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Abstract— with recent advancements in electronics market the development trend is leaning towards deploying intelligent, 
convenient and remote systems. The aim is to monitor and control devices from a central point. In this paper we present a 
economically feasible yet flexible and secure Intranet based remote monitoring and control system applicable at different 
levels including houses, offices, hospitals, multiplexes etc.. The system is designed to be economically feasible with variety 
of devices to be controlled. This paper illustrates the design of an embedded web server and accessible interface for 
monitoring and controlling devices at remote places. The central monitoring and control system discussed in this paper 
controls the nodes at remote zones. The system provides flexibility to add nodes at a later time after setup. The communication 
mode used in this system is wireless and follows Zigbee protocol. 
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I. INTRODUCTION 
 
With rapid advancements in computer technology and 
with the emergence of high performance embedded 
processors the electronics market is undergoing a 
revolution. Embedded Systems are now becoming a 
part of people’s life beginning with smart phones that 
help them to stay intact with the digital world to 
embedded web servers that are capable of 
interconnection digital devices. At the same time, the 
rapid development in Internet Technology made 
internet based remote monitoring increasingly 
common. As with the growing needs for automation of 
appliances and maintaining a network that can 
monitor and control these appliances, it is a major 
challenge to develop a cost effective and reliable 
system. 
 
The system discussed in this paper provides a solution 
for embedded system access to internet, through which 
we can remotely access, monitor and maintain remote 
appliances conveniently. The solution is based on web 
server and Embedded Technology. The system offers 
two ways access to administrate devices in network. It 
provides user with an Accessible Interface through 
which the devices can be centrally monitored and 
controlled [1]. The other way is through web pages 
from an Embedded Web server connected to Intranet.
 This intelligent system may be a luxury item for 
many people but it is also necessary to invest efforts in 
designing an accessible interface that provides the 
flexibility of usage for users with disabilities. 
 
The communication module is the key element for 
automation systems. Wireless communication is 
mostly preferred for designing of remote systems. 
There are various types of wireless communication 
media out of which Zigbee is most prominent for 

remote control systems [2] and [3] Zigbee has become 
one of the promising technologies in home networks 
and is attracting major attention in electronics market 
with its specification suite for networking, security 
and application software layers using low power, low 
data rate communication technology based on IEEE 
802.15.4 standard for personal area networks. This 
system uses Zigbee as wireless communication 
module to transmit data to remote location through 
Accessible Interface. This system uses S3C2440A 
(ARM 920T) as its core on which the embedded web 
server and Accessible Interface are implemented. 
 
II. SYSTEM DESCRIPTION 
 
A.   Embedded Web Server 
 

 
Fig. 1.Embedded web server architecture  

 
An Embedded Web Server typically refers to a Web 
Server that is embedded in a device. Traditional Web 
Servers like NT Servers, UNIX and LINUX 
workstations, developed for general purpose 
computers require high resource requirements like 
high frequency processor, large memory space, a 
preemptive multitasking operation System and others 
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[4]. A web server can be embedded in a device if it is 
made to work with limited resource requirements and 
can provide remote access by connecting to Internet. 
The result is to develop a portable code that can run on 
Embedded Systems with limited computing 
capabilities and can be utilized to serve embedded web 
documents either static or dynamic. This type of web 
server is called Embedded Web Server (EWS) [4].Fig 
1 depicts the architecture of Embedded Web server. 
 
An  Embedded Web server provides the advantages as 
no additional Client software is needed to be installed, 
it allows to develop cross-platform transplantation for 
the harmonization of Web standards, it is possible that 
the operating system Linux can be reduced and 
transplanted, provides a convenient, fast and simple 
method for embedded systems and Internet access. 
This system uses Boa Web server to accomplish the 
task.  
 
B.    Accessible User Interface 
An Accessible interface is a user interface that 
provides ease of access to persons with disability. This 
user interface developed in this system is designed 
using Qtcreator Integrated Development Environment 
(IDE) for Qtopia cross development platform deployed 
on ARM platform (S3C2440A). The interface 
provides a touch screen control through which remote 
devices can be accessed. An 8051 micro controller is 
used as Remote Terminal Equipment (RTE) to control 
home devices at remote place. 
 
