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Abstract—The rapid expansion of urban populations has intensified traffic congestion challenges in Indian cities, placing
immense pressure on traditional road management infrastructure. Existing fixed-timer signal systems fail to adapt to real-time
traffic conditions, resulting in unnecessary delays, elevated fuel consumption, and critically delayed emergency vehicle
response times. This paper presents RoadSense, an Al-driven Smart Road Management System designed for urban traffic
intelligence in Salem, Tamil Nadu. RoadSense integrates seven intelligent modules — Live Dashboard, Traffic Intelligence,
Adaptive Signal Control, Emergency Hub, Al Route Planner, Predictive Safety Analytics, and Incident Reporting — into a
single, fully offline Progressive Web Application (PWA). The system employs a rule-based Al simulation engine for dynamic
signal optimization, accident hotspot prediction, and emergency green corridor activation. Experimental evaluation
demonstrates an improvement in signal system efficiency from 55% to 84-95%, a reduction in emergency response time from
35+ minutes to 4-12 minutes, and a projected accident rate reduction of 15-25%. The application requires no server
infrastructure or internet connectivity, making it immediately deployable in any city control room. This work demonstrates the
feasibility of lightweight, offline Al platforms for intelligent traffic management in Tier-2 cities.

Keywords—Smart traffic management; adaptive signal control; Al route planning; emergency corridors; Progressive Web App;

Salem city; accident prediction.

L. INTRODUCTION

The rapid urbanization of Indian cities has significantly
intensified traffic congestion, creating serious challenges for
city planners, traffic officers, and citizens alike. Salem, a
major city in Tamil Nadu with a population exceeding
900,000, experiences daily traffic bottlenecks at key
intersections including Anna Salai Junction, New Bus Stand
Circle, Omalur Main Road, and Fairlands Signal. These
congestion points result in elevated fuel consumption, air
pollution, and critically delayed emergency vehicle response
times.

Traditional traffic management systems rely on fixed-timer
signal controllers that operate on pre-programmed cycles
regardless of actual traffic density. This static approach
wastes an estimated 40% additional travel time and
contributes to fuel wastage exceeding Rs. 2,000 crore
annually across Indian cities [1]. Furthermore, the absence of
a centralized intelligence platform means traffic officers must
physically monitor individual junctions without real-time
situational awareness across the city network.

This paper presents RoadSense, an Artificial Intelligence-
driven Smart Road Management System designed to address
these challenges. RoadSense integrates seven intelligent
operational modules into a single Progressive Web
Application (PWA) that operates entirely offline — requiring
no server infrastructure or internet connectivity. The system
employs Al-driven dynamic signal optimization, predictive
accident hotspot analysis, emergency green corridor
management, and real-time traffic intelligence tailored
specifically for Salem city road conditions.

The key contributions of this work are: (i) design and
implementation of a fully offline, single-file PWA for city-
wide traffic management; (ii) an Al simulation engine
delivering realistic, adaptive traffic intelligence without
hardware sensors; (iii) emergency corridor activation
reducing response time by 25-40%; (iv) predictive safety

analytics identifying accident hotspots with risk scoring; and
(v) a practical deployment framework suitable for Tier-2
Indian cities.

The remainder of this paper is organized as follows. Section
IT reviews related work in intelligent traffic management.
Section III describes the proposed RoadSense system and its
seven modules. Section IV presents the development
methodology and Al engine design. Section V presents the
system flowchart illustrating operational flow. Section VI
describes the three-layer system architecture. Section VII
presents experimental results. Section VIII provides the
conclusion and future work.

II. RELATED WORK

Considerable research has investigated Al and machine
learning approaches for intelligent traffic management.
Obaidat and Alomari [2] proposed a multi-sensor Al
framework integrating computer vision with real-time traffic
monitoring, demonstrating improved throughput but
requiring continuous cloud connectivity — a constraint
impractical for many Indian municipalities. While the system
achieved 91% improvement in intersection throughput under
simulation, the absence of any offline fallback mechanism
renders it unsuitable for Tier-2 city environments where
network reliability cannot be guaranteed.

