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1 INTRODUCTION
This paper describes a control model for a system comprised of devices which process or are connected

with the processing of audio and video signals. This control model is based upon [EC 1030 (Domestic
Digital Bus (D2B))[1}.

2 BACKGROUND
D2B was developed as a control bus for integrating a variety of audio and video devices into a system. It
was designed to simplify the control of such a sysiem for the consumer, allowing the addition of devices
of various brands ta expand the capabilities of the system. It was specified to be reliable and sufficiently
simple to implement in consumer products. Its development was also co-ordinated with that of
home-buses (in Europe (IHS) and Japan (HBS)) to simplify the design of interfaces (gateways) between
them,

D2B as defined by IEC 1030, consists of an application {control} model and 2 message communications
system. In this paper the application model derived from IEC 1030 is described separately to the message
communications, since the application model can be used with a variety of communications systems, So
far the model has been applied with two types of message communications:

+ IEC 1030 communications (electrical)
» D2B Optical communications

3 CURRENT APPLICATIONS

The main current application for this control model is in the integration of entertainment and information
devices into systems within cars, These systems might include: CD changers, video tuners, navigation
systems, (raffic message decoders and mobile communication equipment (tefephone, facsimile, electronic
mail). The D2B control model has been applied to provide integrated system control for this diversity of
functions.

Qther applications include a satellite reception system linked by D2B (IEC 1030). The system comprises
a satellite TV wner (with an internal deserambler) linked to a separate decryptor device (with a smart card
reader) and also linked io a satellite antenna positioner. The use of a separate decryptor device allows the
decryption facility to be shared simultaneously with multiple satellite TV tuners {e.g. in a television and
in a video-cassette recorder). Altemnatively, multipte decryptors (each with a different smart card) can be
linked into the system to allow any safellite tuner to select whichever decryptor is appropriate.

4 AV SYSTEM MODEL

. A D2B system consists of a set of devices which are interconnected by a communications medium for
exchanging control messages, The communication medivm is:

* acable (electrical) in the case of TEC 1030
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e anoplical fibre in the case of D2B Optical

4.1 Device Model .
A device is a physical entity: a node on the network. Each device on the network has a set of functions
which may be controlled using control messages from any other device on the network.

In order to simplify the control of these functions, they are divided into logical groups and each logical
group is represented by a subdevice. In the control model, a device can be viewed as a container for the
various subdevices that represent its functiong, If another device wishes 1o conirol one of these functions,
it must send a control message to the appropriate device and thé control message must specify the
subdevice which has the required function.

For example, suppose that there is an amplifier on the network. The amplifier functions of that device can |
be manipulated by sending control messages to its amplifier subdevice. Thus a control message for the
amplifier carmies both Lhe address of the device containing the amplifier and the address of the subdevice

o be controlled. This subdevice address is used 10 route the control message imtemally 1o the amplifier
subdevice,

A television is an example of @ device, containing the following subdevices:

+ avideo monitor
* an audio amplifier
= avideo tuner
+ an audio/video controller (representing the device's “intelligence’) 4
Television (device)
video video
monitor funer
subdevice subdevice
audio/fvideo audio
controller amplifier
subdevice subdevice

4.2 Device & Subdevice States (Propenties)

Each device and subdevice has its own associated properties, Some of these are static (e.g. the version
number of the protocols), whilst others are dynamic. If a propenty is dynamic then its value can change
either due to 2 control message from another device on the network or else due 1o a local event. For
example, the mute state of an audio amplifier subdevice is a dynamic property which can be changed
either by a control message from the network or else by a local control button.

4.2.1 Device States. The device states are general slates which are applicable to any type of device and
are independent of any particular subdevice function. For example:

e power state {on/off)

* device type (amplifier, tuner etc.)

