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Preface

Copyright
The Compact Disc Interactive Media Full Functional Specification is published by
Philips Consumer Electronics B.V., (Eindhoven, The Netherlands) and has been
prepared in close cooperation with Sony Corporation (Tokyo, Japan). All rights are
reserved. Reproduction in whole or in part is prohibited without express and prior
written permission of Philips Consumer Electronics B.V.

Disclaimer
The information contained herein is believed to be accurate as of the date of
publication, however, neither Philips Consumer Electronics B.V., nor Sony
Corporation will be liable for any damages, including indirect or consequential, from
use of the Compact Disc Interactive Media Full Functional Specification or reliance
on the accuracy of this document.

Licensing
The various elements and applications, both hardware and software, mentioned in
the Compact Disc Interactive Media Full Functional Specifications, are not
necessarily licensed under the Compact Disc License Agreement.

Therefore, it is strongly suggested to verify at all times whether the element or
application in question is licensed by Philips or any other relevant third party and on
what specific conditions.

Classification
The information contained in this document is marked as confidential and shall be
treated as confidential according to the provisions of the Agreement through which
the document has been obtained.

Notice
For any further explanation of the contents of this document or in case of any
perceived inconsistency or ambiguity of interpretation please consult:

Royal Philips Electronics
System Standards & Licensing
Licensing Support

Building SFF-8

P.O. Box 80002

5600 JB Eindhoven

The Netherlands

Fax.: +31 40 2732113

Internet: http://www.licensing.philips.com
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[.1 Scope

Chapter | Introduction
.1 Scope

A CD-I' System is a real-time? system capable of playing CD-l discs. Such a system
must be capable of decoding the various types of data (i.e. audio, video, program
related data) at the rate at which they are delivered from the CD-I disc. As such the
format of a CD-I disc must be specified.

The first goal of this document is to define explicitly the CD-1 MEDIA SPECIFICATION,
which:

- specifies the physical format of a CD-I disc;

- specifies how various information types---audio
data, video data, and program-related data---are
coded on a CD-l disc;

- specifies how the various information types are
organized on a CD-I disc; and

- gives guidelines about the data integrity and
tolerances required to use the CD-I medium.

This specification must comply with the specifications defined in the CD-Digital
Audio (CD-DA) Specification®. Furthermore, it is based on the principle that:

- the CD-l information carrier is of a fixed
bandwidth as defined by the CD-DA
Specification;

! CD-l is the name given to both the Compact Disc Interactive media (the
disc) and the Compact Disc Interactive media system (the hardware) that
conform to the specifications laid out in this document.

2 Real-time system means a system whose data flow through each
interface is determined by the disc data flow of 75 sectors/second.

®  CD-DA Specification: System Description Compact Disc - Digital Audio
System ('Red Book'), N.V. Philips and Sony Corporation.
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[.1 Scope

- the CD-l information carrier can be substituted for
a CD-DA information carrier on any optical
medium; and

- CD-DA tracks, defined in the CD-DA Specification,
may be used on CD-I discs.

The second goal of this specification is to assure that all CD-l and CD-DA discs can
play on all CD-Il players and, in particular, in real-time. As such, this specification
details the minimum characteristics of a system that may bear the CD-l name. This
system is called the Base Case system.

The third goal is to assure the extendability of CD-l systems in an application
recognizable manner. In the light of this a configuration status descriptor made up
of peripheral status descriptors is available to the application so that it can decide
the level of functionality that may be offered to the user.
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[.2 Structure of the Specification

[.2 Structure of the Specification
Chapters Il to VI are principally CD-I media specification chapters. Chapters II, IV,
and V are structured so as to contain:

- an encoding model;

- a decoding model; and

- the coding on disc

for the physical formats, audio data representations, and visual data representations
respectively.

Chapter lll gives the specification of the data retrieval structure for files while
Chapter VI gives a specification of the program-related data representations. Based
on a programming model, Chapter VIl specifies the CD-RTOS interfaces. This latter
chapter defines the interfaces through which an application can access CD-I
resources.

Chapter VIl specifies the Base Case System. In particular, Chapter VIII specifies all
the functions that need to be supported by the Base Case System as well as the
resources that need to be available.

Each of the aforementioned chapters clearly define which coding formats or
modules go beyond the CD-I Base Case System capabilities. When coding formats

or modules go beyond Base Case capabilities this is clearly indicated between the
relevant text by:

text

kR G SR Gk SR SR SR S SR SR SR o SR SRR S SR SR SR SR SR SR SRS SR o SRk SR o SRR SR SR S SR S SR SR SR Sk SRk SR SR ok SR ok G SR SR Sk S o o SR R SR SR Sk S o G SR ok ok o
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[.2 Structure of the Specification

The approach to compatibility* is defined so that all CD-I discs will be playable on
CD-I players.

The appendices (numbered to be consistent with the relevant chapter) are mainly
used for clarification.

Compatibility to the Base Case is, in general, the responsibility of the
application. However, for certain applications where compatibility can be
achieved by the use of a formatting structure (e.g. Chapter V: Video) an
example compatibility format will be given.
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.3 Conventions

Unless otherwise indicated in this document the conventions used are as follows:
Bit ordering

In this specification, the graphical representation of all multiple-bit quantities is such
that the most significant bit is on the left and the least significant bit is on the right.

Figure 1.1 Bit ordering for 8 bits (example)

msb Isb

b7 | b6 | b5 | b4 | b3 | b2 | b1| b0

4+—— 1lbyte ————»

Byte ordering

Quantities which require more than 8 bits for their representation are held in more
than one byte on disc. For all such quantities, the ordering of bytes on disc (as seen
at the interface to the disc driver) is such that the Most Significant Byte is first and
the Least Significant Byte is last.

Multiple-byte quantities are represented graphically such that the left-hand-most
byte is most significant and the right-hand-most byte is least significant.

Figure 1.2 Byte ordering for 2 bytes (example)

MSB LSB

b15 etc. etc. b0

<«— st byte

A

2nd byte ———»

\4

Multiple-byte quantities in memory are represented such that the memory address
of successive bytes increases from left to right.
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Strings

Strings are always given between double quotation marks "___".

Hex

All Hexadecimal values are preceeded by a $.

Binary

All binary values are preceded by a %.

Reserved

All bits or bytes defined as reserved in this document should be set to zero. Bit
fields may be indicated as reserved by the symbol 4.
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I.4 Recommended vs. Mandatory

I.4 Recommended vs. Mandatory

All specifications given in this document are Mandatory unless specifically defined
as Recommended.
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1.1 General

Chapter Il CD-I Disc Format

1.1 General

1.1 Scope

This chapter gives a specification of the physical format of a CD-I disc. Those parts
not specified in this chapter are specified in the CD-DA Specification’ or in other
chapters of the CD-l specification. The CD-I physical format specification is defined
in such a fashion that it conforms with the CD-DA Specification.

1

CD-DA Specification = System Description Compact Disc Digital Audio
(‘Red Book'), N.V. Philips and Sony Corporation
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1.1 General

1.2 Conventions

This section defines the conventions for the data symbols used in this chapter. A
data symbol is an entity made up of n bits representing a value between 0 and 2"".
The meaning of indices (i,j,k...) is to indicate the sequential order that the data
symbols have to be processed in.

Examples of data symbols are:

b, - means a binary digit with index i and a value of 0 or 1.
B, - means an 8-bit data byte with index i and values of 0 to 255.
W, - means a 16-bit data word with index i and values of 0 to 65535.

Bits in a symbol are numbered from 0 upwards. Bit nr. 0 is the least significant bit.
The value of a symbol is equal to

m -1
>(b; * 2') ; m = nr. of bits in the symbol.
i=0

To specify the relation of symbols an equation style of notation is used here. The
values of the left side and the right side have to be equal.
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[I.2 CD-I Disc Specification

[I.2 CD-I Disc Specification
2.1 Track Organization

The recorded area of the disc is divided into three parts: the lead-in area, the
program area and the lead-out area.

The program area is divided into a maximum of 99 information tracks, each having
a minimum length of 4 seconds, not including the pause length preceding the track.
Each information track can be a data track or an audio track.

A data track is a track with information encoded as 8-bit wide symbols (bytes)
organized in sectors of 2352 bytes.

An audio track is a CD-DA track with information encoded as 16-bit wide 2's-
Complement numbers. The audio tracks are specified in the CD-DA specification.

The first track in the program area must be a CD-I track (see 11.4). All other tracks
may be used for either CD-I tracks or CD-DA tracks. The total number of tracks on
a CD-I disc cannot be less than 1 or more than 99.

In some CD-I applications, it may be necessary to use more than one CD-I track. This
may be done providing that all of the CD-I tracks are grouped together at the
beginning of the program area. This is mandatory.

If a CD-l track is preceded by another CD-I track the sector structure and addressing
in the sector header is not interrupted between these two tracks.

A CD-l track is not allowed to follow a CD-DA track.

The starting point of a CD-DA track is given, in the lead-in area, by the 'Table of
Contents’, or TOC in the subcode channel Q (see 11.2.5).

It is recommended that all CD-l information be placed in one track. This track must
be the first track of a CD-I disc.
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[I.2 CD-I Disc Specification

2.2 Lead-in Area

It is recommended that the lead-in area be encoded as a data track (with track
number 00) containing Mode 2, Form 1 or Form 2 sectors.

© Philips Consumer Electronics B.V., May 1994
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[I.2 CD-I Disc Specification

2.3 Program Area

2.3.1 First CD-Il track

The first CD-I track (track number 01) on a CD-I disc starts at time 0", 0', 0 ATIME.

2.3.2 Track Layout in the Program Area

2.3.2.1 Example of only CD-I Tracks

Figure 1l.1 Example of only CD-I Tracks

Lead-in Program Area Lead-out

M |DL|M CD-l data E
(0", 0', 0]

Where DL = Disc Label (from [0",2',16] to [0", 2' + S, 15 + f,])
M = Message sectors
E = Empty sectors
S, fy4 = Size disc label in seconds, frames.

In this example the program area contains only one CD-I track covering the whole
Program Area. The track starts with 166 message sectors followed by (75 * S, + f,)
sectors for the Disc Label. After the disc label comes a minimum of 2250 message
sectors followed by the rest of the CD-I track which contains CD-I data (audio, video,
program related data and empty sectors).

© Philips Consumer Electronics B.V., May 1994
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CD-I Disc Format

2.3.2.2 Example of CD-l and CD-DA Tracks

Figure 1.2 Example of CD-l and CD-DA Tracks

Lead-in Lead-out
M | DL | M | cD-ldata | cD-l data CD-DA |cD-pa | Audio
silence
Track Track Track Track
1 2 3 4

In this example the program area contains two CD-I tracks? and two CD-DA tracks.

The first track is as in 1l 2.3.2.1.

The second and last CD-I track ends with a minimum of 2250 message sectors before

the start of the first CD-DA track.

2 Note that it is not recommended to use more than one CD-| track.
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[I.2 CD-I Disc Specification

2.4 Lead-out Area

If the last track in the program area of the disc is an audio track, then it is
recommended that the lead-out area is encoded as an audio track.

If the last track in the program area of the disc is a CD-I track, then it is recommended
that the lead-out area is encoded as a Mode 2 Form 2 (see 11.4.8) data track
containing empty sectors (see 11.4.9.1).

If the lead-out area is encoded as a data track, the data in this lead-out track is
sector-structured according to the rules for a data track in Mode 2 Form 2 (see 11.4.8).
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[I.2 CD-I Disc Specification

2.5 Subcode P and Q channels

The subcode channels have, in general, the same technical specifications on a CD-I
disc as is given in the CD-DA specification with the following exceptions:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

The first CD-I track on the disc is track number one.

PMIN of POINT $AO0 has to be set to a value, which is one higher than the
number of CD-I tracks on the disc (2-digit BCD) and which should be less than
or equal to 99. CD-I tracks are not indicated in the TOC.

PSEC of POINT $AO has to be set to 10 (2 digit BCD coded).
The PSEC of POINT $AO is used for the identification of the type of disc.

PSEC of POINT $A0 = %00000000: means a CD-DA or CD-ROM disc
%00010000: means a CD-l disc
All other numbers are reserved.

PFRAME of POINT $A0 = %00000000

In the control field of POINT $AO0 it is indicated whether the lead-in area is
treated as a data track or as an audio track.

In the lead-in track, channel P = 0. The first CD-I track begins with a start flag of
2 seconds. See the 'Lead-in Track' section of the CD-DA specification (p.40).

The value of PMIN, PSEC and PFRAME gives the starting point of the audio track
number pointed to by POINT. These values give the start position of the track
in an absolute time scale (AMIN, ASEC and AFRAME) with an accuracy of +/-
one second. The start position of an audio track is the first position with the
new track number and X does not equal 00. See the 'POINT' section of the CD-
DA specification (p.43).

The control field of a lead-in Q channel frame is identified as the CONTROL field
used in the track that POINT refers to. See pp.41 and 43 of the CD-DA
specification.

PMIN of POINT $A1 has the value of the last audio track number on the disc if
the CD-I disc has CD-DA tracks, otherwise PMIN of POINT $A1 has a value which
is one higher than the number of CD-I tracks on the disc.

© Philips Consumer Electronics B.V., May 1994
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[I.2 CD-I Disc Specification

PSEC and PFRAME of POINT $A1 are zero. The control field of the FRAME with
POINT = $A1 contains "00X0" if the CD-I disc has CD-DA tracks, otherwise the
control field contains "01X0" (X = 0 for copy prohibited. X = 1 for copy
permitted).

(8) POINT = $A2, indicates the starting point of the lead-out track in PMIN, PSEC and
PFRAME. In the CONTROL field it is indicated whether the lead-out area is
treated as a data track or as an audio track.

Figures 1.3 to 1.6 give examples of the encoding of the TOC as well as for the
general structure of CD-I discs.
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CD-I Disc Format

Figure 1.3 Example of the general structure and coding of the TOC for a CD-I disc
with four CD-I tracks and no CD-DA track

Inner
side
of the
disc

Control

o

TNO

Index
Time

Point=
$A0

A Time

rmzz»I0O

Mode
Byte

Mins

ITmMQY»mI

Information Area

A

A 4

Lead Lead-
in B Program Area | out
Area Area
«—Data »«———Data——»e—Data—e-Data—e—Data-»e—Data-»
<+ 00 »¢—— 01 —>¢ 02 >« 03 > 04 >FAA»
«— 00—»«— 01 ¢ 01 >« 01 > 01 > 01 >
/ 2
Sec
“PSEC P ey
=$10 /* //
- [
4— 02 »¢—— 02 —>¢ 02 >« 02 > 02 > 02 >
/
/ /
r P
+SA0 — |
v

Block Address

Outer
side
of the
disc

*  These points as specified in the Q-channel give the start position of the first and
last track or lead-out area in ATime with an accuracy of + one second.
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[I.2 CD-I Disc Specification

Figure 1.4 Example of the encoding of the TOC for disc structure of Fig. 1.3

Frame Number | Point | PMIN, PSEC, PFRAME | Control Field
n $A0 05, 10, 00 01x0
n+1 $A0 05, 10, 00 01x0
n+2 $A0 05, 10, 00 01x0
n+3 $A1 05, 00, 00 01x0
n+4 $A1 05, 00, 00 01x0
n+5 $A1 05, 00, 00 01x0
n+6 $A2 52, 48, 41 01x0
n+7 $A2 52, 48, 41 01x0
n+8 $A2 52, 48, 41 01x0
n+9 $A0 05, 10, 00 01x0
n+10 $A0 05, 10, 00 01x0

Figures I1.3 and 1.4 are examples of the encoding of the TOC for a CD-I disc with
four CD-I tracks and no CD-DA tracks. The lead-in area and the lead-out area are
treated as data tracks.
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[I.2 CD-I Disc Specification

Figure 1.5 Example of the general structure and coding of the TOC for a CD-I
disc with one CD-I track (01) and two audio tracks (02, 03) in the
program area

Information Area

A
A 4

Inner [
side | Lead Lead- | Outer
of the | iN . Program Area | out side
disc | Area Area of the
disc

Control [«Data»e¢———Data——>»<«—— Audio —»<«Audio»¢Audio-»|
Q

TNO |« 00 »¢—— 01 —r¢—— 02 —>« (03 >—FAA >
C
: Index 4— 00—>«— 01 —¢ 00 >« 01 > 01 > 01 >
N . 2 22
N | Time / sec sec
E Point=

= [«PSEC 4=

L |sa0 | _ D e

A Time -- |
H (Mode [« 02 »&—— 02 —>
E Byte
A /
D | Mins iy
E +SA0
R +

Block Address

*  These points as specified in the Q-channel give the start position of the first
and last track or lead-out area in ATime with an accuracy of + one second.
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CD-I Disc Format

Figure 1.6 Example of the coding of the TOC for disc structure of Fig. II.5

Frame Number | Point | PMIN, PSEC, PFRAME | Control Field
n 02 10, 15, 12 00x0
n+1 02 10, 15, 12 00x0
n+2 02 10, 15, 12 00x0
n+3 03 16, 28, 63 00x0
n+4 03 16, 28, 63 00x0
n+5 03 16, 28, 63 00x0
n+6 $A0 02, 10, 00 01x0
n+7 $A0 02, 10, 00 01x0
n+8 $A0 02, 10, 00 01x0
n+9 $A1 03, 00, 00 00x0
n+10 $A1 03, 00, 00 00x0
n+ 11 $A1 03, 00, 00 00x0
n+12 $A2 52, 48, 41 00x0
n+13 $A2 52, 48, 41 00x0
n+14 $A2 52, 48, 41 00x0
n+15 02 10, 15, 12 00x0
n+16 02 10, 15, 12 00x0

Figures Il.5 and 1.6 are examples of the encoding of the TOC for a CD-I disc with
one CD-I track (01) and two audio tracks (02, 03) in the Program area. The lead-in
area is treated as a data track and the lead-out area is treated as an audio track.

