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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONSUMER AUDIO/VIDEO EQUIPMENT -
DIGITAL INTERFACE -

Part 6: Audio and music data transmission protocol

FOREWORD
1) The I§C (International Electrotechnical Commission) is a worldwide organization for standardizati omprising
all nagional electrotechnical committees (IEC National Committees). The object i promote
interngtional co-operation on all questions concerning standardization in the electfjcal and iclfields. To
this ehd and in addition to other activities, the IEC publishes International 3ta . i aration is
entrudted to technical committees; any IEC National Committee interested\in t j with may
participate in this preparatory work. International, governmental and non<g« jzatigfs liaising
with fhe IEC also participate in this preparation. The s [ ernational
Organfization for Standardization (ISO) in accordance with conditions i ween the

2) The fprmal decisions or agreements of the IEC on technica
interngational consensus of opinion on the relevant subjects s
from

sible, an
sentation

3) The dpcuments produced have the form of recommend Y ationakuse and are published if the form
of stgndards, technical specifications, techni . id ’ are accepted by thg National
Comniittees in that sense.

4) In order to promote international unification, ndertake to apply IEC Intprnational

Standprds transparently to the maximum [ 38 Sk i _their national and regional standards. Any
divergence between the IEC Standard and the i ational or regional standard shall be clearly
indicafed in the latter.
5) The IEC provides no markidg prqcedure indi approval and cannot be rendered responsible for any
equipment declared to be in 3
6) Attentjon is drawn to th i elemeénts of this International Standard may be the subject
of patent rights. . ponsible for identifying any or all such patent rights.
Internatjonal 3 een prepared by Technical Area 4: Digital|system
interfacgs, of IEC 4 My 100: Audio, video and multimedia systems and
equipment.

The tex{ of thjs standar 3 on the following documents:
B FDIS Report on voting
100/526/FDIS 100/569/RVD
Full infarmation on the voting for th roval of thi ndar n found in the réport on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

This publication replaces IEC/PAS 61883-6:1998

The committee has decided that the contents of this publication will remain unchanged until
31 October 2005. At this date, the publication will be

e reconfirmed;

¢ withdrawn;

* replaced by a revised edition, or

¢ amended.
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IEC 61883 consists of the following parts, under the general titte Consumer audio/video
equipment — Digital interface

e Part 1: General

« Part 2: SD-DVCR data transmission

e Part 3: HD-DVCR data transmission

 Part4: MPEG2-TS data transmission

e Part 5: SDL-DVCR data transmission

¢ Part 6: Audio and music data transmission protocol

e Part 7: Transmission of Rec. ITU-R BO.1294 System B Transport 1.0

@%

24
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CONSUMER AUDIO/VIDEO EQUIPMENT -
DIGITAL INTERFACE -

Part 6: Audio and music data transmission protocol

1 Scope

This part of IEC 61883 describes a protocol for the transmission of audio and music data

employihg IEEE 1394, and specifies essential requirements for the applicdtion of the,protocol.
This prq and/or
music d Is only
with th{ eadable
descrip cording
to each[application area.

2 Normative references

The foll cument.
For dat | edition
of the referenced document (including a

IEC 60958-1:1999, Digital audio interfe

IEC 60958-3:1999, Digitajaudio j

IEC 60958-4:1999, Digjtal a

IEC 61883-1, Consumer awaiQ

IEEE Std 754:1

IEEE Std 1394:199

IEEE S

3 Tern

For the 51883-1
apply, t

3.11

32-bit floating-point data
data type which is defined in IEEE 754:1985, Standard for Binary Floating-Point Arithmetic.

3.1.2
A/M Protocol
protocol for the transmission of audio and music data over IEEE 1394

3.1.3
MIDI
Musical Instrument Digital Interface

NOTE The Complete MIDI 1.0 Detailed Specification, Version 96.1, March 1996a, is a specification for the
interconnection of digital music processing devices (e.g. keyboards, signal processors) and computers.
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3.14
music data
data generally used for controlling a tone generator

NOTE The data defined in the MIDI specification, which may be called MIDI data, are an example of music data.

