bus operations exhibit unique patterns differing significantly from international
systems. Competitive private bus operations create aggressive driving behaviors requiring
specialized detection algorithms, while mixed traffic environments present complex decision-

making scenarios. Cultural factors include aggressive driving culture with frequent overtaking,
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resistance to monitoring due to privacy concerns, strong preference for manual control, and respect

for driver seniority.

Electrical system limitations include voltage instability with fluctuations of £15-20%, battery
constraints, increased power consumption 40-60% higher due to air conditioning, and limited CAN
bus interfaces in older vehicles. Government policies regarding data sovereignty require local
control over sensitive transportation information, with local development enabling security

measures aligned with Sri Lankan policies.
5. Gap Analysis and System Contributions

5.1 Research Gaps and Commercial Limitations

The majority of driver monitoring research focuses on developed country contexts with stable
infrastructure and well-resourced implementation environments. Academic research demonstrates
impressive laboratory performance, with systems achieving high accuracy rates [4, 5, 6], but field
deployment experiences reveal significant performance degradation in tropical environments [18,
19]. Advanced research represents sophisticated approaches, but hardware implementations using

standard consumer electronics prove inadequate for harsh tropical commercial deployment.

The government's rapid deployment of 40 Al cameras addresses the immediate implementation
gap but may not fully resolve underlying technical limitations [28]. The systems deployed appear
to be commercial solutions that, while offering immediate safety benefits, may lack the

comprehensive localization required for long-term effectiveness in Sri Lankan conditions.

The literature reveals minimal research specifically addressing right-hand drive vehicle monitoring
systems [17]. The overwhelming majority of research and commercial development focuses on
left-hand drive configurations, creating fundamental knowledge gaps for countries using right-
hand drive vehicles. Research showing cultural factors in driver monitoring system design remains

limited, with most studies assuming universal applicability of Western-designed systems.

Commercial system analysis reveals critical limitations that persist despite government
deployment. MajuTech's enterprise-grade solution lacks environmental specifications and
transparent pricing. Guardian Sea's regional presence doesn't address multilingual requirements or

infrastructure limitations. Stonkam's superior specifications still fall short of comprehensive
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tropical hardening requirements. Even the most viable commercial option represents significant

investment barriers while requiring extensive localization for effective deployment.

5.2 SafeDriver System Novel Contributions

The SafeDriver system addresses gaps that remain even after the government's commercial
deployment, incorporating comprehensive weather adaptation measures addressing monsoon
conditions and rainfall challenges documented in environmental research. Novel hardware
protection strategies include enhanced weatherproofing for interior vehicle environments,
specialized rain detection systems for visibility optimization during heavy rainfall, improved
sealing to prevent moisture ingress through vehicle openings, and weather-resistant materials for

reliable operation during Sri Lanka's dual monsoon seasons.
Novel System Enhancements Beyond Existing Solutions

The SafeDriver system introduces several groundbreaking features that distinguish it from both
existing commercial solutions and the government's current deployment. Offline map integration
addresses Sri Lanka's connectivity challenges [23] by enabling continuous hazard zone detection
and location-based safety alerts during unstable connectivity periods [25], ensuring uninterrupted
safety monitoring across all operational environments. This capability becomes crucial as the
government expands deployment to rural and mountainous regions where current systems may

face connectivity limitations.

Pre-weather alerts to drivers when starting trips provide proactive safety information based on
meteorological conditions and route-specific weather forecasts, enabling informed decision-
making before journey commencement. This feature addresses a gap in the government's current

deployment which focuses primarily on real-time monitoring without pre-trip safety assessment.

The comprehensive passenger feedback system represents a novel approach to community-based
safety monitoring, enabling distributed oversight and accountability in public transport operations
through real-time passenger reporting capabilities. This crowdsourced safety monitoring

complements the government's technical monitoring with human observation and reporting.

Integration with the National Transport Commission establishes direct regulatory oversight and

compliance monitoring [12], creating seamless data flow between operational safety systems and
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government regulatory frameworks. While the government's deployment includes basic reporting,

the SafeDriver system offers deeper integration with regulatory systems.

Critical enhancements for aligning the system with Sri Lankan road conditions include
optimization for left lane driving patterns and right-side steering wheel configurations [17],
ensuring accurate monitoring angles and detection algorithms specifically calibrated for local

driving environments.
Enhanced Common Features with Local Adaptations

The system incorporates advanced driver drowsiness, distraction, and smoking detection
algorithms specifically trained on Sri Lankan driver behavioral patterns, accounting for cultural
driving habits, local environmental conditions, and demographic variations in facial features and
behavioral expressions. These detection systems achieve higher accuracy rates through localized
training datasets and culturally appropriate behavioral baselines, addressing limitations in the

government's deployment of international systems not optimized for Sri Lankan populations.

