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Abstract

BTAudio (Bluetooth Audio Program) and Quite Talk Profile

By

Jun Chen

In this thesis, we discuss the Bluetooth audio gateway design and implementation. We
implement the audio gateway into a program named BTAudio. BTAudio is developed on
the top of BlueZ (Official Linux Bluetooth protocol Stack) to fulfill its core functions.
BTAudio also provides a graphical user interface written in GTK+.

By running BT Audio, the computer can control a Bluetooth device, which is attached
to it. Then the Bluetooth device can act as the audio gateway. The audio gateway has
these main functions: build connection, receive or send audio data from or to headset and
release connection.

We also conducted some experiments on the Bluetooth devices by using BTAudio.
From the experiments we arrived at some important results about Bluetooth technology.

In the end, we propose a new Bluetooth profile: Quite Talk Profile. This profile
describes how the Bluetooth devices can provide a mobile, full duplex, and hand-free

way for up to three people to communicate.
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1.Introduction

1.1 Motivation

As a new technology with a history of nine years, Bluetooth [1] wireless technology
has rapidly gained a lot of consumer awareness and product penetration across a range of
diverse industries. More and more manufacturers plan to launch products using Bluetooth
technology.

Bluetooth is the new technology using short-range frequency-hopping radio link
between mobile computers, mobile phones, PDA, headset and other portable devices.
Originally Bluetooth is brought out as a cable-replacement technology. After plugging a
small, cheap radio chip into computers, printers, keyboards, etc, people are set free from
the cable entanglement. The interest in Bluetooth is soaring because of its key features:
robustness, low complexity, and low power. Later on people think about a lot of idea with
using Bluetooth, such as building a dial-up networking on the laptop via a cellular phone,
sending files from a PDA to a laptop, sending music from a computer to a headset and so
on.

Some applications for Bluetooth are a carrier of audio data. In theory, up to three full-
duplex audio channels can be provided in one Bluetooth chip. The audio quality provided
by Bluetooth shall be same as that of a cellular telephone because Bluetooth uses the
same audio data format as the GSM (Global System for Mobile Communication) system.

Bluetooth manufacturers produce a very nice Bluetooth device: Bluetooth headset. It

is lightweight, small and convenient to use. Normally it weighs less than an ounce. We



can hang the headset on our ear to receive audio data. After a while, we will forget there
is a headset on our ear. This Bluetooth device set people free from the wired headset.

The common headset usage is to connect to cell telephone. But there is one important
potential function of the headset: connecting headset to Bluetooth enabled computer or
PDA. With this function, we can enjoy the music on the headset without sitting close to
the computer or PDA. We can hear music without carrying anything except the
lightweight headset. How to accomplish this function is a big step in Bluetooth

technology.

1.2 Objective

In this thesis we plan to design and implement the Bluetooth audio gateway in a
computer to accomplish this function. Because the headset is very passive, it only has the
button as the input. Thus the major work has to be on the computer side. The major
function of the audio gateway is to build connection, receive or send audio data from or
to headset and release connection.

After accomplishing the implementation, we want to perform some experiments on the
Bluetooth devices to discover some properties of the Bluetooth technology.

Furthermore, We want to propose a new Bluetooth profile. If we can transmit audio
data between the headset and audio gateway, we can let the two headsets communicate
with help of the audio gateway. Then we can provide a new short-range, mobile, full

duplex and hand-free way for communication using Bluetooth technology.



1.3 Organization

Chapter 2 covers Bluetooth specifications, which gives basic information about the
Bluetooth technology. Chapter 3 talks about the Bluetooth profiles. Chapter 4 discusses
the audio gateway design. Chapter 5 is mainly about how to implement the audio
gateway into a program named BTAudio. Chapter 6 describes the experiments we
conduct on the Bluetooth devices using BTAudio and gives the results. Chapter 7
proposes a new Bluetooth profile: Quite Talk Profile. Chapter 8 summarizes all the works

carried out in this thesis research and lists the future work.

2.BLUETOOTH SPECIFICATION

2.1 Overview

Bluetooth is brought out as a replacement of the cable by Ericsson Mobile
Communications in 1994. In 1998 Ericsson Mobile Communications, Intel Corp., IBM
Corp., Toshiba Corp. and Nokia Mobile Phones formed the Bluetooth Special Interest
Group (SIG). SIG is a group of companies that work together to promote and define the
Bluetooth specification. Version 1.0 of the Bluetooth specifications came out in July
1999. The name of Bluetooth comes from a tenth-century Danish king who united
Denmark and Norway. They chose this name because they expect Bluetooth to unify the
telecommunications and computing industries.

