
BLUETOOTH

Introduction
The world today is advancing at a very high rate, and within this change is the world of wireless technology. Wireless and radio technologies have been at the heart of many disruptive businesses and activities. The people of today want hassle free and compact products, which can be used at any time or at any place. Wireless is the possible solution to meeting the needs or wants of the society. This paper will discuss the emerging wireless technology such as Bluetooth. This paper gives an in depth look on how the different technologies are being used today. By doing this, we will discuss how Bluetooth technology works, its origin, context, and implementation.

What is Bluetooth?

If you look around at the moment, you can find that your keyboard is connected to the computer, as well as a printer, mouse; monitors and so on are connected by cables. Cables have become a problem at many offices, homes and other establishments. Most of us have experienced trying to figure out what cable goes where, and ended up tangled in the details. Bluetooth essentially aims to fix this problem. This is considered a cable-replacement technology.
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Figure 1: Bluetooth Implementation

Bluetooth is an open standard specification for a radio frequency (RF)-based, short-range connectivity technology that promises to change the face of computing and wireless communication. It is designed to be an inexpensive, wireless networking system for all classes of portable devices, such as laptops, PDAs (personal digital assistants), and mobile phones. It also will enable wireless connections for desktop computers, making connections between monitors, printers, keyboards, and the CPU cable-free. The idea of a cable-free, or wireless, technology was initially conceived by Ericsson in 1994, when the company began a study to investigate the feasibility of a low-power, low-cost radio interface between mobile phones and their accessories. The company’s goal was to eliminate the need for cables. The original idea was to create a small, inexpensive radio chip that could be used in mobile computers, printers, mobile phones, and so on, to transmit data between these devices. The radio chip, of course, would replace cables. The projected cost of the chip was around $5, and it was to require low power so that it could be used in devices that rely on battery life.

Open specification:




The Bluetooth Special Interest Group (SIG) has produced a specification for Bluetooth wireless communication that is publicly available and royalty free.

Short-range wireless: 




There are many short-range digital communications among computing and communications devices; today much of that communication takes place over cables. These cables connect to multitude of devices using a wide variety of connectors with many combinations of shapes, sizes and number of pins; this plethora of cables can become quite burdensome to user. With Bluetooth technology, this technology can communicate without wires over a single air interface, using radio waves to transmit and receive data. Bluetooth wireless technology is specifically designed for short-range communications; one result of this very low power consumption, making the technology well suited for use with small, portable personal devices that typically are powered by batteries.

Voice and Data  



Voice appliances such as mobile telephones are also used for data applications such as information access or browsing. Trough voice recognition, computers can be controlled by voice, and through voice synthesis, computers can produce audio output in addition to visual output. Some wireless communication technologies are designed to carry only voice while others handle only data traffic. Bluetooth wireless communication makes provisions for both voice and data, and thus it is an ideal technology for unifying these worlds by enabling all sorts of devices to communicate using either or both of these content types.
Anywhere in the world:



The telecommunications industry highly is regulated in many parts of the world.  
Special Interest Group (SIG)

Version 1.0A of the Bluetooth specification was completed and released July 28, 1999. However, Bluetooth started five years earlier, in 1994, when Ericsson Mobile Communication began a study to examine alternatives to the cables that linked its mobile phones and accessories. The study looked at using radio links. Radio is not directional, and it does not need line of sight. So, it has obvious advantages over the infra-red links previously used between handsets and devices. There were many requirements for the study, including handling both voice and data, so that it could connect phones to both headsets and computing devices. From this study, the specification for Bluetooth was born. The Bluetooth specification was developed by the members of the Bluetooth Special Interest Group (SIG). SIG was founded in February 1998, and initially consisted of the five companies including Ericsson, Intel, Toshiba, Nokia and IBM. In May 1998, the core promoters publicly announced the global SIG and invited other companies to join the SIG as Bluetooth adopters in return for a commitment to support the Bluetooth specification. Today more than 1800 companies have joined the SIG to work for an open standard for the Bluetooth concept. By signing a zero cost agreement, companies can join SIG and qualify for a royalty-free license to build products based on the Bluetooth technology.
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              Figure 2: Bluetooth Trademark

This commitment to share technology means that Bluetooth SIG member companies who put their products through Bluetooth qualification are granted a free license to build products using the Bluetooth wireless technology. The license is important because there are patents required to implement Bluetooth. Companies that do not sign the Bluetooth adopter’s agreement will not be entitled to use the technology. In addition to getting a free license to patents needed to implement Bluetooth wireless technology, Bluetooth SIG members also have permission to use the Bluetooth brand. There are restrictions on the use of the brand, and these are set out in the Bluetooth brand book. The trademark, as shown in Figure 2, may be used on products, which prove they are correctly following the Bluetooth specification by completing the Bluetooth Qualification Program.
The Bluetooth promoters group has made Bluetooth an open specification, rather than keeping it restricted and proprietary. Consumers are more likely to adopt a technology, which can be bought from many manufacturers. Wide acceptance among consumers is likely to lead to a larger overall market for Bluetooth devices. So, the promoters will gain from more companies becoming involved in the Bluetooth SIG.