Comprehensive driver alerting systems feature multi-modal notification approaches including
buzzer alerts and voice alerts delivered in Sinhala, Tamil, and English languages with culturally
appropriate terminology and escalation protocols [22]. The alerting system implements graduated
response mechanisms from subtle audio feedback to emergency intervention, ensuring appropriate

response levels while maintaining driver acceptance and system effectiveness.

The combination of real-time driver monitoring with GPS-based hazard detection [24] provides
location-aware safety interventions specifically calibrated for Sri Lankan Road conditions and
accident-prone zones. The system design prioritizes cost-effectiveness through appropriate
technology selection while maintaining safety effectiveness, addressing economic constraints

prevalent in developing country contexts.

6. Technical Implementation Framework

6.1 Hardware and Software Architecture

Research demonstrates that Raspberry Pi 4 provides optimal balance between computational

capability, cost effectiveness, and power consumption for embedded driver monitoring
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applications [20, 21]. The platform supports TensorFlow Lite / Google Colab deployment while
maintaining real-time processing capabilities essential for safety-critical applications [14].
Comparative studies show Raspberry Pi 4 achieving superior price-performance ratios while

maintaining adequate processing power for real-time facial monitoring [20, 21].

This cost-effective approach becomes particularly relevant as the government scales from pilot
programs to full deployment across thousands of vehicles, where the difference between $200-400
per unit (SafeDriver) versus $2,000-5,000 (commercial systems) represents tens of millions in

savings.

Environmental hardening requirements include conformal coating application, corrosion-resistant
enclosures, and enhanced thermal management for reliable high-humidity, high-temperature
operation. The Raspberry Pi Camera Module 2 NolR enables effective monitoring under varying

lighting conditions with GPS integration facilitating location-aware hazard detection [24].

The integration of OpenCV with MediaPipe provides robust foundation for facial landmark
detection and tracking under constrained computational resources [15]. The facial landmark
detection pipeline must be optimized for right-hand drive vehicle interiors [17], accounting for
different lighting patterns and camera angles. The system implements advanced EAR and MAR
calculations using proven formulas [6, 7] while incorporating temporal filtering to reduce noise
and improve real-world accuracy. TensorFlow Lite quantization techniques enable sophisticated
deep learning model deployment on resource-constrained platforms [14], with post-training

quantization reducing model size while maintaining accuracy.

Firebase Real-time Database provides scalable cloud integration supporting fleet-wide deployment
while maintaining low latency for critical safety communications [16]. Security architecture must
protect sensitive data while enabling appropriate access for emergency response and regulatory
oversight. Edge computing capabilities provide offline operation during connectivity interruptions

[25], with store-and-forward systems enabling data synchronization when connectivity is restored.
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7. Strategic Implications and Regional Opportunities

The development of a localized driver monitoring system represents a strategic technology
development opportunity supporting broader economic development objectives while addressing
critical public safety needs. The government's rapid deployment validates the market need and
creates policy framework for comprehensive implementation [28, 32], while local development of

optimized solutions ensures long-term sustainability and effectiveness.

Local development enables security measures aligned with Sri Lankan government policies while
ensuring critical safety infrastructure remains under national control, addressing data sovereignty
concerns increasingly important in the digital age. The government's mandate for implementation
in the coming years creates a guaranteed domestic market while establishing a foundation for

regional expansion.

The regional market potential for tropical-hardened, right-hand drive optimized monitoring
systems creates export opportunities extending economic benefits beyond domestic
implementation. Countries with similar challenges including India, Malaysia, Thailand, and other
Southeast Asian nations represent substantial market opportunities for proven tropical-adapted
solutions. Sri Lanka's experience with rapid deployment and the development of localized

solutions positions the country as a potential regional leader in transportation safety technology.

The SafeDriver project, complementing the government's commercial deployment, establishes Sri
Lanka as a regional leader in transportation technology development, creating capabilities
extending beyond immediate safety applications to broader technology development and
manufacturing capabilities, supporting economic diversification objectives through innovative,

locally appropriate solutions.
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8. Conclusion

8.1 Key Findings and Technical Analysis

This review establishes compelling justification for developing the SafeDriver Al-powered real-
time driver monitoring system specifically for Sri Lankan public transport operations, particularly
considering the government's rapid deployment following the May 2025 Kotmale tragedy [29, 30].
The analysis reveals that while the government's initiative addresses immediate safety needs with
40 AI cameras deployed and implementation scheduled for future years, significant gaps remain

in comprehensive localization for Sri Lankan conditions.