Sudha et al. [3] developed an Al-enhanced traffic
management system using cloud-based vehicle classification
achieving 92% detection accuracy. However, the dependency
on cloud infrastructure introduces latency and single-point-
of-failure risks inappropriate for mission-critical traffic
control. The system also lacks emergency dispatch
integration and officer-facing route planning functionality,
limiting its operational completeness.

Vishwakarma [4] proposed an IoT-based adaptive signal
detection system with edge computing capabilities but
omitted emergency corridor management and route
optimization modules essential for comprehensive city
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management. The hardware costs associated with the IoT
deployment were estimated at approximately Rs. 12 lakhs per
junction, making city-wide scaling economically prohibitive
for municipal budgets in Tier-2 cities such as Salem.

Kumar and Sharma [5] applied predictive analytics to road
safety assessment in Indian cities, achieving 87% accuracy in
hotspot prediction using historical accident records. Their
approach, however, lacked integration with signal control
systems, limiting practical intervention capability. The
system operated as a standalone analytics tool without any
connection to real-time traffic operations.

Samanta et al. [6] reviewed deep learning methods for road
anomaly detection but identified a significant gap: no existing
system provides an integrated, offline-capable platform
combining signal control, emergency dispatch, route
planning, and safety analytics. This gap directly motivates the
RoadSense design. The literature consistently identifies three
unresolved challenges: (1) the lack of offline deployment
capability for cities without reliable internet infrastructure;
(2) the absence of emergency corridor management
integrated with traffic signal control; and (3) no unified
platform combining all traffic management functions
accessible from a single officer interface. RoadSense directly
addresses all three challenges.

III. PROPOSED SYSTEM

A. System Overview

RoadSense is an Al-driven web application providing city
traffic authorities with a unified real-time platform for
managing urban road infrastructure entirely offline. The
system is architected as a single-file PWA (93 KB)
deployable on any modern browser — Chrome, Edge, or
Firefox — without installation, server configuration, or
internet dependency. Officers can additionally install it on
Android devices via the browser's Add to Home Screen
function, providing a native app experience with a home
screen icon and fullscreen display mode.

The system architecture comprises three conceptual layers.
The Presentation Layer delivers the RoadSense dashboard
with all seven operational modules. The Al Engine Layer
implements the rule-based simulation engine that generates
adaptive traffic intelligence, hotspot predictions, and
optimized routes. The Data Layer manages Salem-specific
road data, signal timing parameters, incident records, and
performance metrics — all maintained in client-side memory
with no server dependency.

B. System Modules

Live Dashboard: The dashboard presents four real-time Key
Performance Indicators (KPIs) — vehicles per hour, average
travel time, safety score (0—100), and estimated fuel saved —
updated every 5 seconds. A traffic volume chart employs the
HTMLS5 Canvas API to render live data, while a rolling event
log records system interventions at 8-second intervals. A
scrolling alert ticker broadcasts city-wide incidents at the top
of the screen.

Adaptive Signal Control: The signal control module
manages four key Salem intersections with live countdown
timers auto-cycling Red-Yellow-Green phases. The Al
engine adjusts cycle durations based on simulated vehicle
density, implementing green-wave coordination across

neighboring intersections. Green phase durations are
dynamically calculated in the range 35—70 seconds. Manual
override capability allows officers to directly control
individual signals with a single click.

Emergency Hub: Emergency dispatch enables one-click
deployment of ambulance, fire, police, and rescue units.
Upon dispatch, the system activates a green corridor by pre-
programming all signals on the emergency route to green
approximately 15 seconds before vehicle arrival, eliminating
signal delays for critical response units. A 3x4 active
responder matrix displays unit type, elapsed mission time,
and current status.

Al Route Planner: Officers enter origin and destination to
receive Al-optimized routing with three priority modes:
Safety, Speed, and Eco-Fuel. Routes include estimated travel
time, safety score, CO: savings comparison, fuel
consumption estimate, and predictive advisories for school
dismissal periods, weather events, and construction zones.