C.    System Architecture 
Here we propose the setup of Central Monitoring and 
Control System that is standalone, cost effective, 
reliable. The whole system setup is divided into three 
zones as follows: 

 Remote zones 
 Central Monitoring & Control System  
 External peripherals connected to 

Central Monitoring & Control 
System. 

 
The remote nodes are connected to sensors and 
devices to be controlled. The Central Monitoring 
System is the heart of the System and it feeds the input 
received from sensors to the Web Server and it sends 
commands to the remote zone to operate the 
peripherals as shown in Fig.2. An 8051 micro 
controller is placed in each zone and it acts as Remote 
Terminal Equipment (RTE). The external peripherals 
and sensors at remote zone are connected to 8051 
micro controller. The Central Monitoring and Control 
System communicate through Zigbee interface to 
control the peripherals at remote location. If 
something undesirable happens at the arbitrary zone 
the Central Monitoring System would alert the 
administrator by means of Short Message Service 

(SMS) through GSM module connected to it. The 
USB camera continuously monitors the remote zones 
and sends the frames to the Web Server for live 
Streaming.  
The remote nodes have three types of executable 
elements namely: 

 Sensors 
 Webcam 
 Electric Equipments 

Fig.3 describes the elements at the remote zone. The 
sensors feed the input to central monitoring and 
control system. Webcams sends the live feed as frames 
for monitoring. Electrical equipments are executable 
elements controlled from the central zone. 

 

 
Fig. 2.System architecture of central monitoring and control 

system 

 
Fig. 3.Structure of remote node  

 
III. SYSTEM DESIGN 
 
A. Hardware Design 

 
Fig. 4.Hardware structure of the system 

 
The general hardware structure for central monitoring 
and control system is based on ARM processor 
(S3C2240A) as shown in Fig The Board operates at 
the frequency of 400 MHz with 64MB SDRAM, 64 
MB NAND Flash. The board operates with 5V 
external supply with working voltages of 3.3V, 1.8V, 
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1.25V generated on board. The S3C2440A CPU 
supports two types of boot modes: booting from 
NAND flash and booting from NOR flash. An UVC 
compatible web cam is used for video surveillance. 
The Ethernet interface uses a Davicom DM9000 chip. 
The three serial ports are led out on CON1 (UART0), 
CON2 (UART1), and CON3 (UART2). UART0 is 
also connected to RS232 level converter. There are 
four ADC channels connected to GPIO header 
(CON4). It also has a four wire resistive touch 
interface. Xbee 2.4 GHz RF-modules operating under 
Zigbee protocol are used as communication medium. 
SIM900 GSM module is used for message alerts.8051 
micro controller is used as Remote Terminal 
Equipment (RTE). 
 
B. Software Design 
The software development process includes: the 
establishment of cross compiler, creation of root file 
system, transplantation of boot loader, porting 
embedded Linux kernel, establishment of web server, 
design of Accessible Interface using Qt creator IDE. 
ARM Linux gcc is used as cross compiler. Host system 
uses Ubuntu 12.04 for development and target system 
uses embedded Linux as operating system. Linux is 
used as it is open source kernel and can easily be 
transplanted to the requirements of Embedded 
Systems. Boa web server is used as embedded web 
server on central monitoring system. Mjpg streamer is 
used to capture video frames and feed it into the web 
server. Html with CGI scripts are used for creating 
Dynamic web pages. The software framework for the 
system is shown in Fig.5. 

 
Fig. 5.Software framework of the system 

 
IV. SYSTEM REALIZATION 
 
A. Web Server based Monitoring and Control 
Boa web server is installed on the ARM platform to 
establish the Embedded Web server. Boa is a 
single-tasking HTTP server. Unlike traditional web 
servers, it does not fork for each incoming connection, 
nor does it fork many copies of itself to handle 
multiple connections. It internally multiplexes all of 
the ongoing HTTP connections, and forks only for 
CGI programs (which must be separate processes), 
automatic directory generation, and automatic file gun 
zipping. Preliminary tests show Boa is capable of 
handling several thousand hits per second on a 300 

MHz Pentium and dozens of hits per second on a lowly 
20 MHz 386/SX. The functionality flow chart of 
Embedded Web server is shown in Fig.6. 
 