The government's deployment represents a critical first step [28], transforming Sri Lanka from
having virtually no drowsiness detection systems to implementing Al-powered monitoring across
the public transport network within 12 months. However, existing systems are predominantly
designed for developed country contexts with stable infrastructure, temperate climates, and left-
hand drive configurations [17], unable to fully address the unique combination of challenges in Sri

Lanka.

Academic research demonstrates impressive laboratory performance [4, 5], but field deployment
experiences reveal significant tropical environment performance degradation [18, 19].
Commercial system analysis shows various solutions lacking environmental specifications,

multilingual requirements, and comprehensive tropical hardening despite superior specifications.

Technical analysis reveals right-hand drive configurations require complete system redesign rather
than simple adaptation [17], while tropical climate conditions create environmental challenges
exceeding standard automotive electronics specifications, requiring specialized hardening
including enhanced environmental protection, specialized thermal management, and improved

sealing beyond standard automotive grades.

8.2 Economic and Strategic Justification

Local development offers 60-80% cost reduction compared to international solutions, with
manufacturing costs of $200-400 per vehicle unit versus $2,000-5,000 for international systems

[19], enabling broader deployment while maintaining essential safety effectiveness. This becomes
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critical as the government scales from 40 buses to mandatory implementation across 25,000

vehicles by coming years , where cost differences represent savings of $50-100 million.

The convergence of government policy mandate and local innovation capability creates unique
opportunities. The government's rapid deployment establishes regulatory framework and market
demand [32], while local development ensures long-term sustainability through cost-effectiveness
and comprehensive localization. Technology sovereignty benefits enable security measures
aligned with Sri Lankan government policies while ensuring critical safety infrastructure remains

under national control.

Regional market potential for tropical-hardened, right-hand drive optimized systems creates export
opportunities, with the SafeDriver project establishing Sri Lanka as regional leader in
transportation technology development. The country's experience with both rapid commercial

deployment and local innovation positions it uniquely in the regional market.

8.3 Implementation Requirements and Final Assessment

Successful implementation requires phased approach to build upon the government's pilot
program. The August 2025 deployment of 40 buses provides initial validation of AI monitoring
effectiveness [28], though broader testing across diverse geographic and climatic conditions
remains necessary. The SafeDriver system can complement government deployment by addressing

identified gaps in localization and cost-effectiveness.

Sri Lankan-specific modifications prove necessary including right-hand drive optimization for
camera positioning [17], tropical environmental hardening exceeding standard specifications,
multilingual interface development supporting Sinhala, Tamil, and English, and cost-optimized

feature sets prioritizing essential safety functions.

The government's commitment to implementation by provides both urgency and opportunity for
local innovation. While commercial systems offer immediate deployment capabilities
demonstrated in the current pilot program [28], the SafeDriver system's comprehensive
localization ensures long-term effectiveness and sustainability in Sri Lankan operational

environments.
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The convergence of technical requirements, economic benefits, safety imperatives, strategic
opportunities, and government policy support creates overwhelming case for developing the
SafeDriver system as localized solution optimized for Sri Lankan conditions. The substantial cost-
benefit ratios, combined with technology sovereignty benefits and capability development
opportunities, make this initiative essential for Sri Lanka's transportation safety and economic

development objectives.

The SafeDriver system represents transformational opportunity to address critical public safety
needs while establishing Sri Lanka as regional leader in transportation technology development.
The comprehensive justification, validated by the government's urgent response to the Kotmale
tragedy and rapid deployment initiative [29, 30, 32], demonstrates that local development is not
only preferable to international alternatives but essential for achieving optimal safety outcomes
under Sri Lankan conditions. The tragic loss of 23 lives in May 2025 has catalyzed unprecedented
action, creating both the policy framework and market conditions for comprehensive, sustainable
safety solutions that can prevent future tragedies while establishing Sri Lanka's technological

leadership in the region.
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Initial Discussion to Prepare for Progress 1

Meeting Information

Field Details

Meeting Date/Time 25/05/2025 - 21:00:00

Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka

Estimated Time 1h 56m

Special Notes Discuss project proposal, identify features, introduction, objectives, and

start to create proposal document.

Call/Location MS Teams
Information

Supported Documents | Project proposal draft

Agenda
e Discuss the project proposal.
o Identify features, introduction, and objectives.
o Start preparing the proposal document.
Meeting Minutes
e The team discussed the project proposal and clarified the main purpose of the system.
o Features, introduction, and objectives were identified for the proposal document.
o [t was agreed to begin drafting the proposal with input from all team members.