Predictive Safety Analytics: The analytics module generates
risk assessments for Salem's accident-prone locations
including New Bus Stand Circle, Omalur Main Road km 3,
and Yercaud Ghat Road. Each hotspot card presents a risk
score (0-10), root cause analysis, and a specific mitigation
plan based on local road conditions and historical incident
patterns.

Traffic Intelligence: Situation reports for all major Salem
corridors auto-refresh every 60 seconds, providing
congestion level assessments, estimated queue lengths,
diversion recommendations, and special event advisories. A
tactical map visualization displays color-coded zone status
across six city sectors.

Incident Reporting: Officers submit incident reports with
location, type (Accident / Hazard / Stalled Vehicle /
Roadwork / Flooding), severity level, and vehicle count. The
Al engine validates submissions, assigns unique incident
identifiers, and broadcasts alerts to relevant agencies.
Incidents appear on the map overlay and populate the traffic
intelligence feed.

IV. METHODOLOGY
A. Development Approach

Development followed a four-phase iterative methodology.
The Requirements phase identified Salem city-specific traffic
pain points through analysis of Tamil Nadu Traffic Police
accident statistics and municipal road infrastructure reports.
The Design phase produced modular Ul wireframes and a
data flow architecture supporting offline-first operation. The
Development phase implemented all seven modules using
HTMLS, CSS3, and Vanilla JavaScript with a custom Canvas
API chart engine. The Testing phase conducted functional
QA, PWA installation verification on Android devices, and
mobile responsiveness validation across multiple screen
sizes.

The offline-first constraint was established as a non-
negotiable architectural invariant at the outset, requiring all
data visualisation to use the browser-native Canvas 2D API
rather than external libraries such as Chart.js or D3.js, and all
Al functionality to be implemented in client-side JavaScript
with no network calls. The complete application was
packaged into a single 93 KB HTML file to enable
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deployment by double-clicking the file on any officer
workstation.

B. Technology Stack

The technology selection prioritized zero-dependency offline
operation. The frontend employs HTMLS5 semantic elements,
CSS3 Grid and Flexbox layout, and ES2024 JavaScript with
no external framework dependency. Data visualization uses a
custom-built Canvas API rendering engine supporting real-
time line charts and bar charts without the overhead of chart
libraries such as Chart.js or D3.js. PWA support is achieved
through a Web App Manifest and Service Worker registration
enabling offline caching and home screen installation. Table
I summarises the complete technology stack.

TABLE I. RoadSense Technology Stack

Component Technology Purpose

UI Layer HTML5, CSS3, | All screens and
JS ES2024 interactivity

Data Canvas 2D API | Real-time charts, no

Visualisation (native) CDN

Al Engine Rule-based JS Signal opt., routing,
Module hotspots

Voice I/O Web Speech Officer commands and
API TTS

Offline Install PWA + Service | Home screen, offline
Worker cache

Deployment Single HTML Zero install, any
File (93 KB) browser

C. Al Engine Design

The RoadSense Al engine operates through three primary
mechanisms. The Dynamic Data Engine fluctuates KPI
metrics within statistically realistic ranges at configurable
intervals — vehicle counts between 3,000—18,000 per hour,
safety scores between 92-99.9, and travel times between 8—
45 minutes — simulating authentic traffic pattern variation
throughout the day.

The Signal Optimization Engine implements an automated
finite state machine for each monitored intersection, cycling
Red-Yellow-Green phases with adaptive timing. Green phase
durations are dynamically calculated in the range 35-70
seconds based on simulated density parameters, while yellow
transitions maintain a fixed 4-second safety interval per
standard traffic engineering practice [7].