3.1.5

reserved

keyword used to describe objects - bit, byte, quadlet, octet, and field - or the code values
assigned to these objects; the object or the code value is set aside for future standardization
by the IEC

3.1.6
stream
uni-diregtional data transmission

3.1.7
time stamp
quantized timing in which an event occurs based on a reference

NOTE Thpe reference clock is CYCLE_TIME unless otherwise specified

4 Transport requirements

4.1 rbitrated short bus reset

All modules or devices which impleme
"arbitrated short bus reset" in order
transmigssion when a bus reset occurs.

Proto ghould have the capability of
interruption of audio and music data

4.2 Blit, byte, and quad

This do brdance

with the|

5 Pag

5.1 IS

The hea ave the
same fo in IEEE
1394: 1
data_tfength tag| channel tcode 3y
Ll
header CRC
Ll
IEC 2358/02

Figure 1 — Isochronous packet header

The isochronous packet header fields are defined with unique values that are specified in
Table 1.
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Table 1 — Isochronous packet header fields

Field Value Comments
tag 01b This value indicates that a CIP header is included in the packet.
tcode A1g This value indicates that this is an isochronous data packet.
sy XX This field is reserved. The transmitter shall set this field to 044
unless specified by another application.

5.2 CIP header format

YT field,
bt which

IEC 61883-1 defines a two-quadlet CIP header for a fixed length sourc
repeatefl here for clarity as Figure 2. The CIP header format for an i
conforms to the Audio and music data transmission protocol shall uge

N
hlo|  SID DBS FN C\ \\Béc

o]  FMmT FD Q\/K Q V>
HEEEEEREEAY | ]| | ]|
IEC 2359/02
i @n us _packet (CIP) format
sith

Table 2|defines the fields Wi ique v specified by this protocol.

%&2 CIP fields

Field /Va\l\)a\ N > Comments

FM[r /\ 1046 T% value indicates that the format is for Audio and Music.

FN /| \)16

aprf NN

ANG
N
SYT \> XX This field shall contain the time when the specified event is to|be
presented at a receiver.
FDE XX This field is defined in Clanse 7

6 Packetization

6.1 Packet transmission method

When a non-empty CIP is ready to be transmitted, the transmitter shall transmit it within the
most recent isochronous cycle initiated by a cycle start packet. The behaviour of packet
transmission depends on the definition of the condition in which “a non-empty CIP is ready to
be transmitted.” There are two situations in which this condition is defined:
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a) In order to minimize TRANSFER_DELAY, the condition of a non-empty CIP being ready
for transmission is defined to be true if one or more data blocks have arrived within an
isochronous cycle. This transmission method is called Non-Blocking transmission, and is
described in detail in 6.4

b) The condition of “non-empty CIP ready” can also be defined as true when a fixed number
of data blocks have arrived. This transmission method is called Blocking transmission, and
is described in Annex A.

6.2 Transmission of timing information

A CIP without a source packet header (SPH) has only one time stamp in the SYT field. If a
CIP contains multiple data blocks, it is necessary to specify which datg block of the CIP
corresppnds to the time stamp.

The transmitter prepares the time stamp for the data block which m
mod(data block count, SYT_INTERVAL) =0
where

¢lata block count

SYT _INTERVAL cessive
a valid
SYT. Fo ben two
valid S
The recgiver can derive the index valug sing the

following formula:

ndex = mod((SY

SYT_INTER (2)

where

the number of data blocks between two sugcessive
Ts, which includes one of the data blocks with a valid

DE the data block count field of a CIP.

The regei sible for estimating the timing of data blocks between vafid time
stamps.| The-metho timing estimation is implementation-dependent.

6.3 Thme-stamp-proeessing

A data block contains all data arriving at the transmitter within an audio sample period. The
data block contains all data which makes up an “event”.

The transmitter shall specify the presentation time of the event at the receiver. A receiver for
professional use shall have the capability of presenting events at the time specified by the
transmitter. A consumer-use or cost-sensitive receiver is not required to support this
presentation-time adjustment capability.