Action Items

Action item Decision made by
Prepare the proposal document draft D. S. Sandeepa, R. U. Gonalagoda
Finalize the feature list and objectives All participants
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Review Presentation and Finalization

Meeting Information

Field Details
Meeting Date/Time 28/05/2025 - 21:40:00
Participants D. S. Sandeepa, R. U. Gonalagoda, K. J. L. Perera, P. S. Ekanayaka
Estimated Time 45m
Special Notes Review presentation and finalization.
Call/Location Information MS Teams
Supported Documents Presentation slides
Agenda

o Review the current presentation.
o Finalize the presentation content.

Meeting Minutes
e The team reviewed the presentation structure and content.
o Feedback was given to improve clarity and completeness.
o Final changes were agreed upon before submission.

Action Items

Action item Decision made by
Revise presentation slides R. U. Gonalagoda
Approve final presentation version All participants

92



Practice Proposal Presentation

Meeting Information

Field Details

Meeting Date/Time 17/06/2025 - 22:30:00

Participants D. S. Sandeepa, P. S. Ekanayaka, R. U. Gonalagoda
Estimated Time 2h 10m
Special Notes Practice proposal presentation, make some changes, and divide the

presentation scope among team members.

Call/Location MS Teams
Information

Supported Documents | Proposal presentation outline

Agenda
o Practice the proposal presentation.
o Identify required changes.
e Divide presentation scope among team members.
Meeting Minutes
e The team conducted a practice presentation for the proposal.
o Several changes were suggested to improve delivery and clarity.
e The presentation scope was divided among team members for better coordination.

Action Items

Action item Decision made by
Update the proposal presentation D. S. Sandeepa, P. S. Ekanayaka, R. U. Gonalagoda
Allocate presentation sections All participants
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Practice Proposal and Time Adjustment

Meeting Information

Field Details

Meeting Date/Time 18/06/2025 - 20:00:00

Participants D. S. Sandeepa, P. S. Ekanayaka, T. P. Denagamage

Estimated Time 1h 48m

Special Notes Practice proposal presentation and adjust the time duration for

each member.

Call/Location MS Teams

Information

Supported Documents Proposal presentation schedule
Agenda

o Practice the proposal presentation.
e Adjust speaking time for each member.
Meeting Minutes
e The presentation was practiced and timing issues were discussed.
e The team adjusted the duration allocated to each presenter.
o Improvements were noted to help balance the presentation flow.

Action Items

Action item Decision made by
Update time allocation All participants
Rehearse revised presentation All participants
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Practice Proposal Presentation in Zoom

Meeting Information

Field Details

Meeting Date/Time 18/06/2025 - 21:50:00

Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka, K. J. L. Perera, T.
P. Denagamage

Estimated Time 40m

Special Notes Practice proposal presentation via Zoom.

Call/Location Zoom

Information

Supported Documents Proposal presentation link

Agenda
e Practice the proposal presentation on Zoom.
e Review delivery and timing.
Meeting Minutes
e The team practiced the proposal presentation in Zoom.
e Members reviewed the presentation flow and delivery.
o Final adjustments were discussed before the next rehearsal.

Action Items

Action item Decision made by
Improve delivery and slide flow All participants
Continue rehearsal using Zoom All participants
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Discussion Project Trello Board

Meeting Information

Field Details

Meeting Date/Time 27/06/2025 - 21:15:00

Participants R. U. Gonalagoda, D. S. Sandeepa, P. S. Ekanayaka
Estimated Time S5h 45m
Special Notes Discuss project trello board, manage projects, setup projects on team

members dev environments.

Call/Location MS Teams
Information

Supported Documents | Trello board, development setup

Agenda
o Discuss the project Trello board.
e Manage projects and tasks.
e Set up projects on team members’ development environments.
Meeting Minutes
e The Trello board was reviewed and task organization was discussed.
e Project management responsibilities were clarified.
e Development environments were prepared for team setup and collaboration.

Action Items

Action item Decision made by
Update Trello board tasks R. U. Gonalagoda
Set up development environments All participants
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Meeting Information

Project Progress Discussion

Field Details
Meeting Date/Time 01/07/2025 - 21:30:00
Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka, K. J. L. Perera, T. P.

Denagamage

Estimated Time

40m

Special Notes Discussion with the supervisor about progress 1 and overall project idea.
Call/Location Zoom
Information

Supported Documents

Progress 1 notes

Agenda

e Discuss progress 1 with the supervisor.

e Review the overall project idea.

Meeting Minutes

e The team discussed progress 1 with the supervisor.

e The overall project idea was reviewed and clarified.

e Feedback was noted for future improvements.