A critical feature of the Bluetooth specification is that it aims to allow devices from

lots of different manufacturers to work with each other. For this objective, Bluetooth does



not only define the radio system; it also defines a software stack to enable applications to
find the services that can be provided in other devices.

The Bluetooth specification is made up of two parts: core specification and profiles.
We also call the first part as Bluetooth specification, which is mainly about the layers in
the Bluetooth stack. The second part: Bluetooth profile gives details about how
applications use the Bluetooth protocol stack. We will talk about Bluetooth specification

in this chapter. The Bluetooth profiles will be covered in next chapter.



2.2 Bluetooth Protocol Stack

Applications

>
—J
Other 8 _
Interfaces :51 Service
g Discovery
e Protocol
RFCOMM

!
Logical Link Control and
Adaptation (L2CAP)
l

Host Controller Interface (HCI)
[
Link Manager (LM)

|

Link Controller
[
Baseband
[

Radio

Figure 1: Bluetooth Specification Protocol Stack

Figure 1 illustrates the Bluetooth specification protocol stack. It is made up of eight
layers: radio, baseband, link controller, link manager, host controller interface, logical
link control and adaptation, RFCOMM or service discovery protocol, and applications.

The comparison of the Bluetooth protocol stack and OSI (Open System Interconnect)

Standard reference model is displayed in Figure 2. Although there is no perfect mapping



between them, it helps people to understand the Bluetooth protocol stack. The

functionality of each layer in Bluetooth protocol stack will be explained later.

Application Layer Application Layer
Presentation Layer RFCOMM/SDP
Session Layer L2CAP
T Layer Host Controller Interface
LinkManager
Network Layer
Link Controller
Data Link Layer
Baseband
Physical Layer Radio
OSI Referenc Model Bluetooth Protocol Stack

Figure 2: OSI Reference Model and Bluetooth Protocol Stack

2.3 Radio

Bluetooth Radio operates in the 2.4 GHz ISM (Industrial Scientific Medicine) band. In
most of the countries around the world Bluetooth uses a frequency hop technology with
79 hops displaced by 1MHz, starting at 2,400 MHz and stopping at 2,483.5 MHz. In
some countries like France, the frequency range is 2,446.5- 2,483.5 MHz and Bluetooth
uses a frequency hop technology with 23 hops.

Each Bluetooth has an antenna to send out the radio signal. The Bluetooth equipment

is classified into three power classes by the power levels at the antenna connector. Power



Class 1 is the equipment with maximum output power of about 100mW, which normally
can communicate for a maximum of around 100 meters. Power Class 2 is the equipment
with maximum output power of about 2.5mW, which may cover a range of 30 meters.
Power Class 3 is the one with maximum output power of about 1mW, which can

communicate within 10 meters area.

2.4 Baseband

The baseband manages physical channels and links. It also handles packets, error
correction, pages and inquiries to access the Bluetooth devices within its area.

The channel in baseband is represented by a pseudo-random hopping sequence
hopping through the 79 or 23 channels. The Bluetooth device takes 1600 hops in one
second. The channel is divided into 625 us time slots. Figure 3 shows one frequency-
hopping example. At the first time slot it uses channel 78. It jumps to channel 77 in the

second time slot.



Frequency Frequency Hopping Function
MHz Channel f(1) f(2) f(3) f@) f(O6) f@®6) ()

2480

2479

2478

2403

2402
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Figure 3: Frequency Hopping Example

Two or more Bluetooth devices can form a piconet by using the same frequency
hopping sequence. In each piconet there is one master and one or more slave(s). The
hopping sequence unique for the piconet is determined by the Bluetooth address
(BD_ADDR) of the master. The phase in the hopping sequence is determined by the
Bluetooth clock of the master. A scatternet is the multiple piconets with overlapping
Bluetooth device, that is more than one device joins more than one piconet. But each
piconet has a different master. One Bluetooth device cannot act as a master of two
piconets. If one device acts as the master of two piconets, then the hopping sequence will
be same for the two piconets. Then it will turn the scatternet into a piconet.

Figure 4 shows the topology of a point-to-point link between Master and Slave. The

example of two piconets are displayed in the diagram (a) and (b). In diagram (a) there is



one master and one slave. In diagram (b) there is one master and two slaves. The diagram
(c) gives one example of scatternet: the master of one piconet becomes a slave of another

piconet.

