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Abstract

This paper proposes to integrate WAP(Wireless Application Protocol) with Bluetooth to implement
a home automation system. One of the most important benefits of the proposed approach is the
elimination of the problem of limited distance of Bluetooth as less than 10 meter. With WAP
providing a data link between the Internet and a mobile phone and embedded WEB camera
through Bluetooth, we can control various home appliances whenever and wherever we want. The
hardware and software design issues for implementing such system are discussed and a pilot home

automation system is implemented.
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1. Introduction

From 1896 when wircless communication started by
Marconi who demonstrated wireless telegraphy by sending
and receiving Morse code using high-power transmitters to
3G wireless systems based on CDMA technologiesyyajays; »
wireless systems are being developed and deployed with so
much data and voice communications integrated together.
Wireless communications continue to evolve exponentially in
the cellular telephony, wireless Internet, and wireless home
networking arenas. Nowadays, we have developed high
technology wireless communication applications such as ad-
hoc system with Bluetooths.

The existing home appliances are directly controlled by
human so far;;. Most of them have no brain and they are

simple working machines. Even though WAP-based wireless
technology has been recognized to have some drawbacks for
wireless Internet solution, we can provide abundant wireless
services if we use it as a remote controller of home
appliances. In this paper we propose a home automation
system where the home appliances are controlled by using
WAP and embedded WEB camera through Bluetooth.

The rest of the paper is organized as follows. Section 2
reviews WAP and Bluetooths;q; , and Section 3 describes the
proposed design for home appliance control. Section 4
presents the implementation of the proposed system, and
Section 5 concludes the paper.
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2. Review WAP and Bluetooth ® Optimized protocol stack

2.1 Architecture of WAP

WARP consists of several protocol layers to effectively 2.2 Architecture of Bluetooth
provide data services for small mobile terminals in Figure 2 shows the Bluetooth protocol architecture.
wireless environment. It is designed in a layered fashion in  Bluetooth technology was designed and optimized for the
order to be extensible, flexible, and scalable. With the use of mobile devices. Mobile computers, cellular
Open System Interconnection (OSI) model, the WAP stack  handsets, network access points, printers, PDA’s, desktops,

is basically divided into five layers as shown in Figure 1. keyboards, joysticks and virtually any other devices can
have short range Bluetooth radios operating in the free

24GHz  Industrial-Scientific-Medical (ISM)  band
integrated into them (single chip). It uses Frequency Hop
(FH) spread spectrum, which divides the frequency band

(Rppication Layer (WAE) 1

LSQS@;iOﬁké!éﬁ(Y&P)ﬁl into a number of hop channels. Bluetooth radios use tiny
- AP s radio-frequency transmitters no larger than 1.0 by 0.5
[T""“mdn'thj. (WTP). inches that can run on a watch battery for months. Power
A I o considerations are always important for battery-powered
lSOCWLyyqt,(MLS)} : mobile devices, and Bluetooth’s low power modes meet
—— those requirements with less than 0.1W active power. Also,
llﬂnsl'bortl.ayer(WDP) since Bluetooth was designed for both computing and

communication applications, it supports high quality
simultaneous voice and data with robust data transfer rates

Bearer :
@@@ ' of up to 721 Kbps. It provides both synchronous and

Figure 1. The structure of WAP. asynchronous services and easy integration of TCP/IP for
networking purposes.
® WAE (Wireless Application Environment):
Defines content composition between mobile T
terminals and server. L_A ‘Appllcatlol o _j
® WSP (Wireless Session Protocol): | Application Framework
Takes care of handling actual requests for pages. IICPIIPILHID ]MCOMMi  C ' and support

Sessions are used to optimize the bandwidth usage.
® WTP (Wireless Transaction Protocol):

Implements a single request-response pair between

phone and gateway. The request may be for a new

page something related to the higher level L2CAP

&= | Host Controller Interfuce

protocols. AUDI LM T Link M;’r ‘. 4
® WTLS (Wireless Transport Layer Security): —

