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in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
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Foreword

This Technical Specification (TS) has been produced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation EL ECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI).

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standardsin the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast became atripartite body
by including in the Memorandum of Understanding also CENELEC, which isresponsible for the
standardization of radio and television receivers. The EBU is a professional association of broadcasting
organizations whose work includes the co-ordination of its members' activities in the technical, legd,
programme-making and programme-exchange domains. The EBU has active members in about 60
countries in the European broadcasting area; its headquartersisin Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +41227172111

Fax: +4122717 2481

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must” and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document describes a compressed audio delivery system comprised of a metadata component and a
compressed audio component. This system isreferred to as DTS-UHD. The stream and metadata structures described
here alow efficient delivery of immersive audio. Additionally, the bitstream format of a new audio compression engine
is defined.

DTS-UHD supports delivery of Channel Based Audio (CBA), Object Based Audio (OBA) and High Order Ambisonic
presentations up to the fourth order (HOA Soundfields). This support includes the metadata for signaling content,
loudness and dynamics, and the necessary coefficients for rendering the final presentation.

The present document is organized into two main parts, with clauses 4 through 7 describing the DTS-UHD metadata
and some system interfaces, which isindependent of the coding scheme being used. Clauses 8 through 10 describe the
Audio Compression Engine (ACE), which is designed for efficient delivery of compressed audio in broadcast and
streaming environments.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
https://docbox.etsi.org/Reference/.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] ETSI TS 102 114: "DTS Coherent Acoustics, Core and Extensions with Additional Profiles".

[2] Recommendation ITU-R BS.1770-4: " Algorithms to measure audio programme loudness and true-
peak audio level".

[3] "AmbiX - A Suggested Ambisonics Format"; Christian Nachbar; Franz Zotter; Etienne Deleflie;

Alois Sontacchi (June 2-3, 2011). Ambisonics Symposium 2011. Lexington (KY).

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] I SO/IEC 14496-12: "Information technology - Coding of audio-visual objects - Part 12: 1SO Base
Media File Format".

[i.2] ATSC Standard A/85: "Techniques for Establishing and Maintaining Audio Loudness for Digital
Television".

[i.3] EBU-R128: "L oudness Normalisation and Permitted Maximum Level of Audio Signals’.
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3 Definitions, abbreviations and document conventions

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
ACE channel: one waveform within an ACE Stream

ACE frame: one ACE access unit

ACE group of frames: contiguous sequence of frames that start with a Sync Frame
ACE sync frame: ACE frame that may also serve as arandom access point

ACE stream: subset of an ACE frame containing one or two channels

ACE streamset: logical group of Streams within an ACE Frame

NOTE: A typica example of a StreamSet is the collection of Streams making up atraditional 5.1 or 7.1 bed. The
composition of a StreamSet is static from Frame to Frame.

audio object: artistic component of the audio signal comprised of one or more elements such as music, effects, speech,
or abed

NOTE: anaudio object may consist of one or more channels of audio.

audio presentation: selected collection of Channels, or Objects and Object Groups used together to generate the
rendered output

audio stream: sequence of synchronized audio frames

band: collection of contiguous frequency bins corresponding to perceptual grouping of frequency bins according to a
Bark scale

NOTE: For ACE, Bands are numbered from O to 21 (22 Bands in total).
bed: channel based mix to which audio objects will be added to create a complete presentation
coding mode: type of compression used on the audio data
DTS-UHD Audio Frame: one DTS-UHD access unit

NOTE: DTS-UHD Audio frames are either Sync Frames or Non-Sync Frames. Only Sync Frames may serve as
an SAP (Stream Access Point). DTS-UHD Sync Frames will contain an ACE Sync Frame.

frame: access unit
frame duration: period of time represented in one audio frame

NOTE: Duration may be represented in audio samples per channel at a specific audio sampling frequency or in
seconds.

non-sync frame: frame which is not arandom access point

object group: selected collection of audio objects to be played together

sampleresolution: humber of bits used to represent a sample value

sampling rate: temporal frequency at which samples are presented, a.k.a. sampling frequency
SPDIF : S/PDIF or TOSLINK serial audio interfaces

sync frame: frame that may be a random access point

XLL: lossless audio compression engine defined in ETSI TS 102 114 [1]
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3.2

For the purposes of the present document, the following abbreviations apply:

ACE
CBA
CRC
DRC
GoF
HOA
LFE
L-PCM
LR
LSB
MDCT
MIPS
MSB
OBA
PCM
PES
PID
PMT
REM
SHF
THF
VBR

3.3

A number of conventions are applied throughout the present document:

Abbreviations

Audio Compression Engine
Channel Based Audio

Cycle Redundancy Check
Dynamic Range Control
Group of Frames

Higher Order Ambisonics
Low Freguency Effects

Linear Pulse Code Modulation
Left Right

Least Significant Bit

Modified Discrete Cosine Transform
Million Instructions per Second
Most Significant Bit

Object Based Audio

Pulse Code Modulation
Packetized Elementary Stream
Package | Dentifier

Program Map Table
Rendering Exception Matrix
Spectral Hole Filling
Temporal Hole Filling
Variable Bit Rate

Document Conventions
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. In parameter descriptions, most significant byte and most significant bit first (big endian), convention is
utilized unless otherwise specified.

e  Theexistence of many bit fieldsis determined by conditions of prior bits in the stream. As such, in many cases
the bitstream elements are described using standard 'C' conventions, with a pseudo function

Extract Bit s() representing the bit field of interest for that description.

o Bit field descriptions are described in presentation order.

. In many cases, variable names are assigned to fields as they are being described. In some cases, the variable
may be modified during definition, such as:

nuFi el dSi ze =

ExtractBits(4)+1

4

4.1

Overview

DTS-UHD System Overview

The DTS-UHD coding system is the third generation of DTS audio delivery formats. It is designed to both improve

efficiency and deliver aricher set of features than the second generation DTS system.

The first two generations of DTS codecs were designed primarily for Channel Based Audio (CBA). A primary
advantage of CBA isarelatively light metadata burden, as a stream is constrained to a very limited number of playback

options.
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DTS-UHD is primarily designed to support audio objects, where a given object can represent a channel based
presentation, an Ambisonic sound field or audio objects used in Object Based Audio (OBA). There are at least two
major advantages to Object Based Audio:

e  Adaptability to the listening environment. Audio programs mixed using OBA do not need to assume a
particular listening environment (e.g. speaker layout). This allows the playback system to render the best
experience possible relative to that room.

e  Theability to adapt to the listener's preference. OBA allows efficient support for features like aternate speech
tracks and listener customizations such as changing the speech volume (without affecting anything else).

The DTS-UHD format can support up to 224 discrete audio Objects for OBA and 32 Object Groups in one stream.

A given DTS-UHD decoder is characterized by its "lane count”. An audio object can consist of multiple streams (or
"channels"). The lane count of a presentation would be the sum of the channels of the objects being presented. For
example, if apresentation consists of a5.1 channel Music and Effects track and one stereo speech track, the lane count
for the presentation would be seven, (the LFE is not counted when assessing the lane count of a presentation).
Nominally, each DTS-UHD stream will include a presentation that can be played on the minimum player configuration,
(based on the version number), that will be expected to play that stream. Such product definitions are not within the
scope of the present document, but are a consideration when considering a DTS-UHD ecosystem.

One of the challenges of OBA isthe additional metadata necessary to support a presentation. DTS-UHD has provisions
for reducing the frequency at which metadatais repeated, thus reducing this burden. OTT streaming methods such as
DASH and HLS utilize larger media chunks in Fragments that have guaranteed entry points. DTS-UHD permits
encoding options to only update metadata when necessary.

DTS-UHD can support XLL (lossless audio compression) introduced in ETSI TS 102 114 [1], and ACE (lossy
compression engine), introduced in the present document starting in clause 8.

4.2 Stream Construction

421 Construction of a DTS-UHD Audio Frame

The DTS-UHD stream is a sequence of DTS-UHD frames. The DTS-UHD frames consist of three major construction
elements:

1) Frame Table of Contents (FTOC) - This element allows a decoder to navigate directly to elements of interest
with the frame

2) Metadata Chunk elements
3) Audio Chunk elements

Frame Table of

Contents (FTOC) CRC Metadata Chunk O Metadata Chunk n Audio Chunk 0 Audio Chunk n

DTS-UHD Stream Structure

Figure 4-1: DTS-UHD Frame Structure

4.2.2 Frame Table of Contents (FTOC)

The main components of the FTOC are the Sync Word (the first 4 bytes of the FTOC), which indicates whether the
frame is a sync frame or non-sync frame, default presentations and dependency information, and the navigation tables to
the metadata chunks and audio chunks being delivered in the frame payload.

The FTOC isthe only component that is guaranteed to be present in every DTS-UHD frame.
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A presentation mask for each presentation is stored in the FTOC that indicates which objects are to be played. The
default dependent audio presentation mask defines the default program for playback. Other programs may also be
present in the FTOC.

A player may invoke the default program, select another program (if any are available), or provide a custom playback
configuration (e.g. based on a manifest from a media presentation descriptor or configuration file). The tokens used to
invoke the decoder in the player, (the token is stored in ucAudPresInterfaceType), are shown in Table 4-1.

Table 4-1: ucAudPresinterfaceType

Value Mnemonic
0 APl PRES SELECT DEFAULT AP
1 APl PRES SELECT SPECIFIC AP
2 APl PRES SELECT OBJECT ID LIST

When m_ucAudPresinterfaceType is either API_PRES SELECT_DEFAULT_AP or

API_PRES SELECT_SPECIFIC_AP the unDepAuPresMask is extracted from the bitstream and saved for the selected
audio presentation. This mask indicates al objects that heed to be played in order to create the desired audio playback
presentation. For each dependent audio presentation either:

. the default active objects (according to their activity flags) are played; or

e theobjectsfrom an explicitly defined list of active object (transmitted in the stream) are played. Thelist is
stored as a bit mask for each dependent presentation ( m_unDepAuPresExplObjListMask[]).

When m_ucAudPresinterfaceTypeis API_PRES SELECT_OBJECT _ID_LIST, it is not known yet which of the audio
presentations contain objects from the list. Consequently all audio presentations in the stream shall be considered for
playback and the corresponding bits within unDepAuPresMask are all set to '1'. The masks transmitted in the stream are
ignored.

4.2.3 Sync Frames

The decoder does not need any information from previous or future frames to produce a frame of output L-PCM
samples from a sync frame. All parameters necessary to unpack metadata and audio chunks, describe audio chunks,
render and process audio samples and generate a frame of L-PCM samples can be found within the payload of a sync
frame. A decoder can attempt to establish initial synchronization only in a Sync frame. These frames represent the
random access points for random navigation to a particular location in the bitstream.

4.2.4 Non-sync Frames (Predictive Frames)

A non-sync frame permits both metadata chunks and audio chunks to minimize payload size by only sending
parameters that have changed in value since the previous frame or sync frame. All parameters that are not re-transmitted
are assumed to maintain their previous value. Any value or set of values may be updated in a non-sync frame.

A decoder SHALL NOT attempt to establish initial synchronization using non-sync frames, nor may these non-sync
frames be used as random access points.

4.3 Carriage of Metadata

4.3.1 Organization of Metadata

Metadata for multiple objects and object groups is packed together within an associated metadata chunk. Each chunk of
aparticular type hasits associated audio presentation index. Notice that chunks of different metadata chunk types may
have the same audio presentation index; however, two metadata chunks of the same type will have different audio
presentations indexes. An example of two different metadata chunk types associated with the same audio presentation
would be:

. one metadata chunk type is defined to carry object and object group metadata;
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other metadata chunk types may be defined for describing post-processing parameters that are applied by
downstream processors, such as a binaural renderer.

Since both of these chunks together describe the audio presentation that is being played they have the same associated
audio presentation index.

4.3.2

Metadata Chunks

Metadata chunks carry the full description of the audio data chunks and how decoded audio shall be rendered for final
audio presentation. Additional types of metadata that may be useful for categorization of an audio presentation, support
of some post-processing functionality, etc., may also be carried within the metadata chunks.

Each DTS-UHD stream decoder instance can be configured from the system layer in three different ways, depending on
the type of information that is provided, in order to select desired audio playback presentation. In particular, within
DTS- UHD metadata frame:

M etadata describing different audio presentations may be present.

Thelist of audio presentations/ audio objects to be decoded within this stream is passed through a decoder
instance APl by means of:

- Enable/disable default audio presentation flag (bEnbl DefaultAuPres). In this case the audio presentation
with the lowest presentation index (i.e. ucAudPresindex = 0) will be selected, and the default objects
within that presentation will be played (if bEnblDefaultAuPresis TRUE) or outputs will be muted (if
bEnblDefaultAuPresis FALSE). This caseisindicated by m_ucAudPreslnterfaceType =
API_PRES SELECT DEFAULT _AP.

- Desired audio presentation index (ucDesiredAuPresindex). In this case the explicitly selected desired
audio presentation and the default objects within that presentation will be played. This API is aware only
of the selectable audio presentations and non-selectable audio presentations are not counted in
ucDesiredAuPresindex. This caseisindicated by m ucAudPreslnterfaceType =
API_PRES SELECT_SPECIFIC_AP.

- Explicit list of desired object IDs to be played (unDesiredObjIDList). In this case only the audio
presentations containing objects from this list are unpacked and only the objects from the list are played.
The default activity flags for all other objects are considered to be FALSE. If some of the listed object
IDs are that of an object group, then that group's object activity mask is respected and the corresponding
referenced objects are played. This case isindicated by m ucAudPresInterfaceType =
API_PRES SELECT_OBJECT_ID_LIST.

The speaker layout of the listening environment is provided by the system layer through a decoder API by
means of the bit-mask unOutChMask.

Prior to extraction of any metadata chunks the corresponding metadata chunk CRC is checked for validity of
received data.

Based on the unDepAuPresMask (constructed within FTOC) only the metadata chunks that have a matching
audio presentation index are extracted from the stream; all other metadata chunks are ignored and skipped
over.

Pseudo code listed in clause 6.2 only recognizes metadata chunks with Chunk 1D equal to 0x01, 0x02, 0x03
and 0x04.

For metadata chunks of type 0x01:

- Immediately after the extraction of audio presentation index, the list of object IDs described in this
metadata chunk is extracted.

- If them_AuPrSelectAPl_SampledatSyncFrm.m_ucAudPresinterfaceType is
API_PRES SELECT_OBJECT ID_LIST the extracted object list is compared to the desired object list.
If any of the object IDs from the desired object ID list are found in the extracted object ID list this
metadata chunk is pronounced to be active. The explicit list of active objects
(m_unDepAuPresExpl ObjListMask[] ), is updated to reflect the desired active objects.
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- Memory for every active 0x01 metadata chunk is allocated dynamically:

" After the extraction of an active 0x01 metadata chunk the flags that indicate each object's activity
are updated to obey the list of explicitly defined active objects
(m_unDepAuPresExplObjListMask[]).

. For 0x02, 0x03 and 0x04 chunks, the decoder exports the pointers, (through an API), within the stream buffer
corresponding to the beginning of each of the chunks and the chunk sizes.

In every sync frame all active metadatais transmitted and all previous states are reset (ResetMDChunks()) with the
exception of static metadata (pointed to by m pCMFDSaticMD). When static metadata is distributed over multiple
frames, it will be completely refreshed from one sync frame to the next. For example, if the interval between
consecutive sync framesis 10 frame periods, then (conceivably) as little as 1/10 of the static metadata could be sent in
each frame.

4.3.3 Fundamental Components of the Metadata Chunk

4.3.3.1 Metadata Chunk: Data

The data field contains the data of the chunk. The format of the datais specific to the type of chunk. Currently (as of the
present document) only ChunkType = 0x01 is defined. The details of this chunk arein clause 7.

4.3.3.2 Reserved and Byte Align Fields

Reserved fields and fields for padding to the next byte boundary are defined at the end of each metadata chunk. These
fields are used to insure byte alignment for the following data structure (e.g. another metadata chunk), and for extending
the metadata chunk with new data structures. The decoder shall always assume that these fields are present and navigate
past those fields based on the chunk size information.

4333 Metadata Chunk CRC Word

If the CRC flag (transmitted within FTOC: Metadata and Audio Chunk Navigation Parameters) corresponding to
particular metadata chunk is TRUE the metadata chunk CRC (16 bit) word is transmitted in order to allow verification
of the metadata chunk data. This CRC value is calculated over metadata fields, starting from and including the MD
Chunk ID and up to and including the byte alignment field prior to the CRC word (unMDChunkSize-2 bytesin total).

The decoder shall:

. Calculate the CRC(16) value over the metadata chunk data fieldsi.e. over uynMDChunkSize - 2 bytes
(excluding CRC itself) of data.

. Extract the 16-bit MD chunk CRC field and compare it against the calculated CRC(16) value.

. If the two values match, reverse back to the beginning of metadata chunk (return TRUE); otherwise,
pronounce data corruption (return FALSE).

4.4 Audio Chunks

Audio chunks carry the compressed audio samples. Audio samples may be representing speaker feeds, waveforms
associated with a 3D audio object, waveforms associated with a sound field audio representation, or some other valid
audio representation. The associated metadata chunk fully describes the way a particular audio chunk is presented and
the type of audio carried within each audio chunk.

The metadata chunks and audio chunks are packed immediately after the FTOC CRC word as shown in Figure 4-1.
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Nominally, an audio chunk points to a minimum collection of compressed waveforms that can be decoded without
dependency on any other audio chunks. All compressed waveforms within an audio chunk that has been selected for
decoding shall be decoded and played together. In some cases an elementary stream may already have its own
sub-division into individually decodable partsin which case all encoded objects within one DTS-UHD stream can be
packed into a single audio chunk (i.e. 0x01, 0x03 or 0x04 audio chunk). In some cases (i.e. 0x40 audio chunk) an audio
chunk does not point to any compressed waveforms but rather it points to header / metadata information within a
compressed audio elementary stream.

Organization of the audio parametersinto chunks allows for the addition of new features and/or quality improvements
by simply defining new chunks. When the new audio chunks are defined, the old decoders shall recognize and extract
audio chunks that they are aware of (subject to the system constraints like the maximum number of decodable channels,
the maximum sampling frequency etc.) and ignore all other audio data chunks.

For each audio chunk:

e  Thechunk ID, the payload size in bytes and the audio chunk index are al transmitted within the FTOC
payload.

e  Thereare no header parametersin addition to the chunk payload.

e  Anaudio chunk type, as pointed by the chunk ID, identifies the type of data stored in a corresponding audio
chunk.

Thelist of currently defined audio chunksis shown in Table 4-2.

Table 4-2: Audio Chunk Types

AudioChunk Interpretation of m_ucObjNaviWitinACIndex
ID (see clause 7.8.11.7)

0x00

Audio Chunk Type
NULL Chunk

ACE frame payload consisting of encoded audio
data for single or multiple channels/objects. It
includes DTS ACE frame headers.

This audio chunk type cannot coexist with either
0x03 or 0x04 audio chunk types within the same
DTS-UHD stream.

DTS ACE channel-set payload consisting of
encoded audio data for single or multiple
channels/objects. Does NOT include DTS ACE
frame header but it relies on frame header
parameters transmitted in associated 0x01 audio
chunk. This audio chunk type cannot coexist with
either 0x03 or 0x04 audio chunk types within the
same DTS-UHD stream.

Concatenation of two DTS ACE frame payloads
packed within the single audio chunk. It is used
when the metadata frame duration (in time) is
twice the duration of the DTS ACE frame. This 0x03
audio chunk type cannot coexist with either
0x01, 0x02 or 0x04 audio chunk types within the
same DTS-UHD stream.

Concatenation of four DTS ACE frame payloads
packed within the single audio chunk. It is used
when the metadata frame duration (in time) is
four times the duration of the DTS ACE 0x04
frame. This audio chunk type cannot coexist with
either 0x01, 0x02 or 0x03 audio chunk types
within the same DTS-UHD stream.

Reserved 0x05 - Ox3F
XLL Frame Header Data. This chunk is
persistent and usually associated with appearing
and disappearing audio chunks of type 0x41
and/or 0x42.

0x01

0x02

Corresponds to the ACE stream set index.

0x40
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. AudioChunk Interpretation of m_ucObjNaviWitinACIndex
Audio Chunk Type ID (see clause 7.8.11.7)

XLL Channel Set Header and Channel Set Data Corresponds to the channel index within the XLL
for all segments and frequency bands. The channel set that is associated with the first
navigation table for segments and bands within 0x41 waveform of an object. It is assumed that if an
this channel set shall be included at the end of object is associated with multiple waveforms the
this audio chunk. audio data corresponding to these waveforms is
Collection of two channel sets each consisting of packed consecutively within the XLL audio chunk.

e XLL Channel Set Header and

¢ XLL Channel Set Data for all segments

and frequency bands
These two channel sets are required to coexist
and shall be decoded together. The navigation
table for segments and bands of both channel
sets shall be included at the end of this audio
0x42

chunk.
Typical use of this audio chunk is for an object
that has between 17 and 32 PCM waveforms to
be compressed (XLL channel set has an upper
limit of 16 channels and the channels of the
second channel set shall be counted as the
continuation of the channel list from the first
channel set).
Reserved 0x43 - OXFF
NOTE: If present, the first instance of this audio chunk type is the first audio chunk.