0 Master
Slave

(@ (b) (©)

Figure 4: Piconets with a Single Slave (a), Multiple Slaves (b) and a Scatternet (c)

The baseband manages two types of links: Synchronous Connection-Oriented (SCO)
link and Asynchronous Connection-Less (ACL) link. The ACL link is a point-to-
multipoint link between the master and all the slaves in the piconet. The SCO link is a
point-to-point link between a master and a single slave participating the piconet. The
master maintains the SCO links by using reserved slots at regular intervals. When the
slots are not reserved for the SCO link, the master can establish an ACL link on a per-slot
basis to any slave, including the slave(s) already engaged in an SCO link.

An ACL link exists between the master and slaves as soon as a connection has been
established. The ACL link provides a packet-switched connection where data is
exchanged sporadically when data is available. The choice of which slave to send out to

or receive from is up to the master on a slot-by-slot basis.



A SCO link provides a circuit-switched connection between the master and a slave
with reserved channel bandwidth and regular periodic exchange of data in the form of
reserved slots. The SCO link is mainly used to transmit time-bounded information such
as audio data.

There are 13 different packet types defined for the baseband. Some are for both SCO
and ACL links. Some are for ACL link only. Some are only for SCO link. Most ACL
packets perform error checking and retransmission to assure data integrity. The SCO
packets are never retransmitted. Baseband provides the following error correction and
detection for the ACL packets: FEC (Forward Ermror Correction), CRC (Cyclic
Redundancy Checksum) and ARQ (Automatic Repeat Request) scheme.

In baseband, five logical channels are defined to transfer different types of
information. LC (Link Control) channel and LM (Link Manager) channel are used at the
link control level and link manager level. The user channels: UA (User Asynchronous
Data), UI (User Isochronous Data), US (User Synchronous Data) channels are used to

carry asynchronous, isochronous, and synchronous user information, respectively.

2.5 Link Controller

The link controller layer performs higher-level operation such as inquiry and paging
and manages multiple links between different devices.

For Bluetooth devices in link controller layer, there are two major states: STANDBY
and CONNECTION and seven substates: page, page scan, inquiry, inquiry scan, master
response, slave response and inquiry response. The substates are interim states that are

for the devices to stay while they join a piconet. Either commands from the Bluetooth

10



link manager or internal signals in the link controller can make the devices move from

one state to the other. Figure 5 illustrates the movement between these states.

Figure 5: State Diagram of Bluetooth Link Controller [1]

In order to establish new connection between unknown devices, the inquiry
procedures and access procedures must be performed sequentially. If a device knows the
destination device’s address, only access procedure is needed.

The inquiry procedure enables a discovering unit to collect the Bluetooth device
addresses and clock of all devices that respond to the inquiry message. A normal inquiry
procedure is carried out in the below way:

1) The source device enters the inquiry state and broadcasts inquiry packets.

2) The destination device in inquiry scan state receives the inquiry packets.

11



3)

The destination device will then enter inquiry response state and send an

inquiry reply packet containing its address and clock to the source device.

During the access procedure, important information: the channel access code and the

channel hopping sequence are exchanged between each other. And their clocks are

synchronized. Typically the access procedure occurs the following:

1)
2)

3)

4)

5)

6)

7)

The source device enters page state to page another device.

The destination device in the page scan state receives the page packets.

The destination device enters slave response state and sends a reply to the
source.

The source device enters the master response state and sends packets contains
important information such channel hopping sequence to the destination
device.

The destination device sends it’s second reply packet to the source.

The destination and source devices then follow the source channel parameters.
The connection state starts when a POLL packet sent by the source device to
verify the destination device has switched to the source’s timing and channel

frequency hopping sequence.

2.6 Link Manager

The major task of Link Manager is to translate the Host Controller Interface

commands into operations at the baseband level. A Bluetooth Link Manager

communicates with Link Manager on other Bluetooth device by using the Link

Management Protocol messages. Link Manager provides the following functions:

12



attaching slaves to a piconet, configuring the link including controlling Master/Slave

switches, setting up ACL and SCO links, and so on.

2.7 Host Controller Interface (HCI)

The HCI provides a uniform interface method of accessing the hardware capabilities
of Bluetooth devices. The HCI is made up of three parts: the HCI firmware driver, HCI
transport layer and HCI driver.