Name and History

The name of Bluetooth came from Danish Viking King, Harald Blatand (Blatand in Danish means Bluetooth). He was a king of Denmark around the turn of the last millennium. He managed to unite Denmark and part of Norway into a single kingdom, and then introduced Christianity in to Denmark. He left a large monument, the Jelling rune stone, in memory of his parents. He was killed in 986 during a battle with his son, Svend Forkbeard. The name was adopted because Bluetooth wireless technology is expected to unify the telecommunication and computing industries.

Bluetooth is a standard developed by a group of electronics manufactures that allow any sort of electronic equipment such as computers, cell phones, keyboards, and headphones to make their own connections without wires. It is getting popular because it can connect any Bluetooth device to another. Imagine any type of device that handles information or data (phones, PDAs, cameras, music players, etc.). If each device is enabled with Bluetooth, the information can be shared among the devices.

     Bluetooth is split into two sections: Bluetooth Specification and Bluetooth Profile.

· The Specification describes how the technology works (i.e. the Bluetooth protocol architecture).

· The Profiles describe how the technology is used (i.e. how different parts of the specification can be used to fulfill a desired function for a Bluetooth device)

Testing and Qualification

A qualification program has been established to ensure a single interpretation of the specification and essentially protect the Bluetooth brand. The program defines all of the requirements as well as the step-by-step process for the performance and interoperability testing of all Bluetooth enabled units.

The Bluetooth Qualification Program (BQP) guarantees global interoperability between devices regardless of the vendor and country in which they are used. During the test procedure that all devices must pass, it must be verified that they meet all requirements regarding radio link quality, lower layer protocols, profiles, and information to end users. All qualified devices are listed at the SIG official website. Only products that have completed the qualification program can use the Bluetooth logo. See Figure 3 below.
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Figure 3: Bluetooth Qualification Program

While not a part of the formal qualification program, UnplugFests allow companies to test the interoperability of their upcoming Bluetooth products. The objective is to provide Bluetooth developers with an opportunity to conduct interoperability testing between their implementation and other company’s implementations. UnplugFests have become a popular way for engineers to debug the specifications and their implementations.

Bluetooth Specification

Technical features

Bluetooth operates in the unlicensed 2.4 GHz Industrial Scientific Medical (ISM) frequency band as shown in Figure 4 below. It uses 79 channels between 2.402 GHz to 2.480 GHz. It uses power of 1mW to 100mW. The nominal range is 10 meters, but can be extended to more than 100 meters by increasing the transmission power to 100mW. The gross data rate is 1Mbps. Bluetooth uses a combination of packet and circuit switching technologies for transmission.
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Figure 4: ISM Band




While developing the specification, high emphasis was placed on developing a design that would enable single chip CMOS implementations, thereby reducing cost, power consumption, and the chip size required for implementation in mobile devices. A single chip CMOS, such as the one shown in Figure 5 on the next page, is already available from multiple manufacturers. This device contains the RF radio, baseband controller and microprocessor on a single CMOS integrated circuit.

[image: image5.png]Figure S Single Chip CMOS




Access Technology

Since Bluetooth operates in the unlicensed ISM band that is also used by other devices such as 802.11 networks, baby monitors, garage door openers, microwave ovens etc, there is possibility of interference (Helsinki University of Technology, 2000). To avoid interference, Bluetooth uses an access technology called Frequency Hop Spread Spectrum (FHSS). The band where Bluetooth operates is divided into 79 channels of 1 MHz each. Each channel is divided into time slots consisting of 625 µsec in length. After a packet is sent on one frequency, both the devices retune their radios to a different frequency, effectively hopping at a rate of 1600 hops per second through different time slots. In this way, Bluetooth devices use the entire ISM band and if a transmission is compromised by interference on one channel, the retransmission will always be on a different (hopefully clear) channel.
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Protocol Stack

The key feature of the Bluetooth specification is that it allows devices from many different manufacturers to work with one another. To this end, Bluetooth defines a software stack, as shown in Figure 7 below. This enables applications to find other Bluetooth devices in their area, discover what services they can offer, and use those services. Bluetooth protocol stack is divided into three groups depending upon their functionality. Those groups are:

1. Transport protocol group

2. Middleware protocol group

3. Application group.
1. Transport protocol Group

Radio (RF) – The radio modulates and demodulates data for transmission and reception on air.