4.5

45.1

Organization of Streams

Objects, Object Groups, Presentations

The fundamental unit of aDTS-UHD stream is the object. The simplest example of a DTS-UHD stream would be a
stream containing one object. For example, one stereo audio presentation, or even asingle 5.1 or 7.1 channel

presentation, could be handled in such a manner.

Object Groups provide a mechanism to associate objects that should always be used together with asingle identifier.

Presentations are composed of a selection of objects and / or object groups. Membership of an object or object group in

apresentation is non-exclusive.

45.2 Properties of Objects

The obj ect metadata carries parameters needed to:

o Uniquely identify an object withinaDTS-UHD stream.

° Point to associated audio waveforms.

. Describe the audio object properties necessary to render associated audio waveforms.

. Assign whether the Default Playback status of the object is Active or Silent.

. Describe the type of audio content the object is associated with.

. Describe the object's loudness and dynamics properties.

45.3 Object Groups

The object group metadata carries parameters needed to:

. Uniquely identify an object group within one DTS-UHD stream by means of a unique object ID.
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Indicate which objects belong to the group by means of alist of object IDs.
Assign whether the default status isto be played or to be silent.

Indicate which objects within the group by default shall be rendered and which objects shall be silent; note that
the object group setting can overwrite the individual object default activity flags.

Note that object groups do NOT directly point to any audio waveforms but only point to the specific object IDs. The
definition of object groupsisfairly generic and hence can be used for amost arbitrary object grouping.

4.5.4

Audio Presentations

Multiple audio presentations may be defined within asingle DTS-UHD bitstream. Each audio presentation has unique
audio presentation index within a stream and may be categorized as:

Selectable: where the playback of this presentation does not need playback of any of the audio presentations
with the higher audio presentation index; or

non-selectable: where the playback of this presentation requires playback of one or more audio presentations
with the higher presentation index. Note that the non-selectable presentation is the default presentation if itis
the only audio presentation in the stream.

For each selectable audio presentation:

playback of some dependent audio presentations with the lower audio presentation index may be required.
required lower indexed presentations are indicated by a dependent presentation mask:

- If aspecific list of objectsisto be played within a dependent audio presentation, an explicit list of objects
(EOL) is transmitted within the FTOC metadata.

- If within a dependent audio presentations only the default active objects are to be played, the EOL is not
transmitted.

scaling parameters specific to an audio presentation may be transmitted in the stream.

along term loudness measurement parameter set may be transmitted in the stream that is specific to an audio
presentation.

Figure 4-2 and Figure 4-3 shows two playback examples, the first one using Default Playback and the second one using
specific object and object group selection. In both examples, the darker blocks indicate the active elements.

Audio Presentation Level: Audio Presentation is selected for playback,
and the default stream object group and object activity flags are obeyed.

ObjGrp_ID = 224 ObjGrp_ID =225
m_bObjGrpActiveFlag=1 m_bObjGrpActiveFlag=1
m_unWithinGrpObjActMask=0b01 m_unWithinGrpObjActMask=0b01
Set to Set to Set to Set to
Active Inactive Active Inactive
» 4 » 4
Obj_ID=0 Obj_ID=1 Obj_ID=2 Obj_ID=3 Shllp= CiLlp=F
m_bObjActiveFlag=1 m_bObjActiveFlag=0

Figure 4-2: Default Playback
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Audio Presentation Level: Audio Presentation is selected for playback but with explicitly selected active objects.

Set to Active set t.o
Inactive
4 A
ObjGrp_ID = 224 Set to Set to Set to Setto ObjGrp_ID = 225
m_unWithinGrpObjActMask=0b01 Inactive  Active Inactive  Active -
Set to Set to
Active Inactive
3 4 | 4 h | 4 A
Obj_ID=0 Obj_ID=1 Obj_ID=2 Obj_ID=3 Obj_ID=4 Obj_ID=5

Figure 4-3: Specific Object and Group Selection

Each DTS-UHD stream requires a dedicated DTS-UHD stream decoder instance. Each DTS-UHD stream decoder
instance may be configured with one of the three types of audio presentation selection APIs:

. Play the default presentation only
. Play a selected presentation
. Play alist of selected elements (objects)

Once configured, the particular instantiation of a stream decoder cannot change the type of presentation selection API.

The following three diagrams illustrate examples of selecting desired objects to play from multiple presentations within
asingle stream. Purple blocks indicate active audio presentations and corresponding object groups and objects.

Figure 4-4 is an example of playback using the default audio presentation (m_bEnblDefaultAuPres=1), i.e. the lowest
indexed selectable audio presentation (APL). The default object group and object activity flags within AP1 are being
obeyed. In addition external object groups are activated.

Top Level for this decoder instance: Default playback as set within the stream
Presentation scaling parameters as well as the loudness and dynamics parameters, extracted within Audio Presentation 1, are applied

»
Obj_ID List Obj_ID List o )
EOL:224, 225 EOL:224, 225 Set to Active Set to Inactive
A _ A A
Audio Presentation 0 Audio Presentation 1 Audio Presentation 2
bAudPresSelectableFlag = false bAudPresSelectableFlag = true bAudPresSelectableFlag = true
g External Object List (EOL): 224, 225 External Object List (EOL): 224, 3
Set to Set to
Active Active
VS A
ObjGrp_ID = 224 ObjGrp_ID = 225
m_unWithinGrpObjActMask=0b01 m_unWithinGrpObjActMask=0b01

Set to Set to Set to Set to
Active Inactive Active  Inactive
K Y ¥ a4
Obj_ID=0 Obj_ID=1 Obj_ID =2 Obj_ID=3 Obj_ID=4 Obj_ID=5 Obj_ID=6 Obj_ID=7

m_bObjActiveFlag = 0 m_bObjActiveFlag = 1 m_bObjActiveFlag = 1 m_bObjActiveFlag = 0

m_bObjActiveFlag = 1 m_bObjActiveFlag=0

m_bObjActiveFlag=0 m_bObjActiveFlag=1

Note that m_bObjActiveFlag for Objects 0 to 3 are all ignored since the
m_unWithinGrpObjActMask wins

Figure 4-4: Playback Using Default Settings

The diagram in Figure 4-5 shows default object group and object activity flags within AP2 are being obeyed. In

addition external object groups are activated.
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Top Level for this decoder instance: Select Second Selectable Audio Presentation (SAP1).
Translate SAP index to AP index (SAP1 -> AP2) and Select AP2.
Default object group and object activity flags within AP2 are being obeyed. In addition external object groups are activated.
Presentation scaling parameters as well as the loudness and dynamics parameters, extracted within Audio Presentation 2, are applied.

A
Obj_ID List Obj_IDList  Setto Set to Active
EOL: 224, 3 EOL:224,3 _ Inactive
A A
Audio Presentation 0 Audio Presentation 1 Audio Presentation 2
bAudPresSelectableFlag = false bAudPresSelectableFlag = true bAudPresSelectableFlag = true
i 8= External Object List (EOL): 224, 225 External Object List (EOL): 224, 3
Setto - e ~ Setto
Active ! Inactive
| v
Ty =223 ObjGrp_ID =225
m_unWithinGrpObjActMask
C Set to
Setto Set to Inactive
Active  Inactive . Setto
- " Active
b 4 . hJ '
Obj_ID=0 Obj_ID=1 Obj_ID=2 Obj_ID=3 Obj_ID=4 Obj_ID =5 Obj_ID=6 Obj_ID=7

m_bObjActiveFlag = 0 m_bObjActiveFlag = 1 m_bObjActiveFlag = 1 m_bObjActiveFlag = 0 m_bObijActiveFlag = 1 m_bObjActiveFlag=0 m_bObjActiveFlag=0 m_bObjActiveFlag=1

Figure 4-5: Example of Selecting Playback of Audio Presentation 2

The diagram in Figure 4-6 shows no default presentations being selected; rather an explicit playlist is selected which
can override all defaults.

Top Level for this decoder instance: Explicitly Select 3D Objects across multiple presentations
Selected 3D objects are played regardless of their corresponding m_bObjActiveFlag-s.
Presentation scaling parameters as well as the loudness and dynamics parameters,
extracted within the highest active audio presentation with bAudPresSelectableFlag = true,
are applied unless an external parameter set is provided by the system layer.

Object ID List: Object ID tist: Object ID List: Object ID List:
224,3,4,7 224,3,4,7 224,3,4,7 224,3,4,7

&

Audio Presentation O (APO)
bAudPresSelectableFlag = false

A

Audio Presentation 3 (AP3)
bAudPresSelectableFlag = true
External Object ID List: 224, 3

“u
Audio Presentation 2 (AP2)
bAudPresSelectableFlag = true
External Object ID List: 224, 225

.
Audio Presentation 1 (AP1)
bAudPresSelectableFlag = true
External Object ID List: 224

Set to Set to

I I I
I I I
I I I
I I I
. I ) I I
Active Inactive
v | v | |
i = I I [
ObjGrp_ID = 224 ObjGrp_ID =225 i Set to Set to Set to Set to
m_unWithinGrpObjActMask=0b01 | | . . | . N
| | Active  Inactive | Inactive  Active
Set to Set to | | I
Active  Inactive | set to setto | |
Inactive Active
» 4 | h | I v < I | 4 h |
‘ Obj_ID=0 ‘ ‘ Obj_ID=1 ‘ | ‘ Obj_ID=2 ‘ ‘ Obj_ID=3 ‘ | ‘ Obj_ID=4 ‘ ‘ Obj_ID =5 ‘ | ‘ Obj_ID=6 ‘ ‘ Obj_ID=7
I I I
I I I

Figure 4-6: Example of Selecting Desired Objects to Play Within a Single Stream.

Each DTS-UHD stream is encoded independently, i.e. without any awareness of any objects within any other
DTS-UHD streams. Consequently, when multiple DTS-UHD streams are to be played together, it is expected that a
system layer will make an appropriate audio presentation / object list selection for each of the involved DTS-UHD
streams. The system layer will make these selections based on some manifest file that describes available choices within
each of the streams.
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5 DTS-UHD Header Tables and Helper Functions

5.1 Overview

This clause includes conversion constants and parameter tables to assist the description and interpretation of the
metadata. Additionally, some essential APIs are described for initiating a decoder session.

5.2 Constants, Tables and Helper Functions

5.2.1

Table 5-1 defines some Q format number constants used in rational number calculations.

Fixed Point Constants

Table 5-1: Table of Conversion Constants

Mnemonic Value Meaning
FOURTEEEN_ DB _LIN Q15 180613 107(14/20)*(1 << 15) + (1 << 14)
ONE_IN_Q15 32768 1<<15
SQRT2Q1DOT15 62725 V2 * (1 << 15) + (1 << 14)
5.2.2 Lookup Tables
5.2.2.1  Scale Factor Table
const uint unScal eFactorsTable[] =
{
0, 41, 52, 65, 82, 104, 130, 164,
207, 260, 328, 413, 519, 654, 823, 1036,
1163, 1305, 1464, 1642, 1843, 2068, 2320, 2603,
2920, 3277, 3677, 4125, 4629, 5193, 5827, 6172,
6538, 6925, 7336, 7771, 8231, 8719, 9235, 9783,
10362, 10976, 11627, 12315, 13045, 13818, 14637, 15504,
16423, 17396, 18427, 19519, 20675, 21900, 23170, 24573,
26029, 27571, 29205, 30935, 32768
b
5.2.2.2 Long Term Loudness Measure Table
const float rLongTernlLoudnessMeasure_Table[] =
{
-40. 0000f, - 39. 0000f, - 38. 0000f, - 37.0000f, - 36. 0000f, - 35. 0000f, - 34. 0000f, - 33. 0000f,
- 32. 0000f, - 31. 0000f , - 30. 0000f , - 29. 5000f, -29. 0000f, - 28.5000f, - 28. 0000f, - 27.5000f,
-27.0000f, - 26. 7500f , - 26. 5000f , - 26. 2500f , - 26. 0000f , - 25. 7500f, - 25.5000f, - 25. 2500f,
-25.0000f, -24.7500f, -24.5000f, -24.2500f, -24.0000f, -23.7500f, -23.5000f, -23.2500f,
-23.0000f, -22.7500f, -22.5000f, -22.2500f, -22.0000f, -21.7500f, -21.5000f, -21.2500f,
-21. 0000f, - 20. 5000f , - 20. 0000f , -19. 5000f, -19. 0000f , -18. 0000f, -17.0000f, -16. 0000f,
-15. 0000f, -14. 0000f , -13. 0000f, -12. 0000f, -11. 0000f , -10. 0000f, - 9. 0000f, - 8. 0000f,
-7.0000f, - 6. 0000f, - 5. 0000f, -4.0000f, - 3. 0000f, - 2. 0000f, -1. 0000f, 0. of
b
5.2.2.3 Per-Object Long Term Loudness Measure Table

Entriesin the rPerObjLongTermLoudnessMeasure_Table[] represent per-object long term loudness measuresin dB
relative to full scale.

const float rPerQbjLongTer mLoudnessMeasure_Tabl e[] =

-61.0000f, -58.0000f, -55.0000f, -52.0000f, -49.0000f, -46.0000f, -44.0000f, -42.0000f,
-40. 0000f, -39.0000f, -38.0000f, -37.0000f, -36.0000f, -35.0000f, -34.0000f, -33.0000f,
-32.0000f, -31.0000f, -30.0000f, -29.5000f, -29.0000f, -28.5000f, -28.0000f, -27.5000f,
-27.0000f, -26.7500f, -26.5000f, -26.2500f, -26.0000f, -25.7500f, -25.5000f, -25.2500f,
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-25.0000f, -24.7500f, -24.5000f,
-23.0000f, -22.7500f, -22.5000f,
-21.0000f, -20.5000f, -20.0000f,

h

-15. 0000f, -14.0000f, -13.0000f,

- 24. 2500f ,

-2
-1
-1

2. 2500f,
9. 5000f,
1. 0000f,

34

- 24. 0000f ,
-22.0000f,
-19. 0000f,

-9. 0000f,
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-23.7500f, -23.5000f, -23.2500f,
-21.7500f, -21.5000f, -21.2500f,
-18.0000f, -17.0000f, -16.0000f,
- 6. 0000f, - 3. 0000f, 0. of

5.2.2.4  Quantization Table for DRC Fast Attack Smoothing Constant

The extracted 6-bit index is mapped to 64 values in the range [0 to 25] representing the value of DRC fast attack

smoothing constant.

const float rDRCFastAttackTable[] =

{
0. 0000f , 0. 2000f ,
1. 6000f , 1. 8000f ,
3. 2000f , 3. 4000f ,
4. 8000f , 5. 0000f ,
6. 4000f , 6. 6000f ,
8. 0000f , 8. 5000f ,
12.0000f, 12.5000f,
18.0000f, 9. 0000f,

}s

0. 4000f,
2. 0000f,
3.
5
6
9

6000f,

. 2000f,
. 8000f,

0000f ,

13. 0000f ,
20. 0000f .

9
1
2

0
2
3.
5
7

. 6000f,
. 2000f,
8000f,
. 4000f ,
. 0000f,
. 5000f,
3. 5000f,
1. 0000f,

0. 8000f,
2. 4000f,
4. 0000f,
5. 6000f,
7.2000f,
10. 0000f,
14. 0000f ,
22.0000f,

1. 0000f,
2. 6000f,
4.2000f,
5. 8000f ,
7.4000f,

10. 5000f,
15. 0000f,
23. 0000f,

1. 2000f, 1. 4000f,
2. 8000f, 3. 0000f,
4. 4000f , 4. 6000f ,
6. 0000f , 6. 2000f ,
7.6000f, 7.8000f,

11.0000f, 11.5000f,
16. 0000f, 17.0000f,
24.0000f,  25.0000f

5.2.2.5 Quantization Table for DRC Fast Release Smoothing Constant

The extracted 6-bit index is mapped to 64 values in the range [0 to 1 000] representing the DRC fast rel ease smoothing

constant.

const float rDRCFastRel easeTable[] =

{

0. of , 5. 0f ,
40. of , 45. of ,
80. Of , 85. 0f ,

140. of , 150. 0Of ,
220.0f, 230.0f,
300. 0f,  325.0f,
500. 0f,  525.0f,
700. 0f,  725.0f,

10. of ,
50. 0f ,
90. of ,
160. 0Of ,
240. of,
350. Of ,
550. Of ,
750. Of,

15. of ,
55. 0f ,
95. 0f ,
170. of ,
250. of,
375. 0f,
575. 0Of ,
800. of ,

20. of,

60. Of ,

100. of ,
180. oOf ,
260. of,
400. of ,
600. Of ,
850. Of ,

25. Of ,

65. Of ,

110. Of ,
190. of ,
270. of ,
425. 0f ,
625. Of ,
900. Of ,

5.2.2.6  Quantization Table for DRC Slow to Fast Threshold

30. of ,

70. Of ,

120. Of ,
200. of ,
280. 0of ,
450. 0f ,
650. Of ,
950. Of ,

35. 0f,

75. 0f ,

130. Of ,
210. of ,
290. of ,
475. 0f ,
675. Of ,
1000. of

Entriesin the - DRCYow2FastThrshld_Table[] represent the threshold values expressed in the power domain in range

. 7079458f ,
. 3758374f,
. 2371374f,

1496236f,

[1 to 0,001].

const float rDRCSl ow2Fast Thrshl d_Tabl e[]

{
. 0000000f, 0.8912509f, 0.7943282f, O
. 4466836f , 0. 4216965f , 0.3981072f, 0
. 2818383f, 0. 2660725f , 0.2511886f, 0
.1778279f, 0.1678804f, 0.1584893f, O.
.1122018f, 0.1000000f, 0.0891251f, O
. 0446684f , 0. 0398107f, 0. 0354813f, 0
.0177828f, 0. 0158489f , 0. 0141254f, 0
.0050119f, 0.0039811f, 0.0031623f, O

}

. 0794328f ,
. 0316228f,
. 0125893f ,
. 0025119f,

CeLOeLeo

6309574f ,
3548134f ,
2238721f,
1412538f,
0707946f ,
0281838f,
0112202f,
0019953f,

. 5623413f,
. 33496541 ,
. 2113489f,
1333521f,
0630957f,
. 02511809f,
. 0100000f ,
. 0015849f,

CeLoeLoeo

5011872f, 0.4731513f,
3162278f, 0.2985383f,
1995262f, 0.1883649f,
1258925f, 0.1188502f,
0562341f, 0.0501187f,
0223872f, 0.0199526f,
0079433f, 0.0063096f,
0012589f, 0.0010000f

5.2.2.7 Inverse Quantization Table for the Exponential Window Smoothing Parameter

Lambda

Non-uniform inverse quantization of parameter lambda in range from 0 to 0,9999 with higher resolution approaching 1.

fl oat mrExpW nLanbdaTabl e[ 32]

{
0.0000f, 0. 1535f,
0.8449f, 0.8838f,
0.9860f, 0.9897f,
0.9988f, 0.9991f,
}s

0. 3000f,
0. 9134f,
0. 9924f,
0. 9993f,

0. 4335f,
0. 9357f,
0. 9944f ,
0. 9995f,

0. 5504f,
0. 9524f,
0. 9959f,
0. 9996f ,
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0. 6491f,
0. 9648f,
0. 9970f,
0. 9997f,

0. 7299f,
0. 9741f,
0.9978f,
0. 9998f,

0. 7944f ,
0. 9809f,
0. 9984f ,
0. 9999f
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5.2.3 Helper Functions

5231 ExtractVarLenBitFields

Thisroutine is used to extract afield of variable length. The extracted field isinterpreted as an unsigned integer (uint).
The length of afield depends on the prefix code that is transmitted prior to the field itself and the valuesin the
4 element table passed through the input argument uctable]].This function is described in pseudocode in Table 5-2.

The prefix codes are Ob, 10b, 110b and 111b correspond to the index unindex = 0, 1, 2, and 3 respectively.
The corresponding field length is uctable] unindex] .

bExtractandAddFlag - is an optional parameter indicating if the extracted parameter value shall be added to a prefix
index based offset. The default valueis TRUE.

The output parameter isinterpreted asauint.