© Philips Consumer Electronics B.V., May 1994

CONFIDENTIAL

11-13



CD-I Full Functional Specification
Chapter Il CD-I Disc Format

[I.3 CD-I Track Specification

[1.3 CD-l Track Specification

3.1 CD-I Track Layout

In a CD-I track the data is divided into CD-I sectors of 2352 sequential bytes each.
There are five different types of CD-I sectors depending on the type of information
they contain i.e. Audio, Video, Data, Empty and Message Sectors (see 11.4.9). Each
sector can be uniquely addressed by a BCD-coded absolute time value in the header
field of the sector (see 11.4.4).

CD-l sectors with time values of (00", 00', 00) up to (00", 02', 15) must be message
sectors (see 11.4.9.2). Message sectors contain after scrambling, (see 11.4.2), the
actual CD-DA coded digital audio data.

The sector with a time value of (00", 02', 16) must be a data-sector in Form 1 (see
11.4.7).

The sectors from and including time value (00", 02', 16) onward to (00", 02'+ S,, 15
+ f,) are data sectors in Form 1 and are all part of the Disc Label (see Ill.2) which has
a length of (75 * S, + f,) sectors.

From the end of the disc label there must be at least 2250 contiguous message
sectors (see 11.4.9.2). Thereafter, CD-I sectors with CD-l information may start again.

If a CD-I disc contains CD-DA tracks then the first CD-DA track has to be directly
preceded by a minimum of 2250 contiguous message sectors.
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[I.4 CD-l Sector Specification

4.1 Sector Layout

4.1.1 General

In a CD-l track the data is divided into addressable CD-I sectors of 2352 sequential
bytes.

A CD-I sector contains the following data fields:

- Sync field 12 bytes
- Header field 4 bytes
- Subheader field 8 bytes
- Data field 2328 bytes

All data in a CD-I sector, except the synchronization field is scrambled (see 11.4.2).

4.1.2 Byte Ordering

The bytes in a CD-I sector are indexed from 0 to 2351. The index also indicates the
sequential order in which the bytes have to be processed by the encoder. The layout
of a CD-I sector is given in Figures I11.7 and 11.8.

The bit/word ordering on disc is as defined in the CD-DA specification.

The relationship between CD-I data bytes (B) and CD-DA 16-bit words (W) is:
W, =256 *B,,, + B, even word

W2i+1 = 256 * B4i+3 + B4i+2 Odd WOI'd

The data rate is such that the index i is incremented nominally 44100 times per
second.

The first byte, B, of a CD-I sector is after scrambling the 8 least significant bits of the
even indexed 16-bit word (see Figure 11.7).
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Figure Il.7a Relationship between 16 bit samples and data bytes on a CD-l disc -

General

16-bit even word

16-bit odd word

3

(most significant).

W2i W2i+1
CD-DA Spec
Isb bits® msb | Isb bits® msb
87654321 87654321 87654321 87654321
Byte-wise
Bui Bui Buiz Buiss ordering
CD-I Spec

CD-DA Specification bits are ordered from bit 8 (least significant) to bit 1

© Philips Consumer Electronics B.V., May 1994

CONFIDENTIAL

l1-16



CD-I Full Functional Specification
Chapter Il CD-I Disc Format

[I.4 CD-I Sector Specification

Figure Il 7b Relationship between 16 bit samples and data bytes
on a CD-I disc - For CD-l sector

The relationship between 16 bit samples
and data bytes on a CD disc

<«—— 16-bit word ——» | «— 16-bit word —»

even word odd word
Isb bits® msb Isb bits msb
87654321 87654321 87654321 87654321
00000000 11111111 11111111 11111111 S
11111111 11111111 11111111 11111111 ?\(I
11111111 11111111 11111111 00000000 C
MINUTES SECONDS SECTORS MODE HEADER
BYTE 16 BYTE 17 BYTE 18 BYTE 19

BYTE n BYTE n+1 BYTE n+2 BYTE n+3

BYTE 2348 BYTE 2349 BYTE 2350 BYTE 2351
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Figure 11.8 Layout of a CD-I sector

Byte Number Layout

Sync 12 bytes

e o e Q0O

13 Header 4 bytes

. Data 2336 bytes
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4.2 Scrambling

All data in a CD-Il sector except the data in the synchronization field is scrambled.
The scrambler is of a parallel sector synchronized type. The scramble register is a
15-bit shift register fed back according to the polynomial X + X + 1. The contents
of this scramble register is EXOR-ed with the serial information bit by bit, taking the
least significant bit of the data bytes first. The scramble register is preset with the
value %0000 0000 0000 001 after the synchronization field of a data sector. The
scramble register is given in Figure 11.9.

Figure 1.9 Parallel sector synchronized scramble register

Preset
Value 0 000 000O0O0OOOOOTQ 01

bit clock —»

+ |
A 4
Input Data > + >
(le first) OUtpUt
Data
+ = EXOR Gate

© Philips Consumer Electronics B.V., May 1994

CONFIDENTIAL [1-19



CD-I Full Functional Specification
Chapter Il CD-I Disc Format

[I.4 CD-I Sector Specification

4.3 Synchronization Field

The organization of the synchronization field (12 bytes) is given in Figure 11.10 below.
All bytes in the synchronization field have the value 255 except the first and last
bytes, which have the value 0.

Figure 11.10 Layout of the Sync Field of a CD-I sector

Layout of the Sync Field

Byte Number | Byte Value

0
255
255
255
255
255
255
255
255
255
255

0

OooNOOOTA~WN -0

-_
- O
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4.4 Header Field
The organization of the header field (4 bytes) is given in Figure 11.11 below. The
header contains the CD-I sector address (3 bytes) and the mode byte.

The relative time difference of the sector address in the header field to the
subcode channel Q ATIME should be less than one second.

Figure I1.11 Bit encoding for the Submode byte

Layout of the Header Field

Byte Number | Byte Value
12 Minutes
13 Seconds
14 Sectors
15 Mode
Minutes = a copy of the data contents of AMIN (subcode channel Q)

Seconds = a copy of the data contents of ASEC (subcode channel Q)
Sectors = a copy of the data contents of AFRAME (subcode channel Q)
Mode = 2 must be used for CD-I tracks.
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4.5 Subheader Field

4.5.1 General Layout

The subheader field consists of 8 bytes. The subheader data is double-written for
data integrity (see Figure 11.12).

The meaning and value of the subheader data is defined in the applicable chap-
ters.

Figure 11.12 Layout of the Subheader Field of a CD-I sector

Layout of Subheader Field
Byte Number Byte Value Applicable Chapter
16 File number 1
17 Channel number Vil
18 Submode [l
19 Coding information IV, V, and VI
20 File number
21 Channel number
22 Submode
23 Coding information

Since the bit allocations of these subheaders are given in various chapters, for
clarity and conciseness, Appendix Il.1 reiterates these results.
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4.5.2 Subheader Definitions

4.5.2.1 File Number

The file number is used to identify all sectors that belong to one and the same file.
The details of the file number are given in lll.4.4 and Appendix Il.1.

4.5.2.2 Channel Number

A real-time record may contain several different pieces of information that need be
chosen in combination or separately at playback. To facilitate the real-time selection
of such information each piece of information may be given a unique channel
number. The details of the channel number are given in VII.2.2.3.2 (SS_Play) and
Appendix [1.1.2.

4.5.2.3 Submode

The submode byte defines global attributes of a sector as required for the initial
selection and allocation of a sector in the system, termination of a file or record,
initialization of an additional layer of error correction, and synchronisation. For
details see 11.4.5.3 and Appendix I1.1.3.

4.5.2.4 Coding Information

This byte defines the details of the type of data located in the user area of the sector.
As this depends on whether the data is audio, video or program related data its
details are given in 1V.3.2.4, V.6.3.1 and VI.4.2 and is repeated in Appendix II.1.4.

© Philips Consumer Electronics B.V., May 1994

CONFIDENTIAL 11-23



CD-I Full Functional Specification
Chapter Il CD-I Disc Format

[I.4 CD-I Sector Specification

4.5.3 Submode

The submode byte is bit-encoded as shown in Figure 11.13

Figure 11.13 Bit encoding for the Submode byte

Bit Number Bit Name

End Of File (EOF)
Real-Time Sector (RT)
Form (F)

Trigger (T)

Data (D)

Audio (A)

Video (V)

End Of Record (EOR)

O -=-NWPHPOIO N

End Of File (EOF) : The last sector of a file is indicated by bit 7 equal to 1. All
other sectors have bit 7 equal to zero.

Real-Time Sector (RT) : If bit 6 has the value 1 then the data has to be processed
without interrupting the real-time behavior of the CD-I
system. For example, audio sectors have to be transferred
to the ADPCM decoder in real time in order to avoid the
overflow or underflow of data.

Form (F) Sectors : This bit has a value of 0 for all recorded in Form 1 and a
value of 1 for all sectors recorded in Form 2 (see IV, V and
VI).

Trigger (T) : This bit is used to synchronize the application with various

coding information, like visuals to audio, in real time. The
bit when set to one generates an interrupt (see VII.4).

Data (D) : This bit has a value of 1 for program related data sectors.
Otherwise it is zero. When this bit is set to one, the Form
bit must be zero.
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Audio (A) : This bit has a value of 1 for audio sectors. Otherwise it is
zero. When this bit is set to one the Form bit is also set to
one.

Video (V) : This bit has value of 1 for video sectors. Otherwise it is
zero.

End Of Record (EOR) : This bit must have the value 1 for the last sector of a
logical record. Other-wise it is zero. The use of the EOR bit
is only mandatory for real-time records.

Only one of bit 1, bit 2 or bit 3 may have the value 1 at the same time. One of bit 1,
bit 2 and bit 3 must be set to the value 1 for all sectors except empty and message
sectors. If bits 1, 2 and 3 of the submode byte are zero then the sectors are either
empty or message sectors.

Note: If a trigger bit and an EOR bit are set in the same sector, and the sector was
not selected via the channel mask, the EOR bit will be reset by the CD driver
so that it is not acted upon by the driver or the application.
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4.6 General Data Classes

Sectors on a CD-l disc may contain two generic classes of data:
data with a strong requirement for data integrity where concealment is not
possible (e.g. text, computer data)
data where errors can be concealed by some interpolation scheme (e.qg.
audio,video).

The text and computer data, for example, have a strong requirement for an extra
layer of error correction beyond the CIRC (cross-interleaved Reed-Solomon code)
used on all Compact Discs. For this class of data, error detection and correction
should be implemented according to the CD-l EDC/ECC (see 1l.4.7). The sector
structure used for this class of data is called Form 1 and is specified in detail in 11.4.7.

The latter class of data has a strong requirement for maximum data throughput per
time unit. The sector structure used for this class of data is called Form 2 and is
specified in detail in 11.4.8.

It should be noted that both Form 1* and Form 2 may be used for real-time data.
However, for Form 1 real time sectors, priority is given to the real time aspect (and
not to data integrity). Therefore only players with built-in hardware support that
enables them to correct errors fully transparently in real-time without requiring CPU
intervention will correct these sectors. Consequently, a CD-l base case system
without real time ECC handling will not correct Form 1 real time sectors.

Allowed combinations of different sector types and classes are given in the table
below.

Figure Il.14 Data sector types and classes

Form 1 Form 2
RT=0 RT =1 RT=0 RT =1
Audio No No Yes Yes
Video Yes No Yes Yes
Data Yes Yes* No No
Empty Yes Yes Yes Yes
Message No No Yes No

* Some restrictions apply to using Form 1 for real time data see Appendix
11.1.3.
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4.7 Form 1 Sector
4.7.1 General Layout

A Form 1 sector consists of 2352 bytes. Each byte in the sector can be identified by
B, where i = 0 to 2351.

The layout of a Form 1 sector is as follows:

Figure 11.15 Layout of a Mode 2 Form 1 sector

Byte Meaning
B, toBj; the synchronization and header fields
B,s to By the subheader field
B,, to By 2048 bytes of data whose content

depends on the sector type

Bo72 10 Byors EDC field of 4 bytes

B,o76 tO Baas: ECC field

4.7.2 Error Detection Code Field
The EDC used is a 32-bit CRC on the data field defined as B, to B,y;;.
The EDC codeword must be divisible by the check polynomial.

The least significant bit of a data byte is used first in the CRC mechanism. The least
significant bit (X°) of the EDC parity is located at bit 7 of byte 2075.

The check polynomial is:
PX) = (X" +X®+X2+1)*(X"®+ X2+ X +1)

The first factor of the check polynomial is the traditional CRC-16. Depending on the
desired level of reliability one can check one or more factors of P(X).
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4.7.3 Error Correction Code Field

The ECC is a kind of product code over GF (28), bytes being symbols. In this section
the bytes are numbered as parts of 16- bit words. The consecutive words in a sector
are numbered 0 to 1169, where the numbering starts right after the synchronization
pattern. Hence, the whole sector exclusive of the synchronization pattern is
protected by the ECC.

The translation rule from bytes into words is:
Sy = Bonia1z + 256%Boy .13
with N =0 to 1169 and
B,, to B,;; must be set to 0

A sector consists of 2 codewords as follows:

- 1 codeword containing the most significant bytes of each word.
- 1 codeword containing the least significant bytes of each word.

This can be envisioned as if one has 2 planes for ECC, 1 plane containing the MSB
and the second plane containing the LSB. On each plane the same product code is
defined. In each plane one still labels each byte by the word number defined above.
The field GF (28) is generated by the primitive polynomial:

PX) =X+ X*+ X3+ X2 +1
The primitive element a of GF (28) is :

a=(00000010)
msb Isb
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The column codewords are denoted as P-words and the row codewords are denoted
as Q-words. The P-words are (26,24) Reed Solomon codewords over GF (28). In
each plane the P-words contain the following bytes:

Figure 11.16 Bytes contained in P-words (Reed Solomon Column codeword)

S(43*0+Np)
S(43*1+N;)
S(43*%2+Np)
S(43*3+Np)
S ( "
S "
S "
P-word: Vp = S (43 * Mp+ Np
S "
S "
S "
S (43 * 22 + Np)
S (43 * 23 + Np)
S (43 * 24 + Np) - P-parity
S (43 * 25 + Np) - P-parity

Pz
0
[

p

—

1\)

S

N

The parity check matrix H, is given in Figure 11.14 below.

Figure 11.17 Parity check matrix H,

where a is the primitive element of GF (2°) defined above. The quantity V, satisfies:
Hp * Vo =0

The Q-words are (45,43) Reed Solomon codewords over GF (28). In each plane the
Q-words contain the following bytes:
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Figure 11.18 Bytes contained in Q-words (Reed Solomon row codeword)

S (44* 0+ 43*Ny)
S(44* 1+ 43* Ng)
S(44* 2+ 43* Np)
S ( " )
S( " )
S " )
Q-word: Vg = S (44 * Mg + 43 * Ng)
S " )
S ( " )
S " )
S(44* 41+ 43 * Ng)
S (44 * 42 + 43 * Ng )
S (43 * 26 + No)
S (44 * 26 + Nq)

The parity check matrix Hg is:

No=0,1,2,...,25
Mao=0,1,2,...,42

(44 * Mg + 43 * Ng )
must be calculated
modulo 1118

- Q - parity
- Q - parity

Figure 11.19 Parity check matrix Hy

where a is the primitive element of GF (2°) defined above.

The quantity V, satisfies:

Ho * Vo =0
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The interleave map for P-words and Q-words showing P-words as columns given in
Figure 11.20 below.

Figure 11.20 Interleave map for P and Q-words

Np———»
0 1 2 41 42
0 0000 0001 0002 0041 0042 ?
1 0043 0044 0045 0084 0085 header
2 0086 0087 0088 0127 0128 +
M| 3 0129 0130 0131 \ 0171 user data
4 0172 0173 Q 0124
|
P
v .
22 0946 0947 0948 0987 0988
23 0989 0990 0991 1030 1031
2
24 1032 1033 1034 1072 1073 1074
25 1075 1076 1077 1115 1116 1117 PATTY-P
A
26 1118 1119 1120 1143
27 1144 1145 1146 1169 PAFiITY_Q
0 1 2 25

© Philips Consumer Electronics B.V., May 1994

CONFIDENTIAL 11-31



CD-I Full Functional Specification
Chapter Il CD-I Disc Format

[I.4 CD-I Sector Specification

The display of the symbols of the code in rectangular form showing Q-words as
rows is given in Figure 11.21.

Figure 11.21 Rectangular form display of code symbols showing Q-words as rows

Mo—»
0 1 2 40 41 42 Qo Q1

0 0000 0044 0088 0642 0686 0730 1118 1144

1 0043 0087 0131 0685 0729 0773 1119 1145

2 0086 0130 0174 0728 0772 0816 1120 1146

No 3 0129 0173 0217 0771 0815 0859 1121 1147
4 0172 0216 0260 0814 0858 0902 1122 1148

22 0946 0990 1034 0470 0514 0558 1140 1166

23 0989 1033 1077 0513 0557 0601 1141 1167

24 1032 1076 0002 0556 0600 0644 1142 1168

25 1075 0001 0045 0599 0643 0687 1143 1169
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4.8 Form 2 Sector

4.8.1 General Layout

A Form 2 sector consists of 2352 bytes. Each byte in the sector can be identified by
B, where i = 0 to 2351.

The layout of a Form 2 sector is given in Figure 11.22.