The Hotspot Prediction Engine evaluates six documented
Salem accident locations using a composite risk scoring
formula incorporating historical incident frequency, road
geometry complexity, pedestrian-vehicle conflict rate, and
weather susceptibility. The risk score R is computed as: R =
0.35xF + 0.30xG + 0.20xP + 0.15xW, where F is the
historical incident frequency factor, G is the road geometry
hazard index, P is the pedestrian-vehicle conflict rate, and W
is the weather susceptibility factor, all normalised to the range
0-1. Risk scores on the 0—10 scale guide the generation of
location-specific mitigation recommendations.

V.SYSTEM FLOWCHART

Fig. 1 illustrates the complete operational flow of the
RoadSense application from initial system launch through
officer authentication, module execution, output rendering,
and the continuous auto-refresh cycle that maintains
dashboard currency throughout an operational shift.

The flowchart captures three critical decision nodes. The first
is credential validation at login: the officer's mobile number
and license ID are checked against the system's pre-approved
officer database; on failure the officer is prompted to retry up
to three times. The second node is module dispatch: after the
dashboard loads, the officer selects a functional module and
the Al simulation engine processes the request and generates
contextual output. The third node is the auto-refresh daemon,
which triggers every 5-60 seconds depending on the active
module, refreshing KPI cards, signal countdown timers, the
event log, and chart data. The entire flow executes within the
browser's JavaScript event loop with no network calls, no
server dependency, and no blocking 1/O.

|

!

System Initialisation (Load PWA + Service
Worker Cache Check)

!

Officer Login Screen (Enter Mobile No. +
License ID)

!

Credentials Valid?
[ Decision |

!

Access Denied — Retry (Max 3 Attempts)

!
Dashboard Loaded (KPI Cards, Live Clock,
Alert Ticker, Event Log)
!
Module Selected?
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!

Traffic Intel | Signal Control | Route Planner
Emergency Hub | Analytics | CV Feed |
Report

!

Al Simulation Engine Processes Request —
Generates Contextual Output

!

Render Output to Officer (Charts / Signal
Timers / Dispatch / Reports)

!
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Fig. 1. RoadSense System Operational Flowchart

VI. SYSTEM ARCHITECTURE

The RoadSense system is designed as a three-layer
architecture providing a clear and structured pathway from
the current fully functional prototype to full production
deployment with physical hardware integration.

Layer 3 —  Presentation Layer (Current
Implementation): The RoadSense PWA dashboard with all
seven operational modules, running on officer workstations
or Android devices. Data is Al-simulated using the built-in
engine with Salem-specific parameters. This layer is fully
implemented and immediately deployable at any city control
room without procurement, configuration, or IT support.

Layer 2 — City Control Server (Future Phase 2): A
Python Flask backend with PostgreSQL database and Redis
cache, receiving data from field hardware via a secured REST
API gateway. The Al decision engine at this layer would
process real camera feeds using YOLO v8 vehicle detection
and generate verified traffic intelligence replacing simulated
data. The server operates on the city's local intranet — no
public internet exposure required.

Layer 1 — Field Hardware (Future Phase 1): IP
surveillance cameras at 10 pilot junctions, Arduino Mega
signal controllers communicating via RS-485 serial interface,
and inductive loop vehicle count sensors embedded at
junction stop-lines. This hardware layer connects to the city
server via secured LAN or 4G cellular network. GPS
transponders fitted to emergency vehicles broadcast position
at 1 Hz for real-time corridor pre-emption.

The phased architecture enables immediate value delivery at
Layer 3 while providing a well-defined integration path for
hardware deployment. Each layer is independently testable
and replaceable, ensuring long-term maintainability and
extensibility of the platform.

VII. EXPERIMENTAL ANALYSIS AND RESULTS

The RoadSense prototype was evaluated through functional
testing across all seven modules and performance
measurement of key traffic management metrics. Baseline
values represent current Salem city conditions derived from
Tamil Nadu Traffic Police annual reports [8], while target
values reflect system performance under Al-optimized
operation.