4.2.2 Subdevice States. These states are unique for each type of subdevice. For example, amplifier
subdevice states include:
¢ volume level (e.g. 010 64)

* mule (on/off)
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5 CONTROL MESSAGES
System control is based on the exchange of control messages between devices within the sysiem. Within
the system, any device (or subdevice) can send a control message 10 any other device (or subdevice).
Thus the system may be controlled gither cenirally (e.g. using a device with a system control panel) or it
may be controlled from any of the devices in the system.

Each control message carries the address of the device which sent it (the master address) and of the
device which should receive it (the slave address).

5.1 Device Addresses
Each device on the network has a unique 12 bit address, consisting of:

*  service iype (4 bits), e.g.:
- Audio Video & Control (AV/C)
- Communication Telephony (CT)
¢ device rype {3 bits}. indicates the main function of the device, (that of its principal subdevice) e.g.:
- amplifier
- oudio disc player
= device number (3 bits), 1o allow up to and including & devices of the same type within a system

The initialisation of each device includes a check that the device address 10 be used by that device is
unigue within the system. There are two device addresses reserved for special purposes:

¢ for a device which does not wish to participate in the network (e.g. the device has detected a faulf)
« Tor broadcasting a message to all devices in the system

5.2 Subdevice Addresses
Whilst device addresses are used to deliver a message on the network, subdevice addresses are used 10
route messages o/from particular subdevices within a device. .

For example a video cassette recorder device typically has a video tape-deck subdevice and a video tuner
subdevice. If another device needs to send a command 1o the video tape-deck subdevice to start playing a
1ape, it must specify a destination subdevice address (video tape-deck subdevice (number 1)) as part of the
control message.

Subdevice addresses are 10 bit numbers consisting of: service area (2 bits, e.g. Audio Video/Control);
subdevice type (e.g. video tape deck) and subdevice number (e.g. 1). The subdevice number enables
several subdevices (up to 8) of the same type to be present in the same device.

5.3 Control Message Contents.
The following diagram shows the contents of a contru! message as it would be passed for communication,
together with the address of the device to which it must be semt,

Destination
Davice
Address

Message| Subdevice Command
Langth | Addressing Idantifier Operand1 | - - - - - - Operand n

The function to be controlled is specified by the combination of a command identifier (an operation code)
and one or more operands. The command identifier specifies the basic function e.g. pfay (for a tape deck
subdevice) and the operand(s) are used as qualifiers e.g. play forward or play reverse.
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6 TYPES OF CONTROL MESSAGE
The following types of control message are used:

¢ commands, normally used to change the state of a specified function e.g. amplifier mute on or off,
®  staius reports, indicating the current state of a particular function, e.g. muted
e dara messages, to carry information from one device to another

6.1 Commands - .
Commands are used to sel the state of particular device and subdevice functions. See the later section for
more details of command messages and their use.

6.2 Statws Repons

Status reports can be retumed by a subdevice (or device) in response 10 a command message and also
when a local eveni causes a state change. Any device can request a subdevice to deliver subdevice status
reports which will then be provided as:

* aninitial complete set of status
e updates of any item of status whenever a change in that item occurs
when a command is reccived
wihen a locat event occurs (e.g. the uscer ejects a disc using a local conirol button)

For example, a system controlier (device} could arrange 10 monitor the status of a CD player so that the
system conltroller could update a Irack number display whenever the CD player starts to play a new track,

6.3 Dala Messages
Data messages are used 10 ¢arry information from one device to another within the system, For example,
a Digital Compact Cassetie player could provide text to a display device whilst a tape is being played,

7 COMMANDS
7.1 Command Types
There are two types of command within the sysiem:

¢  native commands: these are the fundamental components of system cantrol
» user commands; these are vser triggers for system functions

7.2 Native Commands .

These are the basic means by which one device can control the functions of another device (and its
subdevices). The result of executing these commands is predictable and is normally a single state change,
The behaviour of the device (or subdevice) which executes the command is defined by application
protocols, For example, when the stop command is sent to an audio tape-deck subdevice, only a single
state change will occur (unless the tape-deck was already stopped). More complex control can be
achieved by sending a sequence of commands to one or more subdevices.