Table 5-2: ExtractVarLenBitFields

Syntax
/] static tables
uint CBitStream:munlndexTbl[8] = {0,0,0,0,1,1,2,3};
uint CBitStream: munBitsUsed[8] = {1,1,1,1,2, 2,3, 3};

uint CBitStream: ExtractVarlLenBitFiel ds(uchar uctabl e[], bool bExtractandAddFl ag)
{
ui nt uncode;
ui nt uni ndex;
uncode = ExtractBits(3);
Rewi ndBi t Read pointer(3 - munBitsUsed[uncode]); // Rew nd unused bits
/1 Lookup the index corresponding to the prefix code.
uni ndex = m unl ndexTbl [ uncode] ;
/1 Calcul ate the paraneter val ue:
/Il - extract the field of |ength ucTabl e[uni ndex] and
/1 - add the extracted value to the sumof (1l<<uctable[un]) for all 0 <= un < uni ndex
/1 if bExtractandAddFlag is TRUE, add the extraced val ue
ui nt unval ue=0;
if (uctabl e[unindex]>0) {
if (bExtractandAddFl ag) {
for (uint un = 0; un<unindex; un++) {
unval ue += (1 << uctable[un]);
}

unval ue = unvalue + (uint) ExtractBits( uctabl e[ unindex] );

el se {
unval ue = (uint)ExtractBits(uctable[unindex]);
}

return unval ue;

}
voi d Rewi ndBi t Read poi nter(uint unNunBits){ munBitCounter -= unNunBits; }

5.2.3.2 UpdateCode

Each parameter hasits presence flag (m_bParamPresent) that is transmitted only if bSyncOrFirstFrameFlag is TRUE.
If m_bParamPresent is FALSE, then no other fields related to this parameter are transmitted in any other frame.
Instead, this parameter is by default set to either:

. m_tSyncFramePredefValue if the m_bSyncFramePredefVaueExistsis TRUE; or
. 0 if the m_bSyncFramePredefVaueExistsis FAL SE.
where m_bSyncFramePredefValueExists is set during the instantiation of the parameter class.
If m_bParamPresent is TRUE and if bFirstSampl PointofFirstFrame is TRUE, then m_bUpdateFlag is:

. extracted from the stream if m_bSyncFramePredefValueExistsis TRUE; or
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. by default set to TRUE if m_bSyncFramePredefValueExistsis FALSE.

m_bParamPresent is TRUE and if bFirstSampl PointofFirstFrame is FALSE, then m_bUpdateFlag is extracted from

the stream.

If

m_bUpdateFlag is TRUE, parameter code is extracted from the stream.

This function is described in pseudocode in Table 5-3.

Table 5-3: UpdateCode

Syntax

Function for Updating Predefined Bit-w dth Paraneter

/1

ui

{

}

/1
/1

/1

ui

Function for checking if paraneter needs updating and if it does
it perforns the update of the paraneter val ue.
This is applicable to predefined bit-w dth paraneters.

- bSyncOFirstFrameFlag flag indicating if this is the sync frame, or the franme
between the two consecutive franes when a correspondi ng object appears for the first tine.
- nBits the nunber of bits used for coding the paraneter
CQut put paranet ers:
- mbUpdateFlag flag indicating if parameter has been updated or not
nt Updat eCode(bool bSyncOr FirstFrameFl ag, uint nBits)

ui nt unPar arret er Code;
if (bSyncOrFirstFrameFl ag) {
/] Extract a flag mbParanPresent that indicates the presence of the paranmeter in the stream
m bParanPresent = (ExtractBits(1l)==1) ? TRUE : FALSE;
if (mbParanPresent) {
m bUpdat eFl ag = (m _bSyncFr amePr edef Val ueExi sts) ? (bool) ExtractBits(1l) : TRUE

el se{

m bUpdat eFl ag = FALSE;
}
i

f (m_bUpdat eFl ag) {
/1 If mbUpdateFlag is TRUE extract nBits for the new val ue of unParaneter Code.
unPar anet er Code = (uint) ExtractBits(nBits);

} else {

unPar anet er Code = (uint) O;

m t Paraneter = (m_bSyncFranePr edef Val ueExi sts) ? m_t SyncFranePredefValue : (T) 0;

}

el se {
m bUpdat eFl ag = (m bParanPresent) ? (bool) ExtractBits(1l) : FALSE;
/1 If mbUpdateFlag is TRUE extract nBits for the new val ue of unParaneter Code.
/1 CQtherw se return O.
unPar anet er Code = (m bUpdateFlag) ? (uint) ExtractBits(nBits) : O;
}

return unPar anet er Code,;

This version is applicable to variable bit-w dth paranmeters.
I nput Paraneters:
- bSyncOFirstFrameFlag flag indicating if this is the sync frame or the frame
between the two consecutive frames when a correspondi ng object appears for the first tinme
- uctable[4] table defines the length of a code word depending on extracted prefix code index

CQut put paraneters:
- mbUpdateFlag flag indicating if paraneter has been updated or not
nt Updat eCode(bool bSyncOr FirstFrameFl ag, uint uctable[])

/1 The parameter can get updated in any frame.
if (bSyncO FirstFraneFl ag) {
/'l Extract a flag mbParanPresent that indicates the presence of the paraneter in the stream
m bPar anPresent = (bool) ExtractBits(1);
if (mbParanPresent) {
m bUpdat eFl ag = (m _bSyncFr amePr edef Val ueExi sts) ? (bool) ExtractBits(1l) : TRUE
} else {
m bUpdat eFl ag = FALSE;

}
if (mbUpdateFlag) {
unPar anet er Code = (uint) ExtractVarLenBitFields(uctable);

el se {
unPar anet er Code = (uint) O;
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Syntax

m t Paranmeter = (m_bSyncFramePr edef Val ueExi sts) ? mt SyncFranmePredefValue : (T) O;

}

el se {
m bUpdat eFl ag = (m bParanPresent) ? (bool) ExtractBits(1l) : FALSE;
unPar anmet er Code = (m bUpdateFl ag) ? (uint) ExtractVarLenBitFields(uctable) : O;
}
return unPar anet er Code;

}

5.2.3.3 CountBitsSet _to 1

This function cal culates the number of bits set to 1 in an unsigned 32-bit mask. This function is described in Table 5-4.

Table 5-4: CountBitsSet_to_1

Syntax

uint CBitStream: CountBitsSet_to_1(uint uintMsk)
{

ui nt nb=0;
for (uint n=0; n<32; n++)
nb = ((uintMask>>n) & 1) ? (nb+l) : nb;

return nb;

5.2.3.4  GetPtrToCurrentByte

Function to get pointer to the current byte in the stream buffer. This function is described in Table 5-5.

Table 5-5: GetPtrToCurrentByte

Syntax

uchar * Get PtrToCurrentByte(void)
{

}

return mucStreanBuffer.data() + (munBitCounter >> 3);

5.2.35 GetBitCounter

Return the current bit counter. Thisfunction is described in Table 5-6.

Table 5-6: GetBitCounter

Syntax

uint GetBitCounter(void){
return munBit Counter;
}

5.2.3.6  AdvanceBitRead pointer

This function advances the bitstream read pointer, allowing the parser to skip some number of bits. Thisfunctionis
described in Table 5-7.

Table 5-7: AdvanceBitRead pointer

Syntax

voi d AdvanceBi t Read poi nter(uint unNunBits)

m unBi t Counter += unNunBits;

}
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5.3 Interfaces for Extracting Metadata Frame

531 Overview of APIs

APIsfor unpacking frames of metadata depend on the type of audio presentation selection. These parameters are
dependent on the listening environment:

. unOutChMask is from the player API call set according to the user's selected playback configuration.
. unMaxObjectsis a decoder configuration setting based on that particular decoder's capabilities (or resource
allocation).
5.3.2 Audio Presentation Selection

The class for CAuPresSelectAPI is described in Table 5-8.

Table 5-8: CAuPresSelectAPI

Syntax
cl ass CAuPresSel ect API
{
private:
public:
/1 APl paraneters
uchar mucAudPresinterfaceType; // Type of APl that was used to sel ect desired audio presentation
bool m bEnbl Def aul t AuPr es;
uchar m ucDesi r edAuPr esl ndex;
std::vector<uint> munDesiredOoj | DLi st;
std: : vect or<bool > m bMat chFoundDesi redCoj | DLi st ;
std::vector<uint> munMat chedAuPr esl ndex;
std::vector<ui nt> muniat chedObj | ndex;
CAuPr esSel ect API (voi d):
m_ucAudPr esl nt er f aceType( AUD_PRES_SELECT_DEFAULT_AP),
m _bEnbl Def aul t AuPr es( FALSE) ,
m_ucDesi r edAuPr esl ndex(0),
m_unDesi redObj | DLi st (),
m_bMat chFoundDesi r edObj | DLi st (),
m_uniat chedAuPr esl ndex(),
m_unMat chedObj | ndex()
{3
~CAuPr esSel ect API (voi d) {}
voi d Copyl nput G assPar ans( CAuPr esSel ect APl *pC)
pC->m ucAudPresl nterfaceType = m ucAudPresl nterfaceType;
pC->m bEnbl Def aul t AuPres = m bEnbl Def aul t AuPr es;
pC->m ucDesi r edAuPr esl ndex = m ucDesi r edAuPr esl ndex;
pC->m unDesi redObj | DLi st = m unDesi redObj | DLi st ;
/1 Note that the m bMatchFoundDesiredCbj|DList is not copied
}
}

5.3.3 Play Default Presentation

Enable or disable default audio presentation and the default objects within that presentation will be played or outputs
will be muted respectively. Pseudocode for this call is shown in Table 5-9.
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Table 5-9: Default Presentation

Syntax Reference

voi d CMet aDat aFr ane: : Unpack MDFr ane_API (bool bEnbl Def aul t AuPr es,
ui nt unQut ChMask,
ui nt unMaxObj ect s)

m AuPr Sel ect APl . m ucAudPresl nterfaceType = APl _PRES SELECT DEFAULT_AP;
m_AuPr Sel ect APl . m bEnbl Def aul t AuPres = bEnbl Def aul t AuPr es;
UnpackMDFr ane(unQut ChMask, unMaxQbj ects); 6.2

}

5.34 Play Selected Presentation

Select adesired audio presentation other than the default presentation, and the default objects within that presentation
will be played. Pseudocode for this call is shown in Table 5-10.

Table 5-10: Selected Presentation

Syntax Reference

voi d CMet aDat aFr ame: : UnpackMDFr ane_API (uchar ucDesi r edAuPr esl ndex,
ui nt unQut ChMask, uint unMaxQhbj ects)

{

m AuPr Sel ect APl . m ucAudPresl nterfaceType = APl _PRES SELECT_SPEC! FI C_AP;

m_AuPr Sel ect APl . m ucDesi r edAuPr esl ndex = ucDesi r edAuPr esl ndex;

UnpackMDFr ane(unQut ChMask, unMaxQbj ects); 6.2
}

5.35 Play from a List of Objects

Play from a specified list of objects. In this case unDepAuPresMask indicates that all presentations are active, so the
decoder shall determine which audio presentations carry objects from
m_AuPr SelectAPI_SampledatSyncFrm.m_unDesiredObjlIDList. Pseudocode for this call isshown in Table 5-11.

Test whether any of the objects from m_AuPrSelectAPI_SampledatSyncFrm.m_unDesiredObjIDList isin the extracted
object list m_punObjectIDList[]. Results are stored in the same memory locations as the explicit object list for this
presentation that is extracted within FTOC.

In particular, the ucAudPreslindex bit within m_pCFTOC->m_unDepAuPresExplObjListMask set to 1 if any explicitly
requested objects are found within this audio presentation. Otherwiseit is set to 0.

Table 5-11: Presentation from a List of Objects

Syntax Reference

voi d CMet aDat aFr ane: : UnpackMDFr ane_API (st d: : vect or <ui nt > unDesi redObj | DLi st ,
ui nt unQut ChMask, uint unMaxObj ect s)
{

m_AuPr Sel ect APl . m ucAudPresl nterfaceType = APl _PRES SELECT_OBJECT_| D LI ST;
m _AuPr Sel ect APl . m unDesi redObj | DLi st = unDesi redObj | DLi st ;
UnpackMDFr ame( unQut ChMask, unMaxObj ects); 6.2

}

6 DTS-UHD Metadata Header Parsing

6.1 Overview

This clause describes the metadata header, including the frame table of contents (FTOC).
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6.2 UnpackMDFrame

Thisisthe function for unpacking a frame of metadata where desired objects to be played are selected based on the type
of API interface used (asindicated by m_ucAudPreslnterfaceType) and the associated parameter for particular interface

type. The class for CMetaDataFrame is shown in Table 6-1. Pseudocode describing the extraction of the metadata frame
isshownin Table 6-2.

Table 6-1: Frame Metadata Parameters

Syntax

/1 Cass holding the frame of netadata
cl ass CMet aDat aFr ane

L
private:
CBitStream*m pBitStream // Pointer to a bitstreamclass
uchar m ucMaxNumAuPres; // Maxi num nunber of audi o presentations
CCrcl6 mCrcl6; // Holds class for calculation of CRC
public:
typedef struct
uchar m.ucAudPreslnterfaceType
bool m _bEnbl Def aul t AuPr es
uchar  m ucDesiredAuPr esl ndex
std::vector< uint > m_unDesi redObj | DLi st
std::vector< bool > m_bMat chFoundDesi r edObj | DLi st
std::vector< uint > m_unMat chedAuPr esl| ndex
std::vector< uint > m_unMat chedObj | ndex
} CAuPresSel ect API ;
CAuPresSel ect APl m AuPr Sel ect APl ; // dass holding the audi o presentation selection APl paraneters
CAuPresSel ect APl m AuPr Sel ect APl _Sanpl edat SyncFrm // O ass holding the audio presentation
/'l selection APl paraneters sanpled at sync frane
CFr mTbl OF Cont ent *m _pCFTCC, /1 Pointer to a CFrmibl OF Content cl ass
Q0x01MDChunkBody **m ppCMDOx01; // Pointer to an array of pointers to a COx01MDChunkBody cl ass
CMFDSt ati cMD *m pCMFDSt ati cMD; // Pointer to a class with static MD netadata
uint *m punBitStart Export Chunks; // Pointer to the array with start bit index, within the frane
/'l payl oad, corresponding to the beginning of MD ID of
/1 each NMD chunk with | D 0x02, 0x03 or 0x04.
std::vector<uint> mpunCbjectlDList; // Pointer to the vector with extracted object IDIist
/1 in current netadata chunk
/1 Menber functions
}
Table 6-2: UnpackMDFrame
Syntax Reference
voi d CMvet aDat aFr ame: : UnpackMDFr ame( ui nt unQut ChMask, uint unMaxQbj ects)
{
bool bSyncCK;
uchar ucMDChunkl D;
uchar ucAudPresl ndex;
ui nt unDepAuPr esMask;
ui nt unBi t Count Bef or eMDI D;
uchar ucActiveAuPresl ndex = 0;
uchar ucExport Chunkl ndex = 0;
uint unExtractedBits;
uint unBits2Skip;
// Extract Frane Table O Content (FTQQ) 6.4.3

bSyncOK = m pCFTOC- >Ext r act FTOC( m_AuPr Sel ect APl , &m AuPr Sel ect APl _Sanpl edat SyncFrm
&m Crcl6);

if (mpCFTOC >m bSyncFraneFl ag) {
/1 In Sync Frane Reset All Metadata Chunks 6.3.1
Reset MDChunks() ;

/1 Cet the mask indicating which dependent presentations shall be extracted
unDepAuPresMask = m pCFTOC- >Get DepAuPr esMask( ) ; 6.4.2

/1 Loop over all netadata chunks
for (uint unmdc = 0; unmdc < m pCFTOC- >m unNum MD_Chunks; unndc++)

{
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Syntax Reference
/1 Check nmetadata CRC (if present) before proceeding with extracti on of netadata
i f (mpCFTOC >m pbMDChunkCRCFI ags[ unndc]) 6.3.8

/! Get pointer to the current read byte within the bitstream frane payl oad
uchar *ucpStreanBuff = GetPtrToCurrentByte(); 5234

}

/1 Get Bit Counter at the beginning of the chunk
unBi t Count Bef oreMDI D = GetBit Counter(); 6.3.2
/1l Extract MD Chunk ID

ucMDChunkl D = (uchar)ExtractBits(8);
swi tch (ucMDChunkl D)

{
case 0x01:
/1 0x01 Metadata Chunk Carries Audio Presentation |ndex
ucAudPresl ndex = Extract AudPresl ndex(); 6.3.3

/1 if current audio presentation shall be extracted
i f ((unDepAuPresMask >> ucAudPreslndex) & 0x01)
{

Ext ract MDChunkQbj | DLi st () ; 6.3.4
i f (m_AuPrSel ect APl _Sanpl edat SyncFrm m ucAudPr esl nterf aceType ==
APl _PRES SELECT_OBJECT_I D LI ST)

{

Updat eExpl Qbj Li st f or AuPr es( ucAudPr esl ndex) ; 6.3.6
if ((((mpCFTOC >m unDepAuPr esExpl Qbj Li st PresMask) >> ucAudPreslndex) &
0x01) == 0)

/1 No desired objects were found in this chunk, fix the read pointer
unExtractedBits = (GetBitCounter() - unBitCountBeforelDl D);

/1 Skip over the rest of this MD chunk
unBi ts2Skip = (8 * m pCFTOC- >m punMDChunkSi zes[ unndc]) - unExtractedBits;
AdvanceBi t Read poi nter(unBits2Skip);

/1 Exit swtch (ucMDdChunkl D)

br eak;
}
} // End of if (m_AuPrSel ect APl _Sanpl edat SyncFrm m ucAudPresl nterfaceType
i f (m_ppCVDOX01[ ucActi veAuPresl ndex] == NULL)
{

m_ppCVDOXx01[ ucAct i veAuPr esl ndex] = new COx01MDChunkBody(m pBit Stream
unMaxQbj ect s) ;

m _ppCVDOx01[ ucAct i veAuPr esl ndex] - >Set AudPr es| ndex( ucAudPr esl ndex) ; 7.2
m_ppCVDOXx01[ ucAct i veAuPr esl ndex] - >Set NuntX Cbj ect s(m _punCbj ect | DLi st . si ze());
m _ppCVDOX01[ ucAct i veAuPr esl ndex] - > Extract _Mai n_0x01_MDChunk ( 7.4

m pCFTOC- >m bSyncFr aneFl ag,

m pCFTOC- >m bFul | Channel BasedM xFl ag,

unBi t Count Bef or eMDI D,

m_pCFTOC- >m punMDChunkSi zes[ unndc] ,

m_pCFTOC- >m unFr aneDur at i on,

unCut ChMask,

m pCFTOC- >m bl nt er act Obj Li m t sPresent,

m _pCMFDSt at i VD,

m_pCFTOC- >m pbAudPr esSel ect abl eFl ag[ ucAudPr esl ndex] ,
m punCbj ect | DLi st);

if (((m_pCFTOC >m unDepAuPr esExpl Obj Li st PresMask) >> ucAudPresl ndex) & 0x01)
{

/1 There is an explicit object list that shall be followed. Only the objects in
// the list with corresponding bit set to '1" within the indexed mask will be

// set to active and all others will be set to inactive. Static objects whose
// metadata is not transmitted within this frane maintain their activity state.
m ppCVDOXx01[ ucAct i veAuPr esl ndex] - >Appl yExpl Obj Li st 20bj Act Mask( m pCFTOC- 731

>m punExpl Obj Li st Masks[ ucAudPr esl ndex], m punQObject!DList);
}

/1 1f any active object groups are in the object list, unwind the hierarchy and 732
/'l set the referenced object activity flags accordingly.
m _ppCVDOX01[ ucAct i veAuPr esl ndex] - >Appl yG oupDef aul t Obj ect Acti vi t yMask() ;
ucAct i veAuPr esl ndex++;

}

el se

/1 This is not the desired Audi o Presentation
unExtractedBits = (GetBitCounter() - unBitCountBeforeMD D);
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Syntax Reference
/1 Skip over the rest of this MD chunk
unBi ts2Skip = (8 * m pCFTOC- >m punMDChunkSi zes[ unnmdc] ) - unExtractedBits;
AdvanceBi t Read poi nter(unBits2Skip);
}

br eak;

case 0x02:
case 0x03:
case 0x04:

/1 Save the bit pointer (pointing to the beginning of MD Chunk ID) for each export
/1 metadata chunk. The decoder will allow extraction of this netadata in the
/] post processing nodul es.
/1 The post-processing module will copy this nmetadata into its local menory before the
/1 arrival of the next frane payload that will overwite the decoder's copy.
m _punBi t St art Expor t Chunks[ ucExport Chunkl ndex++] = unBi t Count Bef or eNDI D,

/1 Calculate the number of extracted bits within this Metadata Chunk
unExtractedBits = (GetBitCounter() - unBitCountBeforeMD D);
/1 Skip over the rest of this MD chunk
unBi ts2Skip = (8 * m pCFTOC- >m punMDChunkSi zes[ unnmdc] ) - unExtractedBits;
AdvanceBi t Read poi nter(unBits2Skip);
br eak;

defaul t:
/1 Calculate the nunmber of extracted bits within this Metadata Chunk
unExtractedBits = (GetBitCounter() - unBitCountBeforeMD D);
Il
/1 Skip over to the next MD chunk
unBi ts2Skip = 8 * m pCFTOC- >m punMDChunkSi zes[ unndc] - unExtractedBits;
AdvanceBi t Read poi nter(unBits2Skip);

} // End of sw tch (ucMDdChunkl D)

} // End of loop over all netadata chunks
} // End of UnpackMDFrane()

6.3 Functions and Tables Supporting UnpackMDFrame

6.3.1 ResetMDChunks

Reset extracted metadata chunks according to the pseudocode in Table 6-3.