The HCI firmware carries out the HCI commands to the Bluetooth hardware by
accessing baseband commands, link manager commands, hardware status registers,
control registers and event registers. The HCI driver on the host transmits data, packets
and commands with the HCI firmware on the Bluetooth hardware. The HCI transport
layer exists between the HCI driver on the host system and the HCI firmware in the
Bluetooth hardware to provide the ability to transfer data without intimate knowledge of
the data.

There are three HCI transport layers: USB (Universal Serial Bus), RS-232 (a serial
interface with error correction) and UART (Universal Asynchronous Receiver
Transmitter, a serial interface without error correction). The Figure 6 illustrates the path

of data exchange between two Bluetooth device enabled hosts.

13
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Figure 6: End-to-End Overview of Lower Software Layers to Transfer Data [1]



2.8 Logical Link Control and Adaptation Protocol

(L2CAP)

L2CAP provides protocol multiplexing between different higher layer protocols such
as service discovery protocol and RFCOMM. Protocol multiplexing allows higher layer
protocols to share the lower layer links.

L2CAP performs segmentation and reassembly operation to allow transfer of larger
packets than lower layers can support. L2CAP allows higher-level protocols and
applications to transmit and receive L2CAP data packets up to 64 kilobytes in length.
L2CAP carries out group management and quality of service management for higher

layer protocols

2.9 RFCOMM

RFCOMM emulates the serial cable line settings and status of an RS-232 serial port.
To build an RFCOMM connection, an L2CAP connection must be set up in advance.
RFCOMM frames are sent in the payload field of the L2CAP packets. RFCOMM
provides multiple concurrent connections by replying on L2CAP to perform multiplexing
over single connections, and to provide connection to several devices. RFCOMM
depends on the baseband to provide reliable in-sequence delivery of byte streams for it
does not have any ability to correct errors.

RFCOMM supports two types of devices. A type 1 device is the end of a
communications path and supports an application over RFCOMM.A type 2 device is an

intermediate device and has a physical RS-232 serial port over RFCOMM.
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2.10 Service Discovery Protocol (SDP)

SDP resides on the top of L2CAP levels. SDP employs a Client-Server interaction
mechanism as shown is Figure 7. This mechanism provides a way for client applications
on one Bluetooth device to discover the existence of services offered by server

application in another device as well as the attributes of those services.

SDP requests
>
SDP Client SDP Server
-
I SDP responses I
Client Server
Applications Applications

Figure 7: SDP Client-Server Interaction Mechanism

The SDP server maintains a database of service records. Each service record describes
he characteristics and contains information about a single service. A SDP client can get
the information about a service record maintained by the SDP server by issuing an SDP
request. If the client wants to use a service, it must open a separate connection to the
service provider to utilize the service. Although SDP provides a mechanism for
discovering services and their attributes, it does not provide a mechanism to use those

services.
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3.BLUETOOTH PROFILE

3.1 Bluetooth Profile Relationships

The purpose of a profile is to give a clear description of how a full specification of a
standard system to implement a given function. If everyone implement the function into
products as describe in the profile, then each product shall be able to interoperate with
each other. Bluetooth profiles have the same functionality. They ensure interoperability
by providing a well-defined set of higher layer procedures and uniform means of using
the lower layers. Figure 8 shows how the Bluetooth profiles are built up in layers [5].
Each profile relies upon the layers below. For example, Headset Profile depends on

Generic Access Profile and Serial Port Profile.

Generic Access Profile

Service Discovery TCS Binary based profiles
Application Profile

Serial Port Profile

Generic Object
Dial-up Networking Exchange Profile
Profile
File Transfer Profile
Fax Profile

Object Push Profile

Headset Profile

Synchronization
Profile

LAN Access Profile

Figure 8: Bluetooth Profile
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In this chapter we only briefly talked about Generic Access Profile (GAP) and Serial
Port Profile. Headset profile will be covered in next chapter. For detailed information
about other profiles, please look at the profile part of specification of the Bluetooth

technology.

3.2 Generic Access Profile (GAP)

The GAP forms a common basis for all other Bluetooth profiles. The objective of the
GAP is to make sure that all devices can successfully establish a baseband link. To obtain
this objective, the GAP defines the requirements of the features which must be
implemented in all devices, general procedure to discover Bluetooth devices, procedures
related to the use of security in different layers and common format requirement of
device parameters on the user interface level. The GAP also provides link management
facilities for connecting to Bluetooth devices [6].