Figure 11.22 Layout of a Mode 2 Form 2 sector

Byte Meaning
B, toBj; the synchronization and header fields
B,s to By the subheader field

B,, to B, 2324 bytes of data whose content depends on the
sector type

B,34s 10 Byss, 4 bytes reserved for quality control during the CD-I
disc production process

4.8.2 Reserved Field

The reserved field (B,,5 to B,ss;) contains 4 bytes that are reserved for quality control
during the CD-I disc production process. These bytes are ignored by the CD-I
system. It is recommended that the same EDC algorithm should be used here as is
used for Form 1 sectors. If this algorithm is not used, then the reserved bytes are set
to 0.
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4.9 Empty and Message Sectors

4.9.1 Empty Sector

An empty sector may be Form 1 or Form 2 and does not contain any CD-l data. They
may be used in the lead-in and/or lead-out areas. In the program area empty sectors
can be used to fill up file space particularly for real-time files.

The subheader of an Empty sector has the following restrictions:

(1) Channel number must be zero.

(2) The Video, Audio and Data bits in the submode byte must be zero.

(3) The Coding Information byte must be zero.

It is recommended that empty sectors are Form 2 and that the data bytes are zero.
4.9.2 Message Sector

The data field of a message sector is in Form 2 and consists of 2324 bytes which do
not contain any actual data for the CD-l system. The message sector is designed to
provide a caution for the user of a CD-DA player that has no TOC decoder. The
caution should warn the user to lower the volume and advance to the CD-DA tracks.
The message data must be encoded as CD-DA audio data in the mode 2 Form 2
message sector. As such, it is encoded after scrambling as actual CD-DA audio data
so that it may be audible on normal CD-DA players. It is recommended that the
warning be in English as well as any other language that may be appropriate. Figure
[1.23 gives an example of the message which might be contained in message sectors.
All bits of the subheader bytes of a message sector except the Form bit are set to

Zero.

Figure 11.23 Example of a message

Message Example

"Please lower the volume temporarily and
advance to the next track."
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1.5 CD-l Encoder Model

5.1 CD-I Disc Encoder Model

Figure 11.24 CD-I Disc Encoder Model

Audio __y|  Audio A >
Input Encoder
Video > Video v >
Input Encoder CD-l
C i Physical
w
Data D Sector CD-DA CD-I
E\?St —P»  Encoder —> £ —> Disc
Formatter ncoder
Empty E
Sector [———-=3p
Generator
Message M
Sector  p——vpp
Generator
A = Audio sector
V = Video sector
D = Data sector
E = Empty sector
C = Video control data
M = Message sector
W = CD-l sector
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5.2 CD-I Physical Sector Formatter

Figure 11.25 CD-l Physical Sector Formatter

Sync S |

A —l] Generator | Sector B
3 Scrambler
Sector Format
V — Header H >
Generator Multiplexer W
D — Inter- - SD >
Output

E —{ leaver EC

Form F EDC/ECC
M Value » Data

Detector Generator

A = Audio sector data
V = Video sector data
D = Data sector data
E = Empty sector data
M = Message sector data
S = Synchronisation data
H = Header data
SD = Sector data
EC = Error detection and correction data
F = Form value
B = Serial bit stream of CD-l sector data
W = 16-bit word stream of CD-| sector data to CD-DA encoder
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1.6 CD-l Decoder Model

6.1 CD-l Decoder Model

Figure 11.26 CD-l Decoder Model

CD-DA

Disc =P —

Decoder

CD-l
Sector
Processor

P CD-DA Data

————pp CD-| Sector Data

=3 \Mode 1 Data’

® A sector with the mode byte equal to one. For further details see VII1.2.3.
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6.2 CD-I Sector Processor

Data
Input

CIRC
Error Flag

Subcode
Q-channel

M
RT
F
EF
T

Figure 11.27 CD-l Sector Processor

>
Unit 1 Unit 2
* Sync Detector —>
« Descrambler p| Subheader |,
* Mode Detector L »
——»
M A
|
- EF RT F
bl
CD- T o] EDCECC | »
track —P Mode 2
Detector — M » Form1lor2 ~p
Unit 5
»| Mode 1 >
Ll —>

Mode (1 or 2)
Real-time Flag of Submode Byte
Form (1 or 2)

Set if data is unreliable
Set if data track is a CD-I track

For CIRC see CD-DA specification pp 27 to 37.
For Subcode Q channel see CD-DA specification page 41.

CD-DA Data

File Number

Channel
Number

Submode

Coding
Information

Data Error Flag

CD-Il Data

Mode 1 Data
Data Error Flag
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1.6 CD-l Decoder Model

Unit 1
The Unit 1 processing is only valid for a data track.
- The synchronization detector is used for all timing needed in the sector processor.

- The descrambler processes the input data stream into sector data bytes (B,, to
B2351)'

- The mode detector gives the mode value for the data sector from the header field.
Unit 2

In Unit 2 the error flag from CIRC is used to select the file number, channel number,
submode and coding information bytes from the subheader field (B,5 to B,;) that are
reliable. The Real-time flag and the Form value in the submode byte are passed to
Unit 3.

Unit 3

For Form 1 sectors the EDC and ECC data field is used to correct any erroneous data
in the data field. In the case of a Form 2 sector no processing is required. For
concealment purposes, a data error flag must be generated. If this error flag is set
to one, an additional table of error flags per byte or word (depending on the
implementation) is available. The format of these tables is given in VII.2.2.3.2
Unit 4:

Unit 4 has to detect if the disc is a CD-I disc or not. This can be done by using the
information in the TOC (Subcode Q-channel).

The Unit 2 and Unit 3 processing are only valid for CD-I data tracks.
Unit 5:

For Mode 1 sectors, the EDC and ECC data field is used to correct any error in the
data field.

A data error flag is set if error correction was not possible (see VI1.2.2.3.4).
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1.6 CD-l Decoder Model

6.3 Byte Order : After the Sector Processor

The byte and bit ordering after the sector processor is as given in |.3.
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1.1 General

Chapter lll Data Retrieval Structure
[1I.17 General

This chapter contains the format of data structures used by the CD file manager to
retrieve named files from a CD-l disc. It contains a specification for the data
organization, Disc Label, and directory record structures.

From an access point of view, the disc consists of directly addressable sectors,
numbered consecutively (beginning at zero). The main channel address of block
zero is taken to be exactly 00 minutes 02 seconds and 00 sector number. The disc
logical format specifies the contents of these sectors.

Definitions for this chapter:

(1) The word sector is used to designate a CD-I physical sector. The data part of a
logical sector is referred to as a block.

(2) Block addresses are 32-bit integers. They are converted into absolute disc
addresses (e.g., minutes, seconds, and sectors).

(3) BP indicates Byte Position within a table, starting at 1.
Rules for construction of file names

Any file name length is limited to 28 bytes.
When the CD-I default character set (ISO 8859-1) is used the following rules must be
followed:

A file name can contain any number of upper or lower case letters, numbers or
special characters (as listed below). While the file name may begin with any of the
following characters or digits, the file name must contain at least one letter or
number. Within these limitations, it can contain any combinations of the following:
- upper case letter: A-Z

- lower case letter: a-z

- decimal digits: 0-9

- underscore:

- period: .

- dollar sign: $

File names may not contain spaces.
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Here are some examples of legal names:

raw.data.2 project_review_backup
X6809 $Ship.Dir
Jdogin 12345

Here are some examples of illegal names:

Max*min (* is not a legal character)
open orders (Name cannot contain a space)

this.name.obviously.has.more.than.28.characters (too long)
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1.1 General

1.1 Application file names

It is recommended that applications use module names that start with "cdi_" (e.g.
cdi_myprog). This will help prevent conflicts with manufacturer dependent or
standard CD-RTOS modules.
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[11.2 Disc Label

2.1 General Structure of the Disc Label

There are 2 record types in the CD-I Disc Label:

(1) File Structure Volume Descriptor Record. Every CD-l disc contains at least one

File Structure Volume Descriptor record.

(2) Terminator Record. At least one Terminator record is required on every CD-I
disc. ltis the last record in the Disc Label and signifies the end of the Disc Label.
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I11.2 Disc Label

2.2 Detailed Specification of the File Structure Volume Descriptor Record

There can be one or more File Structure Volume Descriptor records. If the File
Structure Volume Descriptor record for the player's default character set (see
VII.3.1.4.1.3) is not found, then the first File Structure Volume Descriptor will be used.

Figure Ill.1 illustrates the format of a File Structure Volume Descriptor.
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Figure lll.1 Structure of a File Structure Volume Descriptor

Description

BP Size in Bytes
1 1
2 5
7 1
8 1
9 32
41 32
73 12
85 4
89 32
121 2
123 2
125 2
127 2
129 2
131 2
133 4
137 4
141 8
149 4
153 38
191 128
319 128
447 128
575 128
703 32
735 5
740 32
772 5
777 32
809 5
814 16
830 1
831 16
847 1
848 16
864 1
865 16
881 1
882 1
883 1
884 512
1396 653

Disc Label Record Type
Volume Structure Standard ID
Volume Structure Version number
Volume flags

System identifier

Volume identifier

Reserved

Volume space size

Coded Character Set identifier
Reserved

Number of Volumes in Album
Reserved

Album Set Sequence number
Reserved

Logical Block size

Reserved

Path Table size

Reserved

Address of Path Table
Reserved

Album identifier

Publisher identifier

Data Preparer identifier
Application identifier
Copyright file name

Reserved

Abstract file name
Reserved

Bibliographic file name
Reserved

Creation date and time
Reserved

Modification date and time
Reserved

Expiration date and time
Reserved

Effective date and time
Reserved

File Structure Standard Version number
Reserved

Application use

Reserved
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I11.2 Disc Label

The fields in the File Structure Volume Descriptor have the following meaning:

Disc Label Record Type: This field always indicates one of the following:

- the Standard File Structure Volume Descriptor record with the byte set to 1,

- the Coded Character Set File Structure Volume Descriptor record with the byte set
to 2.

All other values for this byte are reserved.

The standard File Structure Volume Descriptor specifies a file structure with all
character strings recorded using the ISO 646 (IRV) character set.

A Coded Character Set File Structure Volume Descriptor is used to describe a file
structure which uses a character set other than the standard ISO 646 character set
for the following descriptor fields:

(1) In the File Structure Volume Descriptor

- System identifier - Application identifier

- Volume identifier - Data Preparer identifier
- Album identifier - Copyright file name

- Publisher identifier - Abstract file name

- Bibliographic file name
(2) File names in each directory record of the file structure.
(3) Directory file names in each Path Table Entry of the file structure.
A Coded Character Set file structure describes the same file system as the standard
file structure, but the character strings in the above descriptor fields are encoded in

an alternative character set identified by the Coded Character Set identifier.

Shifted JIS Kanji is specified by a Disc Label Record Type of two, a Volume flag of
one, and the ISO 2022 escape sequence for standard Kaniji.
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I11.2 Disc Label

Volume Structure Standard ID: This name field represents the standard to which the
disc file structure conforms. CD-l discs contain the string "CD-I" followed
immediately with a space character.

Volume Structure Version number: The number in this field represents the version
number of the standard to which the disc conforms. The current version is one.

Volume flags: The bits of this field are numbered from 0 to 7 starting with the least

significant bit. They specify the characteristics of the volume as outlined below in
Figure IIl.2.

Figure 1ll.2 Coding of bits in Volume flags held

Bit Position Characteristic

0 A value of zero indicates the coded character set identifier field
specifies only an escape sequence registered according to ISO
2375. A value of one indicates the Coded Character Set identifier
field specifies an escape sequence not registered according to
ISO 2375.

1-7 All bits are 0 (reserved for future standardization)

System identifier: This field identifies the operating system which may use any
fields described as reserved for the system. All CD-l discs must contain the string
"CD-RTOS" padded on the right with space characters.

Volume identifier: This field contains the logical name of the CD-I disc padded on
the right with space characters.

Volume space size in blocks: This field represents the total size of the usable portion
of the disc in blocks (e.g., the highest addressable block to the operating system is
the value of this field minus 1).
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Coded Character Set identifier: This field specifies one escape sequence according
to the International Register of Coded Character Sets to be used with escape
sequence standards for recording. The ESC character, which is the first character of
all sequences, shall be omitted when recording this field.

Number of Volumes in Album: The total number of discs in the album to which this
disc belongs is written in this field.

Album Set Sequence number: This number specifies the relative sequence number
of this disc in the album to which it belongs. The first disc in the sequence will be
the number 1.

Logical Block size: This field contains the size of a block (in bytes) as seen by the file
system. For CD-I discs, the block size is always 2048 bytes.

Path Table size: This field contains the size in bytes of the system Path Table.

Address of Path Table: The block address of the first block of the system Path Table
is kept in this field.

Album identifier: This field contains the name of the album to which this disc
belongs and is padded on the right with space characters.

Publisher identifier: This field is used to identify the publisher of the disc (i.e., who
specified the contents of the disc) and is padded on the right with space characters.

Data Preparer identifier: This field identifies the author of the contents of the disc
and is padded on the right with space characters.

Application identifier: This specifies the path name of the application program to
execute when the disc is first mounted. Section VII.1.2 outlines how this name is
used in the startup sequence.

Copyright file name: This field optionally contains the name of a file that contains
a copyright message. Any desired information may be encoded in this file. It is
accessed in an application dependent manner. This field is padded on the right with
space characters. If there is no name, all characters are space characters.
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Abstract file name: This field optionally contains the name of a file that contains an
abstract message for the disc. Any desired information may be encoded in this file.
It is accessed in an application dependent manner. This field is padded on the right
with space characters. If there is no name, all characters are space characters.

Bibliographic file name: This field optionally contains the name of a file that contains
bibliographic information about the disc. Any desired information may be encoded
in this file. It is accessed in an application dependent manner. This field is padded
on the right with space characters. If there is no name, all characters are space
characters.

Creation date and time: This contains the date and time that the CD-I disc was
originally mastered. The format of a 16-byte date and time field is recorded as a
string of numerals "YYYYMMDDHHMMSStt" where tt means hundredths of a
second. For example, 6:51 a.m. on September 6, 1954 would be recorded as
"1954090606510000". No consideration is made for time zones. If a date is not used,
it contains "0" characters.

Modification date and time: Recorded in this field are the date and time that the disc
was last changed (e.g., re-mastered). The date is recorded in the same format as the
creation date and time.

Expiration date and time: If the data on a disc is valid only for a limited time, this
field indicates the time at which the disc becomes obsolete. The date is recorded in
the same format as the creation date and time.

Effective date and time: If the data on a disc is not valid until a specific time, this
field indicates the time at which the disc becomes useful. The date is recorded in the
same format as the creation date and time.

File Structure Standard Version number: This number is used to indicate the
revision number of the file structure standard to which the directory search files
conform. It is set to one.

Figure 11.3 is an example of a standard File Structure Volume Descriptor.
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Figure IlI-3 Example of a standard File Structure Volume Descriptor
BP Contents Description
1 1 Disc Label Record Type - standard SVD
2 "CD-I" Volume Structure Standard ID
7 1 Volume Structure Version number
8 0 Volume flags - standard file structure
9 "CD-RTOS" System identifer
41 "Games" Volume identifier
73 0 Reserved
85 200000 Volume space size - 200,000 blocks used on
this volume
89 0 Coded Character Set identifier - must be zero
if standard FS
121 0 Reserved
123 1 Number of Volumes in Album
125 0 Reserved
127 1 Album Set Sequence number
129 0 Reserved
131 2048 Logical Block size
133 0 Reserved
137 2358 Path Table size
141 0 Reserved
149 2268 Address of Path Table
153 0 Reserved
191 "Games" Album identifier
319 "RG Software" Publisher identifier
447 “Larry Hobbs" Data Preparer identifier
575 "“Menu" Application identifier
703 "Copyrightfile" Copyright file name
735 0 Reserved
740 "Abstractfile" Abstract file name
772 0 Reserved
777 "Bibliofile" Bibliographic file name
809 0 Reserved
814 "1957100207340000" Creation date and time
830 0 Reserved
831 *0000000000000000" Modification date and time - not used if zero
847 0 Reserved

(continued)
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(continued)

Figure IlI-3 Example of a standard File Structure Volume Descriptor
848 *0000000000000000" Expiration date and time - not used if zero
864 0 Reserved
865 "0000000000000000" Effective date and time - not used if zero
881 0 Reserved
882 1 File Structure Standard Version number
883 0 Reserved
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2.3 Detailed Specification of Terminator Record

The last record in the Disc Label must be a Terminator record. This record
determines the end of the Disc Label. The format of the Terminator record is
indicated in Figure Ill.6.

Figure 1l1l.6 Structure of a Terminator record format

BP | Sizein bytes Description

1 1 Disc Label Record Type

2 5 Volume Structure Standard ID
7 1 Volume Structure Version

8 2041 number Reserved

The fields in the record have the following meaning.

Disc Label Record Type: The value of 255 in this field signifies a Terminator record.
Volume Structure Standard ID: This name field represents the standard to which the
disc file structure conforms. CD-I discs contain the string "CD-I", padded on the right

with space characters.

Volume Structure Version number: The number in this field represents the version
number of the standard to which the disc conforms. The current version is one.

Figure IlIl.7 is an example of a Terminator record.

Figure lll.7 Example of a Terminator record

BP Contents Description

1 255 Disc Label Record Type

2 "CD-I" Volume Structure Standard ID
7 1 Volume Structure Version

8 0 number Reserved
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2.4 Location of Disc Label

The Disc Label is located starting at block 16 of track 1 on a CD-I disc.
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2.5 Sector Subheader Format of Disc Label
All sectors in the disc label have the subheader format which is given below.

(1) The File number byte is zero

(2) The Channel number bits are set to zero

(3) The EOR and data bits in the submode byte are set to one and the rest are zero.
Additionally the EOF bit in the submode byte of the last sector of the Disc Label
is set to one.

(4) The Coding Information byte is zero.
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2.6 Location of Data Track and Music Tracks

CD-l data and programs (i.e. ADPCM sound, video data, text data, computer
programs, and binary data) are contained in blocks after the message sectors which
follow the Disc Label. If no CD-DA tracks (i.e., music tracks) are on a CD-I disc, then
it is recommended that the CD-I data including the Disc Label and any application
software as well as the message sectors are contained on one track.

