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Abstract 
 
Bluetooth is a well-known, short-range 
technology for Wireless Personal Area 
Networks (WPAN). Starting from a headset 
cable replacement it has been extended to 
support flexible ad-hoc networks. To extend 
from low bit rate data to streaming 
multimedia, Quality of Service (QoS) is 
required. Bluetooth specification defines 
strong interoperability demands between all 
Bluetooth devices. The interoperability 
requirements demand a lot from application 
developers. For making the developers’ 
work easier it has been produced different 
Bluetooth development platforms. These 
development platforms have different 
purposes and capabilities. The purpose of 
this thesis was to demonstrate and study 
Bluetooth technology and Bluetooth 
application development. The study consists 
of development platforms with Bluetooth 
hardware, Bluetooth protocol stacks, and 
applications on top of protocol stacks. The 
thesis includes Bluetooth technology 
overview, and designs, protocol models and 
implementations of two applications. 
Moreover, several Bluetooth development 
platforms and tools have been evaluated. At 
end of the thesis, the performance analysis 
of a video application is presented. Both 
theoretical and measured values are given 
for delay, delay variance, throughput, and 
image quality for different packet types and 
distances between Bluetooth devices. As a 
conclusion, development platforms make the 
development work easier, but many tools are 
not compatible with the Bluetooth 
specification. This thesis gives reference 
designs of dispenser and video application. 
Measured quality of transferred video was  

 
 
sufficient, but it should be noted that the 
used video protocol over Bluetooth 
protocols is essential to obtain the transfer 
results. 
 

Introduction 

 

        
The Bluetooth wireless specification got its 
name from 10th-century Danish king who 
used diplomacy to negotiate a truce between 
two feuding factions.In fact, the Bluetooth 
logo is an overlay of the Danish characters 
for the king's initials.Bluetooth is an always-
on, short-range radio hookup that resides on 
a microchip. It was initially developed by 
Swedish mobile phone maker Ericsson in 
1994 as a way to let laptop computers make 
calls over a mobile phone. Since then, 
several thousand companies have signed on 
to make Bluetooth the low-power short-
range wireless standard for a wide range of 
devices. Industry observers expect Bluetooth 
to be installed in billions of devices by 2005. 
The concept behind Bluetooth is to provide 
a universal short-range wireless capability. 
Using the 2.4 GHz band, available globally 
for unlicensed low-power uses, two 
Bluetooth devices within 10 m of each other 
can share up to 720 Kbps of capacity. 
Bluetooth is intended to support an open-
ended list of applications, including data 
(such as schedules and telephone numbers), 
audio, graphics, and even video. For 
example, audio devices can include 
headsets, cordless and standard phones, 
home stereos, and digital MP3 players. It is 
developed by engineers at Ericsson in the 
late 1990s, Bluetooth is an increasingly 
popular technology that enables short-range 



wireless communication between a variety 
of electronic devices. Its most significant 
feature is that it allows devices to "talk" 
(transfer and synchronize data) wirelessly 
with one another, eliminating the need for 
the seemingly endless tangle of cords, 
cables, and adapters necessary for a lot of 
today's technology. The Bluetooth Special 
Interest 
          

                                  
 
Group (SIG) was founded in 1998 to 
oversee the development and introduction of 
Bluetooth technology. Intel, IBM, Nokia, 
and Toshiba joined Ericsson as the founding 
members of the SIG, and more than 8,000 
companies have signed on since.In order to 
sell products with the Bluetooth 
specification and logo, manufacturers must 
be members of the SIG and the devices must 
meet well-outlined qualifications. These 
guidelines ensure that Bluetooth wireless 
devices worldwide can communicate with 
one another, regardless of manufacturer or 
country of origin. Typically, devices with 
Bluetooth technology have a range of 10 
meters (about 30 feet), and data transfer rate 
up to 3 megabits (375 kilobytes) per second. 
That makes Bluetooth technology suitable 
for transferring smaller files such as text 
documents and cell phone contacts, as well 
as lower-quality images and audio. At these 
transfer speeds, Bluetooth can't really handle 
streaming video or high-quality images and 

audio at this point, but this will all change 
when Bluetooth 3.0 is introduced. Note: In 
order to stream video and TV signals, a 
connection speed of at least 10 Mbps is 
needed. 