Action Items

Action item

Decision made by

Refine the overall project idea All participants

Incorporate supervisor feedback All participants
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Meeting Information

Progress 1 Issues and Planning

Field Details
Meeting Date/Time 01/07/2025 - 20:30:00
Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka, K. J. L. Perera, T. P.

Denagamage

Estimated Time

2h

Special Notes Discuss about the issues, dependencies, planning for the project progress 1.
Call/Location MS Teams
Information

Supported Documents

Progress 1 planning notes

Agenda

e Discuss issues and dependencies.

e Plan work for project progress 1.

Meeting Minutes

o The team identified issues affecting the progress work.

e Dependencies were reviewed and planning adjustments were made.

o Tasks were distributed to keep the milestone on track.

Action Items

Action item

Decision made by

Resolve identified issues

All participants

Update progress 1 plan

All participants
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Literature Review Discussion

Meeting Information

Field Details
Meeting Date/Time 06/07/2025 - 11:00:00
Participants D. S. Sandeepa, R. U. Gonalagoda

Estimated Time

2h

Special Notes

Review the literature review.

Call/Location Information

MS Teams

Supported Documents

Literature review draft

Agenda
« Review the literature review draft.

Meeting Minutes

e The literature review was reviewed in detail.

e Required corrections and improvements were identified.

o Further refinement was agreed before the next submission.

Action Items

Action item

Decision made by

Revise literature review content

D. S. Sandeepa, R. U. Gonalagoda

Improve references and structure

D. S. Sandeepa, R. U. Gonalagoda

99




SRS Review

Meeting Information

Field Details
Meeting Date/Time 17/07/2025 - 20:00:00
Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka
Estimated Time 2h
Special Notes Review SRS.
Call/Location Information MS Teams
Supported Documents SRS draft
Agenda

e Review the SRS document.
Meeting Minutes
e The SRS draft was reviewed by the team.
e Changes were suggested to improve accuracy and completeness.
e The team agreed to update the SRS accordingly.

Action Items

Action item Decision made by
Update SRS draft All participants
Verify requirements coverage All participants
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Progress 1 Review and SRS Updates

Meeting Information

Field Details

Meeting Date/Time | 16/08/2025 - 22:00:00

Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka, K. J. L. Perera, T. P.
Denagamage

Estimated Time 40m

Special Notes Discussion with the supervisor about progress 1 reviewed changes and enhance

the SRS and literature review contents according to the government project.

Call/Location Zoom
Information
Supported SRS and literature review revisions
Documents
Agenda

e Review progress 1 changes.
o Enhance SRS and literature review contents.
Meeting Minutes
e The supervisor reviewed the changes made to progress 1.
e The SRS and literature review content were discussed and improved.
o Further alignment with the government project requirements was noted.

Action Items

Action item Decision made by
Update SRS and literature review All participants
Align content with project requirements All participants
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Literature Review Changes

Meeting Information

Field Details

Meeting Date/Time 15/09/2025 - 20:00:00

Participants D. S. Sandeepa, R. U. Gonalagoda

Estimated Time 2h

Special Notes Literature review changes.

Call/Location Information MS Teams

Supported Documents Literature review revisions
Agenda

e Review literature review changes.
Meeting Minutes
e The team reviewed the literature review changes.
o Additional edits were identified for clarity and consistency.
e The updated content was prepared for further use.

Action Items

Action item Decision made by

Finalize literature review changes D. S. Sandeepa, R. U. Gonalagoda
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SRS, Literature Review, and CMMI Meeting

Meeting Information

Field Details
Meeting Date/Time | 07/10/2025 - 22:00:00
Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka, K. J. L. Perera, T. P.

Denagamage

Estimated Time

45m

Special Notes Review SRS, literature review, CMMI meeting minutes and other progress
1 documentations and discussion with supervisor.
Call/Location Zoom
Information
Supported SRS, literature review, CMMI minutes, progress 1 documents
Documents
Agenda

e Review SRS.

e Review literature review.

e Review CMMI meeting minutes and progress 1 documentation.

e Discuss updates with the supervisor.

Meeting Minutes

e The team reviewed the SRS, literature review, and CMMI documents.

e Remaining documentation for progress 1 was discussed with the supervisor.

o Final corrections and improvements were identified.

Action Items

Action item

Decision made by

Update all progress 1 documentation

All participants

Incorporate supervisor comments

All participants
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Implementation and Bug Fixing Session

Meeting Information

Field Details
Meeting Date/Time 24/10/2025 - 20:00:00
Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka
Estimated Time 3h
Special Notes Implementation and bug fixing session for authority dashboard web
app.
Call/Location Information | MS Teams
Supported Documents Dashboard web app
Agenda

e Work on implementation.
e Fix bugs in the authority dashboard web app.
Meeting Minutes
e The team worked on implementation tasks for the dashboard web app.
e Several bugs were identified and fixed during the session.
e The system was tested after the fixes.