The Disc Label must always be in track 1.

It should be noted that accessing of CD-DA data can be done within = 1 second
whilst accessing CD-I data can be done within the sector required.
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[11.3 Disc Directory

3.1 General

On a CD-I disc there must be at least one file, organized as a directory, called the
Root Directory. The Root Directory may be located anywhere on a disc. Its position
is defined by an entry in the Path Table. It contains names and characteristics of
files and optional subdirectories on the disc.
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3.2 Directory Structure

A directory is a file of variable length directory records. Each record is a file
descriptor used to store common format and attribute information needed to access
a file on the disc.

Directory files are used extensively by the compact disc file management system to
locate other files on a CD-l disc. They may also be accessed by application programs
to determine a disc's contents. The first record in any directory describes the
directory itself. The directory name stored in the first directory record is a null byte.
The second record describes the directory's parent directory file, except when the
directory is the Root Directory, in which case the second record is a copy of the Root
Directory record. The directory name stored in the second directory record is a byte
which contains the value 1.

Every directory record must end in the sector in which it begins. Any unused bytes
at the end of a sector of directory records must be set to null. Each directory record
describes one file, as shown in Figure 111.8.
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Figure 111.8 Structure of a directory record

BP Size in bytes Description
1 1 Record length
2 1 Extended Attribute record length
3 4 Reserved
7 4 File beginning LBN
11 4 Reserved
15 4 File size
19 6 Creation date
25 1 Reserved
26 1 File flags
27 2 Interleave
29 2 Reserved
31 2 Album Set Sequence number
33 1 File name size
34 (n) File name
34+n 4 Owner ID
38+n 2 Attributes
40+n 2 Reserved
42+n 1 File number
43+n 1 Reserved
43+n Total

LBN = Logical Block Number

The fields in a directory record have the meaning given below.

Record length: This is the size in bytes of this directory record.

Extended Attribute record length: This is the number of blocks at the beginning of
the file reserved for extended attribute information. The format of the extended
attribute record is not defined and is reserved for application use.

File beginning LBN: This is the logical block number of the first block of the file.

File size: This is the size of the file in bytes (By convention the size of Form 2 sectors
is considered as 2048 bytes by the system).
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Creation date: This is the date and time on which the file was created or last
modified. The field contains six bytes representing six unsigned numerical values
in binary notation according to the following format.

Figure 1lI-9 Structure of Creation date field

BP Description

Number of years since 1900
Month of the year from 1to 12
Day of the month from 1 to 31
Hour of the day from 0 to 23
Minute of the hour from 0 to 59
Second of the minute from 0 to 59

OO~ WN -

File flags: This field is bit encoded. Bit zero, when set to one, has the following
meaning:

Figure 1lI-10 Structure of File flags field

bit

0 The file is hidden and does not usually appear in directory listings.
1-7 | Reserved

Interleave: This contains two unsigned 8-bit integers indicating how the file is
interleaved. The numbers represent a ratio between sectors that belong to the file
and those that do not. As an example, an interleave value of 1:3 would represent a
file sector map as follows.

(* means a sector is part of the file and - means it is unrelated to the file.)
For non-interleaved files both bytes must be set to zero.

Album Set Sequence number: The Album Set Sequence number of the disc which
contains this file is recorded in this field. If the file resides on this disc this field is
zero. The use and definition of the Album Set Sequence number is the responsibility
of the content provider.
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File name size: This field is used to record the number of characters in the file name
field. If the length of the file name is even, a null padding byte is inserted on the end
of the name to make the owner ID field begin on an even offset. The padding byte
is not included in the file name size field.

File name: This field contains the name of the file described by this directory record.

Owner ID: This field contains the user identification number of the creator of this
file. The owner's group ID is contained in the most significant two bytes and the
owner's user ID is contained in the least significant two bytes.

Attributes: This field contains the file attributes and permissions, bit encoded. It
indicates how the file is accessed and who (owner ID) may access it. If the owner bit
is set to one then a user with the same user ID as the owner ID of this file may access
the file. If the group bit is set to one then any user with the same group ID as the
owner's group ID may access the file. If the world bit is set to one then any user may
access the file. There is also a bit which if set to one indicates if a file is a CD-DA file.
The format of the attributes is outlined in Figure lll.11. If the directory bit is set to one
then this file is a directory.

Figure 1ll.11 Structure of File Attribute field

Bit Number Contents

Owner read
Reserved
Owner execute
Reserved
Group read
Reserved
Group execute
Reserved
World read
Reserved
World execute
11-13 Reserved

14 CD-DA file

15 Directory

gcooo\loum#oor\:—\o
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File number: This number is recorded as the file identifier in the subheader of each
sector belonging to a Mode 2 file. It is used to select sectors that belong to the file.

Figure Ill.12 is an example of a directory record.

Figure 1l1.12 Example of a directory record

BP Contents Description

1 48 Record length

2 0 Extended Attribute record length

3 0 Reserved - must be zero

7 29 File beginning LBN

11 0 Reserved - must be zero

15 1000000 File size in bytes

19 $39 08 18 0A 20 03 | Creation date (24 August 1957, 10:32:03)
25 0 Reserved

26 0 File flags - not hidden

27 0204 Interleave (2:4)

29 0 Reserved

31 0 Album Set Sequence number

33 5 File name size

34 "GAMES" File name

39 $000A0005 Owner ID - group = 10, user =5

43 $0055 Attribute - read and execute for owner and group
45 0 Reserved

47 2 File number

48 0 Reserved
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3.3 Directory Search Method

As part of the CD-l mastering process, a Path Table index is created to describe the
entire directory structure on disc. This index is recorded in the disc Root Directory
as a normal CD-I file. The Path Table is loaded into memory when a disc is mounted
or first accessed. It permits any file on disc to be opened using only one seek.

The Path Table is organized as a breadth first traversal (see Fig. 111.12 and 111.13) of
the disc directory structure. When a file is opened the Path Table is sequentially
searched (in RAM) to locate the directory that contains the record describing the file.
This search yields the block number of the beginning of the directory file. A seek is
then made to this block and records are searched sequentially until the record for the
requested file is found or it is determined that the file does not exist.

The Path Table contains one variable length entry for each directory and
subdirectory on a disc. Each entry is organized as shown in Figure 111.13.

Figure 111.13 Structure of an entry in the Path Table

BP | Size in bytes Description

1 1 Name size

2 1 Extended Attribute record length
3 4 Directory block address

7 2 Parent Directory number

9 n Directory file name

The fields have the following meaning:
Name size: The length of the directory file name string in this path table entry.

Extended Attribute record length: This is the length of the Extended Attribute
record.

Directory block address: This field contains the beginning logical block number
(LBN) of the directory file on disc.

Parent Directory number: This is the number (relative to the beginning of the Path
Table) of this directory's parent.
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Directory file name: This variable length field is used to store the actual text
representing the name of the directory. If the length of the file name is odd, a null
padding byte is added to make the size of the Path Table record even. The padding
byte is not included in the name size field.

If there is more than one directory on the disc, the first entry of the Path Table
describes the Root Directory with a parent directory of 1 and directory file name =
0.

Figure IlIl.14 depicts an example directory structure and the contents of the Path
Table that would be used to describe it to the CD-I File Manager.

Figure lll.14 Example directory structure

Root Directory

| | |
CDMS ATLAS USERS
| |

| | | | | | |
USA  JAPAN EUROPE SORENSEN GREWELL NICK DOGGETT

L

MAPS  TOURS

The Path Table used to describe the above directory structure would contain the
entries given in Figure 111.15.
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Figure 11l.15 Entries in the path table for the directory in Fig. 1ll.14

Relative Directory | Extended Parent Name Directory
Position Block Attribute | Directory | Size File Name
Address Record Number
Length
1 XXXXXX 0 1 1 0 (Root)
2 XXXXXX 0 1 5 "ATLAS"
3 XXXXXX 0 1 4 "CMDS"
4 XXXXXX 0 1 5 "USERS"
5 XXXXXX 0 2 6 "EUROPE"
6 XXXXXX 0 2 5 "JAPAN"
7 XXXXXX 0 2 3 "USA"
8 XXXXXX 0 4 7 "DOGGETT"
9 XXXXXX 0 4 7 "GREWELL"
10 XXXXXX 0 4 4 "NICK"
11 XXXXXX 0 4 8 "SORENSEN"
12 XXXXXX 0 5 4 "MAPS"
13 XXXXXX 0 5 5 "TOURS"

As illustrated above, directory files on the same level (e.g., with the same Parent
Directory) are placed in the Path Table in binary ascending order of the file name.
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3.4 Sector Subheader Format

All sectors in the directory and the path table have the subheader format which is
given below.

1. The File number byte is zero
2. The Channel number bits are set to zero
3. The data bit in the submode byte is set to one and the rest are zero.

Additionally the EOR and the EOF bits in the submode byte of the last sector of
the Directory and the Path Table are set to one.

4. The Coding Information byte is zero.
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[1l.4 Files

4.1 General

A CD-l file is composed of a set of (logically) contiguous blocks identified by a
unigue name in a directory. These blocks are numbered starting at zero, which is the
number of the first block of the file. Files are made up of blocks of either 2048 or
2324 bytes (or both). They can contain any combination of audio, video, or
computer data.

Random access to files at the byte level is available through system calls provided
by the Compact Disc File manager.

An attribute bit in the directory record of a file may be set to one to indicate the file
is an audio track, recorded in CD-DA format. This type of file can only be played
through a CD-DA decoder in the Audio Processing Unit (see IV 5.2). The CD-DA data
in the file is not otherwise accessible by application programs.
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4.2 Standard Files

By convention, every CD-I disc contains a small number of files in its Root Directory.
The names and contents of recommended files appear in Figure I11.16.

Figure 111.16 Recommended files contained in a Root Directory

Name Contents

"path_tbl" This file is used to record an image of the Path Table index
as specified in 111.3.3.

"album" A catalogue of related CD-I discs is recorded in this file. The
information in this file may be used by an application to
instruct a user to locate and mount a particular disc in a
multi-album set.

"author" This file is used to identify the CD-I content developer i.e.
data preparer. Any desired information may be recorded in
the file.

"manufacturer” | This file is used to identify the manufacturer of the CD-I disc.
Any desired information may be recorded in the file.
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4.3 Real-time Files

A real-time file is a file containing real-time records. A real-time record is a logical
record in a CD-I file containing audio, video, and/or computer data that must be
retrieved from a CD-I disc at a precise rate in order to produce an aesthetic sound or
image. In particular, audio data within a real-time record, whether from disc or RAM,
must arrive at the audio processor in exact intervals in order to be perceived as a
realistic sound. For example, the audio blocks in a real-time record should be
considered a clock upon whose timing the other elements in a real-time record must
be synchronized.

Individual blocks of real-time records can contain audio, video, or ordinary computer
data, but these different types of data cannot be mixed within a single block. The
Compact Disc File Manager (see VII.2.2) does not restrict the order of audio, video,
or data blocks. This order is determined according to the requirements of the
application. When a real-time record is read, blocks are grouped together or directly
routed to the appropriate hardware (e.g., audio data).

Data blocks that contain computer data are always read into memory to be
processed by an application program.

The last physical sector belonging to a real-time record is identified by having an
EOR bit set to one in its sector subheader submode byte.
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4.4 Interleaving Data and Files
4.4.1 General

The audio blocks in a real-time file from a CD-l disc must arrive to the audio
processor at a very precise rate. The rotational latency of CD drives makes it
impossible to achieve the required data rate by simply reading an audio block,
pausing for a predetermined time, and then reading the next block. Instead, audio
blocks must be physically interspaced at intervals which depend on the quality of
sound reproduction.

The blocks between consecutive audio blocks can be used in a variety of ways.
Video (i.e., stills) or text data does not necessarily have such a critical timing and can
be placed within the gaps. Also, a number of mutually exclusive audio channels can
be interleaved within a real-time record to provide different sound tracks, for
example, each in a different language.

It is also possible to physically interleave files (see 1l.4.4.2) according to a fixed
repeating pattern.

Any combination of these techniques may be used depending on the requirements
of an application. Information recorded in the subheader of each block is used to
determine which blocks are to be played. Directory files must not be interleaved.

4.4.2 File Number

The file number is used to identify all sectors that belong to one file. A given file may
be physically interleaved with other files on the disc. All sectors of a logical file have
the same value in the file number byte. The file number can be used to select sectors
that belong to the same logical file and to reject any others. The file number with a
byte value of 0 is only used for a file that will be read consecutively. No interleaving
is possible with file 0. Files 1 to 255 (see Figure Ill-17) may be read consecutively or
may be interleaved with other files.

Figure ll.17 File Number Values

Byte Value | File Number

0000 0000 0 (consecutive sector reading only)
0000 0001 1
0000 0010 2

1111 1111 | 255
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Chapter IV Audio Data Representations

IV.1 General Audio Encoding

This chapter defines the format and encoding of audio data for a CD-I disc.

Digitally recorded sound in mono or stereo can be encoded as shown in Figure IV.1.
The required sound quality level to be encoded has to be set for the sample rate
converter and the ADPCM encoder, giving the sampling frequency and number of
bits per sample on the disc. The ADPCM encoded audio data is then formatted into
an audio sector.

This chapter also defines how the encoded data from a CD-I disc is decoded back to
audible sound.

Abbreviations used in this chapter have the following meanings:

ADPCM : Adaptive Delta Pulse Code Modulation
PCM :  Pulse Code Modulation

CD-DA :  Compact Disc - Digital Audio

S/N :  Signal to noise ratio

Other abbreviations used are defined in the text.
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Figure IV.1 General encoding for ADPCM mono or stereo sound

Digitally Recorded Audio
(mono/stereo, emphasis)

l Input

Required
Audio Quality » Sample Rate Sampling
Level Converter Frequency
(A/B/C/) l
> ADPCM <
Encoder < Mono/Stereo
Bits/Sample l
Audio Sector  [* ]
Formatter — Emphgms
+—  Form
«—  — File Number
CD-l Sector
Formatter «4———  Channel Number

v

CD-l Audio Sector

© Philips Consumer Electronics B.V., May 1994

CONFIDENTIAL V-2



CD-I Full Functional Specification
Chapter IV Audio Data Representations

IV.2 Sound Quality Levels

IV.2 Sound Quality Levels

Audio data from more than one audio source can be encoded in a CD-I track. Each
audio source will be identified with an audio channel number in the subheader (see
IV.3) of the CD-I sector.

The encoded sound quality level is dependent on the sampling frequency (fs) and
the number of bits used per sample (b). The bit rate coming from the CD-I player is
constant, but the maximum available channel numbers (N) can vary (see Figure 1V.2
below). From the basic audio level parameters one can derive the maximum:

- audio bandwidth (BW) and

- channel numbers (N).

Figure IV.2 gives an overview of the sound quality levels

Figure IV.2 Overview of sound quality levels

Level fs b BW N Stereo/
Mono

CD-DA 44.1 kHz 16 | 20 kHz 1 stereo

CD-I ADPCM

Level A | 37.8 kHz 8 17 kHz 2 stereo

4 mono

Level B | 37.8 kHz 4 17 kHz 4 stereo

8 mono

Level C | 18.9 kHz 4 | 8.5 kHz 8 stereo
16 mono
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V.3 Audio Sector Data Format

3.1 General

The data field of an audio sector (see 11.4.8) contains three fields:

- asubheader containing the file number, channel number, submode, and coding
information bytes;

- an audio block data area containing 2304 bytes; and

- a padded field containing 20 bytes with value zero.
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3.2 Subheader Bytes

3.2.1 File Number

See ll.4.4.2 for a definition of the file number.

3.2.2 Channel Number

See Appendix I.1.2 for the general definition of channel numbers. It should be
noted that for audio sectors, the channel number can only have the value of 0 to 15.

The audio channel selection for the ADPCM decoder is controlled by a separate 16-
bit audio channel selection register. Any audio channels selected by the 32-bit
channel selection register but not the 16-bit register are transferred to the host

system along with the other (non-audio) channels. The audio channel selected by
the 16-bit register is tranferred to the audio processor.

3.2.3 Submode

The submode byte has to be encoded as given in Figure IV.3 for an audio sector.

Figure IV.3 Encoding for the submode byte of an Audio sector

bit number 7 |6 |b |4 |3 |2 1 0

bit value Xx |[x |1 |x [0 [1 ]|]0 |x

where x is defined in 11.4.5.3.
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3.2.4 Coding Information
The audio Coding Information byte is defined as follows:

Figure IV.4 Format of Audio Coding Information byte

0 | Emphasis | Bits per Sample | Sampling Frequency | Mono/Stereo

bit 7 6 5 4 3 2 1 0
Reserved
Bit 7 = Settozero

Emphasis (see 1V.4.2)

Bit 6
0 = Emphasis off
1 = Emphasis on

Number of Bits per Sample

Bits 5-4
00= 4bits
01= 8bits
10= Reserved
11= Reserved
Sampling Frequency
Bits 3-2
00= 37.8kHz
01= 18.9kHz
10= Reserved
11= Reserved
Mono/Stereo
Bits 1-0
00= Mono
01= Stereo
10= reserved
11= reserved
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3.3 Audio Block

The audio block field bytes B,, to B,;,; of a CD-l audio sector consists of 2304 bytes.
The audio block is further subdivided into 18 sound groups (SG,...SG,;) of 128 bytes
each. The sound groups have to be encoded in sequential order (see Figure IV.5).

Figure IV.5 Encoded sequential order for sound groups

Audio Block | Sound Group
Bz4
B151
SG,,
BZZOO
B2327
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3.4 Sound Group
A sound group is divided into two parts:

- Sound parameters (SP) : 16 bytes
- Sampled audio data : 112 bytes

The bytes S, in the sound group (SG) are indexed per SG from 0 to 127.
Figure IV.6 gives the layout of a sound group.