Basics of Bluetooth 

Bluetooth is a connective convenience. It is 
a high-speed, low-power microwave 
wireless link technology, designed to 
connect phones, laptops, PDAs and other 
portable equipment together with little or no 
work by the user. Unlike infra-red, 
Bluetooth does not require line-of-sight 
positioning of connected units. The 
technology uses modifications of existing 
wireless LAN techniques but is most notable 
for its small size and low cost. The current 
prototype circuits are contained on a circuit 
board 0.9cm square, with a much smaller 
single chip version in development. The cost 
of the device is expected to fall very fast, 
from $20 initially to $5 in a year or two. It is 
envisioned that Bluetooth will be included 
within equipment rather than being an 
optional extra. When one Bluetooth product 
comes within range of another, (this can be 
set to between 10cm and 100m) they 
automatically exchange address and 
capability details. They can then establish a 
1 megabit/s link (up to 2 Mbps in the second 
generation of the technology) with security 
and error correction, to use as required. The 
protocols will handle both voice and data, 
with a very flexible network 
topography.This technology achieves its 
goal by embedding tiny, inexpensive, short-
range transceivers into the electronic devices 
that are available today. The radio operates 
on the globally-available unlicensed radio 
band, 2.45 GHz (meaning there will be no 
hindrance for international travelers using 
Bluetooth-enabled equipment.), and 
supports data speeds of up to 721 Kbps, as 
well as three voice channels. The bluetooth 



modules can be either built into electronic 
devices or used as an adaptor. For instance 
in a PC they can be built in as a PC card or 
externally attached via the USB port. 

 

Each device has a unique 48-bit address 
from the IEEE 802 standard. Connections 
can be point-to-point or multipoint. The 
maximum range is 10 meters but can be 
extended to 100 meters by increasing the 
power. Bluetooth devices are protected from 
radio interference by changing their 
frequencies arbitrarily upto a maximum of 
1600 times a second, a technique known as 
frequency hopping. They also use three 
different but complimentary error correction 
schemes. Built-in encryption and 
verification is provided.Moreover, Bluetooth 
devices won't drain precious battery life. 
The Bluetooth specification targets power 
consumption of the device from a "hold" 
mode consuming 30 micro amps to the 
active transmitting range of 8-30 milliamps 
(or less than 1/10th of a watt). The radio 
chip consumers only 0.3mA in standby 
mode, which is less than 3 % of the power 
used by a standard mobile phone. The chips 
also have excellent power-saving features, 
as they will automatically shift to a low-
power mode as soon as traffic volume 
lessens or stops. Bluetooth devices are 
classified according to three different power 
classes, as shown in the table. 

 

Power Class Maximum Output Power 

1 100 mW (20 dBm) 

2 2.5 mW (4 dBm) 

3 1 mW (0 dBm) 

But beyond untethering devices by replacing 
the cables, Bluetooth radio technology 
provides a universal bridge to existing data 
networks, a peripheral interface, and a 
mechanism to form small private ad hoc 
groupings of connected devices away from 
fixed network infrastructures. Designed to 
operate in a noisy radio frequency 
environment, the Bluetooth radio uses a fast 
acknowledgment and frequency hopping 
scheme to make the link robust. Bluetooth 
radio modules avoid interference from other 
signals by hopping to a new frequency after 
transmitting or receiving a packet. 
Compared with other systems operating in 
the same frequency band, the Bluetooth 
radio typically hops faster and uses shorter 
packets. This makes the Bluetooth radio 
more robust than other systems. Short 
packages and fast hopping also limit the 
impact of domestic and professional 
microwave ovens. Use of Forward Error 
Correction (FEC) limits the impact of 
random noise on long-distance links. The 
encoding is optimized for an uncoordinated 
environment.Bluetooth guarantees security 
at the bit level. Authentication is controlled 
by the user by using a 128 bit key. Radio 
signals can be coded with 8 bits or anything 
upto 128 bits. The Bluetooth radio 
transmissions will conform to the safety 
standards required by the countries where 
the technology will be used with respect to 
the affects of radio transmissions on the 
human body. Emissions from Bluetooth 
enabled devices will be no greater than 
emissions from industry-standard cordless 
phones. The Bluetooth module will not 



interfere or cause harm to public or private 
telecommunications network. 

The Bluetooth baseband protocol is a 
combination of circuit and packet switching. 
Slots can be reserved for synchronous 
packets. Each packet is transmitted in a 
different hop frequency. A packet nominally 
covers a single slot, but can be extended to 
cover up to five slots. Bluetooth can support 
an asynchronous data channel, up to three 
simultaneous synchronous voice channels, 
or a channel, which simultaneously supports 
asynchronous data and synchronous voice. It 
is thus possible to transfer the date 
asynchronously whilst at the same time 
talking synchronously at the same time. 
Each voice channel supports 64 kb/s 
synchronous (voice) link. The asynchronous 
channel can support an asymmetric link of 
maximally 721 kb/s in either direction while 
permitting 57.6 kb/s in the return direction, 
or a 432.6 kb/s symmetric link. 