Action Items

Action item Decision made by
Continue implementation work R. U. Gonalagoda, D. S. Sandeepa
Resolve remaining bugs All participants
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Database Architecture Discussion

Meeting Information

Field Details
Meeting Date/Time 06/10/2025 - 00:00:00
Participants D. S. Sandeepa, R. U. Gonalagoda
Estimated Time Not specified
Special Notes Discussion for design the database architecture.
Call/Location Information MS Teams
Supported Documents Database design notes
Agenda

e Discuss the database architecture design.
Meeting Minutes
o The database architecture was discussed.
o Initial design considerations were reviewed.
o Further database planning was agreed for the next stage.

Action Items

Action item Decision made by
Draft database architecture R. U. Gonalagoda
Review database structure D. S. Sandeepa, R. U. Gonalagoda
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Code Review Session for Web, Mobile and Model Backend Projects

Meeting Information

Field Details
Meeting Date/Time 20/11/2025 - 23:00:00
Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka
Estimated Time 3h
Actual Time 4h
Special Notes Code review session for web, mobile and model backend projects
Call/Location Information MS Teams
Supported Documents Code base, review notes
Agenda

¢ Review the web, mobile, and model backend code.
o Identify issues, improvements, and required corrections.
Notes/Clarifications

e The session focused on reviewing code quality and consistency across all project
modules.

o Key issues were identified for later correction and optimization.
Meeting Minutes

e The team reviewed the web, mobile, and model backend projects.

e Code quality, structure, and integration points were discussed.

e Required fixes and improvements were noted for implementation.

Action Items

Action item Decision made by
Apply code review corrections D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka
Improve consistency across modules All participants
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Hardware Integration and Raspberry Pi Kit Setup

Meeting Information

Field Details
Meeting Date/Time 23/11/2025 - 15:00:00
Participants D. S. Sandeepa, R. U. Gonalagoda
Estimated Time 2h
Actual Time 3h
Special Notes Hardware integration and Raspberry P1i kit setup
Call/Location Information Physical
Supported Documents Hardware kit, integration notes
Agenda

e Set up the Raspberry Pi kit.

e Discuss hardware integration requirements.
Notes/Clarifications

o The hardware setup took longer than expected due to integration steps.

o Initial configuration and connectivity were reviewed during the session.
Meeting Minutes

o The Raspberry Pi kit was set up and tested.

o Hardware integration steps were discussed and applied.

e Preliminary checks were completed to ensure the kit was ready for further work.

Action Items

Action item Decision made by
Complete hardware integration setup D. S. Sandeepa, R. U. Gonalagoda
Verify Raspberry Pi kit functionality D. S. Sandeepa, R. U. Gonalagoda

107



Integration Testing for Web, Mobile and Model Backend

Meeting Information

Field Details
Meeting Date/Time 28/11/2025 - 17:45:00
Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka, T. P.
Denagamage
Estimated Time 4h
Actual Time 4h
Special Notes Integration testing web, mobile and model backend
Call/Location Information MS Teams
Supported Documents Test cases, integration checklist
Agenda

e Perform integration testing across web, mobile, and model backend systems.
o Identify integration issues and confirm system behavior.
Notes/Clarifications
e The testing session focused on end-to-end communication between all modules.
o System behavior was checked under integrated conditions.
Meeting Minutes
o Integration testing was carried out for the web, mobile, and model backend components.
e The team verified connectivity and data flow between modules.
e Issues found during testing were recorded for correction.

Action Items

Action item Decision made by

Fix integration issues D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka, T. P.
Denagamage

Re-test corrected modules All participants
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Progress Tracking Meeting with Supervisor

Meeting Information

Field Details
Meeting Date/Time 28/11/2025 - 21:45:00
Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka, T. P.

Denagamage

Estimated Time

1h

Actual Time

1h 15m

Special Notes

Progress tracking meeting with supervisor

Call/Location Information

Zoom

Supported Documents

Progress report notes

Agenda

e Review project progress with the supervisor.

e Discuss completed work and pending tasks.

Notes/Clarifications

e The meeting was used to track current progress and gather feedback.

e Additional guidance from the supervisor was noted for further improvement.

Meeting Minutes

e The team presented progress updates to the supervisor.

e Completed work and remaining tasks were discussed.

e Supervisor feedback was recorded for future action.