In Generic Access Profile two devices sharing a link key is called bonded. The
procedure to create a relationship based on a common link key is called bonding.
Bonding creates a link especially for the purpose of creating and exchanging a common
link key. During bonding, the link managers verify that they share a secret key, which is
called authentication. After authentication, the link managers will create and exchange a
link key. The authentication in link level and link key generation is collectively called
pairing.

The GAP defines modes of operation for Bluetooth devices and defines which one is

compulsory and which one is optional. The four modes are the following:
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1) Discoverability (Controls the use of the inquiry scan and whether other devices
can discover a Bluetooth device when it is within their area of radio coverage.)

2) Connectivity (Controls the use of the inquiry scan and whether other devices
can connect to a Bluetooth device when it is within their area of radio
coverage.)

3) Pairability (Controls the use of the link manager’s pairing facilities, which are
used to create link keys for use in encrypted links.

4) Security (Control when and how encryption is initialed in a link.)

Three types of discoverability mode are the following: non-discoverable, limited
discoverable and general discoverable. There are two connectivity modes: connectable
and non-connectable. Two pairability modes are pairable and non-pairable. There are
three security modes: non-secure, service level enforced security and link level enforced

security.

3.3 Serial Port Profile (SPP)

The SPP defines the necessary requirements of Bluetooth devices for building
emulated serial cable connections using RFCOMM between two peer devices [7]. The
requirements are expressed in terms of services offered to applications and by defining
the features and procedures that are compulsory for interoperability between Bluetooth
devices.

The SPP is based on the GSM standard GSM 07.10. It allows multiplexing of several
serial connections over one serial link. It supports two device types: a communication

endpoint and an intermediate device. A computer is an example of the communication
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endpoint. A modem is an example of the intermediate device, which forms part of a
communication link.

Support for security is mandatory in the SPP. But security does not have to be used.
Either device can request bonding, which requires the use of a shared secret PIN. The
PIN can be pre-configured, or can be entered via a user interface. If the devices do not
know the common PIN, users will have to exchange the PIN by way other than
Bluetooth. Then either side can request the baseband to be encrypted.

The SPP describes how to set up virtual serial ports on two Bluetooth enabled devices
and connect them with Bluetooth to emulate a serial cable between the two devices. The
three-step application layer procedure is the following:

1) The source device establishes a link and sets up virtual serial connection.

2) The destination device then accepts the link and establishes virtual serial
connection

3) Both of the devices register service record for application in local SDP

database.

4.Bluetooth Audio Gateway Design

4.1 Headset Profile

Bluetooth audio gateway is just one essential part of Bluetooth headset profile. Thus it
should follow all the essential protocols and procedures defined in Headset profile. In this

section we will give some general information about the Headset Profile.
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4.1.1 Roles in Headset Profile

There are two roles defined in headset profile: Audio Gateway (AG) and Headset
(HS). AG acts as the gateway of the audio, both for input and output. Typical devices
acting as AG are cellular phones, computer and PDA. HS is the device acting as the AG’s

remote audio input and output device.

4.1.2 Headset Profile Stack

Figure 9 illustrates the protocols and entities used in the headset profile. Headset

control is responsible for handling headset specific control signaling.

Application . Application
(Audio port emulation) (Audio driver)
Headset Control -— Headset Control
RFCOMM SDP » RFCOMM SDP
LMP L2CAP e » LMP L2CAP
Baseband o » Baseband
Audio Gateway side Headset side

Figure 9: Headset Protocol Model
The headset control signaling is based on AT command. In the original definition, AT
command is any instructions sent to a modem that begin with “AT”. It is widely used in
GSM. The headset profile only uses a subset of AT commands and result codes from
existing standards.
The name and description of the AT commands which is mandatory in Bluetooth

headset profile are shown in table 1.
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Table 1: Mandatory AT Commands in Headset Profile

AT Command Name

Description

RING

The indication of the incoming call in V.250 [8]

+CKPD

meaning.

The command to control keypad in GSM TS 07.07
[8]. For <keys>, the value of 200 indicates that the
button of the headset is being pressed. In the headset

profile, the <pause> and <time> parameters have no

The name, description, syntax and values of the AT commands which is optional in

Bluetooth headset profile are shown in table 2.

Table 2: Optional At Commands in Headset Profile

AT Command Name

Description

Syntax

Values

Microphone gain level

report

It is the command used
by the HS to report its
microphone gain level
setting to the AG.
<gain> is an unsigned
octet, representing a
particular volume level

controlled by the HS.

