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Abstract - The ever increasing number of vehicles in
most metropolitan cities around the world and the
limitation in altering the transportation infrastructure,
led to serious traffic congestion and an increase in the
travelling time. In this work we exploit the emergence of
novel technologies such as the internet, to design an
intelligent Traffic Management System (TMS) that can
remotely monitor and control a network of traffic light
controllers located at different sites. The system is based
on utilizing Embedded Web Servers (EWS) technology to
design a web-based TMS. The EWS located at each
intersection uses IP technology for communicating
remotely with a Central Traffic Management Unit
(CTMU) located at the traffic department authority.
Friendly GUI software installed at the CTMU is
developed to select a specific node to monitor the
sequence of operation of the traffic lights and the
presence of traffic at each intersection as well as remotely
controlling the operation of the signals. The system has
been validated by constructing a prototype that
resembles the real application.

Index Terms—Embedded Web Servers, Traffic
Management system, microcontrollers.

I. INTRODUCTION

With the increase in urbanization, many cities
around the world are experiencing a very rapid growth
in the number of vehicles which lead to serious traffic
congestion problems. This places a greater demand on
operating roadway systems with maximum efficiency.
One major factor that affects the traffic flow is the
management of the traffic at road intersections. Hence
a good traffic management system is needed to
maximize the efficiency of the traffic flow. In
traditional TMS, each intersection is controlled by its
own controller which sends signals to the
intersection’s traffic lights for changing their states.
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Each intersection controller works independently
of other intersections’ controller with no way of being
remotely controlled or monitored.

Today, with the wide availability of high
bandwidth internet connectivity and the miniaturizing
of web servers, the process of remotely monitoring and
controlling various systems became more achievable.
Embedded Web Server (EWS) has emerged to
simplify the design process of systems that needs to be
connected to the internet for the purpose of monitor
and control. Most EWS are microcontrollers that
support the sophisticated and well established TCP/IP
communication standard. Hence, EWS based devices
(internet appliances) can be plugged into any Ethernet
network, allowing users to monitor and control their
embedded applications using any standard browser.
This has caused a strong trend towards embedding
internet capability in many different areas such as
industrial control [1], power-supply monitoring and
control  [2], environmental  monitoring  [3],
telecommunications, robotics [4], healthcare [5], home
security [6] and many consumer electronic devices.

In this work we have utilized the emerging EWS
technology to design a web-based traffic management
system that can remotely control and monitor the
traffic at various intersections simultaneously. The
system is aimed at improving the traditional TMS by
incorporating better management and monitoring
schemes as well as providing road users with real time
information through VMS.

The paper is organized as follows: In Section I,
we start with an overview of the proposed traffic
management system. In Section Il1l, we present the
hardware and software platforms required to
implement the system, followed by the system
operation in section IV. Discussion of future work and
concluding remarks are found in Sections V.

1. INTELLIGENT TRAFFIC MANAGEMENT SYSTEM

The intelligent traffic management system proposed
in this paper consists of a master unit and a number of
slave nodes sparsely located at different geographical
sites and interconnected together through the internet.
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The master unit is the Central Traffic Management
Unit (CTMU) used to remotely monitor and control the
different nodes using the internet as the

communication backbone, as shown in figure 1.
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Figure 1 Web-Based Traffic Management System

Each node is equipped with an embedded web
server which is responsible for monitoring and
controlling the traffic signals, traffic sensors, camera
and/or the electronic variable message sign (EVMS)
located at a specific intersection as shown in figure 2.
In this configuration, the CTMU acts as the client
while each node act as a server in a client-server
model.
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Figure 2. Node’s Embedded Web Server

Each embedded web server facilitates the process
of sending/receiving data to/from remote locations and
exchange information with one another via the CTMU,
whereby, traffic problems can be detected, analyzed
and corrected quickly.

The embedded web server of every node is
identified by its unique IP address and can be
controlled remotely by CTMU.

The EWS send or receive the desired information
using HTML documents which has the ability to be
generated dynamically using the Common Gateway
Interface (CGI) [7]. HTTP protocol is the protocol that
is used to allow the CTMU to request status or control
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the web servers at the different nodes. The web server
must include enough memory to hold the software that
facilitates its networking ability. An optimized TCP/IP
stack is implemented into the web server ROM. In
addition, external SRAM is required for buffering
incoming data, while an external flash memory is
needed to store the html web information and the
traffic signal control application software. The CTMU
will act as the web client when monitoring and
controlling the nodes via a standard web browser.