Figure IV.6 Layout of a Sound Group

Sound Group .
Byte numbers Meaning
S, Sound Parameter Bytes
S15
S16 .
. Sample Audio
Data Bytes
S127

The sound parameter bytes each contain the two sound parameters, i.e., the range
(R) and filter (F) (see 1V.4.3).

The sound parameter (SP) has the value given by:

SP=16*F +R
where the range (R) and filter (F) positions in the sound parameter byte are shown
in Figure IV.7.

Figure IV.7 Format of Sound Parameter byte

Sound Parameter Byte SP
Filter (F) Range (R)
bits 7 to 4 bits 3to 0
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3.5 Level A Audio
In level A audio, a sound group (SG) contains four sound units (SU)) with j = 0 to 3.
A sound unit consists of 4 identical sound parameter (SP) bytes of 8 bits and 28
sound data bytes.

The sound parameters (SP)) for the sound units (SU') are encoded in S, to S,; (see
IV.3.4) where j is the sound unit index. Here,

S, = SP

where j=imod4 and
i = the byte number index in sound group (see Figure IV.7)

The 8-bit sound data bytes (SB}) are encoded in S,; to S,,; where k is the sequential
sampling order indexed from 0 to 27. Here,

S, = SBj,

where 1=16+]j+ 4*k (see Figure IV.9)

In mono, the sound units (SU) are encoded sequentially i.e. SU°, SU', SU? and SU>.
In stereo, the left signal is SU® and SU? and the right signal is SU and S8 . The
sound units (SU) are encoded in sequential pairs, i.e. SU° and SU' are encoded

together, followed by the pair SU? and SU>.

Figure IV.8 shows the sound parameter layout for level A audio whilst Figure IV.9
gives the sound data layout for this audio level.
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Figure IV.8 Sound parameter layout for audio levels B and C

Figure IV.9 Sound data layouts for audio levels B and C

Sound Group Sound Unit
Byte Number Number
(=i) (=)
0 0
1 1
2 2
3 3
4 0
5 1
6 2
7 3
8 0
9 1
10 2
11 3
12 0
13 1
14 2
15 3

Sound Group | Sound Unit | Sound Sample
Byte Number Number Number
(=i) (=) (=k)
16 0 0
17 1 0
18 2 0
19 3 0
20 0 1
21 1 1
126 2 27
127 3 27
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3.6 Level B and Level C Audio

In levels B and C audio, a sound group (SG) consists of 8 sound units (SU’) where |
=0to 7. Asound unit consists of 2 identical sound parameter bytes of 8 bits and 28
sound data nibbles (SD',) of 4 bits.

The sound parameters (SP)) for the sound units (SU') are encoded in S, to S,; (see
IV.3.4) and j is the sound unit index. Here,

where the relation between i and j is given by Figure 1V.10.

The 4 bit sound data (SD),) from two sound units are combined into a sound byte
(SB') where k is the sequential sampling order indexed from 0 to 27 in the following
manner:

SB' = SD/, + 16*SD"*", (see Figure IV.11)

where j=2*]and
l=0to 3

These sound bytes (SB',) are encoded in S,;to S,,,. Here,

Si = SBIk

where 1=16+1+ 4%k

In mono, the sound units are encoded sequentially i.e. SU?, SU', SU2..SU’. In stereo,
the left signal is given by SU° SU? SU* and SU® and the right signal is given by SU’,
SU3, SU® and SU. The sound units are encoded in sequential pairs i.e. SU and

SU™" are encoded together where n =0, 2, 4 and 6.

Figure IV.10 shows the sound parameter layout for levels B and C audio and Figure
IV.11 gives the sound data layout for these audio levels.
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Figure IV.10 Sound Parameter layout for audio levels B and C

Sound Group Sound Unit
Byte Number Number
(=i) (=)
0 0
1 1
2 2
3 3
4 0
5 1
6 2
7 3
8 4
9 5
10 6
11 7
12 4
13 5
14 6
15 7

Figure IV.11 Sound data layouts for audio levels B and C

Sound Group | Sound Unit | Sound Sample
Byte Number Number Number
(=i) (=) (=k)
16 1and 0 0
17 3and 2 0
18 5and 4 0
19 7 and 6 0
20 1and 0 1
21 3and 2 1
126 5and 4 27
127 7 and 6 27
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3.7 Audio Sector Interleaving

Figure IV.12 Audio sector interleaving

Relative Sector Number
Level 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A stereo * * * * * * * * *
A mono * * * * *
B stereo * * * * *
B mono * * *
C stereo * * *
C mono * *

Figure IV.12 shows the possibilities for audio sector interleaving in the case of a real-
time bit being set to one. The interleave factors are fixed for each quality level and
refer to the audio sectors with the same file number and channel number; the other
audio sectors must have another file number or channel number.

The audio sector interleaving is not necessarily applicable if the real-time bit is zero
for audio sectors. It should be noted that non-real-time audio data must be sent to
a soundmap.
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V.4 Audio Data Encoding
4.1 General

The principal feature of the ADPCM system (see Figure 1V.13) is that it provides
multiple prediction filters in order to respond effectively to fluctuations in the
frequency distribution of the signal. This system employs near instantaneous
compression to compress the dynamic range. The prediction filters and noise-
shaping filters of the system switch simultaneously in order to minimize the energy
of output noise.

Only first order and second-order digital filters are used in the encoder.

The encoder selects which predictor is most suitable in the manner defined below.

- The predictor adaptation unit in Figures IV.12 and IV.13 compares the peak value
of the prediction errors sampled over 28 samples in a sound unit and then selects

the filter which generates the minimum peak.

- Prediction errors which are chosen are gain-controlled (normalized by their
maximum value) and noise shaping is executed at the same time.

As a result of the above mentioned strategy, first-order and second order filters are
used for signals in the low and middle frequencies and the straight pass through
filter is used for high frequency signals. This is done in order to obtain a high
instantaneous Signal/Noise ratio.

Different strategies of selecting filters are allowed. The above set is only one
approach.

All data processing has to be done in 2's complement code with a sufficient number
of bits to avoid extra quantization distortion.

The quantizer output of 4- or 8-bit audio data is a rounded value when inputted.
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Figure IV.13 General configuration of the ADPCM

Sampled Audio Data Input (once for mono, twice for stereo)

I I I !

Predictor Predictor Predictor Predictor
Unit 0 Unit 1 Unit 2 Unit 3

Peak
Value

PD, PD, PD,

VY _ ¥ A 4 A 4 v
Filter and F - Predictor
Range Unit PD,
Selector Selector
R - + SF (to all units)
«—
y A
Noise Shaper Gain Control | R
Unit Unit
D
A4 AL
Quantizer Unit <
R = Range value
F = Filter value
PD = Predicted Data
AL = Audio Level (A,B or C)
SF = Sampling Frequency
v

Range Filter 4- or 8-bit Audio
Value Value Data Output
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4.2 ADPCM Encoder

Figure IV.13 gives the general configuration of the ADPCM encoder which needs to
be done once for mono and twice for stereo.

If the input data has been recorded with emphasis (see the CD-DA Specification,
page 1A) then the emphasis bit in the coding information byte has a value of 1;
otherwise it has the value 0.

There are four predictor units indexed here as 0 to 3 (see Figure IV.13 and VI.14).
The filter and range selector generates the values called filter (F) and range (R) (see
IV.4.3) depending on the peak values from the predictor units. The predictor unit
with the lowest peak value is selected.

The predictor selector unit sends the chosen data to the gain control unit. The gain
control unit multiplies the input data value with the gain factor 2% where R is the
range value (see 1V.4.3).

The purpose of the noise shaper unit (see Figure IV.15) is to compensate for extra
noise introduced in the predictor unit.

The output value is rounded to 8 or 4 bits of audio data in the quantizer depending
on the required audio level (A, B or C).

Figure IV.14 Predictor Unit

Input
Sample O » T [—» PD
Data
> Peak —— > Peak Value;
Hold
T, = one sample delay
T,, = 28sample delay

K, and K, are gain factors and depend on the filter selected (see 1V.4.3)

i = 0to3
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Figure IV.15 Noise Shaper Unit

Noise

Ky Shaper
Unit
Output

?

Ko

Range Value
from Quantizer Output from Quantizer Input

T, = one sample delay
K, and K, are gain factors and depend on the filter selected values.
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4.3 Sound Parameters

Figure IV.16 shows the values of the gain for the various filters of the sound
parameter and Figure IV.17 shows the range values.

Figure IV.16 Gain values for sound parameter filters

Filter K, K,

0 0 0
0.000000* | 0.000000*

1 0.9375 0
0.111100* | 0.000000*

2 1.796875 | -0.8125
1.110011* | -0.110100%

3 1.53125 -0.859375
1.100010%* | -0.110111*

(*) Base 2 rational numbers

Figure IV.17 Range values for sound quality levels

Sound Quality Levels

A

B

C

Range Values

O0to 8

O0to 12

0to 12
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IV.5 ADPCM Decoder
5.1 Audio Decoder Model

Figure IV.18 Audio Decoder Model
Ext

CD-DA (A) Left  Right
Data
(C) A l l
CD-l
Sector > ADPCM - Audiq - Left —» A_uc_Jio —» Left
Decoder » Processing Mixing
(B) Unit . » Right —» Unit > Right
yy Y 7y
(D) ; |
(© Soundmap i !
—> Unit ! !
f : :
(E) ! :
Micro  F------ : E
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The microprocessing unit can generate soundmap data from an application
program under CD-I or external control. The microprocessing unit may be
based on a CPU or a dedicated coprocessor coupled to the CPU. This is an
implementation issue.
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5.2 Audio Processing Unit

The audio processing unit (see Figure 1V.18) converts digitally coded audio
information to the analog outputs called left and right.

This unit can process audio data coming from a CD-DA track on the disc (A) or audio
data coming from the ADPCM decoder (B).

This unit also supports audio mixing and attenuation control (see 1V.6.3).

After the audio processing unit an audio mixing unit may be used to mix and/or
attenuate external audio signals (e.g. synthesizer) with CD-l generated audio under
the control of the microprocessing unit.

EaE ok SR G SR SR SR SR SR o SR ok SRSk SR S SR SR SR Sk SR S SR S SRSk SRk S SR SR SR SR Sk SR Sk SR SR S SR SRR SR ok S ok S SR S SR Sk SR SR SR ok SR ok SR SR ORGSR SR ok ok
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5.3 ADPCM Decoder

The ADPCM decoder (see Figure 1V.19) converts the CD-l audio sector encoded data
to 2's complement 16-bit PCM coded audio (B). The sampling frequency depends
however on the audio quality level used (see 1V.2).

This unit has to buffer the CD-l audio data in order to decode the time-multiplexed
signals. The input can come from the Compact Disc Control Unit (see VIII.1) directly
(C) or from a sound map in the CD-I system memory (D) (see Figure 1V.18).

A 4 or 8-bit data word is converted into a 16-bit word by the ADPCM decoder (see
Figure IV.19).

Figure IV.19 ADPCM Decoder

- 16-bit
Data » Q —>Output (B)
4pr8
bits T,

T1=o0ne sample
delay

or Range T
4 - bits 1

Filter
4 - bits

\

The multiplier G adjusts the gain of the system by means of the range value so that
the audio data is decoded into 16-bit words.

© Philips Consumer Electronics B.V., May 1994

CONFIDENTIAL IV-21



CD-I Full Functional Specification
Chapter IV Audio Data Representations

IV.5 ADPCM Decoder

The multiplier algorithm is given below.

For level A the multiplier algorithm is:
Word value = Audio data value * 2 &%

For levels B and C the multiplier algorithm is:
Word value = Audio data value * 2 "?®

In each case the Range (R) is:
Range = Range data value (see Figure IV.17)

The filter data controls the coefficients K, and K, of the filter. These coefficients are
the same as those used for the encoder (see Figure IV.15)

The output data is quantized to 16 bits by the quantizer Q. If overflow occurs then
these must be limited (clipped) to the maximum values.
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5.4 Soundmap Unit

The soundmap unit holds one or more soundmaps created by the CDFM (see Figure
IV.18). These are located in the CD-l system memory (RAM) and contain CD-I
formatted audio data. The soundmap can be filled from the Compact Disc Control
Unit (see C in Figure IV.18 or VIIl.2) or from the microprocessing unit (E). The
soundmap cannot be filled with CD-DA coded audio from the disc.

The CD-l audio sector data bytes going to the ADPCM decoder cannot be sent
concurrently to the soundmap unit.

Normally the soundmap contains, in RAM, the whole or a part of the audio part of
a real-time record. It is possible to fill one soundmap from disc (see Figure IV.18;C)
or from the micro- processing unit (see Figure IV.18; E) and, in real time, send data
to the ADPCM decoder (see Figure 1V.18;D) from another soundmap concurrently.

It is recommended that the soundmap contains an integer number of contiguous CD-
| audio sectors (each containing 18 sound groups) in RAM. The memory
representation of a soundmap is that of a contiguous set of sound groups.

Note that the 20 last unused bytes of each CD-I audio sector are, consequently, not
present in a soundmap.
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5.5 Microprocessing Unit

The microprocessing unit (see Figure IV.18) can rearrange audio data in a
soundmap. It can also generate new audio data into a soundmap under software
control for special sound effects or phonetically coded speech.
This unit is responsible for controlling the mixing and attenuation of the:

- Audio Processing Unit.

- Audio Mixing Unit.
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IV.6 Audio Data Rearrangements

6.1 Non Real-time Rearrangements

The application may create one or more soundmaps and fill them with data from the
disc or from data within the application itself. The number of soundmaps and their
size is limited only by the total amount of RAM.

If necessary, two soundmaps can be combined into a single soundmap for output
to the audio processor. Two mono soundmaps may be combined into a stereo
soundmap, or the left (or right) channel of one stereo soundmap may be combined
with the left (or right) channel of a second stereo soundmap to create a third stereo
soundmap.

The two soundmaps must always be of the same audio quality level.

When combining two large soundmaps, it is considered a non-real-time operation
because the sound is not being output as this mixing is done.
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6.2 Real-time Rearrangements

In 1V.5.4 it was stated that it is allowed to transfer CD-l audio data from disc to a
soundmap while concurrently playing back audio from a second soundmap.

By using the mixing feature of CDFM (see VII.2.2.4.2, SD_MMix and SD_SMix), it is
possible to read the data from the disc one sector at a time, mix it with a sector in
memory and output the combined data to the audio processor with only a small
delay in the audio signal. It is required that it takes less than 1/75 of a second (13
ms) to mix two one sector buffers.

This would allow an application to have a soundtrack on the disc and mix in sound
effects from soundmaps in memory (see Figure IV.20a and 20b).

In this example, the application would set the play control lists to alternate between
filling soundmap B and soundmap C. As each of these buffers is filled it is mixed
with a sector from soundmap A into soundmap D or E respectively. Finally,
soundmaps D or E are output to the audio processor.

In this manner, the actual delay in the soundtrack is less than 13 ms from its
unmixed time. To avoid a delay when initiating the soundmap mixing it is
recommended to mix the soundtrack with a sector of silence so that the delay is
constant.

Figure IV.20a Soundmaps and Real Time Audio Rearrangements

sound
effects

Figure IV.20b Real Time Audio Rearrangements Timing

Lal Al |al 1Al [a]
read data e  — e  —
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6.3 Audio Mixing Control Unit

The Audio mixing control unit, which is a part of the audio processing unit (see
Figure IV.21), consists of four attenuators between left-in and left-out, left-in and
right-out, right-in and right-out, and right-in and left-out. The attenuation is
controlled by the CDFM in steps of 1 db.

The control value for the attenuators is an 8-bit value.

If bit 7 is zero (range 0 to 127), then bit 6 to bit 0 defines the attenuation value in db.
If bit 7 is one then the signal at the output of the attenuator should be muted.
The Audio mixing control unit can control both the volume and balance for a stereo

signal and the volume and panning for two mono signals®.

Figure IV.21 Audio Mixing Control Unit

Left input ———» g/lixingl —» Left output
Right input ——» Uon?ttro —» Right output
7 Y

CDFM control >

The mixing control in the audio mixing unit (see Figure IV.18) has the same
capabilities as the audio mixing control unit of the audio processing unit defined
above.
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2 It is the responsibility of the application to define the attenuators control

values so that an output level does not exceed any of the input levels.
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IV.7 Extended Audio Playing Time

Longer playing times can be achieved in two ways. The first is by playing the CD-I
track more than once with a different channel number selected for each scan.

For level C audio, there is a maximum of 16 concurrent channels available.

Figure IV.22 is an example of longer playing time with this first approach using level

C audio.

Figure IV.22 Example of extended audio playing time using level C audio

Channel First logical Time Last logical
sector > sector
O ~~~~~~~~~~~
Ve
o e
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Real-time playback
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If the disc is replayed 16 times with 16 different channel numbers, then the total
playing time relative to a CD-DA play time will increase sixteenfold. A delay of a few
seconds may be experienced between the end of one channel and the beginning of
a new channel, depending on the length of the CD-I track.

The second way of achieving extended playing time may be achieved by filling a
soundmap with a 'non-real-time' audio record while another previously filled
soundmap is used for playback in real-time. When the last soundmap is empty the
next soundmap is used for playback and another soundmap can be filled from the
disc. In the case of level C the filling rate is, at most, a factor of 16 times faster than
the playback rate. In this example the player has to pause to keep up with the
average data rate. This method gives, for level (C) mono a total playing time of 16
times that for CD-DA without any delays.
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Chapter V Video Real-time Data Representations

V.1 General

.1 Introduction

This chapter specifies the CD-I video functions and data formats. The organisation
of the chapter is as follows. The basic visual structure and properties of images are
defined in section 2. Section 3 specifies how images are encoded, including
encoding models for the various image coding methods, and provisions for
compatibility between 525 line and 625 line display systems.