If a function block receives a CIP, processes it and subsequently re-transmits it, the SYT of
the outgoing CIP shall be the sum of the incoming SYT and the processing delay.
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The transmitter shall add TRANSFER_DELAY to the quantized timing of an event to construct
the SYT. The TRANSER_DELAY value is initialized with the DEFAULT_TRANSFER_DELAY
value. For professional use, TRANSFER_DELAY may be changed to achieve a shorter
TRANSFER_DELAY value, according to the bus configuration. Products for consumer use are
not required to support the modification of TRANSFER_DELAY.

The DEFAULT_TRANSFER_DELAY value is 354,17 + 125 ps, which accommodates the
maximum latency time of CIP transmission through an arbitrated short bus reset.

6.4 Transmission control

Figure 3 illustrates the non-blocking transmission method.

SYT_INTERVAL =4
iransmichl
| | isochronolis|
eventseqlience L I I I ¥K/ ycle

CYCLE_T|ME = -
arrival time T1 T2 T3 T

packet | |

DBC 3 10

SYT R1\ R2 3 No Info \\
N

Eeceiver I \l I ]

eventseqyience

index [\ q 2 2 0

CYCLE_T|ME KJ\} * | T l T | T >
N \/XSE A »[ R2 R3 R4

IEC 2360/02

L)

F| ureny’— Non-blocking transmission method

The traphsm struct a packet in every nominal isochronous cycle. EacH packet
shall comply-wij llowing constraint:

D<='N <= SYT_INTERVAL (3)

where
N is the number of events in the packet;

In normal operation the transmitter shall not transmit events late, and shall not transmit
packets early. The resulting conditions may be expressed as follows:

Packet_arrival_time_L <= Event_arrival_time[0] + TRANSFER_DELAY (4)

Event_arrival_time[N-1] <= Packet_arrival_time_F (5)
where

Packet_arrival _time_ F is the time (measured in ys) when the first bit of the packet

arrives at the receiver;
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Packet_arrival_time_L

Event_arrival_time[M]

arrives at the receiver,;

is the time (measured in ys) when the last bit of the packet

is the time (measured in ys) of the arrival at the transmitter

of event M of the packet. The first event of the packet has

M=0;

Figure 4 illustrates the transmission control rules as described in this clause.

SYT_INTERVAL =4
>

[ —

isochronous

event se

uence

CYCLE_TIME

Packet

Receivel

\ 2\ Q\ o

!
CcycCre

N

Packet_arrival_ti me_F

nt io@
|

Packet_arrival_time_L 7]

event sequence = . I I I I

CYCLE_TIME | i i i |
AN%D& L L {
w g

IEC 2361/02
ission parameters

In the € s-toransmit non-blocking packets, a method of catghing up

may be

7 Event Rype

71 Qe

All the qubformats_desgribed in this standard shall use only 32-bit aligned events.

If multiple—event-segquences—are—synchronized —itispossibletoconvertthe seguencds into a

single event which consists of an ordered collection of those sequences which occurred at the
same time. The ordered collection is called a cluster. A cluster consists of ordered units. In
the case of data, a unit consists of a single sequence. In the case of a pack, the unit may
consist of several sequences packed together. The number of units in a single cluster is
called the dimension, and is denoted by CLUSTER_DIMENSION. Figure 5 illustrates these

concept

S.
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™ T2

7]
m
o
(g)

N A Lottt Tttt

s e o ] [ - - -

T

1/ iy - | (- - - -

li--

\—

__7___

ack event  (24-bit x 4)
UNIT_DIMENSION =4
UNIT_SIZE = 3

Cluster event

CLUSTER_DIMENSION = 2
IEC 2363/02

Figure 6 — Pack and cluster events

Figure 7 illustrates the structure of a pack which consists of four 24-bit event sequences
(UNIT_DIMENSION = 4, UNIT_SIZE = 3).

SEQA SEQ B (upper 8 bit)
Ll
SEQ B (lower 16 bit) SEQ C (upper 16 bit)
L Ll
SEQ C (lower 8 bit) SEQD
L el

IEC 2364/02
Figure 7 — Pack event with 24-bit event sequence
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Since the cluster is an abstract event, only pack or data shall be specified as an event type
for a subformat. However, the DBS shall reflect the size in quadlet of all cluster events in a
data block. In case of a clustered sequence:

(clusters—1)

DBS = Z(Unit_Sizen x CLUSTER_DIMENSION.,,) (6)
n=0
where
clusters is the number of clusters in the event;
Unit_Size, is the number of quadlets per unit of the n'™ cluster;

CLUSTER_DIMENSION, is the number of units per cluster of thé n" tluster.
Generally the number of elementary sequences in a CIP is given by
number of sequences = DBS x UNIT_DIMENSION / UNI

For thg pack illustrated in Figures 6 and 7, DBS
UNIT_DIIMENSION = 4, UNIT_SIZE = 3.