Action Items

Action item

Decision made by

Address supervisor feedback

All participants

Continue progress tracking updates All participants
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SafeDriver System Diagram Discussion

Meeting Information

Field Details

Meeting Date/Time 14/01/2025 - 19:30:00
Participants D. S. Sandeepa, R. U. Gonalagoda
Estimated Time 1h

Actual Time 1h 30m

Special Notes Discuss and prepare use case, system architecture, class, activity, sequence
diagrams for SafeDriver system

Call/Location MS Teams

Information

Supported Documents

Diagram drafts, system design notes

Agenda

e Discuss the SafeDriver system design.

e Prepare use case, system architecture, class, activity, and sequence diagrams.

Notes/Clarifications

e The session focused on planning the system design documents.

e Diagram structure and representation details were discussed.

Meeting Minutes

e The team discussed the overall SafeDriver system design.

o Use case, architecture, class, activity, and sequence diagrams were planned.

e The required documentation structure was agreed for preparation.

Action Items

Action item

Decision made by

Prepare system diagrams

D. S. Sandeepa, R. U. Gonalagoda

Finalize diagram content and structure D. S. Sandeepa, R. U. Gonalagoda
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Progress 2 Report and Presentation Discussion

Meeting Information

Field Details
Meeting Date/Time 11/03/2025 - 17:30:00
Participants D. S. Sandeepa, R. U. Gonalagoda, P. S. Ekanayaka, T. P. Denagamage,
K. J. L. Perera
Estimated Time 4h
Actual Time Sh 15m
Special Notes Discuss about the progress 2 report and presentation
Call/Location MS Teams
Information
Supported Documents Progress 2 report, presentation draft
Agenda

e Discuss the progress 2 report.
o Review the presentation content and structure.
Notes/Clarifications
e The discussion took longer than expected due to report and presentation refinement.
o Suggestions were collected from all participants.
Meeting Minutes
e The team discussed the progress 2 report and presentation.
e Required updates and corrections were identified.
e The presentation plan was refined based on team feedback.

Action Items

Action item Decision made by
Update the progress 2 report All participants
Revise the presentation slides All participants
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Initial Discussion to Prepare for Progress 3

Meeting Information

Meeting Date/Time 04/04/2026 - 19:00:00

D. S. Sandeepa
R. U. Gonalagoda

Participants T. P. Denagamage
K. J. L. Perera
P. S. Ekanayaka

Estimated Time 45min Actual Time | 45min

Special Notes Discuss PR? requirements, identify detailed-design tasks, plan
documentation.

Call/Locati

2 Oc% on MS Teams
Information

Supported Documents | PR3 rubric, project schedule

Agenda:

e Get an overall idea about Progress Report 3 and list required artefacts (DB design, GUI
prototype, test plan, CMMI minutes).

Notes/Clarifications:
Meeting Minutes:

e Discussed PR3 requirements, identified all detailed-design and documentation tasks, and
agreed on responsibilities and internal deadlines.

e Confirmed that database design, GUI prototype, test plan and CMMI minutes will be the
main deliverables prepared for this milestone.

Action Items:

Action item Decision made by
Review PR3 rubric and mark required sections All participants
Finalize ER diagram and Firebase mapping R. U. Gonalagoda
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Finalize the Abstract

Meeting Information

Meeting Date/Time | 28/04/2026 — 21:00:00
D. S. Sandeepa
R. U. Gonalagoda
Participants T. P. Denagamage
K. J. L. Perera
P. S. Ekanayaka
Estimated Time 1h Actual Time 1h
Special Notes Final review and polishing of project abstract.
Call/L i
all/ oczftlon MS Teams
Information
Supported Draft abstract, SRS, PR2
Documents
Agenda:

o Review and finalise the abstract for submission and reuse in PR3.
Notes/Clarifications:
Meeting Minutes:

o Reviewed the draft project abstract against SRS and PR2 and refined wording to highlight
Al-based monitoring and hybrid edge-cloud architecture.

e Agreed on the final abstract text for faculty submission and reuse in PR3 and future
publications.

Action Items:

Action item Decision made by
Apply final text changes to abstract R. U. Gonalagoda
Submit approved abstract to faculty portal D. S. Sandeepa

113



Route Mapping Discussion

Meeting Information

Meeting Date/Time 01/05/2026 — 12:30:00

D. S. Sandeepa
R. U. Gonalagoda

Participants P. S. Ekanayaka

T. P. Denagamage

K. J. L. Perera
Estimated Time 1h Actual Time lh
Special Notes Internal follow-up on supervisor feedback

Call/Location Information | MS Teams

Supported Documents

Agenda:
e Review supervisor comments from the Progress 3 meeting.
e Plan changes to documentation, GUI and test plan.
Notes/Clarifications:
Meeting Minutes:

e Discussion on design corrections, dashboard behavior and PR3 documentation tasks.