Section 4 specifies the functions of the video decoder, including the formats of
images in memory, decoding models and display control functions (the Display
Control Program, V.4.5). Section 5 specifies the CD-l visual effects, both the primary
functions available via the Display Control Program and higher level functions built
on these. Finally, the formats on disc of images and display control information are
specified in section 6.

In this chapter, the terms "path 0" and "path 1" are used interchangeably with the
terms "plane A" and "plane B".
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1.2 Bit & Byte Ordering and Reserved Conventions
Bit Ordering

In this specification, the graphical representation of all multiple-bit quantities is such
that the most significant bit is on the left and the least significant bit is on the right.

Figure V.1 Example of Bit Ordering
Example for 8 bits:

msb Isb

b7 | b6 [ b5 | b4 | b3 | b2 | b1| b0

4+—— lhyte ——»

where b = bit

Byte Ordering

Quantities which require more than 8 bits for their representation are held in more
than one byte on disc. For all such quantities, the ordering of bytes on disc (as seen
at the interface to the disc driver) is such that the Most Significant Byte is first and
the Least Significant Byte is last.

Multiple-byte quantities are represented graphically such that the left-hand-most
byte is most significant and the right-hand-most byte is least significant.

Figure V.2 Example of Multiple Byte Ordering
Example - 16 bit quantity:

MSB LSB

b15 etc. etc. b0

<4+— st byte

A

2nd byte ——»

v

Where b = bit

Multiple-byte quantities in memory are represented such that the memory address
of successive bytes increases from left to right.

Reserved

It should be noted that all bit fields that are reserved contain the symbol ¢. These
fields are set to zero in the present document.
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1.3 The Video Encoding/Decoding Chain

Figure V.3 Video Encoding/Decoding Chain

Video
DYUV
RGB Disc
Natural CLUT Pixel
Images > RL Two > Two
Encode [ PT """~~~ "77 Image Realtime
) Stores Decoders
Graphic > N >
Images y'y A
Sequencing Control
and control
program
CD-RTOS

4

(UCM)

The Video Encoding/Decoding Chain is shown in Figure V.3 above. Natural images
and graphical images are encoded according to one of a number of specified
methods (DYUV, RGB, Colour Lookup Table (CLUT) and Run-length (RL)), and the
resultant pixel data stream is placed in Form 2 video sectors on the CD-I disc along
with Form 1 data sectors containing program data for sequencing and visual effects,
and image-related data.

In the player, the program in conjunction with the User Communication Manager
(UCM, see VII.2.3), loads the pixel data into an image store, and controls its
subsequent display via a real-time video decoder. There are two image stores, each
with its own decoder, to allow two independent image planes.

UCM is specified in VI.2.3. The other parts of the encoder/ decoder chain are
specified in this chapter.
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V.2 Visual Presentation /Image Structure

2.1 General
This section describes the structure of an image as seen by the viewer.

CD-l images are intended to be displayable on standard 525 line (NTSC) or 625 line
(PAL/SECAM) televisions or monitors.

For 525 line systems, slightly different parameters are specified for monitors and TV
sets. This is in order to allow an optimized display for monitors, while guaranteeing
no loss of critical information at the edges of the screen on a TV set.

No matter how the image is stored on the disc, it is always displayable via all
decoders, whether 525 or 625 line.
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2.2 Resolution

The displayed image is a rectangular array of pixels, whose dimensions, timing and
resolution are optimized to the target 525 and 625 line display systems taking into
account the following requirements:

the Base Case System (see Chapter VIIl) has a display screen of normal '‘consumer
TV' resolution.

- the aspect ratio of pixels should be close to unity, for use with graphical
applications

- aspecified 'safety area' of the screen should have guaranteed visibility under all
circumstances

- it should be possible to display 525/625 line compatible images with minimum
distortion (<10%)

2.2.1 Normal Resolution
The Normal Resolution full-screen display dimensions for 525 and 625 line systems
are shown in Figure V.4. We will refer to these dimensions as the horizontal and

vertical display resolutions.

Figure V.4 Normal Full-screen Display Resolutions

Display Number of pixels Number of pixels
horizontally vertically
525 line monitors 360 240
525 line TVs 384 240
625 line systems 384 280

The horizontal resolution for 525 line monitors (360) is less than that for 625 line
systems (384) in order to improve the 525 line pixel aspect ratio (see Figure V.10)
and to reduce aspect ratio distortion when displaying 525/625 compatible images
(Figure V.13).

Also, the horizontal resolution for 525 line TVs (384) is greater than that for 525 line
monitors in order to ensure that the safety area is always fully displayed under
worst-case overscan conditions.
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2.2.2 Derived Resolutions

Double Resolution is defined with twice the horizontal resolution, and the same
vertical resolution, as Normal Resolution. However, the resolution of a Base Case
display screen is not sufficient to display a single pixel with full quality in Double
Resolution. Therefore, Double Resolution is aimed at improved display of graphical
images in the following two cases:

- where Double Resolution horizontal pixel pairs can give increased positional
accuracy compared with single Normal Resolution pixels.

- where a single pixel's reduced display quality in Double Resolution does not
reduce the identifiability of the graphic object or character (e.g. Kanji) to an
unacceptable level.

The display of normal and double resolution is illustrated by the following examples:

Figure V.5 Example of Normal and Double Resolution

Normal Resolution Double Resolution Double Resolution
(single pixels) (pixel pairs) (single pixels)

High Resolution is defined with twice the resolution both horizontally and vertically
as Normal Resolution. It is intended for use with high resolution display screens so
is available (with one exception, see V.4.4.9) as an extension only. Where high
resolution is available in the Base Case, it must be used with restrictions as specified
above for double resolution, but applied in the vertical as well as the horizontal
direction.

kR ak G SR SR SR SR SR SR SR o SR ok SR Ok SR S SR SR SR SR SR S SR S SRSk SRR SRR SR SR SR SR SR SR Sk SRSk SRR SR SR ok SR SR S ok SR SR S SR Sk Sk SR SR ok SR ok SR Sk ok G SR ok ok ok

These formats are derived from the Normal Resolution by multiplication by the
factors in the Figure V.3.
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Figure V.6

Horizontal/Vertical Multiplication Factors for Resolutions

Resolution Horizontal Factor Vertical Factor
Normal 1 1
Double 2 1
High 2 2
Examples:

- Double Resolution for 525 line monitors =720 x 240 pixels
- High Resolution for 625 line systems =768 x 560 pixels
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2.3 Safety Area

In order to prevent the loss of vital information (e.g. text) the concept of a '‘Safety
Area' is introduced. The Safety Area, shown in Figure V.7, is defined as a reduced
area on the screen surface, where display of information is guaranteed despite all
tolerance values that can occur in monitors and TV sets.

Figure V.7 Safety Area

Full-Screen Display
Screen Boundary
Safety Area

A

A

A

The dimensions of the Display Safety Area, in Normal Resolution, are shown in
Figure V.8.

Figure V.8 Safety Area Dimensions in Normal Resolution

Display Number of pixels Number of pixels
horizontally vertically
525 line systems 320 210
625 line systems 320 250

These figures must be multiplied by the factors in Figure V.6 for other resolutions.
For example, for 625 line systems and High Resolution, the Safety Area is 640 x 500
pixels.
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2.4 Recommended Display Timing

The full active line scan period (52.4 ps) is recommended for use in 525 line systems.
For 625 line systems, it is recommended that the horizontal display period is
compressed to 50 ps. This improves the aspect ratio distortion of 525/625 line
compatible images, while still ensuring that the whole screen is filled under worst
case display system scanning tolerances.

Thus the recommended horizontal timings are shown in Figure V.9.

Figure V.9 Recommended Horizontal Display Timings

Time in ps foix (MHZ)
Display Full Screen Safety Area
525 line monitors 52.4 46.6 6.87
525 line TVs 52.4 43.7 7.32
625 line systems 50 41.7 7.68

f . = Pixel clock frequency

pix
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2.4.1 Pixel Aspect Ratios

For display of computer graphic images, a close approach to square pixels is
desirable. The pixel aspect ratios for 525 and 625 line systems, using the
recommended horizontal timings in Figure V.9, are computed as follows

Aspect Ratio = Pixel Height / Pixel Width

pixel clock frequency * 52.4 ps 3

Number of active lines 4
where the number of active lines = 242.5 (525 lines)
= 287.5 (625 lines)

The pixel aspect ratios are shown in Figure V.10.

Figure V.10 Pixel Aspect Ratios

Display Aspect Ratio
525 line monitors 1.11
525 line TVs 1.19
625 line systems 1.05
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2.5 Image Sizes

Images may be encoded and displayed which are larger than full-screen, either
horizontally, vertically or both. In this case only a part of the image is displayed at
any time. This part may be positioned anywhere within the image (with some
restrictions for some coding methods, see V.5.3)

Images with sizes smaller than full-screen may also be encoded. However, if the
width of an image is smaller than the full-screen width, it may not be displayed
directly, but only as a partial update to an image which has at least full-screen width
(see V.5.4). If the height of an image is less than full-screen height, but it has width
greater than or equal to full-screen width, it may be displayed as a subscreen (See
V.2.7).
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2.6 Planes

The displayed image may be formed by the superimposition of a number of
component images, which are considered to be displayed on up to 4 separate planes
placed one behind the other as shown in Figure V.11.

One or two image planes are defined, depending on the coding scheme used for the
images (see V.4.3).

Figure V.11 Displayed Image Formed from Superimposed Planes

A

Backdrop / External
Video

A

1 or 2 Image Planes

A

Cursor Plane

The Backdrop plane may be external video (extended case only), or a constant color.

This color must be the same over the whole of any horizontal line, but may be
different for different lines.

The cursor plane has dimensions less than those of the image planes, but may be
positioned at any coordinate over the other planes. (If a larger cursor is required, it
can be generated by software techniques in an image plane).
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2.7 Subscreens

An image plane may be split up into an arbitrary number of horizontal strips or
subscreens. Subscreens may be any height from one line to the height of the screen.
Different planes may be split into differently sized subscreens. An example of
Subscreens is shown in Figure V.12.

Figure V.12 Example of the Use of Subscreens

Subscreen 1

Subscreen 2

Each subscreen may contain an image of different coding type and/or resolution.

Example: Subscreen 1 - Normal Resolution natural image
Subscreen 2 - Double Resolution text/graphics
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V.3 Image Encoding

This section specifies the way that images are encoded, i.e. the image coding
techniques and algorithms that are used. For the details of the coding formats on
disc, see V.6.

3.1 Image Formats
3.1.1 525 and 625 Line Dedicated Formats
Two different image encoding formats are specified, differing in size. These are:

1. a 525 line dedicated format comprising 360 x 240 pixels in normal resolution and
corresponding to the 525 line monitor format.

2. a 625 line dedicated format comprising 384 x 280 pixels in normal resolution and
corresponding to the 625 line format.

These formats are intended for use where distortion in aspect ratio, or direct
coupling to other equipment using 525 or 625 line formats are important factors.
They have zero aspect ratio distortion on 525 line monitors and 625 line systems
respectively. For local markets, this type of format gives simplicity in the authoring
stage.

3.1.2 525/625 Line Compatible Format

For non-local and international markets, a minimal distortion ‘Compatible' format
is specified. Discs with images coded to this format can be distributed worldwide
with only small distortions in aspect ratio ( +/-3% for 525 line monitors and 625 line
systems). Experiments have shown that distortions of up to +/-10% are typically not
noticed when no direct comparison to the original can be made.

The Compatible format has dimensions the same as for 625 line format, but a
horizontal 'stretch' or pre-distortion of the image is applied to equalize the aspect
ratio distortions for 525 line monitors and 625 line displays. To achieve this, the
encoder horizontal timing is specified such that the pixel aspect ratio is the
geometric mean of that for 525 line monitors and 625 line systems, (Figure V.10).

Compatible aspect ratio = v(1.05 * 1.11) = 1.08

This gives an aspect ratio distortion of +/-3.0%.
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Figure V.13 shows the aspect ratio distortion for each format, when displayed on the
three target systems.

Figure V.13 Aspect Ratio Distortions

Display of Target System
Format 525 line monitors 525 line TVs 625 line systems
525 line 0 +7 -6
625 line +6 +13 0
Compatible +3.0 +10 -3.0

For a definition of the term ‘Compatible’, see V 3.1.4.
3.1.3 Other Image Formats

The image formats specified above are supported by all decoders, with minimum
application involvement. However, images may also be encoded to 525 line TV
format, i.e. 384 x 240. See V.4.8 and Appendix V.2.

The aspect ratio pre-distortion employed for the Compatible format may also be
applied to the 525 line format to improve the aspect ratio distortion when viewed on
a 625 line decoder.

In this case, the pre-distortion required is a 3% horizontal 'squeeze' rather than a
'stretch’, corresponding to a 3% decrease in effective encoding pixel clock frequency.
The aspect ratio distortions of this format on the three target systems are the same
as for the Compatible format.
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3.1.4 Meaning of 'Compatibility"

It is mandatory that all CD-I discs 'work' on all CD-I decoders. By this is meant:
- all essential information is presented to the user

- the user has access to all functions of the application on disc.

This capability is the responsibility of the application, with some help from the
decoder hardware and system software (see e.g. Appendix V.2). The main
implication of this for images is that their safety areas must be fully visible on all
decoders. In this sense, all images however encoded, are ‘compatible’.

However, this specification reserves the term 'Compatible' to apply to the
‘Compatible format' specified in V.3.1.2. This format has the additional virtues of
both minimum aspect ratio distortion on all decoders, and of being 'full screen
height' on all decoders.
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3.2 Encoder Timing and Image Sizes

The horizontal dimensions and timing for encoding of the three main image formats
in Normal Resolution are as shown in Figure V.14.

Figure V.14 Horizontal Resolutions and Timing for Image Encoding in Normal

Resolution
Full Screen Safety Area fone (MHZ)
Format No. of Time in No. of Time in
Pixels ps Pixels ps
525 line 360 52.4 320 46.6 6.87
625 line 384 50.0 320 41.7 7.68
Compatible 384 48.6 320 40.5 7.90

f... = pixel encoding clock frequency.

enc

The pixel numbers must be multiplied by the factors in Figure V.6 for other
resolutions. These encoder timings may represent actual encoder clock frequencies
or effective clock frequencies achieved by digital filtering and subsampling.

The vertical dimensions on disc of full-screen images and their safety areas for the
three formats, are shown in Figure V.15.

Figure V.15 Vertical Dimensions of Full and Safety Area Images

Note that the height of the safety area of all three encoding formats is 210 lines, to

Format Full Screen Safety Area
525 line 240 210
625 line 280 210
Compatible 280 210

ensure visibility in the case of display on a 525 line decoder.

All images are coded on disc to their individual dimensions (e.g. a 525 line full

image is coded as 360 x 240 pixel codes on disc; see V.6.4.1).
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3.3 Image Coding Methods

A number of different image coding methods are specified, each optimized to a
different image type (natural image, computer graphics, text etc.)

The image coding and compression schemes take into account what is possible in
consumer products, e.g. the decoders do not require excessive computing power.
For ease of implementation, binary values are used for the width of the necessary
data streams.

Natural (photographic) images may be encoded by a differential method (DYUV)
which takes advantage of the statistical properties of natural pictures, plus the
properties of the human eye, to achieve compression by a factor of 3. An extension
of this coding scheme (DYUV + QHY) is available for high resolution natural images
in the Extended Case; this achieves compression of typically 9 - 10.

Computer Graphics and bit-mapped text may be encoded as absolute RGB
components (RGB555) or by use of a restricted number of colors contained in a Color
Lookup Table (CLUT)

Cartoon Style Images may be compressed using one-dimensional runlength (RL)
coding. The high degree of compression achieved, typically 8 - 12 greater than CLUT
coding alone, allows full screen animation of suitable material.

For the allowed resolutions of each coding method see V.4.4.9.

© Philips Consumer Electronics B.V., May 1994

CONFIDENTIAL V-18



CD-I Full Functional Specification
Chapter V Video Real-time Data Representations

V.3 Image Encoding

3.4 Natural Images: DYUV

Digitized natural images typically have a high correlation between adjacent pixel
values. Encoding the differences between successive pixels, instead of coding the
pixel values themselves, results in a significant improvement in efficiency. This is
known as delta coding.

A further improvement can be obtained by exploiting the fact that the human eye
is less sensitive to spatial colour variations than to intensity variations. This makes
it possible to code the chrominance components (U & V) of an image with less
bandwidth than the luminance component (Y).

The combined coding scheme is called DELTA-YUV or DYUV. The principal
parameters selected are:

- One dimensional prediction.
- The bandwidth for U and V is 0.5 the bandwidth for Y.
- A non-uniform 16 level fixed quantizer is used.

3.4.1 DYUV Encoding Model
The coding scheme is shown in Figure V.16. A general description is given below.

RGB signals from a suitable analogue source are digitized at a sampling rate in
accordance with one of the standards given in V.3.2, to give high resolution eight bit
pcm RGB source images. The RGB images are matrixed to give YUV images which
are then sub-sampled vertically and horizontally.

Prior to sub-sampling it is necessary to filter the images with an appropriate two
dimensional anti-aliasing filter. The sub-sampled Y, U and V images are separately
coded as four bit delta images which are subsequently combined for storage on the
disk.

The final encoded image has 8 bits/pixel, or 16 bits per pixel pair, which is the basic
indivisible encoding unit. For disc and decoder formats see V.6.5.1 and V.4.4.2
respectively.
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3.4.1.1 Matrixing and Normalisation

Matrixing of the RGB signals to YUV follows standard video practice. The defining
equations are:

Y =0.299*R+0.587 *G+0.114 * B
U =0564*(B-Y)
V =0713*(R-Y)

The normalizing factors are chosen such that if the range of the RGB signals is 0...1
then the range of the Y signal is 0...1 and the range of the U and V signals is -
0.5...+0.5

In order to allow a safety margin to guard against overshoot and undershoot
resulting from filtering, the ranges of the Y_, U, and V, binary components, which are
coded as eight bit values, are restricted in accordance with CCIR recommendation
601.1 such that the range of the Y_signal is 16 (black) to 235 (peak white). The range
of the U, and V, signals is from 16 to 240 with an offset of 128. These values are
summarised in Appendix V.1.