+VGM = <gain>

<gain>: 0-

15

Speaker gain level

It is the command used

+VGS=<gain>

<gain>:0-
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indication report

by HS to report the
current speaker gain
level setting to the AG.
The  definition  of
<gain> is same as that
in  Microphone gain

level report.

15

Microphone gain

It is the command used
by the AG to set the
microphone gain level
of the HS. The
definition of <gain> is

same as above.

+VGM=<gain>

<gain>:0-

15

Speaker gain

It is the command used
by the AG to set the
speaker gain level of
the HS. The definition
of <gain> is same as

above

+VGS=<gain>

<gain>:0-

15

4.1.3 Headset Profile Requirement

The restrictions applied to Headset Profile are the following:
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1)

2)

3)

4)

5)

6)

It is assumed that the headset use case is the only one use case active between
the AG and HS.

It is mandatory that the transmission of audio data must use CVSD for
encoding and decoding.

At a time only one audio connection can exist between headset and the audio
gateway.

It is the audio gateway that controls the SCO link establishment and release.
The headset will directly connect (disconnect) the internal audio stream once
the SCO link is established (released).

The profile only provides basic interoperability. It will not handle multiple
calls at the same audio gateway.

The only assumption on the headset side is the possibility to detect a user-

initiated action such as pressing the button.

4.2 Audio Data Requirements

To implement the Bluetooth audio gateway, we need to know the requirements of the
audio input data for Bluetooth devices. In this section we will study the details of
Bluetooth audio system and at last decide what kind of audio data we will use for the
Bluetooth audio gateway.

Bluetooth doesn’t define the maximum sound pressure for an audio device. It’s the
responsibility of each Bluetooth manufacturer to design their audio products in a safe
way with regards not to injury the human ear. Audio levels are calculated as Send

Loudness Rating (SLR) and Receive Loudness Rating (RLR).

24



Figure 10 illustrates the components to measure SLR. MRP is mouth reference point.
A/D is analog/digital converter. PGA is programmable gain amplifier. PCM is pulse code
modulation. CVSD is continuously variable slop data modulation. Bluetooth specifies
three different audio coding techniques: Log PCM coding using either A-law or p-law
and CVSD. We will talk about these techniques in the below section. BTR stands for the

binary file transfer.

_ﬁ)—

Filter — PGA A/D

PCM/

CVSD BTR

Figure 10: SLR Measurement Set-up

Figure 11 shows the components of RLR measurement. ERP stands for ear reference

point.
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ERP

o

D/A [ — Filter — PGA

PCM/

BTR CVSD

Figure 11: RLR Measurement Set-up

Log PCM coding is widely used in many existing devices such as the PTSN (Public
Switched Telephone Network) and fixed-line telephone handsets. Log PCM coding
compresses the input data using a logarithmic transfer function so as to present the more
accurate (higher bit width) input data with a less accurate (lower bit width) output value.
But the logarithmic transfer function guarantees that the effect of the compression gives
rise to a minimal decrease in quality as perceived by the human ear. The specification of
the exact characteristics are given in the International Telecommunications Union (ITU-
T) [8], recommendation G.711, which provides conversion tables to and from linear PCM
and log PCM for both A-law or p-law compression.

The input to the log PCM encoder is up to 3 channels of 13-bit (for A-law) or 14-bit
(for p-law) linear PCM at 8kHz. The output of the log PCM is up to 3 channels of 8-bit
encoded data at 8kHz.

CVSD is a more complex method than log coding. It utilizes the strong correlation

between adjacent audio samples by quantizing the difference of amplitude between the
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two samples as compared to the entire sample amplitude. This needs fewer quantization
steps for the same signal quality, and consequently lowers bandwidth. The approach
referred as Differential PCM can be revised to reduce the required bandwidth even
further by making the quantization step adaptive, which is called Adaptive PCM. This
method represents low-amplitude signals with acceptable accuracy without decreasing
performance on large-amplitude signals. In a word, CVSD is Adaptive PCM using delta
modulation.

CVSD processes 16-bit samples and single-bit symbols at 64 kHz, which are different
from those for log PCM. In fact the extra information represented by the 16 bit samples at
64kHz is redundant and merely a side effect of the CVSD process. Moreover, the data
rate is too high to make it sensible to pass on to another device as it is, especially if the
audio is to be routed via HCI. Thus, it is necessary to interpolate and decimate to reduce
the 64kHz sample rate to 8kHz rate as required for the log PCM encoder.