Table 6-3: ResetMDChunks

Syntax
voi d CMet aDat aFr ane: : Reset MDChunks( voi d)
{
/] Reset 0x01 Metadata Chunks
for (uint nn = 0; nn < mucMaxNumAuPres; nn++)
if (mppCVDOX01[ nn] != NULL)
del ete m ppCVMDOX01[ nn];
m _ppCMDOXx01[ nn] = NULL;
}
}

6.3.2 Metadata Chunk Types

The Chunk_ID isused to identify the type of data stored in the chunk according to the Metadata Chunk Types shown in
Table 6-4.

The Chunk_ID isan 8-bit unsigned integer.
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Multiple instances of the same chunk type (same Chunk_ID) are possible:
e when each instance is associated with different audio presentations; and/or
. when description of a single audio presentation exceeds the capabilities of a single metadata chunk instance.

Metadata chunks may appear within the stream in an arbitrary order.

Table 6-4: Metadata Chunk Types

Chunk_ID Chunk Type Description

0x00 NULL chunk

0x01 Lean Object Metadata Chunk : frame info, object groups and objects metadata
(Channel-mask based or Mixing data-based, where mixing data can be 3D-based or output bus mixing
coefficient based)
0x02 DTS Post-Processing 1 Metadata (decoder exports this entire chunk via the API without unpacking it)
0x03 DTS Post-Processing 2 Metadata (decoder exports this entire chunk via the API without unpacking it)
0X04 DTS Post-Processing 3 Metadata (decoder exports this entire chunk via the API without unpacking it)
0x05 - Reserved
OXFE
OxFF Reserved for chunk types with extended Chunk_ID

6.3.3 Audio Presentation Index
Audio presentation index is part of the 0x01 metadata chunk and indicates the audio presentation index that is

associated with this metadata chunk. The index values can be up to 0, 4, 20 or 31 depending on the transmitted variable
length code of 1, 4 or 7 bits. Pseudocode to extract the audio presentation index is shown in Table 6-5.

Table 6-5: ExtractAudPresindex

Syntax Reference

/1 Function to extract the Audi o Presentation |ndex

[/l for Metadata chunk types that explicitly carry this index

uchar CMet aDat aFr ane: : Ext r act AudPr es| ndex(voi d)

{
uchar uctable[4] = { 0, 2, 4, 4 }; 5231
uchar ucAudPresl ndex = (uint)ExtractVarLenBitFields(uctable);
return ucAudPresl ndex;

}

6.3.4 ExtractMDChunkObjlDList

Extract the number of objects defined within a metadata chunk and the list of object IDs whose metadata is defined in
the current frame of the MD chunk. The list is stored in vector m_punObjectIDList where m_punObjectI DList.size()
indicates the number of objects. Pseudocode for ExtractMDChunkObjIDList() is shown in Table 6-6.

Note that thislist only refersto the object I1Ds packed in the current frame. Consequently, static objects areincluded in
thislist only in the frames when their metadata is transmitted (i.e. in the frame a static object makes a first appearance
in the period between the two sync frames).

Table 6-6: ExtractMDChunkObjIDList

Syntax Reference

/1 Function to extract the nunber of objects defined within a netadata chunk
/1 and the list of object IDs whose netadata is defined in the current frane

voi d ChMet aDat aFr ane: : Ext r act MDChunkQbj | DLi st (voi d)

6.4.6.1
bool bFul | Channel BasedM xFl ag = m pCFTOC- >m bFul | Channel BasedM xFl ag;
ui nt unNunObj ect s;
/1 Extract the nunber of objects defined in the chunk
i f (bFul | Channel BasedM xFl ag) {
unNumObj ects = 1; 6.3.5.1

} else {
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Syntax Reference

uchar uctable[4] ={ 3, 4, 6, 8 };
unNun®bj ects = (uint)ExtractVarlLenBitFields(uctable) + 1;
} // End of case when the bFul | Channel BasedM xFl ag=FALSE case for extraction of
m unNunthj ect s
/1 Initialize object |ist
m punCbj ect | DLi st . cl ear();
m punObj ect | DLi st . resi ze(unNuntbj ects, 0);
i f (bFul | Channel BasedM xFl ag == FALSE) {

for (uint unobj = 0; unobj < unNunObjects; unobj ++)
{ 6.3.5.2
/1 Selects 4 or 8 bits for extraction of object ID
uchar ucNunBitsforObjID = (ExtractBits(1l) == 1) ? 8 : 4;
/1 Extract Qoject ID
m punCbj ect | DLi st [unobj] = (uint)ExtractBits(ucNunBitsforCbjlD);
}
}
el se{ 6.3.5.3

/1 For full channel based mixes set the Cbject IDto 256
m punCbj ect | DLi st[ 0] = 256;

6.3.5 Parameters in ExtractMDChunkObjlDList

6.3.5.1 m_unNumObjects

Total number of objects and object group definitions defined in this metadata chunk. This parameter can change from
frame to frame. When bFullChannel BasedMixFlag is TRUE, m_unNumObjects=1 by default. When

bFullChannel BasedMixFlag is FALSE m_unNumObjects is packed as a variable length (4, 6, 9 or 11 bits) code.
Depending on the code length the maximum value for m_unNumObjects can be 8, 24, 88 or 256.

6.3.5.2  unNumBitsforObjlD

This 1-bit field is extracted from the stream, for each of m_unNumObjects objects, only if the
bFullChannelBasedMixFlag is FALSE. The unNumBitsforObjID is either 4 or 8 corresponding to the number of bits
that are used to represent an object I1D.

6.3.5.3 m_unObjectID

Thisfield is extracted from the stream, for each of m_unNumObjects objects, only if the bFull ChannelBasedMixFlag is
FALSE. The m_unObjectlD represents the unique object 1D that can range from 0 to 15 (if unNumBitsforObjI1D = 4) or
from 0 to 255 (if unNumBitsforObjID = 8). For full channel based mixes (bFullChannelBasedMixFlag is TRUE) the
Object ID is by default equal to 256.

6.3.6 Check if Desired Object is in Current Presentation

Function to create or update explicitly requested object list for a particular audio presentation based on:

. the global object list, provided by the system layer
(m_AuPrSelectAPI_SampledatSyncFrm.m_unDesiredObjIDList); and

e thelist of extracted objectsin this 0x01 MD chunk (m_punObjectIDList[])

NOTE: Sincem_AuPrSelectAPI_SampledatSyncFrm.m_unDesiredObjlDList can change only in sync frames, the
static objects from thislist will be activated whenever their metadata appearsin the stream. Nominally
thisisin the frame when the static object appears for the first timein the interval between two sync
frames. In all subseguent frames when its metadata is not transmitted, the static object activity flag
maintainsits value.
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Table 6-7: UpdateExplObjListforAuPres

Syntax

voi d CMet aDat aFr ane: : Updat eExpl Qbj Li st f or AuPres(uchar ucAudPr esl ndex)
{

ui nt unNunbj ;

ui nt unNunDesObj ;

uint unObj | D

uint *unpDesl D;

ui nt unCoj Mask;

bool bMat chFl ag;

unNunObj = m punObj ect | DLi st . si ze();

unNunDesCbj = m AuPr Sel ect APl _Sanpl edat SyncFrm m unDesi redObj | DLi st . si ze();

for (uint uno_api = 0; uno_api < unNumDesObj; uno_api ++) {
m_AuPr Sel ect APl _Sanpl edat SyncFr m m unMat chedObj | ndex[ uno_api] = 256;

}
unCbj Mask = 0; // Start fromno match

/1 Loop over all objects defined in this netadata chunk
for (uint uno_nd = 0; uno_nd < unNunmbj; uno_nd++){
unCbj I D = m punCbj ect | DLi st [ uno_nd] ;
unpDesl D = m AuPr Sel ect APl _Sanpl edat SyncFrm m unDesi redCbj | DLi st . data();
for (uint uno_api = 0; uno_api < unNunmDesObj; uno_api ++){
if ((*unpDesl|D++) == unObhj I D) {
bMat chFl ag = m AuPr Sel ect APl _Sanpl edat SyncFr m m biat chFoundDesi redCoj | DLi st [ uno_api ] ;
if (bMatchFl ag == FALSE) {
m_AuPr Sel ect APl _Sanpl edat SyncFr m m_biat chFoundDesi redQoj | DLi st [ uno_api] = TRUE;
/] Set the uno_nd-th bit of the unCbjMask to 1
unCbj Mask = unQoj Mask | (1 << uno_nd);
/1 Update Info Paraneters
m_AuPr Sel ect APl _Sanpl edat SyncFr m m_unMat chedAuPr esl ndex[ uno_api ] = ucAudPresl ndex;
m_AuPr Sel ect APl _Sanpl edat SyncFr m m unMat chedObj | ndex[ uno_api] = uno_nd;
break; // Exit for (uint uno_api = 0; uno_api < unNunmDesObj; uno_api ++) | oop

}
} // End of if ((*unpDeslD++) == unCbj | D)
} /1 End of for (uno_api = 0; uno_api < unNunmDesObj; uno_api ++)
} /1 End of for (uint uno_nd = 0; uno_nd < unNun®bj; uno_nd++)
if (unObjMask == 0) { // If no objects were found
m _pCFTOC- >m unDepAuPr esExpl Obj Li st PresMask =
m_pCFTOC- >m unDepAuPr esExpl Qoj Li st PresMask & (~(1 << ucAudPresl ndex));

el se {
m pCFTOC- >m unDepAuPr esExpl Obj Li st PresMask = m pCFTOC- >m unDepAuPr esExpl Obj Li st PresMask | (1 <<
ucAudPr esl ndex) ;

/'l Save the matched list of explicit objects for this presentation
m pCFTOC- >m punExpl Obj Li st Masks[ ucAudPr esl ndex] = unCbj Mask;

}

Results are:

. If any explicitly requested object is found within this audio presentation
m_pCFTOC->m_unDepAuPresExpl ObjListPresMask is set to 1, otherwise it isset to 0.

. If (m_pCFTOC->m_unDepAuPresExpl ObjListPresMask) >> ucAudPresindex) & 0x01) is TRUE, then the
updated explicit object list mask for the audio presentation indicated by ucAudPresi ndex.

o If (m_pCFTOC->m_unDepAuPresExpl ObjListPresMask) >> ucAudPresindex) & 0x01) is FALSE, then
m_pCFTOC->m_punExpl ObjListMasks] ucAudPresindex] is set to 0, and the remainder of this metadata
chunk shall be discarded and reading shall continue from the next metadata chunk.

6.3.7 Reserved and Byte Alignment Fields

To dlow for the addition of a new metadata field within this chunk, all decoders shall track the number of bits extracted
within this metadata chunk, compare it against the metadata chunk size and navigate past any remaining bits of the
present metadata chunk.
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6.3.8 Metadata Chunk CRC

The metadata chunk CRC (16 bit) value is transmitted in order to verify the chunk data. This CRC valueis calculated
over metadata fields starting from and including the MD Chunk 1D and up to and including the byte alignment field

prior to the CRC word (unMDChunkSize-2 bytes in total).
The decoder shall:

e  Cadculate the CRC(16) value over the chunk datafieldsi.e. over unMDChunkSze - 2 bytes (excluding CRC

itself) of data.

. Extract the chunk CRC field and compare it against the calculated CRC(16) value.

. If the two values match, reverse back and start extracting the chunk fields; otherwise, pronounce data

corruption.

The above steps are demonstrated in Table 6-8.

Table 6-8: ExtractandCheckCRC

Syntax Reference
bool CCrc16:: Extract andCheckCRCl6(uchar *ucpStreanBuff, uint unSizel nBytes)
{
unsi gned short unCal cCrcl16 = Cal cul ate_CRC16(ucpStreanBuff, unSizelnBytes - 2);
unsi gned short unExtractedCRCl6 = ((ucpStreanBuff[unSizel nBytes - 1] << 8)
ucpSt reanBuf f [ unSi zel nByt es] ) ; Table 6-9

/1 Check if calculated and extracted CRC16 words match
bool bCRCVerifiedOK = (unCal cCrcl6 == unExtractedCRC16) ? TRUE : FALSE;
return bCRCVeri fi edCX;

Table 6-9: CRC16_Update4BitsFast

Syntax

unsi gned short CCrcl6::m CRC16_Lookup[16] = {

0x0000, 0x01021, 0x2042, 0x3063, 0x4084, 0x50A5, 0x60C6, 0x70E7,
0x8108, 0x9129, OxAl4A, 0xB16B, 0xCl8C, OxDlAD, OxE1CE, OxF1EF
b

/1 Process 4 bits of the nessage to update the CRC Val ue.

/1 Note that the data will be in the |ow nibble of val.

voi d CCrcl6:: CRC16_Updat e4Bi t sFast (unsi gned char val) {
unsi gned char t;

/'l Step one, extract the nost significant 4 bits of the CRC register
t = m CRCl6Regi ster >> 12;

/'l XOR in the nessage Data into the extracted bits

t =t " val;

/1 shift the CRC Register left 4 bits

m CRC16Regi ster = m CRCl6Regi ster << 4;

/1 Do the table | ookups and XOR the result into the CRC Tabl es

m CRC16Regi ster = m CRC1l6Regi ster » m CRC16_Lookup[t];

/'l Process one Message Byte to update the current CRC Val ue
voi d CCrcl6:: CRC16_Updat e(unsi gned char val) {
CRC16_Updat e4Bi t sFast (val >> 4); /1 H gh nibble first
CRC16_Updat e4Bi t sFast (val & OxOF); // Low nibble

}
unsi gned short CCrcl6:: Cal cul at e_CRC16(unsi gned char *buf, int len) {
regi ster int counter;

I/l Initialize the CRC to OxFFFF as per specification

m CRC16Regi ster = OxFFFF;

for (counter = 0; counter <len; counter++) {
CRC16_Updat e( * buf ++) ;

return m CRCl6Regi ster;
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6.4 Frame Table of Contents (FTOC)

6.4.1 Overview of the FTOC

DTS-UHD frames have a single Frame Table of Contents to navigate to the Metadata Chunks and Audio Chunks. Table
6-11 describes how to parse this structure. These parameters apply to the entire stream (i.e. all audio and metadata
chunks and audio presentations) and are transmitted in the stream only in the sync frame (i.e. when m_bSyncFrameFlag
= TRUE). In frames where m_bSyncFrameFlag = FALSE, only the parameters that can change in value from frame to
frame are transmitted.

6.4.2 FTOC Class Parameters

The FTOC Class Parameters are shown in Table 6-10. Extracting the FTOC parameters from the bitstream is shown in
Table 6-11.

Table 6-10: CFrmTblofContent

Syntax
cl ass CFrnTbl O Cont ent
{
private:
CBit Stream *m pBit St ream // Pointer to the bitstreamclass
ui nt m.unTot al FranePayl| oadi nByt es; /1 Frane payload in bytes
/] Stream paraneters
uint m.unBaseDurati on; /1l The base duration in clock periods.
ui nt mund ockRat el nHz; /1 Defines Cock Period / dock rate
CPar ampdSyncOr AnyFr ane<ui nt 64> m Ti meSt anp; /1 Tinme code expressed in audio sanples.
ui nt m_unAudi oSanpl Rat e; /1 Defines audio sanpling rate as a multiple of the clock rate

bool m ReservedStream

ui nt m unDepAuPresMask; // Mask indicating which presentations desired presentati on depends on
CPBRSnpot hBuf f er Desc m CPBRBuf f Desc; /Il Aass with Peak Bit Rate (PBR) Snoothing paraneters
uchar m ucNumAudi oPr es; /1 Nunber of audio presentations defined in this stream
std::vector<ui nt> munDepAuPresExpl Obj Li st PresMask_Vector; [// for each sel ectable presentation

public:
bool m bSyncFraneFl ag; /!l Flag indicating if the current frame is the sync frane
ui nt m unFTOCPayl oadi nBytes; // FTCC payl oad size including the sync word and the CRC in Bytes
bool m bFul | Channel BasedM xFl ag; /1 indicated conpl ete channel based m x
ui nt m.unSt reanVaj or Ver Num /1 Major stream version nunber
uint m.unStreanM nor RevNum /1 Mnor revision of the stream version nunber
ui nt m.unFraneDurati on; /1 The frame duration in clock periods
bool m bl nteract Cbj Li mtsPresent; /] indicates interactivity limt paranms

/1 NMD and Audi o Chunk navigation paraneters

ui nt m unNum MD_Chunks; /1 Nunmber of netadata chunks transmitted
std: : vect or <bool > m pbAudPr esSel ect abl eFl ag; /1 audio presentation sel ectable Flags
std::vector<ui nt> m punMdChunksSi zes; /1 ND chunk si zes;

std:: vector<bool > m ppbMDChunkCRCFI ags; /1 Pointer to the vector with MD CRC Fl ags
ui nt m unNum Audi o_Chunks; /1 The nunber of audi o chunks present
std::vector<ui nt > m punExpl Obj Li st Masks; /1 Vector with explicit object list nasks;
CAudi oChunkLi st Handl er m CAudi oChunkNavi Lits; /1 holds audi o chunk navi gati on paraneters
ui nt m unDepAuPr esExpl Obj Li st PresMask; /] desired selectable presentation entry

/1 Menmber Functions

/1 Private paraneter get functions

bool Get SyncFrameF| ag(voi d){return m bSyncFraneFl ag; }

bool Get FranePayl oadl nByt es(voi d){return m unTot al Fr anePayl| oadi nByt es; }
bool Get Ful | ChBasedM xFl ag(voi d) {return m bFul | Channel BasedM xFl ag; }
bool GetlnteractiveMsicFl ag(void){return mblnteractiveMsicStream}

/1 Get mask indicating audio presentations that this presentation depends on
ui nt Get DepAuPr esMask(voi d){return m unDepAuPr esMask; }

}s

111111l CPBRSnoot hBufferDesc Cass [/ /111TTTTTTTETTTTTTTDT]
cl ass CPBRSnoot hBuf f er Desc

// Oass with Peak Bit Rate (PBR) Snpothing paraneters
publi c:
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Syntax
bool m bVBRSnoot hi ngBuf f er Enabl ed; /1 Indicator if VBR snpoothing has been perforned
ui nt m_nuAudi oChunksCurul Smoot hPayl oad; // Size of smpothed payl oad (bytes)
bool m bACFi rst XLLSyncPresent; // indicates if XLL sync word is present in the payl oad
ui nt m _nuVBRSnoot hi ngBuf f SzkB; /1 Size in bytes of required snoothing buffer
uint mnul ni t ACXLLDecDl yFr anes; /1 Frame count to accunul ate before decoding can start
ui nt M _nuACFi r st XLLSyncOf f s| nDWORDS; /1 XLL Sync word offset (measured in 32-bit words)

/1 Menmber functions

6.4.3 Extract FTOC

Table 6-11: ExtractFTOC

Syntax

Reference|

bool CFrnibl O Cont ent : : Ext ract FTOC( CAuPr esSel ect APl AuPresSel ect APl , CAuPr esSel ect API
*pAuPr esSel ect APl _Sanpl edat SyncFrm CCrc16 *pCCrc16)

{

ui nt unSyncWrd;

uint unBitCounter = GetBitCounter(); /1 Cet initial Position
uchar *ucpStreanBuff = m pBitStream >Get PtrToCurrentByte();

unSyncWrd = ExtractBits(32);

swi tch (unSyncWord)

{

case 0x40411BF2:

m _bSyncFranmeFl ag = TRUE;

br eak;
case Ox71C442ES:

m bSyncFraneFl ag = FALSE;

br eak;
defaul t:

return FALSE;, // invalid sync word

}

{

uchar uctable[4] = { 5, 8, 10, 12 };

m unFTOCPayl oadi nBytes = (uint)ExtractVarLenBitFields(uctable) + 1;
}

/'l Extract the stream paraneters and check the CRC
Extract StreanPar ans(ucpStreanBuff, pCCrcl6);
i f (m_bSyncFrameFl ag)
{
AuPr esSel ect API . Copyl nput O assPar ans( pAuPr esSel ect APl _Sanpl edat SyncFrm ;

if (pAuPresSel ect APl _Sanpl edat SyncFr m >m ucAudPresl| nterfaceType ==

APl _PRES SELECT OBJECT |D LI ST)

{
uint unDesObj = pAuPresSel ect APl _Sanpl edat SyncFrm >m unDesi redObj | DLi st . si ze();

/1 Reset the match lists and initialize to FALSE
pAuPr esSel ect APl _Sanpl edat SyncFr m >m _bMat chFoundDesi redbj | DLi st. cl ear () ;
pAuPr esSel ect APl _Sanpl edat SyncFr m >m bMat chFoundDesi redObj | DLi st . resi ze(unDesObj ,

FALSE) ;

pAuPr esSel ect APl _Sanpl edat SyncFr m >m unMat chedAuPr esl ndex. r esi ze(unDesObj, 256);
pAuPr esSel ect APl _Sanpl edat SyncFr m >m unMat chedQbj | ndex. resi ze(unDesChj , 256);
}

}

/1 Audio Presentations Paraneters

Resol veAudPr esPar ans( * pAuPr esSel ect APl _Sanpl edat SyncFrm) ;

ui nt unCunul ChunkPayl oadl nByt es = Extract ChunkNavi Dat a();

/] Save the total franme payl oad

m unTot al Fr anePayl| oadi nByt es = m unFTOCPayl oadi nByt es + unCunul ChunkPayl oadl nByt es;

/1 Extract XLL Peak Bit Rate (PBR) Snoothing Buffer Paraneters

Ext r act PBRSnoot hPar ans() ;

6.44.1

6.4.4.2

6.4.4.3

6.4.5

5.3.2

6.4.7
6.4.13

6.4.15
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Syntax Reference
/1 Skip Reserved, Byte Alignnent and CRC Fields
I/
Ski pReser vedandAl i gnFi el ds(m bSyncFraneFl ag, unBit Counter, m unFTOCPayl oadi nBytes); 6.4.17
return TRUE;
} // End of CFrniTbl O Content:: Extract FTOC()

6.4.4 Parameters for FTOC

6.4.4.1 unSyncWord

Thisfield represents a 32-bit sync word that, when expressed in hexadecimal format, is either 0x40411BF2 for sync
frames or 0x71C442E8 in non-sync frames.