Ill. SYSTEM IMPLEMENTATION

A prototype of the proposed system has been built
with two nodes. Each node controls and monitors an
intersection of two roads called A and B. A circuit
board with LEDs arranged like traffic lights around the
two road intersection plus two switches for sensing
traffic flow in each direction is interfaced with each
node controller. Each node is also equipped with
Alpha-numeric LCD Display that emulates a Variable
Message Sign (VMS) wused to display traffic
information about special events such as traffic
congestion, road works, speed limits or accidents.

a. The Central Traffic Management Unit Platform

The CTMU is implemented on a personal
computer that is able to monitor and control each node
separately. A front panel Graphical User Interface
(GUI) is developed to interact with the different nodes
via the internet using Visual Basic. When a node is
selected for monitoring or control, an internet browser
will be invoked and the IP address of the selected node
will be entered at the URL field of the browser. The
browser will request a connection with the selected
node, and upon successful connection, the embedded
web server will respond by sending back an HTML
page containing information about the node and an
HTML form to select the access mode of the EWS, i.e;
monitoring or controlling its environment.

b. Nodes Software and Hardware Platform

The embedded web server of each node was
implemented using the new microchip PIC18F97J60
microcontroller which operates at 10 MIPS/40 MHz
[7]. The PIC18F97J60 is low power consumption, high
performance RISC CPU with integrated 10BASE-T
Ethernet (IEEE 802.3) controller and peripheral on
chip. The chip is mounted on PIC development
platform. It has been selected because it offers a single
chip solution to embedded web server by integrating
an IEEE 802.3 compatible Ethernet controller into the
same chip. The microcontroller has also a built-in 8
KB Dedicated Ethernet Buffer as well as a 128KB
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Program Flash to store the TCP/IP stack as well as the
traffic monitoring and control application. By
surveying the market for the available embedded web
servers we found that this system is one of the most
cost effective solutions that require minimum external
hardware, hence decreasing the design complexity. In
addition, the PIC18F97J60 is provided with excellent
software support using Microchip MPLAB Integrated
Development Environment.

The six traffic signals LEDs (three signals per
road: Red, yellow, green) and the two traffic sensing
switches are interfaced to port C, while the LCD is
connected to port A and B of the controller.

A decision algorithm for operating the traffic
signals on the intersection of two main roads A and B
is programmed into the microcontroller’s flash ROM.
The source code for controlling the traffic at the
intersection is written in C language and loaded into
the on-chip flash ROM. The algorithm operates the
traffic signal in a standard cyclic mode taking care of
the status of the traffic sensing switches to change the
normal sequence according to the presence or absence
of traffic at one of the roads.

IV. SYSTEM OPERATION

Through the GUI of the CTMU the user can
select the intersection to be monitored or controlled
and a web browser will be invoked with an embedded
Java applet that allows the user to select the desired
mode of operation (Monitor or control) for the selected
intersection. This is shown in figure 3.
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Figure 3. GUI for accessing the Node's servers.

The selected node’s EWS sends or receives the
desired information using HTTP, and the TCP/IP stack
manages the entire communication. The embedded
web server at the selected node will send its status as
dynamic contents inserted into the HTML file, hence
generating a Dynamic HTML file, which will be
translated to a web page by the CTMU WEB browser.
The dynamic web page content will be responsible for
the timely updating of the traffic signal and sensors
status. This has been achieved by writing a C script to
monitor the traffic status and automatically insert
periodic information into the node’s HTML file.
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Figure 4 shows the software modules that run at each
node server.
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Figure 4. Software modules that run at each node
server

When the user at the CTMU clicks on the selected
intersection, the corresponding node Web page will be
invoked, indicating the current status of the
intersection traffic. This is illustrated in figure 5.
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Figure 5. Node Monitoring Web page.

By clicking into the control tab, the user at the
CTMU can remotely alter the operation of the traffic
signal by selecting one out of four different options as
shown in figure 6. In this case, the CTMU sends a
GET command through the web browser using
standard radio buttons input control. When the request
is received by the EWS, it parses the request and
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Figure 6. Node Control Web page.

V. CONCLUSIONS

With the increase in urbanization and traffic
congestion, greater demand is placed on operating
traffic systems with maximum efficiency. The
intelligent traffic management system proposed in this
work is a distributed automation systems based on
Internet and Web technologies. The system uses the
Ethernet as a communication backbone between
individual nodes located at different traffic
intersections and a central traffic management unit.
Each node consists of an embedded web server
interfaced with the traffic signals and used to monitors
and control its operation. The proposed system offers a
low cost solution to the needs of tomorrow’s traffic
management. As future work, we will be looking into
techniques for optimizing the method of generating the
dynamic web pages.
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