The equations for the coded and normalized values of Y, U and V are given by:

Y, =219*Y + 16
U, =224 * U + 128
V, =224 %V + 128

The matrixing and normalization of the YUV values is thus completely defined by the
following encoding equations :

Y., = 665*R+1285*G+ 25.0*B+ 16
-37.8*R - 74.2* G+ 112.0* B + 128
. =1120*R - 93.8*G- 18.2*B + 128

<Cc
i

Figure V.16 shows the encoding scheme for DYUV images
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Figure V.16 Encoding Scheme for DYUV Images
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3.4.1.2 Filtering and Sub-sampling

It is assumed that source images have been digitized at High Resolution. In order
to code images at Normal Resolution it is necessary to sub-sample the source image.
Sub-sampling is by a factor of two in the vertical direction both for the Y image and
the UV images. The Y image is sub-sampled by a factor 2 horizontally and the UV
images are sub-sampled horizontally by a factor 4.

The sub-sampling phase relationships in the horizontal direction are shown in Figure
V.17.

Figure V.17

Sub-sampling Phase Relationships in the Horizontal Direction

High Res pixel nr. 01 2 3 45 6 7 8 9 1011 12.
Normal Res pixel nr. 0 1 2 3 4 5 6..
Luminance Y Y Y Y Y Y Y..
Chrominance uv uv uv UVv..
Pixel pair e e B B B T

nr. = number

Vertical subsampling is the same for Y, U and V components and is on even line
numbers i.e. line numbers 0, 2, 4, ... etc.

In order to reduce the effects of signal aliasing it is necessary to filter the Y, U and
V images prior to sub-sampling. It is recommended that digital filtering by means
of FIR (Finite Impulse Response) filters is used, or some equivalent method that does
not adversely affect the relative phases of the images. The CCIR signal levels (see
Appendix V.1) allow some degree of overshoot or undershoot, resulting from
filtering, but it is the responsibility of the filtering apparatus to constrain the
magnitude of the filtered and subsampled images within the bounds 0...255.
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3.4.1.3 Delta Coding

The components Y, U and V are separately coded using identical delta coding
algorithms. Coding is by delta pcm using a one dimensional horizontal scheme.

For each component, the 4 bit transmitted code c,, for the nth pixel is the encoded
quantized difference between the true value V, for the nth pixel and the prediction
value P, for the nth pixel. The quantizing and coding table is defined in Figure V.18.
Let Qf() denote quantization of difference values and coding according to that table
and Qf'() denote decoding of code values to quantized difference values according
to this table.

e, =Qf(V,-P,)
The prediction value P, is equal to the decoded value F_, for the previous pixel.
2) I:)n = Fn—1

The decoded value F, is calculated as the sum of the prediction value P and the
decoded quantized difference value. The sum is performed modulo 256.

3)F, =P. + Qf'(¢c, )
-F_, +Qf'(c,)

The initial prediction value of P for each line is defined independently and
transmitted separately as an absolute 8 bit value P,

4‘) PO = I:)abs

Data compression is achieved by using a non-uniform quantizer. A 16 level quantizer
is used and so 4 bits per sample are transmitted. The scheme is non-adaptive and
thus the quantizer is fixed as shown below. The same quantizer is used for
luminance and both chrominance signals.

Because of the modulo 256 arithmetic that is employed, each output value is capable
of representing a positive or, by means of wraparound, a negative quantized
difference.
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Figure V.18 Quantizing and Coding Table for Delta Coding

Input Difference Code | Output Difference

0 0 0
1...... 2 - (254...255) 1 1
3...... 6 - (250...253) 2 4
7..... 12 -(244...249) 3 9
13.... 21 - (235...243) 4 16
22....35 -(221...234) 5 27
36.... 61 - (195...220) 6 44
62.... 99 - (157...194) 7 79
100...156 - (100...156) 8 128
156...194 -( 62...99) 9 177
195...220 -( 36...61) 10 212
221...234 -( 22... 35) 11 229
235...243 -( 13...21) 12 240
244...249 -( 7..12) 13 247
250...253 -( 3..6) 14 252
254...255 -( 1...2) 15 255

Overflow: It is essential that the process of quantization does not result in
inadvertent overflow or underflow (wraparound) of the decoded output as a result
of errors intrinsic in the quantization process.
responsible for checking as the coding progresses that the true sum of the prediction
value plus the quantized difference value is not outside the limits 0..255. In the event
of these limits being exceeded, an adjacent quantized difference value must be
substituted which will not cause overflow or underflow.

The coding apparatus must be
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3.5 High Resolution Natural Images DYUV+QHY

In the Extended Case, High Resolution natural images may be encoded.

The DYUV method described in V.3.4.1 may be used for High Resolution natural
images by doubling the horizontal and vertical sampling frequencies. This method
gives the highest quality images. However the size of the encoded image is four
times that for Normal Resolution. For compatibility, the image must, typically, be
accompanied by a Normal Resolution image (see V.6.4.4). In this case the total size
on disc and the loading time are both five times that for Normal Resolution.

The Quantized High Y (QHY) coding scheme described here allows these storage and
loading times to be substantially decreased, while providing subjective quality close
to that of full High Resolution DYUV.

3.5.1 The Coding Scheme

The elements of the method are as follows (see Figure V.19).

The source image is digitized at High Resolution, matrixed to YUV, and filtered
horizontally and vertically to give a Normal Resolution image, which is DYUV coded
as described in V.3.4.1. The sub-sampling phases are as described there.

The Y component of the DYUV coded Normal Resolution image is decoded by the
standard method and expanded by means of a 2 dimensional interpolation filter.
This gives an image having the same number of picture elements as a High
Resolution image but only the spatial resolution of the Normal Resolution image.

The interpolated Normal Resolution Y image is subtracted pixel by pixel from the
original High Resolution Y image to give a Y difference image, representing both the
high frequency component of the luminance and the DPCM quantization errors. This
difference image tends to have large values only near sharp edges in the source
image; its favourable statistics enable it to be very efficiently coded.
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The difference values are quantized and the resulting quantized values are runlength
coded to give an auxiliary set of image data, the QHY (Quantized High Y) data.

To display a High Resolution DYUV+QHY image the DYUV Normal Resolution image
is decoded and interpolated to give a filtered Y image identical with that derived by
the encoder. The runlength coded QHY image is decoded to give a High Resolution
Y difference image. Adding the difference image to the filtered image gives rise to
a restored High Resolution Y image that has good visual fidelity to the original
source Y image.

Apart from interpolation, it is not necessary to process the U and V data, as the
normal resolution U and V images are already of sufficiently high bandwidth.
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Figure V.19 Coding Scheme for High Resolution DYUV + QHY

High resolution RGB source image
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v
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3.5.2 Encoding the QHY Data

The two-dimensional interpolation filter used in the encoder and decoder has the
coefficients shown below in Figure V.20. This filter performs simple linear
interpolation both horizontally and vertically. It is separable in the two dimensions
and is designed to be simply implementable.

Figure V.20 Two-dimensional Interpolation Filter Coefficients used in the
Encoder/Decoder

0.25 0.5 0.25
0.5 1.0 0.5
0.25 0.5 0.25

The filtered High Resolution image is constructed by inserting zeros between the
Normal Resolution pixel values both vertically and horizontally, then by filtering with
a 2-dimensional FIR (Finite Impulse Response) filter with coefficients shown in Figure
V.20.

The Y difference values are coded with a 3-bit (8 level) quantizer (defined below) to
give the QHY codes. These codes are then runlength coded as pairs of three-bit
values to give the QHY data. The runlength coding format is the same as for run-
coded 3-bit CLUT (RL3) images and makes use of the first 8 entries of CLUT bank 2
(see V.4.4.7). Disc and decoder formats are described in V.6.5.1.2 and V.4.4.3
respectively.

3.5.3 QHY Quantization Levels

The quantization levels are transmitted to the decoder along with the image (see
Figure V.32). Therefore they may be chosen so as to best match particular images
, or parts of images. Alternatively, a fixed set of levels may be used which is
optimized for a range of source material. The choice of the threshold range for the
zero quantization level has a particularly important effect on the degree of data
compression that may be achieved. With typical source material and threshold
levels, runlength compression results in an order of magnitude compression of the
QHY data.

A typical set of quantization levels with their associated code values are shown in
Figure V.21. In this example, QHY code 7 is used for run-coded text that is added to
the high resolution image in areas of uniform brightness.
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Figure V.21?

Typical QHY Quantization Levels with Associated Code Values

Difference value | Quantization levels | Coded value | QHY
Q QL Code
6... 6 0 128 0
7 ... 12 8 132 1
13.... 20 16 136 2
21 .... 265 24 140 3
-7 ... -12 -8 124 4
-13 ... -20 -16 120 5
-21 ....-255 -24 116 6
Text 140 198 7

kR ak SR SR SR Sk SR SR SR R SR ok SR ok SR S SR SR SR Sk SR S SR SR SRSk SRk S SR SR SR SR SR SR Sk SRR SR SR SRR SR ok G ok SR SR S SR Sk SR SR SR ok SR ok SR ok Sk ok G SR ok ok ok

These levels are shown for the purpose of illustration, and may be varied
to optimise the encoding of individual images or parts of images.

Quantization levels may take any even value in the range -256 ...254. Each
level is coded as a single byte in offset binary form. If the level has a value
Q, the coded value QL is given by

QL=Q/2+128

The coded values QL are coded on disc in the same way as that used for
CLUT values. For disc and decoder formats see V.6.5.1.2 and V.4.4.3.4
respectively.
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3.6 Graphics and Text

3.6.1 General

There are two fundamentally different methods of creating graphics or text on the
screen.

- Downloading from disc the complete resultant image. This is described in this
chapter and is mainly used for real-time or complex graphic images.

- Creating from a more compact representation which can be interpreted by
system software. This is the preferred method for text and is used for simple
graphic images. The methods specified for CD-I are given in VI.3.1 (text) and
VII.2.3.2.9 (UCM).

For the direct downloading of graphic images, both direct absolute RGB coding and
indirect CLUT (Color Lookup Table) coding are available.
3.6.2 Absolute RGB
Images can be coded in R, G, B to an accuracy of 5 bits for each component, plus a
remaining bit reserved for overlay information.
For each color component, the encoding law is:
C=1(219 * C, + 16)/8, rounded to the nearest integer
where C = Acolorcomponent (one of R,G,B)
C, =The corresponding analog component, in the range 0 to 1

C = 2therefore represents the black level.

For disc and decoder formats see V.6.5.2 and V.4.4.4 respectively.
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3.6.3 Color Lookup Table

This technique allows selection of a given number of colors from a much larger
palette. The set of colors to be used for the image is loaded into a Color Lookup
Table (CLUT) in the decoder.

Each pixel is then coded with the position in the CLUT of the color for that pixel.
The colors in the CLUT may be chosen from a palette of 2% colors, i.e. R, G and B are
each defined at 8-bit accuracy.

The CD-I system uses the following CLUT sizes

Figure V.22 CLUT Sizes

Mechanism | Colors Available path Purpose
8-bit 256 colors path 0 only CLUTS
7-biy 128 colors path 0 and/or path 1 | CLUT7, RL7
Dual 7-bit 128 x 2 colors | path 0 only CLUT7, RL7
4-bit 16 colors path 0 and/or path 1 | CLUT4
3-bit 8 colors path 0 and/or path 1 | RL3

The available number of colors may be expanded by dynamic loading of new colors
on a line by line basis.

For disc and decoder formats see V.6.5.3 and V.4.4.5 respectively.
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3.7 Runlength Coding

Images may be runlength coded, with either 7 bits or 3 bits of color. The high degree
of data compression may be used for animation of cartoon style images.

3.7.1 Run-coded 7-bit CLUT (RL7)

Single pixels are coded as single bytes, giving the CLUT code for that pixel. A run
of pixels of the same color is coded as two bytes, the CLUT code and the length of
the run (from 2 to 255). A length of zero is used to indicate that the run extends until
the end of the current line. All lines must be terminated with this code as an end
marker. The coding is strictly on a line basis, so that there is no wraparound to the
next line.

This scheme ensures that the compression ratio is never less than 1. It is typically
of the order of 10 for cartoon style images.

RL7 may be used with a single 7-bit CLUT or with dual 7-bit CLUTs (see V.5.5.3).

Dynamic CLUT updates (see V.5.5.2) may be used to increase the number of colors
in a run-coded image.

3.7.2 Run-coded 3-bit CLUT (RL3)

The same coding scheme is used as for 7 bit runlength coding, except that the pixels
are coded in pairs, one byte holding two 3-bit CLUT codes. The runlength specifies
the number of times the pixel pair is repeated.

For disc and decoder formats see V.6.5.4 and V.4.4.6 respectively.
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V.4 The Video Decoder

4.1 General Description

The following functional block diagrams show the operation of the video decoder.
Figure V.23 shows the high-level functions, and the Figures V.24 to V.27 show the
operation of each block in more detail.

The diagrams are intended as a decoder model. They indicate the functions

performed, and may, but need not, represent the actual hardware implementation
in any particular decoder.

Figure V.23 Video Decoder Model

External Video
Display [

<« Control0 |—»

Image |8/4 8/4 . Plane
Real-time
| . | . -
Com- RGE OVtzlay Analog
biner ¢ — RGB
Mixer Video
Image |(8/4 8/4/16 : P|
Real-time ane
—> St —> | > — g —>]
c:'l)re ! ' Path 1 Decoder B
<+ Display —»
Control 1 |—

Video data from
disc or program

Image data for display is held in two image stores. Video data is loaded into one or
both stores from disc or program. Each image store provides a real-time data
stream at display scan rate from the image data that it holds. This data stream is 8
or 4 bits wide, depending on the resolution required. In the Base Case, only 4 bits
are available at Double Resolution, and 8 at Normal Resolution.
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The decoder contains two display paths, and the two data streams are normally used
independently by these paths. However two 8-bit data streams may be combined to
form one 16-bit stream in path 1.

Display paths 0 & 1 are decoded to RGB image planes A & B by two real-time

decoders one of which is shown in Figure V.24.

Figure V.24 Real-Time Decoder

CLUT shared with

other path
(path 0 only) — 8 256
7/4 entry
i >  CLUT >
. 8 DYUV
Display ——» f " Decod »— A or B—» RGB
Path ecoder
16
| » RGB 555 >
(path 1 only)
4
| > QHY 4
! Decoder

(path 1 only; Extended Case)

The image planes may be overlayed in any order on the screen (Figure V.25).
Portions of the planes may be made transparent, in order to see the plane(s) behind
them; this may be done by several mechanisms including color keying. Alternatively
the planes may be mixed, that is their contents summed.

The contribution factor of each plane to the final displayed image is adjustable via
an Image Contribution Factor. This may be used with either overlay or mixing.
Finally, the cursor is overlayed on top of the image, and the backdrop (or, as an
extension, external video) is displayed wherever both image planes are transparent.
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Figure V.25 Overlay and Mixer

External Video
(extended case only)

Cursor
Control
Analog
Backdrop/ l RGB
Pixel Video
A * Hold e — —
Plane T——
Planes Mosaics Mixer
Overlay
B > Pixel >
Hold NVDS
\ 4 v ? T
ColorKey& Overlay Cursor
Transparancy | Control ICF Memory
&
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ICF  =Image Contribution Factors

NVDS = Negated Video Data Select
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Display control is performed by means of a display control program associated with
each path, which includes display line start pointers (see V.4.5).

A number of visual effects facilities are provided, such as mosaics and mattes.
These are specified in V.5.

Figure V.26 Image Store

Mosaic
Pixel Repeat
; 8/4
Video Image / 8/4 Display
Data in Memory Data
Runlength
T Decoder
Image (see V.4.4.6)
Pointer

T

Display Line Start Pointer
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Figure V.27 Display Control using the Display Control Program

To Image Store
A

Display Line
Start Pointer
Control Control Program line pointer
Program Pointer
Control
A 4 Functions
Display Control o (see V.4.5) )
Program )
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4.2 Display Scanning

The video decoder scan timing is such as to drive a standard 525 line (typically 60Hz)
or 625 line (typically 50Hz) television display, with two fields per frame. For overlay
over external video, the display must be capable of interlace.

If any other form of display system is used, it must simulate this timing from the
point of view of the decoder.

In the extended case, High Resolution images may be displayed with two interlaced
fields per frame, or line sequentially. Note, however, that the order of execution of
commands in the Display Control Program (DCP) (see V.4.6) will be different in these
two cases. Applications should take this into account, and construct DCPs whose
effects are independent of this order.
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4.3 Planes and Paths

The two path organization and the allowed data stream combinations described in
V.4.1 imply the following possible combinations of image planes as shown in Figure
V.28.

Figure V.28 Possible Combinations of Image Planes

B B
A

4 or 8 bits per plane 16 bits

Although the A plane is shown 'in front of' the B plane, the order of the planes may
be set arbitrarily.

The cursor and backdrop planes are of course also present, as shown in Figure V.11.

4.4 Image Representation and Decoding

4.4.1 General

4.4.1.1 Representations in Memory

Each horizontal line of pixels is represented in memory by a contiguous sequence
of pixel codes at increasing memory addresses from left to right. However,
consecutive lines of an image are not necessarily contiguous in memory.

In the case of RGB555 images which require combined data streams from the two
image stores, each pixel code is split into two halves, each of which is arranged in

such a contiguous sequence.