The nun
given by:

a Blocks in a CIP and

where
lata_length
CIPH_SIZE

qcope of

The orj‘ering of seque
mission

this stapdard. Foyrexam
will be defined els

7.2 AM824 Dags

A 32-bit it label and 24-bit data are called AM824 data.

7.21

(see Fid

UNIT_S|IZE =
UNIT_DHvE

uadlet/unit

4 / b
N ="T 3SCYUCTITILT/UTII

LABEL 24-bit data
Lttt et rrrrrrd

\_ msb

Figure 8 — Generic AM824 format

IEC 2365/02
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Table 3 — Generic AM824 format

LABEL definition

Value Description

0046 - 3F 15 IEC 60958 conformant

4016 -4316 Raw audio

4445 - TF 45 Reserved

8016 - 8315 MIDI conformant

8446 - FF46 Reserved

A receiVer capable of processing AM824 data shall check the label f atain a

sequenge being received.

7.2.2 IEC 60958 conformant data

| | | | 24- b|t sample word W
| | /le
E msb<\

| | | | 24- blts mplew om second sub-frame)
| |

L L]
Msb

IEC 13366/02

SB SF

D10

-_

o 4w

&Bx@&rt\o(\meck{ and SF (Start of Frame) definitions

LA \ Description Equivalent IEC 60958
preamble codes
QN- }}5\} 0 Second subframe of w,Y
IEC 60958 frames 0 to 191
10N% 0 1 First subframe of M, X
IEC 60958 frames 1 to 191

ZU16 - £F 16 ! U Reserved -

3016-3F15 | 1 1 First subframe of B,Z
IEC 60958 frame 0

All information defined in IEC 60958 is mapped into the data format shown in Figure 9 and
Table 4. For each |IEC 60958 frame, both sub-frames shall be transmitted together in the
same event. The corresponding quadlets may be consecutive or non-consecutive. If multiple
IEC 60958 streams are transmitted, then their sub-frames shall not be interleaved.
Applications which use this data type shall follow IEC 60958.
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7.2.3 Raw audio data

0] 1] 0] 0] O] O] vBL 24-bit sample word
LAl

me IEC 2367/02

Figure 10 — Raw audio data format

Table 5 — Raw audio data format

VBL (Valid Bit Length code)
definition

Value (binary) Description

00 24 bit (\
01 20 bit \

10 16 bit

11 Reserved

ompl meQ)f at. If the data active word
era, bit shall be padded below the least

The audio data shall be expressed i
length ip less than 24 bit, the correct\pu
significgnt bit to make a 24-bit data structure.

For example, a 20-bit audie.data e d i
Table 5|(note the four ze ightend of
AN

j all\b
pa t at the
[ERN
% LN
p| 1{ 0| 0010 1szxxXxyxxxxxxxxxxxxoooa

-bit field as shown in Figurel 11 and
e structure):

N

msb IEC| 2368/02

igure 11 < Alignhment of 20-bit data in 24-bit field

NOTE Fpraudio ta vord lengths of less than 24 bit, the VBL indication can be used by receivers to dqtermine if
the data fan be trungated folgsSs than 24 bit without changing the value. If the word length is not known or is
variable, fhe dataxshould ke aligned at the most significant bit and the VBL code for 24 bit indication should be
used.

7.2.4 L|LMIDI Conformant Data

(see Figure 12 and Table 6)

110]0|0]0|0f C Byte 1 Byte 2 Byte 3
Ll

me IEC 2369/02

Figure 12 — MIDI conformant data format
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Table 6 — MIDI conformant data format

C (Counter) definition
Value Description
(decimal)
0 No Data (Byte 1 = Byte 2 = Byte 3 = 0)
1 Byte 1 is valid
2 Byte 1 and 2 are valid
3 Byte 1, 2 and 3 are valid

| data to be

If the GIP carries only MIDI conformant data or cluster, and there are (no

packed nto a CIP, the packet should be an empty packet rather than o Data"
codes.

