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ABSTRACT

Traffic congestion is a major challenge in urban and semi-urban regions, leading to excessive waiting time, fuel
wastage, increased pollution, and reduced road efficiency. Traditional traffic signals follow fixed timer cycles, which
remain unchanged regardless of vehicle density, resulting in unnecessary delays and inefficient traffic movement. To
address this issue, the proposed Road Traffic Management System dynamically adjusts traffic signal durations based
on the real-time number of vehicles present in each lane. Using vehicle density detection through sensor inputs and
automated signal switching logic, the system prioritizes lanes with higher traffic load, thus reducing queue length and
improving clearance time.

The project uses lightweight front-end and back-end technologies without relying on any database, making the system
simple, fast, and cost-effective. The system demonstrates improved signal efficiency, balanced lane distribution, and
reduced idle time at intersections. This paper presents the methodology, architecture, system workflow,
implementation details, and performance analysis of the vehicle density—based intelligent traffic management system.
Kewords:—Traffic Control, Intelligent Signals, Vehicle Density Detection, Automation, [oT, Dynamic Timing.

I. INTRODUCTION ) adaptive but cannot handle random spikes in vehicle
flow.
The rapid growth of vehicles in urban areas has Previous studies have explored camera-based vehicle
created significant challenges in managing road traffic detection uSiI}g computer ViSiOIl,. but such
efficiently. Conventional traffic lights operate on fixed systems require high computational power and suffer

from environmental limitations such as low visibility

timers that do not adapt to traffic conditions. As a result, !
and weather interference.

vehicles often wait unnecessarily at red signals even
when other lanes are empty. This leads to time loss,

commuter frustration, fuel consumption, and reduced Machine learning approaches require extensive

road throughput. datasets and cloud infrastructure, increasing
complexity and cost.

A smart traffic management system must be capable of Sensor-based solutions using IR, ultrasonic, or RFID

analyzing real-time vehicle density and dynamically sensors have been found to be more reliable for real-

adjusting signal patterns. This project implements a time detection.

sensor-based intelligent traffic system that allocates

variable green time based on the number of vehicles Research highlights that dynamic signal adaptation

detected in each lane. When a lane is heavily congested, significantly =~ reduces congestion and improves

itreceives longer green duration, while lightly crowded throughput .However, existing academic prototypes

lanes receive shorter durations. The solution is often lack complete lane integration, clear architecture,

implemented using a simple back-end logic system or realistic dashboards.

with a frontend dashboard for monitoring.Since no

database is required, the system is easy to deploy and III. PROPOSED METHODOLOGY

maintain. The overall design focuses on reducing
congestion, improving road efficiency, and enabling

) The proposed system operates through four primary
smoother vehicle movement.

stages:
A. 1. Vehicle Detection
IL. RELATED WORKS Sensor Layer: Vehicle detection units at each lane.
Processing Unit: Controls timer logic and lane
Existing traffic control systems include fixed- switching.
timer signals, time-of-day signals, and adaptive signal Front-End Interface: Visual dashboard for monitoring.
control systems. Fixed signals fail to respond to sudden Signal Output: Red/Yellow/Green light control units.

traffic variations. Time-ofday control is partially
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IV. SYSTEM ARCHITECTURE

Fig. 1. 4-Line Intelligent Traffic System

This project builds on these concepts by implementing
a fully functional 4-lane intelligent system with
adaptive timing, sensor The architecture consists of:
inputs, and a live dashboard for monitoring.

V. IMPLEMENTATION DETAILS

Front-End Sensors (IR/Ultrasonic) are placed at each
lane to detect and count the number of vehicles. The
detected count is transmitted to ¢« HTML, CSS,
JavaScript the back-end logic controller.

B. 2. Dynamic Timer Allocation Based on vehicle
density:
High-density lanes receive longer green signals.
Medium-density lanes receive normal green duration.
Low-density lanes receive short green duration.
C. 3. Sequential Lane Switching The system cycles
through all four lanes:
Lane 1 — Lane 2 — Lane 3 — Lane 4
Each lane receives time proportional to vehicle count.
D. 4. Front-End Dashboard
A real-time monitoring dashboard displays:
Active lane
Timer countdown
Vehicle density indicators
Current signal color
Displays lane information and live signal status
Shows timer countdown and lane colors

B. Back-End
Python or Node.js logic for timer and lane switching
Processes sensor values
Generates dynamic time intervals

C. Dashboard Interface

Users (traffic authorities) can:

View real-time active lane

Monitor vehicle count on each lane
Observe time left for signal switching
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Fig. 2. Dashboard
VI. RESULT

The system was tested under various traffic scenarios:
Low traffic: All lanes received minimum green time.
Moderate traffic: Time adjusted proportionally.

Heavy traffic: Lanes with long queues received highest
priority.

Experimental results show:

Reduced waiting time across all lanes

Faster clearance of congested lanes

Improved traffic distribution efficiency

Less idle time at red signals

CONCLUSION

The Road Traffic Management System effectively
reduces congestion by adjusting signal timing based on
real-time vehicle density. The prototype demonstrates
how adaptive timing significantly improves road
throughput and overall traffic movement. The system
eliminates the drawbacks of fixed timer signals and
presents a reliable, cost-effective solution for modern
cities. Future enhancements may include camera based
detection, emergency vehicle prioritization, machine
learning prediction, and cloud-based analytics.
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