Protocol layer for the communication security L — BASEBAND “I

between terminals. [ RF —J

® WDP (Wire Datagram Protocol):

g A . . Figure 2. The structure of Bluetooth
It is a general datagram service offering a consistent

service to the upper layer protocols and The complete Bluetooth protocol stack of Figure 3 has
communicating transparently over one of the been designed to include the existing protocols as much as
available underlying bearer services. The possible (like TCP, UDP, OBEX) as well as Bluetooth
consistency is provided by a set of adaptations to specific protocols like LMP and L2CAP. The protocol reuse
specific features of the bearers. This thus provides a ensures smooth interoperability between existing applications
common interface to the upper layers that are then and hardware. The specification is also open, thereby
able to function independently of the services of the allowing vendors to build proprietary applications. Although
wireless network. different applications may run over different protocol stacks,
they all use the Bluetooth data link and physical layer. The
The key features offered by WAP are Application Layer lies on top of the vCard (internal object
® A programming model similar to the Internet representation convention) layer.
® Wireless Markup Language (WML)
® WMLScript 2.3 Bluetooth with WAP
® Wireless Telephony Application (WTA) Bluetooth and WAP technology fundamentally address
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different problems. Mobile users with wireless devices use
WAP to access and interact with information and services
over the Internet instantly. The WAP architecture was
designed to enable standard off-the-shelf Internet servers to
provide services to wireless devices. In addition, when
communicating with wireless devices, WAP uses many
Internet standards such as XML, UDP and IP. The WAP
wireless protocols are based on Internet standards such as
HTTP and TLS but have been optimized for the unique
constraints of the wireless environment. Bluetooth on the
other hand is a local area low power radio link between
devices. Many of the usage scenarios for Bluetooth also
involve one of the devices communicating over the air using
WAP.

Hast Controller Imerface

Figure 3. The Bluetooth protocol stack.
3. The Proposed Design Combining WAP with Bluetooth

3.1 The Integrated Structure of WAP and Bluetooth

The WAP is an open, global specification that enables
users easily and instantaneously to access and interact with
information and services through mobile wireless devices. In
the work described in this paper we use it for ling range
communication between a user at a remote location and a
Bluetooth network in the user’s home by leveraging on the
Internet revolution, as well as the possibilities for remote
operation of routine home processes such as gardening and
pet feeding. Home automation involves the use of
microprocessor-based intelligence to integrate or control
electronic products and systems in the home. These products
and systems include floodlight, power On/Off TV, cooking
with a toaster and so on. Figure 4 shows the integrated
structure of Bluetooh with WAP. We can visually control
several appliances by using live streaming service.

Server

Bluetooth
wireless
network

(Like a home appliance Remote Controller)

Figure 4. The integrated structure of WAP with Bluetooth.

3.2 Software Architecture

The software architecture is shown in Figure 5. It is
essentially made up of two subsystems which interact with
each other through WAP. It controls the Bluetooth-based
home appliances while seeing the appliances by using an
embedded WEB camera over RTP. The graphical user
interface is implemented using Wireless Markup Language, a
markup language based on XML. The official WML
specification is developed and maintained by the WAP Forum.
The user interface allows user input from phone keypads
using input fields and presents data in the form of static text,
tables, hyperlinks and monochrome images.

In a typical Bluetooth network or piconet, RF
connections are established between a master device
controlling the network and active slave devices up to a
maximum of seven communicating with the master when
permitted. The slave devices do not communicate with one
another directly. The master device in the proposed piconet is
a personal computer that functions as a server and has a
Bluetooth module wired to it via a serial cable. It provides
critical information related to services that are active on the
Bluetooth devices. Essentially, it handles all connections
from the client Bluetooth devices and acts as a bridge for
communication between individual Bluetooth devices.

Embeded web camera
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Figure 5. The software structure.

1445



183l =232 HeIss FASSLHUS =28 HMI9A M25 (2002.11)

4. Implementation

We implement an intelligent home using the proposed
approach. Many people insist that WAP has been replaced by
other good wireless solutions, but we expect that a very
intelligent home can be built if we use WAP as a remote
controller which can solve the small distance problem of
bluetooth. Figure 6 shows a prototype intelligent home
implemented by combining Bluetooth with WAP. Here the
home appliances are virtual devices since we do not have real
ones.

Embeded web camera

Bluetooth Virtual
home appliciance
(Bluetooth Slave)

WAP

{Rewote controller)

Web server

WAP Gateway
(Bluetooth Master)

Piconet
Figure 6. An implementation of intelligent home.

5. Conclusion

This paper has presented the development of a Web
based home appliances that provides simple on/off control
and monitoring by using the live streaming and WEB camera
over RTP from a remote location. Here the WAP client works
as a remote controller. For this, we have integrated Bluetooth
with WAP. With the proposed approach, our home is
equipped with intelligent appliances controllable whenever
and also wherever we want. The connection of appliances to
the Internet will provide us with many creative ways of
enhancing the quality of our lives through convenient and
flexible control and co-ordination of the 5ppliances. We
anticipate that our system will be able to work in conjunction
with other existing technologies in the near future.
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