6.4.4.2 bSyncFrameFlag

The boolean m_bSyncFrameFlag is set TRUE if the sync word indicates the present frame being decoded is a sync
frame, otherwiseit is set to FALSE.

Decoders shall only attempt to initialize on async frame. After acquiring synchronization every frame shall be checked
for the sync word to determine if the frame is a sync frame or a non-sync frame.

6.4.4.3 unFTOCPayloadinBytes

The value of unFTOCPayloadinBytes indicates the size, in bytes, of datain FTOC which starts from the FTOC sync
word through (and including) the FTOC CRC word (if present). The variable length coding allows for FTOC payload of
32,288, 1 312 or 5 408 bytes.

6.4.5 Stream Parameters

The stream parameters are extracted as shown in Table 6-12.

Table 6-12: ExtractStreamParams

Syntax Reference

/1 1nput Argunents:
/1 - ucpStreanBuff pointer to the first byte of FTOC data bl ock
// - pCCrcl6 - pointer to an instance of CRCl16 cl ass

Il
voi d CFrnibl O Cont ent: : Extract StreanPar ans(uchar *ucpStreanBuff, CCrcl6 *pCCrcl6) 6.4.6.1
i f (mbSyncFranmeFl ag) {
m _bFul | Channel BasedM xFl ag = (ExtractBits(1l) == 1) ? TRUE : FALSE;
}
i f (m_bFul | Channel BasedM xFl ag == FALSE || m bSyncFraneFl ag == TRUE) ({
i f (pCCrcl6->ExtractandCheckCRCL6(ucpStreanBuff, m unFTOCPayl oadi nBytes) ==
FALSE)
{
cerr << "CRC failed"; 6.4.6.2

exit(-1); // Exit

}
i f (m_bSyncFraneFl ag)

uint unTenp;

uint 64 un64Tenp;

uchar ucTenp;

i f (m_bFul | Channel BasedM xFl ag == FALSE)

{
bool bShort RevNum = (ExtractBits(1) == 1) ? TRUE : FALSE; 6.4.6.3
uchar ucBits = (bShortRevNum) ? 6 : 12;
unTenp = ExtractBits(ucBits);
ucBits = ucBits >> 1;
/1 Select ucBits MSBs fromthe 2*ucBits-bit word unTenp
/1 make the minor version start from?2
m unSt r eanVaj or Ver Num = (unTenp >> ucBits) + 2;
/] Select ucBits LSBs fromthe 2*ucBits-bit word unTenp

ETSI



50

ETSI TS 103 491 V1.1.1 (2017-04)

Syntax

Reference

}

m unSt r eanM nor RevNum = unTenp & ((1 << ucBits) - 1);
}

el se

m_unSt r eamVaj or Ver Num = 2;
m_unSt r earM nor RevNum = 0;
}
unTenp = ExtractBits(2);
m unBaseDur ati on = (uint) Tabl eLookUp(unt enp, BaseDurati on);
unTenmp = ExtractBits(3) + 1;
m unFr aneDur ati on = m unBaseDuration * ((uint)unTenp);
unTenp = ExtractBits(2);
switch (unTenp) {
case O:
m und ockRat el nHz = 32000;
br eak;
case 1:
m unC ockRat el nHz = 44100;
br eak;
case 2:
m unCl ockRat el nHz = 48000;
br eak;
case default: //this would be an error
br eak;
}

/1 Time code expressed in audi o sanpl es coded as 36-bit nunber.

/1

un64Tenp = (uint64)m Ti meSt anp. Updat eCode( m bSyncFr aneFl ag,
i f (m.Ti meStanp. m bUpdat eFl ag)

{

unTenp = (uint)ExtractBits(4);
un64Tenp = (un64Tenmp << 4) | ((uint64)unTenp);
m _Ti meSt anp. Set Par anet er (un64Tenp) ;

/1 Since tinme code is coded as 36-bit value extract 4 nore bits

}

/1 Audio Sanple Rate Multiplier

ucTenmp = (uchar)ExtractBits(2);

ucTenp = 1 << ucTenp;

m unAudi oSanpl Rate = m unC ockRatel nHz * (uint)ucTenp
f (m_bFul | Channel BasedM xFl ag) {

m reservedFl ag = FALSE;

m bl nt eract Obj Li m t sPresent = FALSE;

el se{
m reservedFl ag = (bool) ExtractBits(1);
m bl nteract Obj Li m tsPresent = (bool) ExtractBits(1);

}
/1 End of if (mbSyncFraneFl ag)

} // End of CFrnibl O Content:: Extract StreanParans() function

32);

6.4.6.4
6.4.6.5

6.4.6.6

6.4.6.7

6.4.6.8

6.4.6.10
6.4.6.11

6.4.6 Parameters for ExtractStreamParams

6.4.6.1  Full Channel Based Mix Flag

If m_bFullChannel BasedMixFlag = TRUE, then the content represents a full channel mask-based audio presentation
(i.e. stereo, 5.1, 11.1 mix without objects). Thisimplies the following:

the stream version.revision number is 2.0;

the number of audio presentationsis 1,

the number of audio chunksis 1;

the number of metadata chunksin the sync frameis 1,

there are no metadata chunks in non-sync frames,

some metadata parameters will assume default values and will not exist in the stream.
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6.4.6.2 CRC Test

When m_bFullChannel BasedMixFlag = TRUE, the FTOC CRC16 word is transmitted in the stream only in the sync
frames. Consequently for this case the CRC check is performed only in sync frames.

When m_bFullChannel BasedMixFlag = FALSE, the FTOC CRC16 word is transmitted in every frame, so the CRC
check is performed in all frames.

6.4.6.3 Stream Version Number

The stream version number isin adecimal representation in form of x.y where x represents a major version number and
y represents a minor revision of the x version.

A DTS-UHD decoder implementation, with its version as indicated by the REVISION_NUMBER, shall do the
following:

. Decode all stream versions x.y if the magjor version number x <= REVISION_NUMBER.

. Reject dl stream versions x.y if the major revision number x > REVISION_NUMBER.
Coding of the version and revision numbersis performed either using:

e 7-bit code to represent major versions from 2 to 9 and minor revisionsfrom0to 7.

. 13-bit code to represent major versions from 2 to 65 and minor revisions from 0 to 63.

If m_bFullChannelBasedMixFlag = TRUE then no hits are extracted from the stream for Version Number and the
versionis set to 2.0.

6.4.6.4 Base Duration

m_unBaseDuration indicates the number of clock cycles in the base duration period. The 2-bit index is used to
distinguish between 4 different base duration periods as indicated in Table 6-13.

Table 6-13: Base Duration

index BaseDuration (samples)
0 512
1 480
2 384
3 Reserved

6.4.6.5 Frame Duration

m_unFrameDuration indicates the number of clock cycles (as defined by the m_unClockRatelnHertz) in the frame
duration period. It is derived from an extracted 3-bit multiplier and m_unBaseDuration.

6.4.6.6 Clock Rate

The clock rate is used to calculate the audio sampling rate. m_unClockRatelnHz is a 2-bit field representing the clock
rate in Hz according to Table 6-14.

Table 6-14: Clock Rate

code (from bitstream) | ClockRate (Hz)
0 32 000
1 44 100
2 48 000
3 Unused
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6.4.6.7 Time Code Parameters

Them_TimeStamp.m_bUpdateFlag indicates if the time code parameter is transmitted in the stream. Thisflagis
extracted/set within the m_TimeStamp.UpdateCode(). UpdateCode() is explained in clause 5.2.3.2.

The call to m_TimeStamp.UpdateCode() returns the status of m_TimeStamp.m_bUpdateFlag. If
m_TimeStamp.m_bUpdateFlag = TRUE then an additional 4 bits shall be read from the stream to complete the
timestamp update. The time stamp datais a 36-bit field composed as follows:

TimeStamp = (Hours x 3 600) + Mins x 60 + Sec) / (float) m_unClockRatelnHz + Sampl eOffset
Where:

. Hours has range 0 to 23

. Mins has range 0 to 59

. Sec hasrange 0 to 59

The time stamp of an encoded frame (N) corresponds to that time when the first bit of the encoded frame (N) shall be
clocked to the decoder (i.e. the decoder presentation time for frame (N) ).

6.4.6.8  Audio Sampling Rate

m_unAudioSampl Ratel nHz represents the audio sampling rate in Hz. The 2-bit parameter read from the FTOC
Parametersis used as a power of 2 (2'n) that takes resultsin amultiplier of 1, 2, 4 or 8. Thisis multiplied by the clock
rate, m_unClockRatelnHz.

6.4.6.9  Number of Audio Samples

The number of audio samplesin the metadata frame duration period is calculated as m_unFrameDuration *
m_unAudioSampl RatelnHz / m_unClockRatelnHz.

In the nominal case, the audio frame duration period in seconds and the metadata frame duration period in seconds are
the same. However, there are exceptions to this nominal case. In particular when audio is packed in the audio chunk
types that allow packing of multiple audio frames within a single audio chunk (i.e. Audio Chunk Types 0x03 or 0x04 as
described in Audio Chunks), the audio frame duration period in seconds is a fraction of the metadata frame duration
period in seconds. Consequently the number of audio samplesin the audio frame can be calculated as:

m_unFrameDuration * (m_unAudioSamplRatelnHz / m_unClockRatelnHz) in the nominal case
m_unFrameDuration * (m_unAudioSamplRatelnHz / m_unClockRatelnHz) / 2 in the Audio Chunk Type 0x03 case, or

m_unFrameDuration * (m_unAudioSamplRatelnHz/ m_unClockRatelnHz) / 4 in the Audio Chunk Type 0x04 case

6.4.6.10 Reserved Flag

m_reservedFlag shall be read when m_bFullChannelBasedMixFlag = FALSE. If m_bFullChannel BasedMixFlag =
TRUE then this parameter is not present.

6.4.6.11 Object Interactivity Limits Present Flag

m_blnteractObjLimitsPresent shall be read when m_bFullChannelBasedMixFlag = FALSE. If
m_bFullChannel BasedMixFlag = TRUE then this parameter is not present. When m_blnteractObjLimitsPresent =
TRUE, then the metadata for limiting the user control of interactive objects is present in the stream.

6.4.7 ResolveAudPresParams
Within every selectable audio presentation, a set of audio presentation parametersis transmitted in the stream. Each set

consists of the parameters describing the default dependency of selected presentation on any audio presentations of the
lower index. Thisisshown in Table 6-15.
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Table 6-15: ResolveAudPresParams

Syntax

Reference

/'l Function resol ves whet her the audio presentation paraneters shall be extracted and
saved

/1 or extracted and overwitten by desired presentati on mask provi ded as an input

ar gurent .

/1 Argunents:

/1 AuPresSel ect APl - class of Audio presentation selection APl paraneters

/1

voi d CFrmrbl O Cont ent : : Resol veAudPr esPar ans( CAuPr esSel ect APl AuPr Sel ect APl Ol ass)

{

uchar ucDesi r edAuPr esl ndex;

i f (mbSyncFrameFl ag) {
i f (m_bFul | Channel BasedM xFl ag) {
m_ucNunAudi oPres = 1;
}

el se {
uchar uct abl e[ 4]
m_ucNunmAudi oPr es

}

}
switch (AuPrSel ect APl O ass. m ucAudPresl nterfaceType) {
case APl _PRES_SELECT DEFAULT_AP:
ucDesi r edAuPr esl ndex = 0;
Ext r act AudPr esPar ans(ucDesi r edAuPr esl ndex) ;
br eak;
case APl _PRES SELECT_SPECI FI C_AP:
ucDesi redAuPr esl ndex = AuPr Sel ect APl Cl ass. m ucDesi r edAuPr esl ndex;
Ext ract AudPr esPar ans(ucDesi r edAuPr esl ndex) ;
br eak;
case APl _PRES SELECT OBJECT_ | D LI ST:
ui nt unDesiredAuPresMask = (1 << m ucNumAudi oPres) - 1;
Ext ract andSaveAl | AudPr esPar ans() ;
br eak;

{0 2 4 5},
((uint)ExtractVarLenBitFields(uctable)) + 1;

}

}

6.4.8.1

6.4.9

6.4.9

6.4.12.4

6.4.8 Parameter for ResolveAudPresParams

6.4.8.1 Number of Audio Presentations

The number of audio presentations defined in the stream is coded with 4 variable length codes (1, 4, 7 or 8 bit length),

allowing for 1, 5, 21 or 32 audio presentations to be defined in total.

6.4.9 Extract Audio Presentation Parameters

ExtractAudPresParamsis shown in Table 6-16.

Table 6-16: ExtractAudioPresParams

Syntax

Reference

voi d CFrnifbl O Cont ent : : Ext r act AudPr esPar ans
(uchar ucDesiredSel ect AuPr esl ndex,

bool bSavePar anet er s4Al | Present ati ons)
{

ui nt unDepAuPr esMask;
uchar ucSel ect abl ePresCounter = 0; //nunber of selectable audio presentations

i f (m_bSyncFrameFl ag)

/1 Reinitialize the audio presentation related vectors

m_pbAudPr esSel ect abl eFl ag. cl ear () ;

m_pbAudPr esSel ect abl eFl ag. resi ze(m_ucNunmAudi oPres, FALSE);

m _punExpl Obj Li st Masks. cl ear ();

m _punExpl Obj Li st Masks. resi ze(m ucNunAudi oPres, 0);

m_unDepAuPr esExpl Obj Li st PresMask_Vector. cl ear();

unDepAuPr esExpl Obj Li st PresMask_Vect or. resi ze( m ucNumAudi oPres, 0);
// Initialize the masks to O

m _unDepAuPr esMask = 0;
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Syntax Reference
}
for (uchar ucAuPresind = 0; ucAuPreslnd < m ucNunmAudi oPres; ucAuPreslnd++)
/1 Index into the vectors of saved paraneters
unSaved| ndex = (bSavePar anet er s4Al | Presentations) ? ucAuPresind : O;
i f (mbSyncFranmeFl ag) {
i f (m_bFul | Channel BasedM xFl ag) { 6.4.10.1
m _pbAudPr esSel ect abl eFl ag[ ucAuPresl nd] = TRUE;
} else {
m_pbAudPr esSel ect abl eFl ag[ ucAuPresl nd] = (bool )ExtractBits(1l);
}
} // End of case when the mbSyncFrameFl ag is TRUE
i f (m_pbAudPresSel ect abl eFl ag[ ucAuPresi nd] == TRUE) {
ui nt unTenpFl ags;
if (mbSyncFraneFl ag) { 6
/1 Extract presentation dependency nask 4.10.2
unDepAuPresMask = (ucAuPresind > 0) ? ExtractBits(ucAuPresind) : O;
unTenpFl ags = 0;
for (uint uniter = 0; uniter < ucAuPreslnd; uniter++) {
i f ((unDepAuPresMask >> uniter) & 0x01) ({
I/l Flag indicating if an explicit object list is transnitted
uint unTenmp = (uint)ExtractBits(1); 6.4.10.3
unTenpFl ags = unTenpFl ags | (unTenp << uniter);
}
m_ unDepAuPr esExpl Obj Li st PresMask_Vect or [ucAuPreslind] = unTenpFl ags;
} // End of case when the mbSyncFrameFl ag is TRUE
/1 Objects nay appear and di sappear so |ist nmay need updating in non-sync franes
unTenpFl ags = (m bSyncFraneFl ag) ? unTenpFl ags : m unDepAuPr esExpl Obj Li st Mask;
Il Lists are only saved if this is the desired presentation
bool bSavelLi stsFlag = (ucSel ect abl ePresCount er == ucDesi redSel ect AuPr esl ndex) ;
Ext ract Expl i ci t Obj ect Li st s(m unDepAuPr esExpl Obj Li st PresMask_Vect or [ ucAuPresl| nd], 6.4.11

ucAuPresl nd, bSaveli stsFl ag);
i f (mbSyncFranmeFl ag) {

i f (bSaveParaneters4Al | Presentations || bSaveli stsFl ag)
{
/1 m unDepAuPr esExpl Obj Li st Present Mask
/1 will be overwitten within the ExtractandSaveAl | AudPresPar anms()

/1 Since this is desired presentation save the m unDepAuPresMask
/1 Include the ucAuPresind
m unDepAuPr esMask = unDepAuPresMask | (1 << ((uint)ucAuPreslind));
// Save the mask associated with the desired sel ectable presentation
m_unDepAuPr esExpl Qbj Li st PresMask =
m unDepAuPr esExpl Obj Li st PresMask_Vect or [ ucAuPresl| nd] ;
} // End of case when the ucSel ectabl ePresCounter = ucDesiredSel ect AuPresl ndex
} // End of case when the mbSyncFrameFlag i s TRUE
ucSel ect abl ePresCounter++; // Increnent selectable audio presentati on counter
} // End of if (m_pbAudPresSel ectabl eFl ag[ ucAuPr esl nd] ==TRUE)
el se
{
m_unDepAuPr esExpl Obj Li st PresMask_Vect or [ ucAuPresind] = 0;

} // End of audio presentation index |oop
if (mbSyncFrameFl ag && (bSavePar anet er s4Al | Present ati ons==FALSE))

if ((mucNunmAudi oPres == 1) &&
(ucDesi redSel ect AuPr esl ndex==0) &&
(m_pbAudPr esSel ect abl eFl ag[ 0] == FALSE)) {
m_unDepAuPr esMask = 1;
}
}
}
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6.4.10 Parameters for ExtractAudPresParams

6.4.10.1 bAudPresSelectableFlag

This 1-bit field is transmitted in the stream only if the m_bSyncFrameFlag is TRUE. The presentation selectable flag
indicates if an audio presentation with all its dependent lower indexed presentations (as indicated by
m_unDepAuPresMask) is playable without any higher indexed presentations. In particular when:

. bAudPresSelectableFlag = FAL SE this audio presentation cannot be selected as a desired presentation (top of
the dependency chain). However, it can be played as a part of dependency chain of some presentation with a
higher presentation index;

. if bAudPresSelectableFlag = TRUE this audio presentation can be selected as a desired presentation (top of
the dependency chain) and consequently the dependency mask unDepAuPresMask is transmitted in the stream.
The unDepAuPresMask indicates which of the lower-indexed audio presentations shall be by default played
together with the desired audio presentation.

6.4.10.2 unDepAuPresMask

Thisfield istransmitted only if them_bSyncFrameFlag is TRUE and only for selectable presentations (i.e.
bAudPresSelectableFlag = TRUE). The ucDepAuPresMask is a bit mask describing which of the lower indexed
presentations shall be by default played together with the current selectable audio presentation. Since a selectable
presentation with audio presentation index ucAudPresindex can only depend on audio presentations with indices
smaller than ucAuPreslnd, then a ucAuPresind-bit long dependency mask is needed. The dependency of the current
audio presentation on the audio presentation with ucAuPresind=k is captured by the k-th bit (k=0 for LSB) of
ucDepAuPresMask. In particular if the k-th bit in the mask is"1" the current audio presentation depends on the audio
presentation with presentation index k.