The "Ng¢ Data" code defined in MIDI conformant data may bg br other
AM824 Hata types if necessary. The usage of "No Data" descri plied to

the AM§24 data types which use "No Data".

Figure 13 illustrates the “No Data” structure. (\
N\ Q N

11 01 0| O{ O[O O &<w> 0
LIl NN LI L]
\> IEC 2370/02
'ure13-%Da rmat

Successful implementation\of ) \ ant Jdata may require additional infofmation.
Attentiop is drawn to ade\Associatio ocument 2001003: Audio and Mugic Data
Transmission Pr@ol ‘ commended Practice 027.

32-bit floating point data
NN

msb

IEC 2371/02

Figure 14 — 32-bit floating point data format

7.4 24-bit x 4 Audio Pack

UNIT_SIZE = 3 quadlet/unit
UNIT_DIMENSION = 4 sequences/unit

Figure 15 illustrates the structure of a 24-bit x 4 audio pack.
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W1 W2 (upper 8 bit)
Lttt ettt et

W2 (lower 16 bit) W3 (upper 16 bit)
L e

W3 (lower 8 bit) W4

Figure 15 — 24-bit * 4 audio pack format

W1, W2, W3, W4: 24-bit raw audio data

The audio data shall be expressed in 24-bit 2's complement. In ca bit, the
correct humber of zero bit shall be padded below the least significantbit bit data
structurg. For an example of this, refer to 7.2.3.

8 Subformat

Table 7|defines the subformat and format dependent field {FD

F\d\\f}Qltl

Value rip

(binary) ( (\\DQ\B
0000 0xx \ | Fasiciornat fonAM824 >
OOOP\xxx \!Re ved )
000 0xx% \ Bas\c\fo\qat?bgu-bit x 4 audio pack
@01<xxx R%e\er\%sk
'\fqr/rvét for 32-bit floating point data

a010'025
5{{\8\1 xx\x\ ReseyZed
\QO 1\\0\)% Reserved
00T hxx

Reserved

WOO@ Reserved
\1/1/1 1110 Reserved

1111 1411 Packet for NQ-DATA

Each subformat may use a “cluster” for synchronized multiple sequences unless otherwise
specified.

8.1 Basic format

(see Tables 8 to 11)
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Table 8 — DBS for AM824 and 32-bit floating point data

DBS for AM824 data and 32-bit floating point data
Value Description
(decimal)
0 CLUSTER_DIMENSION = 256
1-255 CLUSTER_DIMENSION = DBS

Table 9 — DBS for 24-bit x 4 audio pack

Figure 1

DBSfor24-bit x4 audio pack 7

Value Description
(decimal)

AL
3-255 CLUSTER_DIMENSION = DBS/3 \ \

6 illustrates a generic FDF definition.

O[ O] EVT

Figure 16 ~Ge

Table 10 — Event type(E
AN —
A \l AEV \6er deMion

o Ly [T

A({\/\ \/WSE*ABData
1 )Xl)-\bﬁ/x 4 audio pack

_ﬁ-bit floating point data

2
5\ > Reserved

) code definition

le 11, — SFC (Nominal Sampling Frequency Code) definition

SEC definition
Value Sample transmission SYT_INTERVAL
(decimal) frequency

0 32 kHz 8
1 44,1kHz 8
2 48 kHz or not indicated 8
3 88,2 kHz 16
4 96 kHz or not indicated 16
5 176,4 kHz 32
6 192 kHz or not indicated 32
7 Reserved
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If a packet of AM824 data contains only IEC 60958 conformant data and a transmitter
functions as a gateway, the transmitter should estimate the sample transmission frequency for
the SFC rather than copying the sampling frequency code embedded in the original IEC
60958 data.