Modes of operation 

 
An interesting aspect of the technology is 
the instant formation of networks once the 
bluetooth devices come in range to each 
other. A piconet is a collection of devices 
connected via Bluetooth technology in an ad 
hoc fashion. A Piconet can be a simple 
connection between two devices or more 
than two devices. Multiple independent and 
non-synchronized piconets can form a 
scatternet. Any of the devices in a piconet 
can also be a member of another by means 
of time multiplexing. i.e. a device can be a 
part of more than one piconet by suitably 
sharing the time. 

 

                                

 The Bluetooth system supports both point-
to-point and point-to-multi-point 
connections. When a device is connected to 
another device it is a point to point 
connection. If it is connected to more that 
one (upto 7 ) it is a point to multipoint 
connection. Several piconets can be 
established and linked together ad hoc, 
where each piconet is identified by a 
different frequency hopping sequence. All 
users participating on the same piconet are 
synchronized to this hopping sequence. If a 
device is connected to more than one 
piconet it communicates in each piconet 
using a different hopping sequence. A 
piconet starts with two connected devices, 
such as a portable PC and cellular phone, 
and may grow to eight connected devices. 
All Bluetooth devices are peer units and 
have identical implementations. However, 
when establishing a piconet, one unit will 
act as a master and the other(s) as slave(s) 
for the duration of the piconet connection. In 
a piconet there is a master unit whose clock 



and hopping sequence are used to 
synchronize all other devices in the piconet. 
All the other devices in a piconet that are not 
the master are slave units. A 3-bit MAC 
address is used to distinguish between units 
participating in the piconet. Devices 
synchronized to a piconet can enter power-
saving modes called Sniff and hold mode, in 
which device activity is lowered. Also there 
can be parked units which are synchronized 
but do not have a MAC addresses. These 
parked units have a 8 bit address, therefore 
there can be a maximum of 256 parked 
devices. 

 
 

Voice channels use either a 64 kbps log 
PCM or the Continuous Variable Slope 
Delta Modulation (CVSD) voice coding 
scheme, and never retransmit voice packets. 
The voice quality on the line interface 
should be better than or equal to the 64 kbps 
log PCM. The CVSD method was chosen 
for its robustness in handling dropped and 
damaged voice samples. Rising interference 
levels are experienced as increased 
background noise: even at bit error rates up 
4%, the CVSD coded voice is quite audible. 

 

Advantages 

 
Wireless synchronisation – you can 
eliminate wires along with improving safety 
with Bluetooth. You need not worry about 
carrying connection cables while travelling 
with your laptop or other wireless devices. 
Economical - The Bluetooth technology is 
cheap to implement for the companies 
resulting in lower costs hence, these savings 
are passed from the company to you making 
it economical. 
Universally accepted - Bluetooth 
technology is accepted world wide, with it 
gaining so much popularity, you can rely on 
it for years to come with an advent of more 
and more devices started to use Bluetooth 
technology.  
Automatic – setting up Bluetooth 
connectivity is automatic Bluetooth and 
doesn’t need professionals. When two or 
more devices enter a range of up to 30 feet 
of each other the communication 
automatically begins between them. 
Upgradeable - Upgradeable Bluetooth 
standard versions of Bluetooth in the offer 
various new advantages and backward 
compatibility with older versions. 
Standard protocol - Bluetooth is 
standardized wireless guarantees the high 
level of compatibility among devices. 
Bluetooth devices connect to each other 
irrespective of their model. 
Instant PAN (Personal Area Network) - 
You can have your own personal are 
network for sharing data among your group 
consisting of up to seven Bluetooth devices 
within a range of up to 30 feet. 
Faster data and voice Sharing – you can 
share data and voice communications via 
Bluetooth with compatible devices 
connected to it.  
Simplifies communication while driving – 
companies like parrot manufactures 



Bluetooth car kits resolving the audio and 
communication issues arising while driving, 
as Bluetooth simplifies talking and listening 
music on your cell phone while driving.  
Avoids interference from other wireless 
devices - Bluetooth devices avoid 
interference from other wireless devices 
with the usage of technique known as 
frequency hopping, and low power wireless 
signals. 
Low power consumption - Bluetooth with 
the help of low power signals technology 
requires very less energy reducing the 
battery consumption or electrical power. 
Best alternative to data transfer - in case 
of corrupt flash/pen drives or DVD/CD 
ROM. It has helped a lot of times when I 
forgot my pen drive.   
 