Command messages are hormally generated as a direct response to a user stimulus {instruction). For
example, the user may press a burton on a control panel. This instruction requires inlerpretation by an

48 Proc.).O.A. Vol 16 Part 4 (1994)



Proceedings of the Institute of Acoustics

REMOTE AND NETWORK CONTROL OF AV SYSTEMS

Audio Video Controller (AVC) subdevice. In the simplest case the interpretation occurs within the device
which reccived the instruction (via a local control panel or infra-red remote control receiver).

Message Communications {e.g. IEC 1030)

I D2B command.: “siop’ >

Radia {device)

subdevice AVC . player
I'W] subdevice

Subdevice CD Playar (dovice)

n

The user presses "Stop” on the remote control

7.3 User Commands

If an AVC subdevice finds that it cannot interpret or execuie a panticular user instruction, the AVC can
use a reserved command message (2 user command) to forward that user instruction to another AVC |
subdevice elsewhere in the system. In this way a single control panel or infra-red remote control receiver
in one device can be shared with the other devices in the system.

Since user commands may be regarded as an extension of the user inlerface of a particular device, the
precise effects of a user command are determined by the manufaciurer of the executing device. A user
command can cause local state changes in the execuling device and may result in control messages being
sent to other devices in the system. This contrasts with the effects of native D2B commands, which are
defined by the control model and which typically affect only one device or subdevice state within the
device to which they are sent.

Consider the example shown in the following diagram. This device {Device A in the diagram) sends a
user command (e.g. copy tape 1 ia tape 2) 1o a device (B) which is capable of interpreting and executing
that command e.g. a tape recorder with two tape decks.

Deviee A Device B

- L]
AVC AVC :;: e 2

user instruction is Sl
routed 1o anath D2B User Command c'f:mrmand wpo
devica exacution dack 1

s

reception

usar instruction issued
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8 AV SIGNAL CONNECTIONS

There are two methods of ce-ordinating the construction of aidio and video signal connections within the
devices in the sysicm:

» centralised
e distributed

8.1 Centralised Connection Control

With this approach, a single device in ihe system (the resource manager) keeps all the knowledge of
audio and video signat cable connections for the system, If another device wishes (o build an AV signal
connection then it must send a control message to the resource manager, specifying the details required to
build the connection (source, destination, signal type).

This centralised approach avoids the difficulty of setting up and maintaining distributed maps of cable
connections within the system. The resource manager bears most of the software burden for this method,
but reduces the burden for all the other devices in the system. The disadvantages of this approach are:

» the need for arbitration 10 select which device will be the resource manager, if mare than one device
is capable of this function )

* the expansion of the system is limited by the capacity of the resource manager to hold the cable
connection maps.

8.2 Distributed Connection Control

Distributed control means that the co-ordination for building a signal connection is split amongst the
devices which will be involved in the connection. Each device needs 1o know its own local cable
connections and its own signal switching abilities, With this approach, connections are built in a chain
from a source device (e.g. an audio tuner) to a destination device {an audio tape deck) by a process of trial
and emor. The sequence is as follows:

e acommand is sent first 10 the source device, specifying signal type and destination
e that device knows its own cable connections, its own switching abilities, and knows the addresses of
its neighbouring devices
- it passes a connection-building command to one of its neighbouring devices
- waits for a confirmation message to check the success of the path building
s in this way the signal path propagates either 10 the required destination or until il is clear that the
wrong path is being built ,
- if the wrong signal path has been built (the destination does not match the requested destination),
then the path will be unravelled and a new path will be tried
- if the path is correct, then a confirmation message is passed back along the chain of devices
which form the new signal path

This algorilhni is more complex than for centratised connection control. Each AV device needs to set-up
and maintain the details of its Jocal cable connections. However, the size of the system is nol limited by
the capabilities of any particular device, since no device needs to keep more than its own local connection
details, :
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8.3 Physical Means of Building Connections