Notation: In this section, pixels are numbered consecutively from left to right as
displayed. For bit and byte ordering conventions see V.1.2.
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4.4.1.2 RGB Levels

All images, encoded by whatever method, are decoded (in terms of this model) to
a uniform 8-bit linear representation of the Red, Green and Blue color components.
For each component, black level is at 16 and nominal peak (white) level is at 235.
The analog output is given by:
C, =(C-16)/219
where C, = An analog component (one of R,G,B)
= The corresponding digital component.

As the range of C is from 0-255, the range of C, is -0.073 to 1.091.

4.4.2 DYUV

4.4.2.1 Representation in Memory

Each pixel pair (pixels i & i+1) is coded as two bytes as follows:

Figure V.29 Pixel Pair Coding Scheme

5U,(3-0) | BY,(3-0) | ®V(3-00 | dY,,(3-0)
15 12 11 8 7 4 3 0

where i must be even. The pixel pair starts at an even X coordinate and at an even
memory address.

oY = 4 bit luminance difference code.
OU,8V = 4 bit chrominance difference codes.
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4.4.2.2 Decoding Model

The process of decoding DYUV coded images is as shown in Figure V.30. The
composite data in memory is separated into its delta pcm coded Y, U and V
components. Each of the three components is decoded by a DPCM decoder to give
an eight bit pcm image. Due to the subsampling the U and V images are only half
resolution horizontally. It is thus necessary to interpolate the missing values. The
normal resolution Y image Y, is matrixed with the interpolated U, and V_images to
give the eight bit digital RGB signals R'G'B'.

Figure V.30 DYUV Coded Image Decoding Process

data from disk

+3Y 48U ¢6v
Delta decoder Delta decoder Delta decoder
A y
Interpolate Interpolate
Y. U, V.
\ 4 A 4 A

Matrix YUV to RGB

i R'G'B'
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Delta decoding

For each component Y, U and V, the same decoding scheme is used. For each
picture element along a horizontal line the decoded value F, is obtained from the
coded value ¢, by adding the decoded difference value Qf'( ¢, ) to the prediction
value P,. The prediction value P, is equal to the previous decoded value F, _,, except
for the first element of the line, where the prediction value is set equal to the
separately defined absolute value P,,.

F.=F,,+Qf'(c,) ifn>0
Fo=P..+Qf'(c,)
The notation used above is the same as that defined in V.3.4.1.

The same quantization table (Figure V.18) is used for defining the decoding function
Qf () as is used for encoding.

Addition is by modulo 256 arithmetic.

Interpolation of U and V

The values of U and V obtained from the delta decoder are at only half the horizontal
resolution of the Y values, and so must be interpolated. Care must be taken to
ensure that the inter-polation filter, which may perform simple linear interpolation,
preserves the encoding phase relationships of V.3.4.1.2.
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Matrixing of YUV to RGB

The Y value and the interpolated U and V values are matrixed to give RGB values.
The matrix equations are given below.

If the decoded values of YUV are Y, U, V, the values must first be de-normalised.

U' =(U,-128) * 1.733

V' =(V,.-128) * 1.371
then

B'" =Y, +(U_-128) * 1.733

R' =Y, +(V,-128) * 1.371

G' =(Y,-0.299 *R'-0.114 * B') / 0.587
NOTE:

The decoded values R'G'B' will have nominal black levels of 16. Total excursions are
in the range 0...255.

4.4.2.3 DYUV Absolute Start Values

The initial values of Y, U & V for each line (P, in the above equation for delta
coding), are transmitted separately to the decoder and loaded via the display control
program (V.4.5.1).
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4.4.3 High Resolution DYUV+QHY
4.4.3.1 Representation in Memory

The DYUV component is held in memory in the Normal Resolution format.
The QHY format is the same as for run-coded 3-bit CLUT.

Figure V.31 QHY pixel pair scheme

Pixel pair: 0 Hi(2-0) 1 H: ..(2-0)

7 6 4 3 0
Run of pixel pairs:
1 Hi(2-0) 0 H; ..(2-0) Li(7-0)
15 14 12 11 10 8 7 0

even
3 bit QHY code
8

i
H
L bit run length = Number of pixel pairs in run.

where 2 < L < 265 and L = 1 is forbidden.
L = 0 means 'Continue this run to the end of the line'.

Every displayed line must finish with a zero-length run (L=0). This run must start no
later than the last-but-one pixel-pair to be displayed, i.e. it must start no later than
pixel-pair 383 for a 625/compatible image, or pixel-pair 359 for a 525 line image.
This means that the displayed line must have at least two identical pairs of QHY
codes at its right hand end.

4.4.3.2 Decoding Model

The process of decoding the QHY High Resolution mode is shown in Figure V.32.
The DYUV Normal Resolution image is decoded as described in V.4.4.2.2 so as to
give Normal Resolution Y, U and V components. These are expanded by the
interpolation filter of Figure V.20 to give filtered High Resolution components Y;, U;
and V; which are then matrixed to give filtered High Resolution components R;, G;
and B;.
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The runlength encoded QHY data is decoded using the table of quantization values
transmitted with the image so as to give the High Resolution difference data.

An indirect method of summing the QHY data with the filtered Y data is used.
Instead of decoding the QHY codes to a single Y, difference value, equivalent RGB
difference values R, B,, and G, are derived which are summed with R;, G; and B;
to give a restored High Resolution image R,,G,,B,. This operation is equivalent to
summing the value Y, with the filtered value Y; prior to matrixing, provided that

The RGB difference values are given by
th=(QLred'128)*2 th=(OLgreen_128)*2 th=(OLque'128)*2

Figure V.32 QHY High Resolution Mode Decoding Process

QHY Quantization Levels DYUV
l (QLred, QI—green: Cll—blue) l
Runlength decoder DPCM decoders
Y, U,V
A A 4 A 4
Decode quantizer codes Interpolation filter
Rgnh. Ggh, Bgn| High Resolution Y:, U, V¢| High Resolution
A 4
YUV to RGB
Matrix
|
v v

R¢, G¢, Bf High Resolution
Adder

v

Rh, Gn, Bn High Resolution
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4.4.3.3 Use of QHY for High Resolution Graphics

Because of the manner in which the QHY data is added to the DYUV data after
matrixing to RGB it is possible to optionally use the QHY data for encoding high
resolution graphics, simultaneously with its use for high resolution natural pictures.
One or more of the QHY codes may be assigned in the decoder to levels which when
decoded and added to fixed DYUV decoded levels result in appropriate graphics
colours.

For this application the QHY decoder may be set to give bipolar output values which
are not equivalent to a matrixed Y, value i.e. the R, B, and G, values are not
equal. Use of this facility enables high resolution natural images to be combined
with computer generated graphics and text in a single subscreen.

4.4.3.4 Loading QHY Quantization Levels

QHY quantization levels are loaded via the Display Control Program (V.4.5.1). The
decoder uses the lowest 8 entries of CLUT bank 2 to hold these levels. The QHY
bank (bank 2) of the CLUT must be selected before loading. The instructions are:

Load QHY quantization level 0 - 7

Figure V.33 Loading QHY Quantization Level Instruction
parameter = QL,.4(7 - 0) QL,,.en(7 - 0) QL,,..(7 - 0)

green

bit 23 16 15 8 7 0

For normal QHY, QL4 = QL. = QL. = QL (see V.3.5.3), but for special graphics
applications the values may differ.

These instructions are identical to the first 8 Load CLUT color instructions for bank
2 (see Figure V.45).

Set QHY bank:
Figure V.34 Set QHY Bank Instruction

parameter = ¢ %10

bit 23 2 1 0
This instruction is identical to the Set CLUT bank instruction (see Figure V.45) for
bank 2.
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4.4.4 Absolute RGB

The 16 bit word representing each pixel is split into two halves, upper and lower, the
first in image store 0 and the second in image store 1.

Figure V.35 Memory Representation Absolute RGB

Upper: T, Il?i(4-0|) Gi(4|-3)
7 0
Lower: Gi(|2-0) ||3i(4-0|) I
7 0

R, G and B are 5 bit absolute values of Red, Green and Blue respectively. Each
component is decoded to the standard form of V.4.4.1.2 by multiplying by 8. A value

of 2 represents black level.

T is the Transparency bit (see V.5.7)
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4.4.5 CLUT
4.4.5.1 8-bit CLUT
The representation in memory is:

Figure V.36 Memory Representation 8-bit CLUT

C(7-0)

C =8 bit CLUT address.

4.4.5.2 7 bit CLUT
The representation in memory is:

Figure V.37 Memory Representation 7-bit CLUT

0 C(6-0)

C =7 bit CLUT address.

4.4.5.3 4 bit CLUT
The basic unit is the pixel pair. The representation in memory is:

Figure V.38 Memory Representation 4-bit CLUT

C|(3'0) Ci+1(3-0)
7 4 3 0

where C = 4 bit CLUT address and i must be even.
Each byte represents a pixel pair starting at an even X coordinate.
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4.4.6 Runlength Coded CLUT

Run-coded images are stored in memory in compressed form, and are expanded to
CLUT codes by a runlength decoder associated with each image store (see Figure
V.26). There is no linear relationship between pixel number and memory address.
Lines of an image are of variable length in memory. The memory representations are
given below.

4.4.6.1 Run-length coded 7-bit CLUT

Single pixels are encoded as one byte, and a run of pixels of the same color as two
bytes.

Figure V.39 Memory Representation RL 7-bit CLUT

Single pixel: 0 Ci(6-0)
7 6 0
Pixel run:
1 Ci(6-0) Li(7-0)
15 14 8 7 0

C =7 bit CLUT address,
L =8 bit run length = Number of pixels in run

where 2 < L < 265 and L = 1 is forbidden.

L = 0 means '‘Continue this run to the end of the line".

Every displayed line must finish with a zero-length run (L=0). This run must start no
later than the last-pixel-but-one to be displayed, i.e. it must start no later than pixel

383 for a 625/compatible image, or pixel 359 for a 525 line image. This means that
the displayed line must have at least two identical pixels at its right hand end.
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4.4.6.2 Run-length coded 3-bit CLUT

The same basic memory representation is used as for 7-bit CLUT, but with a different
interpretation of the pixel code byte. The 3-bit CLUT codes are converted to 4 bit
CLUT codes by appending a zero msb before they address the CLUT.

Figure V.40 Memory Representation RL 3-bit CLUT

Pixel pair: | 0 Ci(2-0) 1 Ciz1(2-0)

7 6 4 3 0
Run of pixel pairs:
1 Ci(2-0) 0 Cis1(2-0) Li(7-0)
15 14 12 11 10 8 7 0

i =even
C = 3 bit CLUT address,
L =8 bit run length = Number of pixel pairs in run

where 2 < L < 255 and L = 1 is forbidden.
L = 0 means 'Continue this run to the end of the line'.

Every displayed line must finish with a zero-length run (L=0). This run must start no
later than the last-but-one pixel-pair to be displayed, i.e. it must start no later than
pixel-pair 383 for a 625/compatible image, or pixel-pair 359 for a 525 line image.
This means that the displayed line must have at least two identical pixel-pairs at its
right hand end.
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4.4.7 CLUT Organization

The CLUT has 256 entries. In order to facilitate sharing of the CLUT between the two
paths the CLUT is divided into four banks of 64 entries each, Bank 0 to Bank 3. The
CLUT usage by the various planes is shown in Figure V.41.

Figure V.41 CLUT Organization

8-bit CLUT 7-bit CLUT 4-bit CLUT 3-bit CLUT®

63 255 127
CLUT . .
Bank 3 0 Path 1

Plane B or

63 Path 04 15
CLUT . Plane A Plane B 7 Plane B
Bank 2 0 Path O 0 0 0

Plane A

63 . 127
CLUT . .
Bank 1 0 . .

. Path 0

63 . Plane A 15
CLUT . . Plane A 7 Plane A
Bank 0 0 0 0 0 0

® May be used in path 0 for dual 7-bit CLUT
* May be used in path 0 for dual 7-bit CLUT
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4.4.8 Allowed Image Coding Combinations

The allowed image coding combinations are determined by:

(1) The bits/pixel for each plane. These are specified in the basic decoding model.
(2) The way the CLUT is shared between display paths.

(3) The data rate available in each path. This determines the allowed resolutions.
The basic set of allowed combinations, from (1) above, is:

Plane A: Off, DYUV, CLUT4, CLUT7, CLUTS, RL3, RL7.

Plane B: Off, DYUV, CLUT4, CLUT7, RL3, RL7, RGB555, QHY.

Note:

RL3 is a special case of CLUT 4, with the most significant bit set to 0 by the decoder
before CLUT lookup

Restrictions

(1) RGBb555 uses both image data streams, so it can only be used with plane A
turned off.

(2) CLUTS8 uses the whole CLUT, so it may only be used with plane B set to DYUV
or turned off.

The same restriction applies to CLUT7 and RL7 used with dual 7-bit CLUTs.

(3) QHY is defined only for the extended case, and must be used with Normal
Resolution DYUV in plane A.
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4.4.9 Allowed Image Coding Resolutions

The specified resolutions of each coding type are shown in Figure V.42.

Figure V.42 Allowed Image Code Resolutions

Normal Double High
CLUT4 - B B
CLUT7 B - E
CLUTS B - E
RGB555 B - -
RL3 - B B
RL7 B - E
DYUV B - E
QHY - - E

B = Specified image coding for Base Case
E = Specified image coding for Extended Case
- = Unspecified image coding

It should be noted that application-specific coded data can be transformed by
‘software manipulation' to produce an image conforming to one of the above
specified coding types. This is allowed within this specification (see V.6.3.1).

Note also that, by use of the interlace (see V.5.14), the vertical resolution of all
Normal and Double resolution image formats may be doubled. In the case of
Double resolution formats, i.e. CLUT4 and RL3, the result is High resolution.
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4.5 Display Control Facilities

Most display control is performed by means of a display control program (DCP)
associated with each path (see Figure V.27).

UCM functions (see VII.2.3.4) are provided to access the DCP's.

4.5.1 Display Control Program

A detailed specification of the DCP is given in VII.2.3.2 and a short description is
given here.

A display control program consists of a Field Control Table (FCT) and a Line Control
Table (LCT). The FCT is a one-dimensional array of instructions, which are carried
out before the start of each field. The LCT is a two dimensional array of instructions,
each row of which is associated with a display line. Successive rows of the table
correspond to successive display lines. The control actions corresponding to the
entries in a row are carried out between the end of the previous line and the start
of the line with which the row is associated.

The LCT control mechanism allows display parameters and visual effects to be
redefined on a line by line basis.

Each instruction consists of a one byte control code followed by three bytes of
parameters. The available instructions are shown in the tables given in Figures V.43,
V.44 and V.45 and their respective parameters are detailed in the sections listed
under 'more details'. All the codes in these tables may be used in either the FCT or
the LCT unless otherwise stated. All codes not in these tables are reserved.

The Display Control Programs in the two paths operate in conjunction. The functions
specific to each path are controlled only by that path. Most global control functions
are only available in path 0, but some are available in both paths.

Display parameters loaded by a DCP instruction on a particular line are retained on
following display lines, until over-written by a subsequent instruction on a later line.
However, display parameters are not guaranteed to be retained from field to field.
They are un-defined at the start of a field, and must be loaded afresh for each field.
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Figure V.43 Control Program Instructions available for Path 0 only

Code Action More details
$Co Select image coding methods V 4.6.1

$C1 Load transparency control information | V 5.7.3

$C2 | Load plane order V5.7.1

$C4 | Load transparent color for plane A V5.7.2.2
$C7 | Load mask color for plane A V5.7.2.2
$CA | Load DYUV start value for plane A V 4.6.2

$D8 | Load backdrop color V 5.13

$D9 | Load mosaic pixel hold factor for A V5.11.1.1
$DB | Load image contribution factor for A V5.9

Figure V.44 Control Program Instructions available for Path 1 only

Code Action More details
$C6 | Load transparent color for plane B V5.7.2.2
$C9 | Load mask color for plane B V5.7.2.2
$CB | Load DYUV start value for plane B V 4.6.2

$DA | Load mosaic pixel hold factor for B V5.11.1.1
$DC | Load image contribution factor for B V5.9
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Figure V.45 Control Program Instructions available for Both paths

Code Action More details
$10 No operation -
$20 Load control table line start pointer Note 1
$40 Load display line start pointer V 45.2.2
$60 Signal when scan reaches this line V5.6
$78 Load display parameters V 4.6.1
$80-$BF | Load CLUT color 0-63 (of current bank) | V5.5
$C3 Set CLUT bank V 5.5
$D0-$D7 | Load matte register 0-7 V 5.10.3
$80-$87 | Load QHY level 0-7 V 4.4.3.4
$C3 Set QHY bank V 4.4.3.4

Note 1

This instruction may only be written by means of the UCM calls DC_LLnk and
DC_FLnk. It is the responsibility of the application to insure that space is left in the
LCT or FCT by means of this mechanism before executing the DC_LLnk or DC_FLnk

commands.

The video driver will place this instruction in the last column of the LCT when using
the DC_LLnk command. In the case of DC_FLnk, the video driver will place this
instruction beyond the end of the application FCT.

® This action may be set independently in each path.
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4.5.2 Line Pointer Tables
4.5.2.1 Image Line Pointer Table

Each line of an image as stored in image memory may start at an arbitrary address
within the available image memory. It is not necessary for lines to be contiguous in
memory. A table of line start addresses, or line pointer table, may be maintained for
each image (associated with each drawmap, see VII1.2.3).

This table may be used for example for line repeat (for e.g. error concealment), or
for partial updates of run-coded images.

4.5.2.2 Display Line Start Pointers

The mechanism for displaying an image is the Display Line Start Pointer instruction
in the DCP. These instructions may go into the FCT or any line in the LCT, however
there must be one (and only one) DLSP instruction in the combined area of the FCT
and the first line of the LCT linked to by the FCT. There is no restriction on the
number or placement of DLSP instructions outside of this combined area.