Disadvantages 

This is a major issue but battery use can be 
severely increased if you have Bluetooth 
enabled on your phone while you play 
music. There are many external speakers 
that work on this 

technology that you can connect your phone 
to and I'll take this as an effect to drain the 
battery quicker as you're doing this. I have 
personally used this in my car was driving 
and yes it does have an effect on the battery 
life. 

Accessing the Internet using Bluetooth not 
something I have ever tried but it's obvious 
because you are going to be pushing so 
much data across this war is technology that 
it is going to be slow and not to the same 
standard as Wi-Fi. 

Bluetooth is omni-directional, so it can have 
problems when it's trying to discover a 
recipient device like a headsets, speakers, 
phones etc. 

Bluetooth has several positive features and 
one would be extremely hard pressed to find 
downsides when given the current 
competition.  The only real downsides are 
the data rate and security. 

Infrared can have data rates of up to 4 
MBps, which provides very fast rates for 
data transfer, while Bluetooth only offers 1 
MBps. For this very reason, infrared has yet 
to be dispensed with completely and is 
considered by many to be the 
complimentary technology to that of 
Bluetooth. 

Infrared has inherent security due to its line 
of sight.  The greater range and radio 
frequency (RF) of Bluetooth make it much 
more open to interception and attack.  For 
this reason, security is a very key aspect to 
the Bluetooth specification. 

Recent applications 

Bluetooth has a tremendous potential in 
moving and synchronizing information in a 
localized setting. Potential for Bluetooth 
applications is huge, because we transact 
business and communicate more with people 
who are close by than with those who are far 
away - a natural phenomenon of human 
interaction. The following list represents 
only a small set of potential applications - in 
future many more imaginative applications 
will come along:  

 By installing a Bluetooth network in 
your office you can do away with the 
complex and tedious task of 
networking between the computing 
devices, yet have the power of 
connected devices. No longer would 
you be bound to fixed locations 
where you can connect to the 
network. Each Bluetooth device 
could be connected to 200 other 



devices making the connection of 
every device with every other 
possible. Since it supports both point 
to point and point to multipoint it 
will virtually make the maximum 
number of simultaneously linked 
devices unlimited.  

 The Bluetooth technology connects 
all your office peripherals wirelessly. 
Connect your PC or notebook to 
printers, scanners and faxes without 
the ugly and trouble some cable 
attachments. You can increase your 
freedom by connecting your mouse 
or the keyboard wirelessly to your 
computer.  

 If your digital cameras in Bluetooth 
enabled, you can send still or video 
images from any location to any 
location without the hassle of 
connecting your camera to the 
mobile phone on the wireline phone.  

 Bluetooth allows us to have three 
way phones. At home, your phone 
functions as a portable phone (fixed 
line charge). When you're on the 
move, it functions as a mobile phone 
(cellular charge). And when your 
phone comes within range of another 
mobile phone with built-in Bluetooth 
wireless technology it functions as a 
walkie-talkie (no telephony charge).  

 In meetings and conferences you can 
transfer selected documents instantly 
with selected participants, and 
exchange electronic business cards 
automatically, without any wired 
connections.  

 Connect your wireless headset to 
your mobile phone, mobile computer 
or any wired connection to keep your 

hands free for more important tasks 
when you're at the office or in your 
car.  

 Have automatic synchronization of 
your desktop, mobile computer, 
notebook (PC-PDA and PC-HPC) 
and your mobile phone. For instance, 
as soon as you enter your office the 
address list and calendar in your 
notebook will automatically be 
updated to agree with the one in your 
desktop, or vice versa.  

 Automatic Message Delivery: 
Compose e-mails on your portable 
PC while you're on an airplane. As 
soon as you've landed and switched 
on your mobile phone, all messages 
are immediately sent.  

 Upon arriving at your home, the door 
automatically unlocks for you, the 
entry way lights come on, and the 
heat is adjusted to your pre-set 
preferences.  

 IBM researchers are working on a 
number of personal devices like a 
WatchPad that could be connected 
with other devices through 
Bluetooth.  The Watch Pad is very 
thin and contains 8MB of RAM. 
They are also working on a version 
of Cyber Phone called CyberPhone - 
that can project data onto a small 
mirror. The CyberPhone can show as 
much information as a small PDA 
because of high resolution VGA 
screen.  