6.4.10.3 Explicit Object List Present Flag

This 1-bit field is transmitted only if the m_bSyncFrameFlag is TRUE and only for selectable presentations (i.e.
bAudPresSelectableFlag = TRUE). For each dependent presentation, extract a bit that indicatesif the default objects
within that presentation shall be played (bit set to '0") or there exist an explicitly defined list of objects that are to be
played instead (bit set to '1"). The flags corresponding to all dependent audio presentations are aggregated into asingle
mask and saved to the m_unDepAuPresExpl ObjListPresMask Vector[]. The saved valuesin

m_unDepAuPresExpl ObjListPresMask_Vector[] are needed for extraction of explicit object lists in the non-sync
frames.

The value in m_unDepAuPresExplObjListPresMask Vector[] that corresponds to the desired selectable presentation is
saved in m_unDepAuPresExpl ObjListPresMask.

6.4.11 ExtractExplicitObjectsLists

The following fields are transmitted in the stream for each lower indexed presentation that has its corresponding bit
within unDepAuPresExpl ObjListMask set to '1' according to the pseudocode in Table 6-17.

Table 6-17: ExtractExplicitObjectsLists

Syntax Reference

voi d CFrniTbl Of Cont ent : : Extract Expl i ci t bj ect Li st s(
ui nt unDepAuPr esExpl Obj Li st Mask,
uchar uCurrent AuPresl nd,
bool bSaveli stsFl ag) {

ui nt unTenp;
bool bUpdFl ag;

for (uchar ucapi = 0; ucapi < uCurrentAuPreslnd; ucapi++) {
if ((unDepAuPresExpl Obj Li st Mask >> ucapi) & 0x01) {
/Il Check if there is an update of the list nask
if (mDbSyncFraneFl ag) {
/1 In sync frames there will be an update 6.4.12.1
bUpdFl ag = TRUE;
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Syntax Reference

el se {
bUpdFl ag = (ExtractBits(1l) == 1) ? TRUE : FALSE;

if (bUpdFlag) {
uchar uctable[4] = { 4, 8, 16, 32 };

unTenp = ((uint)ExtractVarLenBitFields(uctable)); 6.4.12.2
}
} // End of if ((unDepAuPresExpl QbjLi st Mask >> ucapi) & 0x01)
el se {
unTenp = O;

bUpdFl ag = TRUE;

m _punExpl Qbj Li st Masks[ucapi] = (bSavelLi stsFlag && bUpdFl ag) ? unTenp :
m _punExpl Obj Li st Masks[ ucapi ] ;
}

}

6.4.12 Parameters for ExtractExplicitObjectLists

6.4.12.1 Explicit Object List Update Flag

This 1-bit flag is transmitted in the stream only if the m_bSyncFrameFlag is FALSE. In case when the
m_bSyncFrameFlag is TRUE the explicit object list update flag is by default set to TRUE. When this update flag is
TRUE it indicates that the explicit object list mask is transmitted in the current frame. Otherwise, the explicit object list
mask keeps its value from the previous frame.

6.4.12.2 Explicit Object List Mask

This variable length field represents an object list mask where each bit corresponds to an object within specific lower
indexed audio presentation in the order in which objects are packed in the stream. When the bit is set to 1" it indicates
that the playback of the corresponding object is requested.

NOTE: Thislist only refersto the object 1Ds packed in the current frame. Consequently static objects are
included in thislist only in the frames when their metadata is transmitted (i.e. the frame a static object
makes afirst appearance in the period between the two sync frames).

The explicit object list may have up to 4, 8, 16 or 32 objects using variable length codes of 5, 10, 19 or 35 bits
respectively.
6.4.12.3 Metadata Describing Presentation Scaling for Different Playback Configurations

This metadata block is present only in the sync frames (m_bSyncFrameFlag is TRUE) and only for the audio
presentations with bAudPresSelectableFlag equal to TRUE. This metadata block defines audio presentation scaling
tailored for different playback configurations as described in clause 7.5.1.

6.4.12.4 Extract and Save All Audio Presentation Parameters

ExtractAudPresParams() is a function to extract and save all audio presentation parameters, as shown in Table 6-18.
The function is only executed when the stream decoder is configured with an object list. In this case thereis no
preferred playable presentation and the list of desired objectsis provided. Since the partitioning of objects acrossthe
audio presentations is not known within FTOC, all presentations shall be considered, therefore all m_ucNumAudioPres
bitsare al set to "1" in unDepAuPresMask.

An overall long term loudness measurement set and scaling parameter set for every selectable audio presentation shall
be saved. Once it is determined which audio presentations shall be played, the appropriate parameters will be selected.

All dependent presentation masks and explicit object lists transmitted within this stream are ignored.

ETSI




57 ETSI TS 103 491 V1.1.1 (2017-04)

Table 6-18: ExtractandSaveAllAudPresParams

Syntax Reference

//input argunents:
/'l - unDepAuPresMask specifies which audio presentations within this streamshall be
I/ decoded

voi d CFrniTbl O Cont ent: : Extract andSaveAl | AudPr esPar ans( ui nt unDepAuPr esMask)

Ext r act AudPr esPar ans(0) ; 6.4.9
if (m_bSyncFraneFl ag)

/1 Set mucNumAudi oPres LSBs to "1" indicating that all presentations are desired.
m unDepAuPresMask = (1 << m.ucNumAudi oPres) - 1;
/1 Make sure to ignore all object lists explicitly defined within the bitstream
m unDepAuPr esExpl Obj Li st PresMask = 0;
for (uint unAPInd = 0; unAPInd < mucNumAudi oPres; unAPI nd++)
{

m_unDepAuPr esExpl Obj Li st PresMask_Vect or [ unAPI nd] = 0;

m_punExpl Qbj Li st Masks[ unAPI nd] = 0;

6.4.13 Navigation Parameters for Metadata and Audio Chunks

The prototype for the CAudioChunkNaviParams classis shown in Table 6-19.

Table 6-19: Audio Chunk Navigation - Class Parameters

Syntax
cl ass CAudi oChunkNavi Par ans
{
private:
publi c:
ui nt m_unAudi oChunkPacki nl ndex; /] Chunk's packing index within the current frane payl oad
ui nt m_unAudi oChunkl D; /1 A registered audio chunk |ID
ui nt m_unAudi oChunksSi ze; /Il A registered audio chunk size in Bytes
ui nt  m unAudi oChunkl ndex; /'l Registered unique audi o chunk indexes as used within MD
/1 chunks for addressing audi o waveforns.
/'l For a registered audio chunk that is still present in the stream the audio chunk index has a
/1 constant val ue.
bool m bAudi oChunkPresent; /'l Flags indicating if a registered audio chunk is still

/] present in the current frane
/1 Member Function ...

}s

The chunk navigation table is extracted according to the pseudocode shown in Table 6-20.

Table 6-20: ExtractChunkNaviData

Syntax Reference

/1 Extraction of Metadata Chunks and Audi o Chunks Navi gation Paraneters
ui nt CFrnilbl O Cont ent : : Ext ract ChunkNavi Dat a(voi d) {

bool bACI DsPresent Fl ag;

ui nt unCurul ChunkPayl oadl nBytes = 0;

/1 The nunber of netadata chunks present in current frane

i f (m_bFul | Channel BasedM xFl ag) { 6.4.14.1
m unNum MD_Chunks = (m bSyncFraneFlag) ? 1 : O;
} else {

uchar uctable[4] ={ 2, 4, 6, 8 };
m unNum MD_Chunks = (uint)ExtractVarLenBitFiel ds(uctable);
}
i f (m_punMDChunkSi zes. si ze() < munNum MD_Chunks) {
m _punMDChunkSi zes. r esi ze(m unNum MD_Chunks, 0);
m _pbMDChunkCRCFI ags. r esi ze(m unNum MD_Chunks, FALSE);
} 6.4.14.2
uchar uctable[4] = { 6, 9, 12, 15 };
for (uint nmdc = 0; nnmdc < munNum MD_Chunks; nndc++) {
/1 Size includes bits for MD Chunk ID
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Syntax

Reference

m _punMDChunkSi zes[ nndc] = (uint) Extract Var LenBit Fi el ds(uct abl e);
unCunmul ChunkPayl oadl nByt es += m _punMDChunkSi zes[ nndc]; // accumul ate chunk payl oad
/1 NMD chunk CRC fl ag
i f (m_bFul | Channel BasedM xFl ag) {
/1 For full channel based mi x disable CRC in netadata chunk by default
m_pbMDChunk CRCFI ags[ nndc] = FALSE;
} else {
/1 Extract MD chunk CRC fl ag
m_pbMDChunkCRCFIl ags[ nndc] = (ExtractBits(1l) == 1) ? TRUE : FALSE;
}

/1 The nunber of audio chunks present in the current frane
i f (m_bFul | Channel BasedM xFl ag) {

m unNum_Audi o_Chunks = 1,
} else {

uchar uctable[4] ={ 2,

4, 8}
m_unNum Audi o_Chunks u r

6,
(uint)ExtractVarLenBitFields(uctable);
}

/1 Audi o Chunk Navigation Data
i f (mbSyncFraneFl ag) {
m_CAudi oChunkNavi Lits. Reset Li st ();
} else {
m_CAudi oChunkNavi Li t s. Reset Audi oChunkPr esent Fl ags() ;

ui nt unAudi oChunkl ndex;
ui nt unAudi oChunkl D;
ui nt unAudi oChunkSi ze;
for (uint nac = 0; nac < munNum Audi o_Chunks; nac++) {
/1 Audi o chunk index
/1
i f (m_DbFull Channel BasedM xFl ag) {
/1 In this case there can only be one audi o chunk
unAudi oChunkl ndex = 0;
} else {
uchar uctable[4] ={ 2, 4, 6, 8 };
unAudi oChunkl ndex = (uint)ExtractVarLenBitFields(uctable);
}
uint unListlndex = m CAudi oChunkNavi Li ts. Fi ndAudi oChunkLi st | ndex( unAudi oChunkl ndex,
unAudi oChunkSi ze, nac);
i f (m_bSyncFraneFl ag) {
/1 1n sync frane Audio Chunk IDs will be present
bACI DsPresent Fl ag = TRUE;

el se{
bACI DsPresent Fl ag = (m bFul | Channel BasedM xFl ag) ? FALSE : (bool)ExtractBits(1);

}
i f (bACI DsPresentFl ag) {
uchar uctable[4] ={ 2, 4, 6, 8 };
unAudi oChunkl D = (uint)ExtractVarLenBitFiel ds(uctable);

// Store the Audio Chunk ID
m_CAudi oChunkNavi Li t s. m pCAudi oChunksNavi Par ans[ unLi st | ndex] . m unAudi oChunkl D =
unAudi oChunkl D;
}
el se {
/] Case when the bACI DsPresentFlag is FALSE
i f (m_CAudi oChunkNavi Lits. m pCAudi oChunksNavi Par ans[ unLi st | ndex] . m unAudi oChunkl D <
256)

/1 Get the audio chunk ID fromthe stored |ist
unAudi oChunkl D =
m_CAudi oChunkNavi Li t s. m pCAudi oChunksNavi Par ans[ unLi st | ndex] . m unAudi oChunkl D
}

}
/1 Audio Chunk Size in Bytes
uchar uctable[4] = { 9, 11, 13, 16 };
unAudi oChunkSi ze = (unAudi oChunkl D == 0) ? O :
(uint)ExtractVarLenBitFields(uctable);
unCumul ChunkPayl oadl nByt es += unAudi oChunkSi ze; // Update cunul ati ve chunk payl oad
/] Store audio chunk size
m_CAudi oChunkNavi Li t s. m pCAudi oChunksNavi Par ans[ unLi st | ndex] . m unAudi oChunkSi ze =
unAudi oChunksSi ze;
} // End of Audio Chunk Loop
/1 Make avail able spaces in the list by resting the space occupi ed by any registered
/1 audio chunks that did not appear in this frane
m_CAudi oChunkNavi Li ts. PurgeLi st ();
return unCunul ChunkPayl oadl nByt es;

6.4.14.3

6.4.14.4

6.4.14.5
6.4.14.6

6.4.14.7

6.4.14.8

6.4.14.9

6.4.14.10

6.4.14.11

6.4.14.12
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Syntax Reference

} // End of CFrnibl O Content:: Extract ChunkNavi Dat a()

6.4.14 Parameters for ExtractChunkNaviData

6.4.14.1 Number of Metadata Chunks

Thisfield indicates the number of metadata chunks present in the current frame. In case the

m_bFullChannel BasedMixFlag is TRUE, the number of metadata chunksis not transmitted and takes the default value
of 1in sync frames and 0 in non-sync frames. In case the m_bFull ChannelBasedMixFlag is FALSE, 4 variable length
codes (3, 6, 9 or 11 bitsin length) are used to allow encoding of up to 3, 19, 83 or 255 metadata chunks respectively.

6.4.14.2 Sizes of Metadata Chunks

These fieldsindicate the size in Bytes of each metadata chunk present in the current frame. Four variable length codes
(7,11, 15 or 18 bitsin length) are used to allow sizes of up to 63, 575, 4 671 or 32 767 bytes respectively.

6.4.14.3 Metadata Chunks CRC Flag

Each metadata chunk has a corresponding 1-bit flag indicating the presence of 16-bit CRC at the end of metadata chunk
payload. The m_pbMDChunkCRCFlags nmdc] stores the metadata CRC flag for metadata chunk with index nmdc. The
flag is not transmitted if m_bFullChannel BasedMixFlag is TRUE and instead m_pbMDChunkCRCFlags nmdc] is by
default set to FALSE (indicating no CRC word in metadata chunk nmdc).

6.4.14.4 Number of Audio Chunks

Thisfield indicates the number of audio chunks present in the current frame. In case the m_bFull Channel BasedMixFlag
is TRUE, the number of audio chunksis not transmitted and takes the default value of 1. In case the

m_bFullChannel BasedMixFlag is FALSE, 4 variable length codes (3, 6, 9 or 11 bitsin length) are used to allow
encoding of up to 3, 19, 83 or 255 audio chunks respectively.

6.4.14.5 Audio Chunk Handler ResetList

Resets all list members but keeps the list size, as demonstrated in Table 6-21.

Table 6-21: ResetList

Syntax

voi d CAudi oChunkLi st Handl er: : Reset Li st (voi d)

for (uint unli = 0; unli < munHi gestlndex; unli++)

{
m_pCAudi oChunksNavi Par ans[ unl i ]. m bAudi oChunkPresent = FALSE;
m_pCAudi oChunksNavi Par ans[ unl i ]. m unAudi oChunkl D = 0;
m_pCAudi oChunksNavi Par ans[ unl i ]. m unAudi oChunkl ndex = 0;
m _pCAudi oChunksNavi Par ans[ unl i ] . m unAudi oChunkPacki nl ndex = 0;
m _pCAudi oChunksNavi Par ans[ unl i ]. m unAudi oChunkSi ze = 0;

}

m_unHi gest | ndex = 0;

} // End ResetLi st Menbers();

6.4.14.6 ResetAudioChunkPresentFlags

Resets m_pCAudioChunksNaviParamg[].m_bAudioChunkPresent as shown in Table 6-22.
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Table 6-22: ResetAudioChunkPresentFlags

Syntax

voi d CAudi oChunkLi st Handl er: : Reset Audi oChunkPr esent Fl ags(voi d)

for (uint unli = 0; unli < munH gestlndex; unli++) {
m _pCAudi oChunksNavi Par ans[ unl i ]. m bAudi oChunkPresent = FALSE;

}
} /1 End Reset Audi oChunkPresent Fl ags() ;

6.4.14.7 Audio Chunk Index

Thisfield indicates an audio chunk index, which is unique for each audio chunk. Thisindex is used for referencing
audio chunks within the metadata chunks. Thisindex has a constant value over the life time of an audio chunk. Four
variable length codes (3, 6, 9 or 11 bitsin length) are used to allow chunk index values up to 3, 19, 83 or 255
respectively.

6.4.14.8 FindAudioChunkListindex
Function that finds an index in the list of an audio chunk with given audio chunk index, as demonstrated in Table 6-23.

If the unDesiredAudioChunkindex is not in the list, the first available spacein thelist is returned. For every matched
audio chunk index the corresponding m_bAudioChunkPresent is set to TRUE.

Table 6-23: FindAudioChunkListindex

Syntax

ui nt  CAudi oChunkLi st Handl er: : Fi ndAudi oChunkLi st | ndex(ui nt unDesi r edAudi oChunkl ndex, uint
unCor r espondi ngPackl ndex)
{

ui nt unFirstAvail abl ePl ace = munHi gestlndex; // Assune no available spaces in the |ist

for (uint unli = 0; unli < m.unHi gestlndex; unli++) {
i f (m_pCAudi oChunksNavi Par ans[ unli].m unAudi oChunkl ndex == unDesi r edAudi oChunkl ndex) {
/1 Found match in the list return the list index
m_pCAudi oChunksNavi Par ans[ unl i ]. m bAudi oChunkPresent = TRUE;
m_pCAudi oChunksNavi Par ans[ unl i ] . m unAudi oChunkPacki nl ndex = unCor r espondi ngPackl ndex;
return unli;

/1 Check if this is an available place in the |ist
i f ((m_pCAudi oChunksNavi Parans[ unli].m bAudi oChunkPresent == FALSE)
&& (m _pCAudi oChunksNavi Par ans[ unli]. m unAudi oChunkSi ze == 0)) {
unFi rst Avai | abl ePl ace = (unFirstAvail abl ePl ace<unli) ? unFirstAvailablePlace : unli;

}

/1 No match has been found,

ui nt unNewACLi st | ndex;

if (unFirstAvail abl ePl ace < munH gestlndex) {
/'l There has been an enpty space so store the new audi o chunk paraneters
/1 in position indicated by the unFirstAvail abl ePl ace
unNewACLi st | ndex = unFirst Avai | abl ePl ace;

} else {
/'l Increase the list size by 1 and store the new AC in that position
unNewACLi st | ndex = m_ unHi gest | ndex;
m unHi gest | ndex = munHi gest|ndex + 1,

}

m pCAudi oChunksNavi Par ans[ unNewACLi st | ndex] . m bAudi oChunkPresent = TRUE;

m _pCAudi oChunksNavi Par ans[ unNewACLi st | ndex] . m unAudi oChunkl ndex = unDesi r edAudi oChunkl ndex;
m_pCAudi oChunksNavi Par ans[ unNewACLi st | ndex] . m_unAudi oChunkPacki nl ndex = unCorrespondi ngPackl ndex;
/1 Audio Chunk IDis unknown so set to 256 indicating a new audio chunk in the |ist

m _pCAudi oChunksNavi Par ans[ unNewACLi st | ndex] . m unAudi oChunkl D = 256;

return unNewACLi st | ndex;

} // End of Fi ndAudi oChunkLi st | ndex()
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6.4.14.9 Audio Chunk ID Present Flag

This 1-bit flag when TRUE it indicates that the audio chunk 1D is transmitted in the current frame. In sync frames this
flag is not transmitted and takes the default value bACIDsPresentFlag is TRUE. In non-sync frames the flag shall not
be transmitted if the m_bFull Channel BasedMixFlag is TRUE and takes the default value bACIDsPresentFlag is
FALSE.

6.4.14.10 Audio Chunk ID

Thisfield is transmitted only if the bACIDsPresentFlag is TRUE and it indicates an audio chunk ID. If the
bACIDsPresentFlag is FALSE, the ID isinherited from the previously received ID. Four variable length codes (3, 6, 9
or 11 bitsin length) are used to allow chunk ID values up to 3, 19, 83 or 255 respectively. The list of audio chunk types
corresponding to different IDs is given in the Table of Audio Chunk Types.

6.4.14.11 Audio Chunk Size in Bytes

Thisfield indicates the audio chunk's size (in Bytes) in the current frame. Four variable length codes (10, 13, 16 or
19 bitsin length) are used to alow sizes of up to 511, 2 559, 10 751 or 65 535 bytes respectively.

6.4.14.12 Purge List

Indicates position of previous audio chunks that have disappeared from the list are now available for new audio chunks,
as demonstrated in Table 6-24. Availability isindicated by having:

m_pCAudioChunksNavi Params] unli].m_bAudioChunkPresent = FALSE and
m_pCAudioChunksNavi Params[ unli] . m_unAudioChunkSize =0

Table 6-24: CAudioChunkListHandler::PurgeList

Syntax
voi d CAudi oChunkLi st Handl er: : Pur geLi st (voi d)
for (uint unli = 0; unli < munH gestlndex; unli++) {
i f (m_pCAudi oChunksNavi Parans[unli].m bAudi oChunkPresent == FALSE) {

m _pCAudi oChunksNavi Par ans[ unl i ]. m unAudi oChunkSi ze = 0;
}

}
} /1 End PurgeList();

6.4.15 Peak Bit Rate Smoothing Parameters

The class prototype for CPBRSmoothBufferDesc is shown in Table 6-25. Pseudocode to extract the smoothing buffer
parametersis shown in Table 6-26.