Baseband/Link Controller – Instantiates air interface, determines master – slave relationship between the devices, and also defines frequency-hopping sequences based upon time division duplex for a packet based polling scheme. It also sends various packet types for synchronous, asynchronous traffic and determines packet processing procedure, error detection, encryption, packet ransmission and retransmission.[image: image7.jpg]application group
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 Link Manager – Reserves bandwidth for data (L2CAP layer) and audio. For authentication, it follows challenge – response approach and supervises devise pairing and encryption of data flow. It also supports power control by negotiating low activity baseband modes of operation.

Host Controller Interface (HCI) – Handles the communications between a separate host and a Bluetooth module. It allows higher layers of the stack, including applications, to access the baseband, link manager, and other hardware registers through a single standard interface. HCI enables interoperability among host devices and Bluetooth modules developed by different vendors. It also abstracts transport dependencies and provides a common device driver interface to various devices.

L2CAP – Supports protocol multiplexing by allowing multiple protocols and applications to share the air interface. It segments large packets used by higher layers to smaller packets for baseband transmission. It also exercises admission control and coordinates with lower layers to maintain the desired level of service.

2. Middleware Protocol Group 

RFCOMM – It serves as a serial port abstraction. It multiplexes serial communications over a single serial link supports legacy applications that use serial communication provides reliable data stream, multiple connections, flow control and serial cable like settings. Ex: USB, RS-232.
Service Discovery Protocol – Discovers available services and locates needed services establishes a communication channel between 2 devices to find out about services that are available to the device. Some other service discovery protocols such as JINI and UDNP can be used in conjunction with Bluetooth SDP protocol.
Infrared Object Exchange (OBEX) – Exchanges well defined objects. It is a requirement for exchanging data among devices to define the format, both syntax and semantics of that data, Infrared object exchange, developed by Infrared Data Association (IrDA), for peer-to-peer communication. Data objects such as electronic business cards (Vcard format), email (Vmessage format) and calendar entries (Vcal format) are exchanged.

Telephony Control Specification (TCS) – Used for controlling telephone calls that might be used either for audio or for data. It uses binary encoding so they are called TCS-BIN. It also supports call control and group management.
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3. Application Group

Refers to software that resides above the protocol stack as defined by SIG, This software supplied by device manufacturers exercises the protocol stack to accomplish some functions that benefits the user of a Bluetooth device.
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There are some similarities between Open System Interconnect (OSI) standard reference model and Bluetooth protocol stack, which are shown above in Figure 8. Although Bluetooth protocol stack does not exactly match the OSI model, it is useful to compare because the OSI model is an ideal well-partitioned stack. The comparison serves to highlight the division of responsibilities in the Bluetooth stack.

The Physical Layer is responsible for transmission, framing, and error control over a particular link. This overlaps the link controller task and the control end of the baseband, including error checking and correction.

The Network Layer is responsible for data transfer across the network, independent of the media and specific topology of the network. This encompasses the higher end of the link controller, setting up and maintaining multiple links, and also covering most of the Link Manager (LM) task. The Transport Layer is responsible for the reliability and multiplexing of data transfer across the network to the level provided by the application, and thus overlaps at the high end of the LM and covers the Host Controller Interface (HCI), which provides the actual data transport mechanisms.

The Session Layer provides the management and data flow control services, which are covered by L2CAP and the lower ends of RFCOMM/SDP. The Presentation Layer provides a common representation for Application Layer data by adding service structure to the units of data, which is the main task of RFCOMM/SDP. Finally the

Application Layer is responsible for managing communications between host applications.