B.3.1 Systems based on [EC 1030. In systems based on IEC 1030 communications, control messages are
scnt between devices to sel the audiofvideo signal switches (called switchbox subdevices in the model) as
required to build a particular signal path.

message communications (e.g. IEC 1030}

D28 command.: 'select CD inpu!‘—

Radio (device)

audio disc avdio (2 channals) | | switchbox | audio amplifiar
su%dz\?irc o subdavice *! subdevice

CD Player {dovice)

audio 1ape deck audia tuner
subdevice subdavice

8.3.2 Systems based on D2B Qptical. In D2B Optical systems, control messages are carried together with
digital audio and (compressed) digital video signals over the same medium (optical fibre). Control
messages are sent 1o set the signal routing within each device as required to build a particular signal path.
In the case of D2B Optical, the AV signal switching consists of allocating or releasing slots in the
multiplex.

In additicn to awdio and video signals, D2B Optical is also intended to carry dama from devices such as
CD-ROM drives (for navigation equipment) and broadcast daiz decoders (e.g. for the Traffic Message
Channel of the Radio Diata System (RDS)).

9 MESSAGE COMMUNICATIONS
Message communications may be viewed as two basic layers:

* communication management
* communication protocols
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The diagram below shaws the message communications layers and their components;

Layeting Sub-layering - Description

I Applicaon Protocols [ —l Application Protocols I E&%&"ﬂgﬂ%ﬁ:‘;&wg !
Message

Tranemission and recaption procedures,
lCommnIr.minn Managamentl IComrnunicalion Managememl Megsage lavel umm?. locking procedurs,

I

varification of racaip

Framas
Definition of D28 frames,
1 Madia Access Contrel ] Conirol methed for medium access
. Device addreasing
I MAC symbols
Communication Prnmmls—l l Physical Signalling I Bi1 encoding/decoding

Encoded signals

. Description of transmitterirecaivar,
J Medium Specification I hanical and electricalloptical aspects of
the medium and connector

I Medium sipnals
-t » Madium

9.1 Communication Management
9.1.1 Transmitling 4 Message. When a device is sending a message, the controlling application passes
the message to the communication management, which in tum passes the message frame 10 the
communication protocol layer for transmission, The communication management is then responsible for:
. * checking that the message has been received correctly

+ ® re-transmission if the message has not been comectly received

* reporting the eventual result back to the application

Rules for the maximum number of re-transmissions and the interval beiween retries have been defined
such that message transmission has a very high probability of success and also that all devices in the
system have a fair chance to send messages.

9.1.2 Receiving a Message. When a device has correctly received a message, the communication
management is responsible for collecting the received message from the communication protocol layer
and passing it 1o the application.

9.2 Communications Protocals

This layer is responsible for:

* transmitling each message frame and reporting back 10 the communication management on the
success or failure of the transmission

* receiving frames addressed (o this device from other devices on the network
- acknowledging comrectly received rames
- rcjecling errongous frames
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9.3 Communications Implementation
The message communications ar¢ normally implemented using a single dedicaled communications

controller integrated circuit within each device. This relieves the device's main microcontroller from the
most time critical aspects of message communication.

10 IEC 1030 COMMUNICATIONS

The IEC 1030 siandard (Audio, video and audio-visual systems, Digital Domestic Bus), defines a
complete communication structure:

10.1 Message Frame Structure s
The frame transmitted on the IEC 1030 medium (electrical) is shown below. Note that each field
following the master address field has a parity bil and an acknow!edgement flag. The acknowledgement
flag is used for signalling the successful reception of that field 1o the sender of the messape. Each byte in
the message (data) field also has its own parity, acknowledgement flag and a flag to indicate whether or
not this is the last byte of the message.