 You enter the airport-waiting lounge, 
equipped with Bluetooth-enabled 
Internet ports. Via the ports, you and 
other guests use Bluetooth-enabled 
laptops, PDAs, and other devices to 



access your office or home-based 
servers via the airline server. Using 
voice-over IP, you also make "free" 
Internet voice calls courtesy of your 
airline. 

Application in railways-In this system, the 
handy terminal of passengers receives the 
location data transmitted by fixed Bluetooth 
stations which are located at appropriate 
spots at stations such as platforms, and 
provides location-dependent guidance to the 
owner of the terminal.Examples of the 
guidance are navigation for changing trains, 
and suggesting of alternative routes at 
accident.Another is a system to support train 
drivers and collect data of train. 
 
This system consists of handy terminals for 
drivers, host computers at operational 
offices and on-board devices, all of which 
have a Bluetooth interface.When a roll call 
is taken place at the operational office, the 
duty data for the driver are transferred from 
the host computer to the handy terminal via 
Bluetooth.In the train, the handy terminal 
transmits the timetable to an on-board 
display and receives the fault history data of 
the train from an on-board monitoring 
controller via Bluetooth.If there is a mobile 
phone with a Bluetooth interface in the cab, 
the driver can perform hands-free speech 
communication by using a headset with a 
Bluetooth interface, and the timetable in the 
handy terminal can be updated on a real time 
basis from the operational office.As the 
diagnostic data stored in the handy terminal 
are carried to the operational office with the 
driver, cost reduction for 
telecommunications and mass data 
transmission can be achieved.We verified 
the feasibility of these systems with 
prototype versions in which we 
implemented some required functions.We 
also measured the transmission 

characteristics of Bluetooth in the vicinity of 
a locomotive. 

Future of Bluetooth 

Bluetooth has a good future ahead because it 
meets a basic need of connectivity in close 
proximity, is the result of initiatives of nine 
leading communications and computer 
industry vendors including companies like 
3-COM, Ericsson, Lucent, IBM, Intel, 
Microsoft, Nokia, Toshiba etc. Since the 
formation of the original group, more than 
1800 manufacturers worldwide have joined 
the initiative worldwide. According to one 
market research report, Bluetooth 
technology is expected to be built into over 
100 millions devices before the end of 
2002.  According to still another report from 
market research firm Cahners In-Stat Group, 
there will be over 670 million Bluetooth 
enabled devices worldwide by 2005. As a 
result of success of WAP (Wireless 
Application Protocol), adoption of smart 
phones and handheld devices, Bluetooth will 
have tremendous effects on everyday life. 
Bluetooth is one of the key technologies that 
can make the mobile information society 
possible, blurring the boundaries between 
home, the office, and the outside world. The 
seamless connectivity promised by 
Bluetooth makes it possible to explore a 
range of interactive and highly transparent 
personalized services which were even 
difficult to dream of because of the 
complexity involved in making various 
devices talk to each other. Already many 
Bluetooth pilot products have rolled into the 
market backed by big vendors, which is a 
very healthy sign for the acceptance of the 
technology. The support for Bluetooth is not 
limited to companies developing Bluetooth 
enabled products only. Bluetooth 
applications can have far reaching impacts 
on many other industries as well. Bluetooth 
technology adoption is expected to be 



widespread throughout the computer and 
telecommunications industry. 
Implementation of the Bluetooth technology 
is expected to grow the market for personal 
mobile devices and indirectly increase 
airtime usage for wireless data. Over the 
long term. manufacturers will also benefit 
from the ability to replace multiple 
connection ports with a single Bluetooth 
module, gaining economies at the 
production level. The Bluetooth SIG has 
defined favorable adoption terms, including 
open, royalty-free availability of the 
specification and is playing an important 
role in spreading the technology. 

Conclusion 

This article presented the basics of 
Bluetooth, a radio-frequency technology that 
uses the Industrial-Scientific-Medical band 
at 2.4 GHz. You learned about the 
technology's attractions, including the low 
cost to incorporate it into electronic devices. 
The Bluetooth protocol stack was presented 
and the procedures for establishing a 
connection between Bluetooth devices were 
described. Stay tuned for the second article 
in this series, which will cover the Java APIs 
for Bluetooth Wireless Technology. At this 
point the popularity of Bluetooth might not 
be as large as some proponents would have 
hoped, but many devices are available for 

those interested. The cost and competition 
from other standards have hindered the 
widespread acceptance, but Bluetooth does 
offer a viable solution to many devices that 
might not have wireless connectivity 
without it. 
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