Packet structure, Frames and Data rate

The Bluetooth frame consists of a transmit packet followed by a receive packet, as shown in Figure 9. Typically, a packet constitutes of access code, header and payload. The access code is used to detect the presence of a packet and to address the packet to a specific device. The header contains all the control information associated with the packet and the link. Finally the payload contains the actual message information.
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Each packet can be composed of multiple slots (1, 3 or 5) of 625 µs. A typical single slot frame is illustrated in Figure 10 below, which typically hops at 1600 hops/second.
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Multi-slot frames allow higher data rates because of the elimination of the turn around time between packets and the reduction in header overhead. For example, single slot packets can achieve a maximum data rate of 172 Kbits/second, while a 5 slot, 1 slot multi slot frame will support a 721 Kbits/second rate (in the 5-slot direction) with a 57.6 Kbits/second rate back channel (in the 1-slot direction) .A Multi-slot frame is illustrated in Figure 11.
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Figure 11: Multi slot frame





Topologies

Bluetooth communication occurs between a master device and a slave device. Bluetooth devices are symmetric such that the same device may operate as a master and also the slave. The two different topologies through which the Bluetooth devices communicate are

1. Piconet 

2. Scatternet

Two or more radio devices together from ad-hoc networks called piconets. All units with a piconet share the same channel. Each piconet has one master device and one or more slaves. There may be up to seven active slaves at a time within a piconet. Inactive slaves in unconnected state may continue to reside within the piconet in Stand by mode (sb) as shown in the Figure 12.

[image: image14.png]Figure 12: Piconet




A master is the only one that may initiate a Bluetooth communication link. However, once a link is established, the slave may request a master/slave switch to become the master. The master controls how the total available bandwidth is divided among the slaves by deciding when and how often to communicate with each slave. Using Time Division Multiplexing, the timeslots are divided between multiple devices depending upon data transfer requirements. To form a piconet, the Bluetooth device needs to understand two parameters: the hopping pattern of the radio it wishes to connect to and the phase within that pattern.
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Multiple piconets with overlapping areas are called Scatternets. A device can be a master in a piconet or a slave in more than a piconet as shown in Figure 13. Each piconet may have only one master, but slaves may participate in different piconets on a time division multiplex basis. More piconets in the area i.e., bigger the scatternet have more collisions and more retransmissions which will cause the data rates to fall.

Addressing

Each Bluetooth device has a 48 bit unique address, which is referred as BD_ADDR. An active slave within a piconet is identified by a 3 bit Active Device Address (AM_ADDR), which separates it from the inactive/parked slaves in the piconet. Those parked slaves are assigned an 8 bit address called Parked Member Address (PM_ADDR).

Functional Overview

Bluetooth devices, while communicating follow these connection states.
• Standby – Waiting to join a piconet

• Inquire – Ask about the devices to connect to

• Page – Connect to a specific device

• Connected – Actively on a piconet (master or slave)

• Park/Hold – Low power connected state

Figure 14 illustrates the above functional states along with typical state transition times. Note that the typical inquiry time is about 2 seconds, but may be as long as 10 seconds, which may preclude using Bluetooth for high-speed “drive by” applications involving moving vehicles and fixed access points.
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Profiles

Bluetooth Profiles describe how different parts of the specification can be used to fulfill a desired function. Profiles represent the default solution for a usage model and form the basis for Bluetooth interoperability and logo requirements. Each Bluetooth device must support at least one profile. The idea is that if two devices support the same profile, they should be able to interoperate.

A profile can be viewed as a vertical slice through the protocol stack. It defines options in each protocol that are mandatory for the profile. It also defines parameter ranges for each protocol. The profile is used to decrease the risk of interoperability problems between different manufacturer’s products. The profiles specified in Bluetooth Specification are Generic Access Profile (GAP), Service Discovery Application Profile (SDAP), Cordless Telephony Profile (CTP), Intercom Profile (IP), Serial Port Profile (SPP), Headset Profile (HP), Dial-up Networking Profile (DNP), Fax Profile (FP), LAN Access Profile (LAP), Generic Object Exchange Profile (GOEP), Object Push Profile (OPP), File Transfer Profile (FTP), and Synchronization Profile (SP).

The Bluetooth profile structure and dependencies are depicted in Figure 15. A profile is dependent upon another profile if it re-uses parts of that profile, by implicitly or explicitly referencing it. The key challenge and primary reason for the delay in Bluetooth adoption has been getting Bluetooth enabled products to work in interoperability tests with other products.
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Usage Models
Bluetooth specification is rooted in a set of usage models. The usage models described here are just an initial set of scenarios that could be accomplished with Bluetooth wireless communication.

1. The cordless desktop

Cordless connection of the mouse and keyboard to the PC or desktop/laptop to printers, scanners and to the LAN will increase the sense of freedom in everyday work as shown in Figure 16 below.