Action Items:

Action item Decision made by
Update PR3 database-design R.U. Gonalagoda
Implement route-mapping changes in dashboard prototype P.S. Ekanayake
Compile updated CMMI meeting-minutes appendix for PR3 K.J.L. Perera
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Route Mapping Discussion

Meeting Information

17/06/2025

Meeting Date/Ti
eeting Date/Time 20:00:00

D. S. Sandeepa
Participants R. U. Gonalagoda

P. S. Ekanayaka
Estimated Time 1h Actual Time | 2h
Special Notes Finalization of route-mapping features in dashboard.
Call/Location Information | MS Teams
Supported Documents

Agenda:

e Discuss and finalize route mapping and hazard-zone visualization on web dashboard.
Notes/Clarifications:
Meeting Minutes:

e Discussed and finalized the route-mapping design, including how buses, routes and hazard
zones will be visualized on the web dashboard.

e Confirmed data fields and responsibilities for implementing the updated route-mapping
functionality in the dashboard prototype.

Action Items:

Action item Decision made by

Implement route-mapping changes in dashboard prototype P.S. Ekanayake
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Initial Discussion to Prepare for Final Report

Meeting Information

Meeting Date/Time 20/05/2026 - 19:00:00

D. S. Sandeepa
R. U. Gonalagoda

Participants T. P. Denagamage
K. J. L. Perera
P. S. Ekanayake

Estimated Time 45min Actual Time | 45min

Special Notes Discuss Final Report requirements, identify detailed-design tasks,
plan documentation.

Call/Locati

] on MS Teams
Information

Supported Documents | Final Report rubric, project schedule

Agenda:

e Get an overall idea about final report and list required artefacts (DB design, GUI
prototype, test plan, CMMI minutes, implementation).

Notes/Clarifications:
Meeting Minutes:

e Discussed Final Report requirements, identified all detailed-design and documentation
tasks, and agreed on responsibilities and internal deadlines.

e Confirmed that database design, GUI prototype, test plan and CMMI minutes will be the
main deliverables prepared for this milestone.

Action Items:

Action item Decision made by

Review Final Report rubric and mark required sections All participants
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System Implementation Finalization Review

Meeting Information
Meeting Date/Time | 28/05/2026 — 21:00:00

D. S. Sandeepa
R. U. Gonalagoda

Participants T. P. Denagamage
K. J. L. Perera
P. S. Ekanayake
Estimated Time 1h Actual Time | 1h
) Final review and confirmation that all system modules are
Special Notes ) .
implemented and working correctly.
Call/Locati
a Oc% ton MS Teams
Information
Supported . . .
SRS, implementation codebase, test results, Final Report draft
Documents
Agenda:

e Review and confirm the completion of all system implementations and verify that all
modules are working correctly for Final Report submission.

Notes/Clarifications:
Meeting Minutes:

o Reviewed the overall system implementation status, confirming that all core modules —
driver behaviour detection, real-time alert generation, Firebase backend integration,
authority dashboard, and passenger mobile application — are fully implemented and
functioning as specified.

e Agreed that all system components are complete and verified; team confirmed no
outstanding implementation tasks remain, and the system is ready for final submission and
documentation.

Action Items:

Action item Decision made by

Verify and document final test results for all | All participants
implemented modules
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Final Report Discussion with Supervisor

Meeting Information

Meeting Date/Time 01/06/2026 — 10:00:00
Dr. D.D.M. Ranasinghe (Supervisor)
D. S. Sandeepa
. R. U. Gonalagoda
Participants

K. J. L. Perera
T. P. Denagamage
P. S. Ekanayake

Estimated Time

1h Actual Time 1h

Special Notes

Final progress discussion with supervisor to review completed
system, test outcomes, and Final Report readiness.

Call/Location Information

Zoom

Supported Documents

Final Report draft, completed implementation codebase, test
results, system demonstration

Agenda

e Present the fully completed SafeDriver system to the supervisor, demonstrate all
implemented modules, and obtain final approval and feedback for the Final Report

submission.

Meeting Minutes

e Demonstrated the fully implemented SafeDriver system to the supervisor, covering all
modules including driver behaviour detection, real-time alerting, Firebase backend,
authority dashboard, and passenger mobile application, along with test results confirming

system functionality.

e Supervisor confirmed that the system implementation is complete and meets project
requirements; team received final approval to proceed with Final Report submission,
incorporating supervisor feedback on documentation clarity and test-result presentation.

Action Items:

Action item

Decision made by

supervisor feedback

Finalise and submit the completed Final Report incorporating

All participants
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