Table 6-25: PBR Smoothing Buffer Class Parameters

Syntax

cl ass CPBRSnoot hBuf f er Desc

/Il Cass with Peak Bit Rate (PBR) Snoot hi ng paraneters
public:
bool m bVBRSnoot hi ngBufferEnabled; // Flag indicating if PBR snpothing has been perforned
ui nt m_nuAudi oChunksCurul Snoot hPayl oad; // Size in bytes of snoothed payl oad
bool m bACFirst XLLSyncPresent; // Flag indicating if XLL sync word in frame snoothed payl oad
ui nt m nuVBRSnoot hi ngBuf f SzkB; // Size in bytes of required snoothing buffer
uint mnulnit ACXLLDecDl yFranes; // Nunmber of frames to buffer to start decoding franme payl oad
ui nt m_nuACFi r st XLLSyncOf f sI nDWORDS; // XLL Sync word of fset (neasured in 32-bit words)
/1 Menber functions
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Table 6-26: Extract Peak Bit Rate (PBR) Smoothing Buffer Parameters

Syntax Reference

voi d CFrnilbl O Cont ent : : Ext r act PBRSnoot hPar ans( voi d)

if (mbSyncFranmeFl ag) {
m CPBRBuf f Desc. m bVBRSnpot hi ngBuf f er Enabl ed = (ExtractBits(1)==1) ? TRUE :

FALSE: 6.4.16.1

}

i f (m_CPBRBuf f Desc. m bVBRSnoot hi ngBuf f er Enabl ed) { 6 6.2
uint nuBitsforCumACPayl oad = 9 + 3*ExtractBits(2); 4.16.
m_CPBRBuf f Desc. m nuAudi oChunksCunul Snpot hPayl oad = 6.4.16.3

Extract Bi t s(nuBi t sf or CumACPayl oad) +1; i
m_CPBRBuf f Desc. m bACFi r st XLLSyncPresent = ExtractBits(1); 6.4.16.4
i f (m_CPBRBuf f Desc. m bACFi r st XLLSyncPresent) {

m_CPBRBuf f Desc. m_nuVBRSnoot hi ngBuf f SzkB = (ExtractBits(2)+1)<<6; 6.4.16.5

m_CPBRBuf f Desc. m nul ni t ACXLLDecDl yFr anes=Extract Bi t s(8); 6.4.16.6

m_CPBRBuf f Desc. m nuACFi r st XLLSyncOf f s| nDWORDS = 6 6

Extract Bi t s(nuBi t sf or CumACPayl oad- 2) ; 4.16.7

} // End of if (mbACFirstXLLSyncPresent){
} // End of if (m.bVBRSnmoot hi ngBufferEnabl ed){
} // End of CFrniTbl O Content:: Extract VBRSnoot hPar ans()

6.4.16 Parameters for ExtractPBRSmoothParams

6.4.16.1 m_bVBRSmoothingBufferEnabled

m_bVBRSmMoothingBuffer Enabled is present in the stream only if bSyncFrameFlag = TRUE. In all other framesthe
value of m_bVBRSmMoothingBufferEnabled is inherited from the previous sync frame. When

m_bVBRSmMoothingBuffer Enabled = TRUE, the buffer for smoothing the variability in the cumulative payload of al
audio chunksis enabled. In this case, the audio chunks payload is scheduled for transmission ahead of time and the
smoothing buffer in the decoder is used to hold the payload until its decode time. The setup of this buffer is described
by the parameters listed in the clauses that follow. If m_bVBRSmoothingBuffer Enabled = FAL SE, the smoothing buffer
isnot used (i.e. the buffer sizeis equal to 0).

6.4.16.2 nuBitsforCumACPayload

The nuBitsfor CumACPayload parameter is present in the stream if m_bVBRSmoothingBufferEnabled = TRUE.
nuBitsfor CumACPayl oad indicates the number of bits used to represent m_nuAudioChunksCumul SmoothPayload
described in clause 6.4.16.3 and m_nuACFirstXLLSyncOffsSInDWORDS, described in clause 6.4.16.7.

Valid values for nuBitsfor CUmACPayload are 9, 12, 15 and 18.

6.4.16.3 m_nuAudioChunksCumulSmoothPayload

m_nuAudioChunksCumul SmoothPayload is present in the stream when m_bVBRSmoothingBuffer Enabled = TRUE.
Thisfield indicates the size, in bytes, of the smoothed payload corresponding to all audio chunks that are transmitted in
the current frame.

6.4.16.4 m_bACFirstXLLSyncPresent

m_bACFirstXLLSyncPresent is present in the stream if m_bVBRSmoothingBufferEnabled = TRUE. If
m_bACFirstXLLSyncPresent = TRUE, the sync word of the first XLL frame header is present in the current frame
payload. Thisindicates to the decoder that it should attempt to establish/verify synchronization in the current frame. If
m_bACFirstXLLSyncPresent = FAL SE, the sync word of the first XLL frame header is NOT present in the current
frame and the decoder is not capable, when starting from non-synchronized state, of establishing synchronization with
the data present in this frame. If the decoder is already in a synchronized state, it shall take

m_nuAudioChunksCumul SmoothPayload bytes of payload from the current frame and place them into the smoothing
buffer regardless of the value of m_bACFirstXLLSyncPresent.
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6.4.16.5 nuVBRSmoothingBuffSzkB

nuVBRSmMoothingBuffSzkB is present in the stream if m_bVBRSmoothingBuffer Enabled = TRUE and
m_bACFirstXLLSyncPresent = TRUE. m_nuVBRSmoothingBuffSzkB represents the size, in kBytes, of the variable bit
rate smoothing buffer. The buffer size can take values of 64, 128, 192 and 256 kBytes and is constant for the entire
duration of the stream. For DTS-UHD streams, the required buffer size is 128 kBytes (131 072 Bytes). It is assumed
that this buffer existsin the decoder.

6.4.16.6 m_nulnitACXLLDecDlyFrames

m_nulnitACXLLDecDIyFramesis present in the stream if m_bVBRSmoothingBuffer Enabled = TRUE and
m_bACFirstXLLSyncPresent = TRUE. This parameter is the number of frames of the audio chunks payload that shall be
buffered before the decoding can start. The payload is stored in the decoder's smoothing buffer and the offset is
interpreted as a time stamp of the delay. The decoder receives the data, detects the offset number and does not decode a
frame until m_nulnitACXLLDecDIlyFrames frame intervals have elapsed. The decoder outputs shall stay muted until the
buffered decoding can start. In subsequent frames, the decoder consumes the frame payload data from the smoothing
buffer, outputs decoded audio and ignores the values of m_nulnitACXLLDecDIlyFramesin every consecutive frame.

6.4.16.7 m_nuACFirstXLLSyncOffsiInDWORDS

m_NUACFirstXLLSyncOffsiInDWORDS s present in the stream if m_bVBRSmoothingBufferEnabled = TRUE and
m_bACFirstXLLSyncPresent = TRUE. This value specifies the offset in 32-bit words from the start of the first audio
chunk in the current frame payload to the start of an audio chunk that contains the first XLL frame header sync word.
The start of the smoothed audio chunks frame payload is at the first 32-bit boundary immediately following the last
metadata chunk as shown in Figure 6-1.

vAudioChunksCumulSmoothPayload

Frame Smoothed Audio
Table of Metadata Metadata ﬁ;:;g;';“_;rt“ Chunks Carry Over
Content Chunk O Chunk n Payload from

(FTOC) 22 AL Previous Frame

Alignment
to 32-bit
Boundary

Smoothed Audio Chunks
Payload for Current Frame

UACFirstXLLSyncOffsInDWORDS

Figure 6-1: DTS-UHD Stream Structure

6.4.17 Reserved Fields
Skipping over the Byte Align bits and Reserved fields is shown in Table 6-27.

Table 6-27: SkipReservedandAlignFields

Syntax

/1 Function skips Reserved and Byte Alignnent Fields
/1 | nput Argunents:
/1 - bSyncFraneFlag if TRUE indicates that this is a sync frane
/1 - unBitCounter - state of the bit counter prior to extraction of FTOC sync word
/1 - unFTOCPayl oadi nBytes - size of FTOC in bytes starting fromsync word to the FTOC CRC (i f
present)
/1
voi d CFrniTbl O Cont ent : : Ski pReser vedandAl i gnFi el ds(bool bSyncFrameFl ag, uint unBitCounter, uint
unFTOCPay| oadi nByt es)
{
ui nt unBi tsExtracted,;
/1 Cal cul ate the nunber of extracted bits since the beginning of FTOC
/1 Bit counter at the beginning of FTOC is passed in as unBitCounter.
unBi t sExtracted = GetBitCounter() - unBitCounter;
/1 Cal cul ate nunber of bits for reserved and byte alignnent fields
if (bSyncFraneFl ag) {
/1 In sync frane subtract 2 bytes from FTOC payl oad for CRC
unBi t Counter = ((unFTOCPayl oadi nByt es-2) <<3) - unBitsExtract ed;
} else {
unBi t Counter = ((unFTOCPayl oadi nByt es)<<3) - unBitsExtract ed,;

}
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/1 Skip unBitCounter bits occupied by reserved and byte alignment fields
AdvanceBi t Read poi nter(unBitCounter);

}

6.4.18 FTOC CRC Word

This CRC valueis calculated over the FTOC metadata fiel ds, starting from the sync word (i.e. the sync word is
included) up to and including the byte alignment field prior to the CRC word. The decoder shall search for unSyncWord
on every DWORD aligned boundary in the expected search range, and after finding a possible one, it shall:

1) Extract unFTOCPayloadinBytes.
2) Calculate the CRC(16) value over the FTOC datafields (i.e. over unFTOCPayloadinBytes-2 bytes of data).
3) Extract the FTOC CRC field and compare it against the calculated CRC(16) value.

4) If the two values match, reverse back and start extracting the FTOC fields; otherwise, pronounce the false
detection of a FTOC sync word, reverse back to the 32-bit boundary immediately after the falsely detected
FTOC sync word and continue searching for a new unSyncWord pattern.

The above procedure is performed after the extraction of m_bFull Channel BasedMixFlag within the function for
extraction of FTOC: Stream Parameters.

Specific implementation of CRC related functionsis listed in clause 6.3.8.

7 Metadata Chunk (ID = 0x01)

7.1 Overview

The Metadata Chunk (Chunk 1D = 0x01) is the primary structure for metadata descriptions for channel and object based
presentations. A Metadata Chunk can apply to an Object, an Object Group or a Channel Based Presentation. Multiple
M etadata Chunks can apply to the same Audio Chunksin different Presentations.

7.2 Object Class Description and Handler Functions
The class description of COX01MDChunkBody is shown in Table 7-1.

To minimize the overhead in metadata chunks, the full datais transmitted only in MD Sync Frames. In al other frames,
denoted as the MD Predictive Frames, only the updates of the metadata are transmitted, and all the missing datais
inherited from the values used in the previous frame.

This metadata chunk carries:
. the description for a multitude of objects and object groups;
e theoveral presentation scaling parameters for different playback configurations;
. the static metadata that is distributed over multiple frames.

NOTE: When bFullChannel BasedMixFlag (extracted within FTOC) is TRUE, then all metadata within this
chunk is static. Consequently when bFullChannel BasedMixFlag is TRUE, this 0x01 metadata chunk is
transmitted ONLY in sync frames.

Table 7-1: Class Definition of COx01LMDChunkBody

Syntax

private:
CBit Stream *m pBit St ream
uchar m.ucAudPreslndex; // Audio Presentation |ndex
uint munNunObj ects; // Total nunber of objects and object groups
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Syntax

public:
CObj Li st Handl er m Cpbj Li st
bool m bM xSt udi oPar ansPr esent
uchar m ucRadi usRef ernceUni t Spher el nMeters
ui nt m_unRef Scr eenHor i zont al Vi ewi ngAngl el nDeg
uchar m ucRef ScreenAspect Rati o

/1 menber functions

COx01MDChunkBody (CBitStream *pBitStream uint unnmaxobjects)

voi d Ext ract _Mai n_0x01_MDChunk (bool bSyncFraneFl ag,
bool bFul | Channel BasedM xFl ag,
ui nt unBi t Count Bef or eNMDI D,
ui nt unMDChunksSi ze,
ui nt unFraneDurati on,
ui nt unCut ChMask,
bool blnteract QojLimtsPresent,
CMFDSt ati cVMD *pCMFDSt at i c VD,
bool bAudi oPresSel ect abl eFl ag,
std::vector< uint > &unQoj ect | DList)

voi d Ext r act Met adat aFor Cbj ects (bool bSyncFrameFl ag, bool bFul | Channel BasedM xFl ag,
ui nt unFrameDuration, uint unCutChMask,
bool blnteract Qoj Li m tsPresent,
std::vector< uint > &unQbject!| DList)
bool Checkl f MDI sSui t abl ef or | npl Gbj Renderer (uint unCbj ect| D)
voi d Appl yExpl Obj Li st 20bj Act Mask (ui nt unExpl Cbj Li st Mask, std::vector< uint > &nQbject!| DLi st)
voi d Appl yG oupDef aul t Obj ect Acti vityMask (void)
uint Tabl eLookUp (uint)

/1 Function prototypes
voi d Set NunX Cbj ect s(ui nt unNumoj ects){ m unNunObj ects = unNunbj ects; }
voi d Set AudPr esl ndex(uchar ucAudPresl ndex) { m ucAudPr esl ndex = ucAudPresl ndex; }

7.3 Functions Called from UnpackMDFrame

7.3.1  ApplyExplObjList20bjActMask

ApplyExpl ObjList20bjActMask (), shown in Table 7-2, overwrites object/object group activity flags based on the
explicit object ID list. Up to 32 objects can be selected explicitly within a single metadata chunk.

Input Arguments:

. unExplObjListM ask bit-mask indicates which object within this metadata chunk shall be activated where the
L SB of the mask corresponds to the first packed object and so on in packing order.

e unObjectIDList vector containing the list of the object ID whose metadata is present in current frame (in the
packing order).

Note that static objects whose metadatais not transmitted in the current frame are NOT listed in either the
unExplObjListMask or unObjectI DList. Their activity flags consequently keep their state from the last time metadata
was transmitted.

Table 7-2: ApplyExplObjList20bjActMask

Syntax Reference

voi d COx01MDChunkBody: : Appl yExpl Qbj Li st 2Cbj Act Mask(ui nt unExpl Obj Li st Mask,

std::vector<uint> & unChj ect| DLi st)

{
ui nt unDesObj | D
ui nt unDesObj | ndex;
bool bDesi redFl ag;

ui nt unPreCbj Counter = O;

for (uint nso = 0; nso < munNunCbj ects; nso++)

{
bDesiredFl ag = ((unExpl Obj Li st Mask >> nso) & 0x01) ? TRUE : FALSE;
/1 Get desired object |ID corresponding to the nso-th packed object
unDesbj | D = unCbj ect | DLi st[ nso] ;
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Syntax Reference
I/l Cet the desired object index within the m CQbjList
unDesbj | ndex = m CQObj Li st. Fi ndQbj | ndex(unDesQbj | D) ; 7.3.3

/'l Set the activity flag of referenced object to the bDesiredFl ag
if (unDesQObj | D < OBJGROUPI DSTART)

/Il Case of object ID corresponding to a 3D object
m CObj Li st. m pArrayO Obj Pnt rs[ unDesObj | ndex] - >
m pCLean3DVD- >m bObj Acti veFl ag = bDesi r edFl ag;
} else {
/1 Object ID corresponding to an object group
m CObj Li st. m pArrayO Obj Pnt rs[ unDesObj | ndex] - >
m pCG pDef - >m bObhj G- pActi veFl ag = bDesi r edFl ag;

} /1 End of for (uint nso = 0; nso < munNunmCbj ects; nso++)
} // End of Appl yExpl Qbj Li st 2Cbj Act Mask()

7.3.2  ApplyGroupDefaultObjectActivityMask

This function overwrites the 3D object activity flags based on the default group object dependency masks. Notice that

certain properties of the object group are used to unwind the object group hierarchy.

Both 3D objects and other object groups may be referenced within the object group metadata as long asthey are all
associated with (defined within) the same 0x01 metadata chunk and group hierarchy follows the packing order (i.e. only
the obj ects/groups packed prior to the current object group can be referenced within this group). This allows for
unwinding of the entire group hierarchy in asingle loop aslong as the loop is written in reverse order of packing as

donein thisfunction.

Table 7-3: ApplyGroupDefaultObjectActivityMask

Syntax

Reference

voi d COx01MDChunkBody: : Appl yG oupDef aul t Cbj ect Acti vi t yMask( voi d)
{
ui nt unObj ect | d;
ui nt unAffectedjl D
bool bDesiredFl ag;
int nAffectedObjl ndex;

for (uint nso = munNunmbjects - 1; nso >= 0; nso--)
{
unCbj ectld = m CObj Li st. m punObj | Ds[ nso] ;
/] Check if object group
if (unObjectld >= OBIJGROUPI DSTART && unObj ectld < 256)

/] Check if group is active
if (m.CojList.mpArrayd Obj Pntrs[nso]->m pCG pDef ->m bObj G pActi veFl ag)
{

uchar ucNunmObj = m CObj Li st. m pArrayCf Qbj Pntrs[nso]->
m _pCG pDef - >m_ucNun®bj Ref er encedl nGr oup;
ui nt unQoj Act Mask = m CObj Li st. m pArrayOd Qbj Pntrs[nso] ->
m_pCG pDef - >m unW t hi nG pObj Act Mask;
uint *punQbj | DLi st = m CObj Li st. m pArrayd Qbj Pntrs[ nso] ->
m _pCG pDef - >m punCbj G pRef | Ds;
/1 Loop over referenced objects within the group
for (uint nor = 0; nor < ucNunmhj; nor++)
{
/1l Check if nor indexed referenced object is active
bDesi redFl ag = ((unObj Act Mask >> nor) & 0x01) ? TRUE : FALSE;

/1 Get the ID of referenced object
unAf f ect edObj | D = punObj | DLi st[nor];

/Il Get the index of the referenced object
nAf f ect edObj | ndex = m CObj Li st. Fi ndObj | ndex( unAf fectedObj | D);

/1 Set the activity flag of referenced object to the bDesiredFl ag
if (unAffectedObjID < OBJGROUPI DSTART)

/] Case of object ID corresponding to a 3D object
m CObj Li st. m pArrayO Obj Pnt rs[ nAf f ect edObj | ndex] - >
m pCLean3DVD- >m bObj Acti veFl ag = bDesi r edFl ag;

7.3.3
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Syntax Reference
el se
{
/1 In this case the referenced object is another group
/1 Notice that by definition all its referenced objects are packed prior

I/l to this group i.e. their corresponding nso-s are snaller than the

/] current nso. So even if this group references other groups, hierarchy
/1 is followed correctly.

m_CQbj Li st. m pArrayOf Qbj Pnt rs[ nAf f ect edObj | ndex] - >

m_pCG pDef - >m bChj G pActi veFl ag = bDesi r edFl ag;

} // End of for (uint nor = 0; nor < ucNumCbj; nor++)
} // End of if (m.CQbjList.mpArrayd CbjPntrs[nso]..
} /1 End of if (unCbjectld >= OBJGROUPI DSTART && unCbjectld < 256)
} /1 End of for (uint nso = munNunDbj ects - 1; nso >= 0; nso--)
} // End of Appl yG oupDef aul t Cbj ect Acti vi t yMask()

7.3.3 Find Object Index

This function returns an index into the list of objects with the ID given by unDesiredObjID.

Syntax

int CObj Li stHandl er:: FindObj | ndex(ui nt unDesiredObj D) {
/1 Check list up to the highest occupied index
for (uint unidex = 0; unidex<munH gestlndex; unidex++)

if (unDesiredObj | D == m punQj | Ds[ uni dex]) {
/] Qoject is in the list at |ocation defined by unidex
return unidex;

}

/1 Since object ID was not found in the list return -1
return -1,

7.4 Extract_Main_0x01 MDChunk

This function extracts the parameters for the Main Body of the 0x01 Metadata Chunk, as shown in the pseudocode

example shown in Table 7-4.

Input parameters:

e  bSyncFrameFlagisaflag set during extraction of a Frame Table Of Content (FTOC). The bSyncFrameFlag

isTRUE if and only if the FTOC SYNC WORD is present in this frame.

. bFullChannelBasedMixFlag is the flag extracted within the FTOC. When the bFullChannel BasedMixFlag is

TRUE and the bSyncFrameFl ag=FAL SE this metadata chunk is not transmitted.

. unBitCountBeforeM DID - bit counter prior to extraction of MD Chunk ID.

. unM DChunkSize - size of the metadata chunk in Bytes including the MD Chunk ID and CRC (if present).

. unFrameDuration - frame duration in clock cycles.

. unOutChM ask - channel mask defining the desired output channel layout. This bit mask has the same

channnel mask assignment as the 32-bit ChAvtivityMask defined in clause 7.8.11.14.2.