[image: image18.png]Figure 16: Cordless Desktop




2. The hands-free car kit

Use the comfort of a hands-free car kit without any wires. When getting into a car there is no need to hook up the phone to a hands-free car kit. No cradle, no cables – just keep the phone in a pocket and the hands-free car kit connects wirelessly to it as shown in Figure 17. All dialing and call answering is voice controlled.
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3. The automatic synchronizer

Bluetooth wireless technology will enable automatic synchronization of the desktop, portable PC and mobile phone as shown in Figure 18. For instance, upon entering the office, address list and calendar in the notebook will automatically be uploaded to agree with the one on the desktop, and vice versa.

[image: image20.png]Figure 18: Automatic Synchronizer




4. The instant postcard

Send instant photos and video clips from any location. Cordlessly connect a camera to a mobile phone or any wire bound connection as shown in Figure 19. Add comments using the mobile phone or a portable PC and send them instantly to a receiver anywhere in the world. It will be suitable for professional as well as personal use.

[image: image21.png]Figure 19 Instant postcard




5. The interactive conference

Connect all participants for instant data exchange. In meeting and conferences, information can be shared instantly with all participants, and without any wired connections. A projector, for instance can be run and controlled cordlessly as shown in Figure 20.
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6.  The Internet Bridge.

Be on to the Internet regardless of the connection. A portable PC can be used on the Internet regardless of whether it is wirelessly connected through a mobile phone, a modem or the company LAN as shown in Figure 21.

[image: image23.png]Figure 21 Internet bridge




Products and Prototypes

For devices to communicate using Bluetooth they each need a radio. Many products are now available with Bluetooth built in (e.g. mobile phones from Nokia and Ericsson / printers from Hewlett Packard / Epson). However, if you don't already have Bluetooth built into your device you can use an add-on Bluetooth radio (e.g. computer and PDA products from Brain Boxes / printer adaptor from Hewlett Packard).

Some of the devices currently available in the market include:

• Bluetooth PCMCIA cards - This card allows a personal computer with a      PCMCIA slot to communicate with other Bluetooth devices.

• Bluetooth USB adaptor - USB Adaptor allows a personal computer with a USB port to communicate with other Bluetooth devices.

• Bluetooth Compact Flash cards - CompactFlash card allows a personal computer with a CF slot to communicate with other Bluetooth devices.

• Bluetooth Printers and printer adaptors (BrainBoxes.com, 2002)

• Bluetooth Network access points - Using it, up to seven devices can be connected to the Internet or LAN via Bluetooth, in the same way as with a wired or WLAN router. Its range of 10 to 30 meters is perfect for the small-office environment, and it is relatively inexpensive.

• Bluetooth Mobile Phones

[image: image24.png]Figure 22: Bluctooth Mobile Phones




Future

1. Cable replacement.
2. Access points in homes and offices (2002 – 2003)

3. Seamless access anywhere (2003 - …)

There are 3 main phases expected in the deployment of Bluetooth connectivity. Currently

Bluetooth is mainly used as cable replacement for connecting personal devices like notebooks and/or PDA to the mobile phone. In the 2nd phase, we expect that Bluetooth enabled mobile devices will be widespread. In this phase the users will connect them also via fixed access points to the LAN and Internet in homes. As notebooks are connected via WAN various types of small mobile devices will be similarly connected via Bluetooth. Eventually the 3rd phase will allow mobile users seamless access connecting to LAN/Internet in buildings and via GSM/GPRS/UMTS in any cell on the move. The roaming and handover will be automatic.

Obviously the 1st phase will encourage additional traffic and revenue for mobile operators. This revenue will come without much effort on behalf of the mobile operators. For the 2nd phase the revenue are likely to decrease. Obviously some traffic will be taken away from mobile network and will be channeled via the fix network. On the other hand the second phase offers high bandwidth for small mobile devices in buildings. This is an opportunity for providing new kind of services to mobile users already before UMTS will be deployed on a larger scale.

In the 3rd phase mobile operators will be in a good position to offer seamless access, with authentication, roaming, billing, etc. However they will be not alone and competition from Internet providers, fix net operators and others is very likely.

CONCLUSION:
There is huge interest for Bluetooth in Industrial, Scientific and Medical Markets. We are starting to see the first applications move from trials to roll out.

Most of this business is using Bluetooth as an instant cable replacement. For a compelling Simple Cable Replacement solution lots of issues must be solved. Issues of User interface, visual prompts, power consumption, data integrity not to mention expensive and time consuming Bluetooth qualification.

Brain boxes have solved all these issues with a range of pre qualified, low cost, simple to use, software free Bluetooth products. We have solutions and advice for virtually every type of cable replacement application.
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