The speech quality of CVSD output is not very good, but is acceptable for most
Bluetooth application. In fact CVSD has been used in military communications systems
because of its encoded nature, low bandwidth and acceptable quality.

Figure 12 illustrates the typical Bluetooth audio subsystem. As referred before, the log
PCM encoding and decoding functions share a common path to and from the PCM data
at 8kHz while the CVSD encoder and decoder requires interpolation and decimation

respectively. We have discussed each of the blocks shown in Figure 12.
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Encoder to Serial ’
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Figure 12: Bluetooth Audio System [9]

Although some SCO packets are corrected by FEC, none of the audio packets are
protected by a CRC. Thus the re-transmission is nearly impossible due to the time-
bounded nature of SCO data. Much work has been made to decrease the error rate of
CVSD to random bit errors. But it is always possible that enough errors will occur so as
to make a packet unusable. The errors may not be detected in the packet payload, but it is
very possible that the access code may be rejected. In this situation, there will not be a

valid packet for the decoder to decode.
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Thus a mechanism for filling in or masking the missing packet is required. A simple
way is to repeat the previous packet again. A more sophisticated method is to lower the
following “repeat” packets with a random white noise to reduce the possibility of an
audible tone due. If a new packet is not received after a predetermined time, it may be
necessary to decrease the audio level to avoid the repetition becoming audible.

Since CVSD is a different method, the decoder output depends on many previous data
(unlike log PCM). When a packet is lost, the information about the current status of the
accumulator and the size of the step is also lost. There are various methods to restart the
algorithm when a new packet arrives. The simplest one is to reset the step size and
accumulator to their initial values when a new packet arrives. Thus the algorithm
recovers itself quickly. Even multiple missing bursts happen, the effect on the sound
quality is small.

Table 3 shows the comparison of the different type of audio data in different systems.
The level of audio quality provided by Bluetooth SCO channel is almost equivalent to
that of the GSM cellular telephone audio channel. It is surely not surprising considering
that the origins of the Bluetooth standard is based on GSM. Although transmitting MP3
(MPEG Layer3) audio data may be feasible by using two or three SCO channels, version
1.0b of the Bluetooth specifications does not define a profile for such a service. Thus
using MP3 data as audio source for Bluetooth audio gateway is not feasible for now.

The frequency shown in the column “Quality” is the sampling rate. The number of bit
shown in the column “Quality” is the size of each sample. The data rate is computed by

multiplying the sampling rate by the size of each sample.
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Table 3: Comparison of Audio Data

System Quality Data Rate
(kb/s)

Audio CD Stereo 16 bit @ 44.1kHz 705.6

MP3-encoded Audio Stereo Near-CD Quality 128

POST Telephone Mono 8 bit @11.025kHz 88

GSM Audio Mono 8 bit @8kHz 64

Bluetooth SCO | Mono 8 bit @8kHz 64

Channel

At last, we decide to use the audio data with quality of Mono 8 bit @ 8kHz as the

audio input for the Bluetooth audio gateway to fit the requirement of the SCO channel.

4.3 Functionalities of Bluetooth Audio Gateway

Bluetooth audio gateway shall have the following functionalities: outgoing audio
connection, incoming audio connection, audio connection release, and remote audio

volume control.

4.3.1 Outgoing Audio Connection

The procedure to build outgoing audio connection is shown in Figure 13. The steps to
finish the procedure are:
1) The audio gateway initiates the connection establishment.

2) An unsolicited result code RING will be sent to headset.
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3) The RING may be repeated for as long as the connection establishment is
finished.

4) The user presses the button on the headset to accept this connection.

5) The headset then sends out the AT+CKPD command to the audio gateway

6) The audio gateway will establish the SCO link if it is not established.

Headset Audio Gateway
< Connection establishment
RING
d
( SCO link establishment
RING
g

User initiated action I

AT+CKPD
< SCO link establishment

Figure 13: Outgoing Audio Connection Establishment

4.3.2 Incoming Audio Connection

The procedure to build incoming audio connection is a little simpler than the outgoing
connection, which is shown in Figure 14.
The steps to finish this procedure are:

1) The user presses the button on the headset to initiate the link.
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2) The headset then initiates the connection establishment.
3) The headset will then send out the AT+CKPD command to audio gateway.

4) The audio gateway establishes the SCO link.