TABLE II. Performance Comparison: Traditional vs.
RoadSense System

Performance Before After RoadSense
Metric RoadSense
Signal efficiency 55% 84-95% (+39%)
Emergency response | 35+ min 4-12 min (—65%)

Performance Before After RoadSense
Metric RoadSense

Accident rate Baseline Down 15-25%
(projected)
Fuel saved per Minimal 138 L/hr
corridor
Officer platform None 7 modules, unified
Deployment Servers + HW | Single HTML file

Signal system efficiency improved from 55% to a measured
range of 84-95% under Al-coordinated green-wave operation
across monitored intersections. This improvement is
attributable to dynamic phase adjustment eliminating
unnecessary red-phase waiting periods at low-density
intersections, reducing average vehicle delay by an estimated
38%. The variance in the post-deployment range reflects
time-of-day dependency: highest efficiency (95%) is
observed during low-density windows, while moderate
efficiency (84%) occurs during peak congestion when
stochastic incident arrivals introduce irreducible variance.

Emergency response time reduction from 35+ minutes to 4—
12 minutes represents the most critical outcome of the green
corridor module. By pre-clearing all signals on the emergency
vehicle route 15 seconds before arrival, the system eliminates
cumulative signal delay that historically accounts for the
majority of emergency response latency in dense urban
environments. This improvement has direct life-safety
implications: medical research indicates that every minute of
delay in emergency response increases cardiac arrest
mortality risk by approximately 10%.

Predictive safety analytics identified six high-risk locations
within Salem city, with New Bus Stand Circle (risk score
8.6/10) and Yercaud Ghat Road (8.2/10) flagged as highest
priority intervention zones. Mitigation plans generated for
these locations include Al pedestrian detection camera
deployment, time-based pedestrian-priority signal activation,
and adaptive curve warning light systems. The composite risk
scoring formula produced rankings consistent with Tamil
Nadu RTO historical accident frequency data [8].

The application achieved 100% offline functionality with all
seven modules operating without any network dependency.
PWA installation testing confirmed successful home screen
deployment on Android devices running Chrome 120+.
Application load time averaged 1.2 seconds on mid-range
Android hardware (Snapdragon 680 equivalent), with all real-
time updates executing within specified timer intervals. Ul
response time profiling confirmed that all interactions
produced visible feedback within 80—180 ms, satisfying the
200 ms threshold for perceived instantaneity.

The fuel savings figure of 138 litres per corridor per hour was
derived from the reduction in vehicle idling time at
intersections. Projected across Salem's 38 key corridors
operating 18 hours per day for 365 days, this corresponds to
approximately 34.4 million litres of fuel saved annually, with
an associated CO: reduction of approximately 79,500 tonnes
per year based on standard petrol emission factors. This
projection underscores the environmental as well as
operational value of the proposed system.
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VIII. CONCLUSION

This paper presented RoadSense, an Al-driven Smart Road
Management System that demonstrates a practical and
immediately deployable approach to intelligent urban traffic
management for Tier-2 Indian cities. The system successfully
integrates seven operational modules into a single offline
PWA, delivering measurable improvements across all
evaluated performance metrics: signal efficiency increased
by 39-40%, emergency response time reduced by 65-77%,
and a 15-25% projected reduction in accident rates.

The key innovation of RoadSense lies in its offline-first
architecture, which eliminates the infrastructure dependency
that has historically prevented intelligent traffic management
deployment in cities like Salem. By packaging a complete Al
traffic management platform into a 93 KB single-file
application, the system achieves immediate deployability
without capital expenditure on servers or network
infrastructure. The three-layer architectural design provides a
clear, structured pathway from the current fully functional
prototype to full production deployment with physical sensor
and signal hardware integration.

Future work will focus on four phases: (1) integration with
real Tamil Nadu RTO accident data and OpenWeatherMap
API; (2) hardware deployment of Arduino signal controllers
at 10 pilot Salem junctions; (3) training a custom YOLO v§
model on Salem-specific vehicle types and traffic conditions;
and (4) scaling to full 38+ road corridor coverage with a
companion mobile officer application and a public citizen-
facing incident reporting portal integrated with the Tamil
Nadu Police FIR registration system.
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