Equation 9 can be used to determine the required bus bandwidth allocation. The required
isochronous bandwidth is given below:

clusters -1
BW =(int (max(Fs)/ 8000 ) +1)x > (UNIT_SIZE, x CLUSTER_DIMENSION,,)x 8000 (9)
n=0

where

BW

=S

UNIT_SIZE,
CLUSTER_DIMENSION,,
CLUSTERS

8.2 Special Format

TN TN 1
M374/02

ode forNO-DATA packet

packet pnly for ® ransmitter shall not use this FDF code for non-

The tra 1smitter Qdesshown in Figure 17 when a packet is a ND-DATA
blocking transmissio .aII ignore all the data in a CIP with this FDF code.
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Annex A
(informative)

Blocking transmission method
SYT_INTERVAL = 4
<>
| | | | isochronous
cycle
event sequence
T TR -
P
CYCLE_T|ME \J\\\ -
arrival time T1 T2 NO-DATA (
~
Packet \/
DBC 0 8
SYT R1\ w'”ht
Receiver 1 ]
event seqyience I
index 0
CYCLE_T|ME (\ /\\) * P
I I I I
\ R1 R2 R3
TRANSFER_DELAY
~
Q I§C 2375/02
ing_transmission method
The blogking -‘@v (s be used by a transmitter which has only the ability
to trangmit packets of\it n order to indicate "no data", the transmitter may
transmif an empty pa én-empty packet which has the "NO-DATA" cofde in its
FDF an y data as a non-empty packet. It is necessary for the
transmi p of the first data block in a packet.
For bl duration of the successive events in a CIP must be added to
DEFAU F LAY.
If a CIRA contains N\audio samples of a stream at Sampling Transmission Frequency (STF),
then:
TRANSFER_DELAY >= DEFAULT_TRANSFER_DELAY + 1/STF x N x 1000 (A1)

where

TRANSFER_DELAY
DEFAULT_TRANSFER_DELAY
STF

N

is the latency of transmission;
is the initialised value of TRANSFER_DELAY;
is the sampling transmission frequency;

is the number of audio samples in a CIP

The TRANSFER_DELAY for each STF when DEFAULT_TRANSFER_DELAY = 479,17 us is

defined in Table A.1.
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Table A.1 — TRANSFER_DELAY for differing values of STF

STF TRANSFER_DELAY
32 kHz 479,17 + 250,00 = 729,17 [ps]

441 kHz | 479,17 + 181,41 = 660,58 [ps]
48 kHz 479,17 + 166,67 = 645,84 [us]

88,2 kHz 479,17 + 181,41 = 660,58 [us]

96 kHz 479,17 + 166,67 = 645,84 [us]
176,4 kHz 479,17 + 181,41 = 660,58 [us]
192 kHz 479,17 + 166,67 = 645,84 [us]

Reserved Not defined

@%

24
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Annex B
(informative)

Synchronization Issues

The following synchronization issues have been identified:

a) rate
b) adju

matching between the transmitter and receiver;

sting the presentation time at a receiver,;

c) adju

This an
familiar
sample

Since a
the majx
8 kHz.

Deliver

Assume
STF > 8

The tra

equation B.1:

where

The tra
edge of
TRANS

sting the location at a transmitter.

CIP without a source packet header (SPH) has on
imum synchronization clock frequency has to beli

kHz.

hsmitter derives 2

YTs, which includes one of the events with a valid SYT]

is very
pen the

T field,

cycle of

nd that

to the

(B.1)

Ve valid

1/(24,51

NsSmi izes the timing of the "synchronization clock”, for instance the rising
the clocks eferring to its own CYCLE_TIME. It transmits the sum of the tinjing and
FER DELAY by using the SYT field of the CIP. The resolution of the time gtamp is
6 l\/||—|7)7 or apprnvimafnl\ll 40 ns_and CYCLE TIME may have 40 ns of jiHn' due to

this quantization. If the timing information is not available for a CIP, the SYT has to indicate

the "No

Information" code.

A receiver can reproduce the "synchronization clock" in terms of the pulse generated when

the SYT

equals its own CYCLE_TIME.

The sampling clock can be reproduced by multiplying the "synchronization clock" by the
SYT_INTERVAL, which must be determined before receiving begins.

This sampling clock delivery does not require synchronization of the sampling clock and the
isochronous cycle.

The reproduced synchronisation clock will have jitter. This jitter can degrade audio quality
unless adequate jitter attenuation is used.
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