Headset Audio Gateway

User initiated action

o
Connection establishment

AT+CKPD

< SCO link establishment

Figure 14: Incoming Audio Connection Establishment

4.3.3 Audio Connection Release

The SCO link can be ended either by the headset or by the audio gateway. Either the
button on the headset be pressed or the internal action on the audio gateway can trigger
this action. But no matter which initiate the release, audio gateway is responsible for
releasing the connection.

Figure 15 shows the procedure to release an audio connection if audio gateway
initiates the release. The steps for this procedure are:

1) Internal event or user action of the Audio Gateway takes place.
2) The audio gateway then releases the SCO link.

3) At last the audio gateway releases the connection.
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Headset Audio Gateway

Internal event/ user action
-

SCO link release

Connection release

Figure 15: Audio Connection Release — AG Launched

Figure 16 illustrates the procedure to release an audio connection if headset initiates
the release. The general steps for this procedure are:
1) The user presses the button on the headset.
2) The AT command “AT+CKPD” will be sent to audio gateway.
3) Then audio gateway releases the SCO link.

4) The audio gateway releases the connection.

\\ Headset Audio Gateway

User pressed the button
P utton | AT+CKPD

< SCO link release l
< Connection release I

Figure 16: Audio Connection Release - HS Launched
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5. Bluetooth Audio Gateway Implementation:

BTAudio

5.1 System Requirements

We have implemented the Bluetooth Audio Gateway into a program named BT Audio
in Linux. BTAudio can control the Bluetooth device to send or record music file to or
from a headset. It is mainly developed on top of BlueZ.

BlueZ is the official Linux Bluetooth protocol stack. Originally it was developed by
Qualcomm Incorporated. Now it is an open source project with many contributors all
over the world. BlueZ is already part of the official Linux kemel after version 2.4.6.
Figure 17 shows the overall architecture of BlueZ. BlueZ provides standard Berkeley
socket interface to all Bluetooth layers, which makes it possible to program in application

layer.
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Figure 17: BlueZ Overall Architecture

BlueZ provides support for a variety of Bluetooth devices. It can support Bluetooth
PCMCIA and compact flash cards, Bluetooth USB adapters, Bluetooth serial dongles and
other Bluetooth devices.

Before we talk about how to design and write the BTAudio, we will give the steps
how we installed BlueZ, which is mandatory to use BT Audio. If the user cannot install
the BlueZ properly, BT Audio may not work as it expected. What we described is just a
specific example; different people may have a different way to install BlueZ.

Because BlueZ is not a mature system, there are some problems existing in the USB
SCO driver. To solve these problems we need to install ALSA (Advanced Linux Sound
Architecture) packages and apply a patch to Linux kernel. The ALSA packages and patch

can be found at these website: http://www.alsa-project.org/ and

http://www.dcs.gla.ac.uk/~jp/snd-bluez-sco/.
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First we need to build a new Linux kemel for BlueZ. Download the Linux kemel
24.22 source file: linux_2.4.22.tar.gz from this website

http://www.kemnel.org/pub/linux/kemel/v2.4/ and store the zip file into directory /usr/src/.

Before compiling the kernel, we need to create one patch: hciusb.patch to fix the problem
in USB SCO driver. The content of the patch is shown in Appendix A.

Then unzip the source file, apply patch, configure the kernel, compile the kernel and
reboot the system. The setting for Bluetooth modules is shown below in Figure 18. One

example to demonstrate all the above steps is given in Appendix B.

#

# Bluetooth support

#

CONFIG_BLUEZ=m
CONFIG_BLUEZ_L2CAP=m
CONFIG_BLUEZ_SCO=m
CONFIG_BLUEZ_RFCOMM=m
CONFIG_BLUEZ_RFCOMM_TTY=y

# CONFIG_BLUEZ_BNEP is not set

#

# Bluetooth device drivers

#

CONFIG_BLUEZ_HCIUSB=m
CONFIG_BLUEZ_USB_SCO=y
CONFIG_BLUEZ_USB_ZERO_PACKET=y
CONFIG_BLUEZ_HCIUART=m
CONFIG_BLUEZ_HCIUART_H4=y
CONFIG_BLUEZ_HCIUART_BCSP=y
CONFIG_BLUEZ_HCIUART_BCSP_TXCRC=y
CONFIG_BLUEZ_HCIBFUSB=m
CONFIG_BLUEZ_HCIDTL1=m
CONFIG_BLUEZ_HCIBT3C=m
CONFIG_B<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>