Html language is used for design of web pages. Two 
pages namely index and server are created. The index 
page requires the administrator to sign in to access the 
server page that offers remote access to control devices 
and live video streaming as shown in Fig.7 and Fig.8. 
The live streaming is achieved by USB camera 
through mjpg streamer. The central monitoring and 
control system is connected to intranet through 
TCP/IP protocol. Ethernet settings are configured as 
per the Local Area Network (LAN).  
 
Mjpg streamer is a command line application that 
copies JPG-frame from a single input plug in to 
multiple output plugins. It can be used to stream JPEG 
files over an IP-based network from the webcam to a 
viewer like Firefox, Cambozola, and Videolanclient or 
even to a Windows Mobile device running the 
TCPMP-Player. It was written for embedded devices 
with very limited resources in terms of RAM and 
CPU. Remote monitoring in this system is 
accomplished using mjpg streamer. 

 
Fig. 6.Embedded web server functionality flowchart 

 
B. Accessible Interface based Control System 
The Accessible Interface allows administrator to 
control devices at remote zone. The Accessible 
Interface design is achieved using from Qtcreator for 
Qtopia cross development platform. Qtopia is a 
graphical environment for Linux on mobile phones, 
handheld PC or multimedia and embedded devices. 
Qtcreator uses C++ compiler from GNU compiler 
connection on Linux. Device drivers are written in 
C++ language. 
The central monitoring and control system has three 
UART interfaces. UART0 uses RS232 for 
communication with host computer.UART1 uses TTL 
to connect with Xbee 2.4GHz RF-module. Xbee 
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transceivers use Zigbee protocol to communicate with 
remote microcontrollers. UART2 uses TTL to connect 
with SIM900 GSM/GPRS module. MAX232 IC used 
as level converter from TTL to RS232 as shown in 
Fig.10. The central monitoring and control system has 
a touch LCD interface as shown in Fig. The device 
drivers are written for LCD interface on Qtopia 
platform. The user interface allows the administrator 
to select a remote zone to access the devices with ease.  
At remote zone 8051 microcontroller is used control 
peripherals and to feed the input from sensors to 
central monitoring and control system. Depending on 
the sensor feedback obtained the warning or alert 
message is sent to administrator using SIM 900 
module.  
  
C. Zigbee Addressing 
Xbee 2.4GHz RF-modules used in this system operate 
within ISM 2.4 GHz frequency band and are 
pin-for-pin compatible with each other. They have the 
indoor range of about 30m. Xbee module can be 
viewed as modem as it mainly uses UART to 
communicate with the main board. Xbee modules 
communicate through AT command mode. Each 
module has a unique device ID through which they 
establish a single communication channel within ISM 
2.4GHz frequency band. The baud rate is set to 9600. 
 
D. Short Message Service 
SIM 900 GSM/GPRS module is used to send alerts to 
administrator. SIM 900 works on 900MHz frequency. 
The baud rate is set to 115200. This module has an AT 
command interface that provides the services of GSM 
call, short message and GPRS net service. It has SIM 
card slot into which any GSM SIM card can be 
inserted to avail services. 
 
V. INTERFACE DESIGN DIAGRAMS 
 

 
Fig. 7.Index page for login 

 
Fig. 8.Server page interface for monitoring and control 

 
 

Fig. 9.Accessible touch interface on Qtopia platform 

 
Fig. 10.External peripheral interface  

 
CONCLUSION 
 
The system described in this paper is economically 
feasible and flexible. The accessible interface is simple 
and easy to use which does not require any prior 
knowledge for operation. The embedded web server 
Boa described in this system is significantly faster 
than traditional web server Apache running on Linux, 
significantly because of high operating frequency and 
less occupation of system resources. The embedded 
web server is a separate module which can provide a 
standard interface. With slight modifications it can be 
easily applied in various fields such as home 
automation, industrial control and intelligent 
appliances. Therefore, it has wide variety range of 
application prospects and great promotional value. 
This intranet based system can be extended to operate 
through internet.   
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