" IEC 1030 Message Frame

Master Slava
Stan Mode Cantrol Message (Data)
Field | Field Addiess pddress Fiel Fisld

21bit 13 bits 14 bits & bits <32 x 11 bits

1o

The type of control message being carried is indicated in the control field (e.g. command or data) .

10.2 Medium Access Control:

+ uses Carrier Sense Multiple Access with Collision Detection (CSMA/CD)
+  carrier sense using a stan bit

+ one device always succeeds when a collision occurs

10.3 Bit Encoding
» 3 ‘speeds’ (modes) have been defined. giving the following maximum net data rates

*  mode 0: 209 bytes/second

* mode 1: 2457 bytes/second

*  mode Z: 7760 bytes/second
- each bit comprises 4 periods for protection of the data, in addition to the parity check at field
level, (both receiver and transmiiter monitor the timing of these periods and use this to detect
CITors)

Preparation Data Stop

Sypchronisation &\\\\\\N .

10.4 Transmission Characteristics
+ balanced cable pair and retum
« hi-directional

s (he etectrical driver and receiver characteristics are defined

10.5 Network Topolegy
» duisy chained with a termination at each end
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10.6 Cable Characteristics
* impedance 12002

*  maximum length 150 metres

11 D2B OPTICAL COMMUNICATIONS

D2B Optical communications have beea developed from a system known as A-LAN [2], which itself was
derived from the AES/EBU serial digital audio imerface (consumer), also known as JEC 958 |3). Briefly
the differences dre:

the subframe size is doubled

a ring topology is used

optical fibre is the normal transmission medium

cach subframe carries a multiplex of source data channels

11.1 Example: A Car Entertainment & Information System

Head-Unit
/ (Tape Player \
{ DSP I ' Navigation
( System
Amplitier CD Changer

\\ Telephone /

1.2 D2B Optical Frame
The D2B Optical frame size is 128 bils {compared with 64 bits in the AES/EBU frame) with the
additional capacity used for carrying:

- multiple source data channels for audio. compressed video and general data (approx. 4.2
Mbits/second at a frame rate of 44.1kHz}
- adedicated conirol message channel (separate from the user data)
* each control message frame consists of 192 control bits
* with a message capacity of approximately 14.7 kbytes/second (or approximately 1 message
per miilisecond, at a frame rate of 44, 1kHz),

The D2B Optical frame carries bits for identifying the stant of an AES/EBU block when the frame is
carrying either audio or data derived from an AES/EBU input.
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Note that multiple channels can be carried within the same D2B Optical subframe.

AES/EBU Subframes
Channgl A Channg) B
e 24-bit sample field STl
P 11.35u8 (@44.1kH2)- - - - -~ - - - - - >, SBK - AES/EBU Bick Start
et Sl SLR - AES/EBU LefvRight
- . ‘s V- Vsiidity B
ssvucc":;j C  ChannelSiatus
Data0 Data?t Data2 Datad Datad Data$ E h FIF CF  Conirel Frame
Pro- 8bits 8 8 8 8 8 F I omarolFrame
Amble i
D2B Optical Subframe

11.3 Control Message Frame
The control message frame is assembled from the CF bits in the D2B Optical frame (source data frame).

Control Message

A Slave Master - |[Msg]iMsg AIN

Addioss || Addrens Tyg Ledpata o} - - - - - Data 1 CRC ﬁ Q Not Used
2 12 12 4 4 8 8 16 22 10
Key

ARB - Arbitration ensures that the frame is used by one device only

Slave Address - Selects one of 4095 destination addresses or All devices

Master Address - |dentifies the device which sent the message

Msg Typ (Message Type) - Clearly identifies the tunction of the message (i.e. command, data. etc.)
Msg Len (Message Length) - the number of bytes occupied by the message

Data - the message

CRC - Cyclic redundancy check

ACK - Acknowledgement for signalling successiul reception back to the device which sent the message
NAK- Negative acknowledgement for broadcast error reporting
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