. blnteractObjLimitsPresent - flag indicating if custom limits on the user interactions are carried in the

Stream.

e *pCMFDStaticM D Pointer to a class with static MFD metadata.

. bAudioPresSelectableFlag - flag indicating if this chunks belongs to a sel ectable audio presentation.

. punObjectIDList - list of object IDs described in this metadata chunk in the order of packing.
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Table 7-4: ExtractandIinvQuantParams

Syntax Reference

voi d COx01MDChunkBody: : Extract _Mai n_0x01_MDChunk (bool bSyncFraneFl ag,
bool bFul | Channel BasedM xFlI ag,
ui nt unBi t Count Bef or eNDI D,
ui nt  unMDChunkSi ze,
ui nt unFraneDur ati on,
ui nt unQut Chivask,
bool blnteract QojLimtsPresent,
CMFDSt ati cMD *pCMFDSt at i cMVD,
CPresScal i ng *pCPresScal i ng,
bool bAudi oPresSel ect abl eFl ag,
std::vector<uint> & punObj ect | DLi st)

i f (bAudi oPresSel ect abl eFl ag) {
i f (bSyncFraneFl ag) {
if (pCPresScaling == NULL)

/1 CPresScaling class holds presentation scaling paraneters
pCPresScal i ng = new CPresScal i ng(m pBitStream;

}

pCPresScal i ng- >Ext r act PresScal i ngPar ans( bFul | Channel BasedM xFI ag) ; 75.1
/1l 1s Static Metadata Distributed Over Miultiple Franes is present

m bMFDi str Stati cMDPresent = (ExtractBits(1l) == 1) ? TRUE : FALSE; 75.3

}

if (mDbMWDistrStati cMDPresent) {
if (pCMFDSt aticMD == NULL)

{

/1 CMFDStaticMD class holds static nmetadata paraneters
pCMFDSt ati cMD = new CMFDSt ati cMD(m pBit Strean);

/1 Extract static netadata payl oad
pCVFDSt at i cMD- >Ext ract Mul ti FraneDi stri bSt ati cMX( bSyncFr aneFl ag) ; 7.6
}

el se {
m bMFDi str Stati cMDPresent = FALSE;

}
/'l Extract Object and Object Goup Definitions
Ext r act Met adat aFor Obj ects (
bSyncFr aneFl ag,
bFul | Channel BasedM xFl ag,
unFrameDur ati on,
unCut ChMask,
bl nt eract Obj Li m t sPresent,
punQoj ect | DLi st) ;
// Calculate the total number of extracted bits in this chunk
uint unExtractedBits = GetBitCounter() - unBit CountBeforeMl D;

7.8

/1 Skip over the Reserved, Byte Alignment and CRC Fields
AdvanceBi t Read poi nt er (unMDChunkSi ze*8 - unExtractedBits);

} // End of Extract_Main_0x01_MDChunk

7.5 Functions Called from Extract_Main_0x01 MDChunk

7.5.1 Presentation Scaling Parameters

This metadata block is transmitted only in the sync frames for audio presentations with bAudPresSel ectableFlag set to
TRUE. These parameters alow for additional scaling of the overall output level and shall be applied during object
rendering. Up to four distinct scaling parameters can be transmitted, each corresponding to 2.x, 5.x 7.x and 11.x output
layouts.

The decoder shall use these parameters only if m_bOutScalesDerivedfromBitSreamis TRUE. If the desired output
layout corresponds to one of the provided layouts, the decoder shall use that set of parameters. If the desired output
layout does not match one of the prescribed patterns, the pattern with the next largest number of full scale channels shall
be used. For example if the output layout is 3.1, 4.1 or 5.1, the decoder will apply the scale that correspondsto ascae
factor designated for 5 full bandwidth channels (i.e. m_unOutScale5px).
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When the multiple audio presentations are being decoded, the same scaling parameter selection criteria shall be used. If
there are multiple scaling parameters that satisfy this condition, then the one corresponding to the highest presentation
index (m_ucAudPresindex) shall be used.

If m_bOutScalesDerivedfromBitSreamis FALSE, then no presentation scaling parameters were transmitted for this
presentation. Decoder shall not use the default values of the presentation scaling parameters (m_unOutScale2px,
m_unOutScalebpx, m_unOutScale7px or m_unOutScalellpx) but rather calculate the presentation scaling factor.

Pseudo code implementing the extraction of the presentation scaling parametersislisted in Table 7-5.

Table 7-5: ExtractPresScalingParams

Syntax Reference

voi d CPresScal i ng: : Extract PresScal i ngPar ans(bool bFul | Channel BasedM xFl ag)
{
uchar ucTable[4] ={ 2, 5, 7, 11 }; // Table with nunber of full bandw dth channels
/] associated with munCut Scal e.
bool bQut Scal ePresent;
int nTenp;
ui nt unScal es[ 4] ;
float rTenp;

m bQut Scal esDeri vedfronBit Stream = fal se;
for (uint nn =3; nn 2 0; nn--)
{
/'l Flag indicating presence of a scale factor for output |ayouts with
/1 NunmCh = 2, 5, 7 or 11 channels corresponding to nn=0,1,2, or 3 respectively
/1
bQut Scal ePresent = (ExtractBits(1l) == 1) ? TRUE : FALSE; 7.5.2.1

/Il Scale factor for output layouts with NunCh full bandwi dth channels: in range
[/l from-25dB to +6dB
// Final values are translated to linear scale in Q.15 fixed point fornat.
i f (bQutScal ePresent){
/] Extract 5-bit gain table | ookup index and translate it to
/1 range -19dB to +12dB
nTenp = -25 + ((int)ExtractBits(5));
[/ Translate to |linear scale
rTenp = pow(DTS_FLP_TEN, ((float)nTenp) / DTS _FLP_TVENTY);
/l Translate to Q.15 fixed point fornat;
/1 unScal es[nn] = (uint)floor(rTenp * ((float)(1l << 15)) + (float)(1l << 14));

el se{
unScal es[nn] = (nn == 3) ? ONE_IN QL5 : unScal es[ nn+1];

m bQut Scal esDeri vedf ronBit Stream = (m bQut Scal esDeri vedfronBitStream) ? true : 75.2.2

bQut Scal ePr esent
} /1 End of for (uint nn=3;

/] Save the extracted scal e val ues
m unQut Scal e2px = unScal es[ 0] ;
m_unQut Scal e5px unScal es[ 1] ;
m_unQut Scal e7px unScal es[ 2] ;
m unQut Scal ellpx = unScal es[ 3];
} /1 End of CPresScaling:: ExtractPresScal i ngParans()

7.5.2 Parameters for ExtractPresScalingParams

75.2.1 bOutScalePresent

This 1-bit flag is transmitted in the stream only if bFull Channel BasedMixFlag is FALSE. bOutScalePresent isaflag
that indicates whether an audio presentation scaling parameter is transmitted for particular output configuration.

When the bFullChannel BasedMixFlag is TRUE bOutScalePresent is by default set to FALSE.

7522 Presentation Scale

This 5-bit field is transmitted in the stream only if bOutScalePresent is TRUE. The value corresponds to the scale factor
in range from -19 dB to +12 dB with a step size of 1 dB.
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7.5.3 m_DbMFDistrStaticMDPresent

Thisfield istransmitted only for selectable audio presentations (bAudioPresSelectableFlag is TRUE) and only in the
sync frames (bSyncFrameFlag is TRUE). If m_bMFDistr StaticMDPresent is TRUE then the static metadata distributed
over multiple frames is present in the stream.

For non-selectable audio presentations the m_bMFDistrStaticMDPresent is by default set to FALSE.

In frames where the bSyncFrameFlag is FAL SE the m_bMFDistr StaticMDPresent maintains its value from the last
sync frame.

7.6 Static Metadata Distributed Over Multiple Frames

A block of global static metadata is subdivided into packets of data transmitted over m_unNumStaticMDPackets frames.
The Static Metadata Frame classis shown in Table 7-6. Each packet is a uniform size defined by
m_unStaticMDPacketByteS ze. Note that the last packet may be zero padded to force it to the correct number of bytes.

A sequence of packets always starts at a sync frame and will be completed before the next sync frame. Parameters that
control the distribution of payload over multiple packets are transmitted only in the sync frames. Packets are transmitted
in each frame over the period of m_unNumStaticMDPackets consecutive frames.

Pseudo code for extraction of parameters that control the distribution of metadata packets and assembling of packets
into single metadata block can be found in Table 7-7.

Table 7-6: Static Metadata Frame Class

Syntax

class CVFDSt ati cMD

/'l Oass for static netadata whose transmission is distributed over nultiple franes
private:

CBitStream *m pBit St ream

CBitStream *m pStati cMDBi t St ream

ui nt m.unNuntt ati cMDPacket s;

uint munStati cMDPacket Byt eSi ze; /'l Size of each packet of static netadata
ui nt m_unNunPacket sAcqui r ed; /1 Tracks the nunmber of acquired packets
uint m bStaticMetadat aUpdt Fl ag; /1 Indicates if the static netadata has changed

uint mpunStati cLDMetadata_Al |l ocSize; // Allocated size of mpStati cMDBitStream
bool m bStati cMDPar ansExtract ed;

bool m bNomi nal LD DescriptionFlag; // nom nal or extended L&D netadata description
ui nt m unNunDRCG ps; /1 Number of DRC groups described in static MD
CMat r i x<CDRCPr of i | e> m CDRCPr of i | es;

uchar m_ucNuniongTer mLoudnessMsrntSets; //

std::vector <CLTLoudnMsr nSet > m CLTLoudnMsr nfSet _Vect or ;

bool m bl sLTLoudnMsr snX f Li ne;

publi c:

}: // End of CMFDStaticMD class definition

Table 7-7: ExtractMultiFrameDistribStaticMD

Syntax Reference

voi d CMFDSt ati cMD: : Extract Mul ti FrameDi stri bStati cMDX( bool bSyncFraneFl ag,
bool bFul | Channel BasedM xFI ag)

if (bSyncFraneFl ag) {
m_unNunPacket sAcqui red = 0;
i f (bFull Channel BasedM xFl ag) {
m_unNuntt at i cMDPackets = 1;

el se {
uchar uctable[4] = { 0, 6, 9, 12 }; 771
m unNunft ati cMDPackets = (uint)ExtractVarLenBitFields(uctable) + 1;

}
i f (bFull Channel BasedM xFl ag) {
m pStati cMDBit Stream = m pBitStream

}
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Syntax

Reference

el se {
uchar uctable[4] = { 5 7, 9, 11 };
m unSt at i cMDPacket Byt eSi ze = (ui nt)ExtractVarLenBitFi el ds(uctable) + 3;
if (mpStaticMDBitStream == NULL) {
m punSt ati cLDMVet adat a_Al | ocSi ze =
m unNunst at i cMDPacket s*m unSt at i cMDPacket Byt eSi ze;
m pStati cMDBit Stream = new CBit Strean(m punStati cLDVet adata_Al | ocSi ze) ;
}
el se {
ui nt unReqSi zel nDWrds = m unNunftt at i cMDPacket s*m unSt at i cMDPacket Byt eSi ze;
if (mpunStaticLDvetadata_AllocSi ze < unReqSi zel nDWrds) {
/1 Resize the buffer within the mpStaticMDBitStream
delete mpStati cMDBit Stream
m punSt ati cLDMVet adat a_Al | ocSi ze = unReqSi zel nDWr ds;
m pStati cMDBit Stream = new CBit Strean(m punStati cLDVet adata_Al | ocSi ze) ;
}

/1 Make sure buffer is filled with all zeros
menset (m pStati cMDBi t Stream >CGet Pntr ToTopOf Dat aBuf fer(), O,
m punSt ati cLDVet adata_Al | ocSi ze*si zeof (uint));
} /1 End of case when the bFull Channel BasedM xFl ag i s FALSE
if (munNunttati cMDPackets > 1) {
m bSt ati cMet adat aUpdt Flag = (ExtractBits(1l) == 1) ? TRUE : FALSE;
}
el se {
m bSt at i cMet adat aUpdt Fl ag = TRUE;

}
} // End of case when the bSyncFraneFlag is TRUE
i f (m.unNunPacket sAcquired < m unNunft ati cMDPackets) {
i f (bFull Channel BasedM xFl ag == FALSE) {
uint unByteOffs = m unNunPacket sAcqui red*m unSt ati cMDPacket Byt eSi ze;
uchar *pucTnp = m pStati cMDBitStream >Get Pntr ToTopOf Dat aBuffer () + unByteO fs;
for (uint nw= 0; nw < munStati cMDPacket ByteSi ze; nw++) {
*pucTmp++ = (uchar)ExtractBits(8);

/1 Update acquired packet counter
m unNunPacket sAcqui red = m unNunPacket sAcquired + 1;
i f (m.unNunPacket sAcquired == m unNunft ati cMDPackets) {
/1 Al static netadata has been acquired
if (mbStaticMetadataUpdtFlag || (mbStaticMDParansExtracted == FALSE)) {
/1 1f there is an update of static metadata or if the paraneters
/1 have never been extracted, extract the L&D Paraneters.
const bool bExtract Onl yFirstLTLMeasurement Set = FALSE;
Extract St ati cLandDPar ans( bFul | Channel BasedM xFl ag,
bExt ract Onl yFi r st LTLMeasur enment Set ) ;
}

el se if (munNunPacketsAcquired == 1) {
if (mbStati cMetadataUpdtFlag || (mbStati cMDParansExtracted == FALSE))

const bool bExtract Onl yFirstLTLMeasur ement Set = TRUE;
Extract St at i cLandDPar ans( bFul | Channel BasedM xFl ag,
bExt ract Onl yFi r st LTLMeasur enent Set ) ;
}

}
} // End of if (munNunPacketsAcquired < munNunttati cMDPackets)
} // End of CMFDStaticMD : ExtractMul ti FrameDi stribStati cMX()

7.7.2

7.7.3

7.7.4

7.7.5

7.7.5

7.7 Parameters for ExtractMultiFrameDistribStaticMD

7.7.1 m_unNumStaticMDPackets

Thisvariable length field is transmitted in the stream only if bFullChannel BasedMixFlag is FALSE. Its value indicates
the number of packets/frames needed to assemble entire static metadata block. This parameter is transmitted as a

variable length code with length of 1, 8, 12 or 15 bitsallowing for 1, 65, 577 or 4 673 packets respectively.

When bFullChannel BasedMixFlag is TRUE al static metadata parameters are transmitted in the sync frame hence

m_unNumStaticMDPacketsis 1 by default.
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7.7.2 m_unStaticMDPacketByteSize

Thisvariable length field is transmitted in the stream only if the bFull ChannelBasedMixFlag is FALSE. Its value
indicates the size in Bytes of each packet of static metadata. The m_unStaticMDPacketByteS ze is transmitted as a
variable length code with length of 6, 9, 12 or 14 bits allowing for 34, 162, 674 or 2 722 Bytes respectively.

Note that the minimum value for m_unStaticMDPacketByteSze is 3 Bytes. This guarantees that an integrated loudness
parameter set for the complete audio presentation (always packed first within the static metadata payload) is fully
contained within the first distributed metadata packet. Consequently, the decoder can start performing overall loudness
correction immediately after establishing the synchronization and without waiting for the rest of distributed metadata
packetsto arrive.

In case when the bFull Channel BasedMixFlag is TRUE the size of the static metadata block is not transmitted explicitly.
Extraction of the static metadata parameters shall be performed one by one, directly from the 0xO1 metadata stream
buffer. Note that in this case there are no reserved nor byte alignment fields at the end of the static metadata block.

7.7.3 m_bStaticMetadataUpdtFlag

Thisflag indicates if there is an update of static metadata content since the previous distributed transmission.
m_bStaticMetadataUpdtFlag is transmitted only in the sync frame.

After assembling the entire static metadata buffer, decoder shall check:

. If the m_bStaticMetadataUpdtFlag is TRUE, then decoder unpacks the static metadata and overwrites the
existing values in the corresponding parameter buffers.

. If the m_bStaticMetadataUpdtFlag is FALSE and the static metadata HAS NOT BEEN unpacked previoudly,
decoder unpacks the static metadata into corresponding parameter buffers.

o If the m_bStaticMetadataUpdtFlag is FALSE and the static metadata HAS BEEN unpacked previously, the
decoder skips the unpacking of the static metadata buffer and the L& D processing / control moduleis
responsible for keeping the existing values in its parameter buffers.

7.7.4 Metadata Packet Payload

A packet payload extracted in current frame shall be placed into the appropriate location within the static metadata
buffer m_pStaticMDBitStream.

For the syntax of metadata captured in the m _pStaticMDBIitSream refer to clause 7.7.5.

7.7.5 Static Loudness and Dynamics Metadata

Static L& D metadata (due to its static nature) can be carried as a distributed payload over number of encoded frames.
Static metadata contains multiple Loudness and Dynamics profiles, each describing the configuration parameters of the
dynamic range compressor that isto be used with a particular decoder-selected compression type. In addition, various
types of long term loudness measures are also carried as a part of this metadata block.

Pseudo code for extraction of static loudness and dynamics parameters from the static metadata block can be found in
Table 7-8.

Table 7-8: ExtractStaticLandDParams

Syntax Reference

uint CMFDStati cMD:: Extract Stati cLandDPar ans( bool bFul | Channel BasedM xFl ag,
bool bExtract Onl yFirstLTLMeasur ement Set)
{

ui nt unBit Counter;

i f (bFul | Channel BasedM xFl ag == FALSE) ({
m bNomi nal LD Descri ptionFl ag = (bool) m pStaticMDBitStream >ExtractBits(1); 7.76.1

}

el se {
m bNomi nal LD Descri ptionFl ag = TRUE;

// Long termintegrated | oudness neasurenent paraneters
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Syntax Reference

/1 Number of |ong-term|oudness nmeasure paraneter sets
i f (m_DbNom nal LD DescriptionFlag) {
i f (bFul | Channel BasedM xFl ag == FALSE) ({

m ucNuniongTer nLoudnessMsrnfSets = (m pStati cMDBit Stream >ExtractBits(1)==0)?1 : 3; 7.7.6.2
el se {
m_ucNunlongTer mLoudnessMsrnSets = 1;
}
el se {
m ucNuniongTer nLoudnessMsrnfSets = (uchar) m pStaticMVDBitStream >ExtractBits(4) + 1, 7.7.6.3

/1 Long Term Loudness Measure Paraneter Sets (different types)
i f (mCLTLoudnMsrnBet _Vector.size() < mucNuniongTer nLoudnessMsrnBets) {
m _CLTLoudnMsr nSet _Vect or. cl ear();
m CLTLoudnMsr nSet _Vect or . resi ze(m ucNunLongTer nLoudnessMsr nfSet s,
CLTLoudnMsrnSet (m pStati cMDBit Stream));

}
ui nt unNunftet st oExtract = (bExtract Onl yFi rst LTLMeasur ement Set) ?
1 : m.ucNuniongTer nLoudnessMsr nfSet s;
for (uchar npar = 0; npar < unNunBetstoExtract; npar++) {
/'l Extract one LT | oudness measurenent set
m CLTLoudnMsr nSet _Vect or [ npar] . Ext ract LTLMPar anfSet ( TRUE, 7.7.6.4
m bNomi nal LD Descri pti onFl ag, npar);
} // End of for (npar=0; npar<ucNunmlLongTernlLoudnessParnBSets; npar ++)
i f (bExtract Onl yFirstLTLMeasurenent Set) {
/1 Return after extracting the first LTL nmeasurenent set
return O;

}
i f (m_bNomi nal LD DescriptionFlag == FALSE) {
m bl sLTLoudnMsr snOf f Li ne = (bool) m pStaticMDBitStream >ExtractBits(1); 7.7.6.6

}
/1 DRC Paraneters
/1 Set the nunber of DRC groups described in the stream
m unNunDRCG ps = 1; // Only 1 group defined corresponding to the full presentation
const uint ng = 0; // Fixed group index O
if (mCDRCProfiles.mppMrx == NULL) {
/1 Allocate nenory for a matrix of DRC profile classes
m_CDRCPr of i | es. Newivat ri x( NUVMDRCOMPRTYPES, m unNunDRCG ps) ;

}
// DRC Conpression paranmeters for each of the DRC_COWPRESS|I ON_TYPES.
for (uchar nc = 0; nc < NUVDRCOWPRTYPES; nc++) ({
m CDRCProfiles. m ppMrx[nc][ng].mucAsset Type =
ASSET_TYPE_COVPLETE_AUDI O_PRESENTATI ON
m _CDRCProf i | es. m ppM rx[ nc] [ ng] . m bCust onDRCCur veNDPr esent = 7.7.6.7
(bool) mpStaticVDBitStream >ExtractBits(1);
if (mCDRCProfiles.mppMrx[nc][ng].mbCustonDRCCurveMDPresent == TRUE) {
Ext ract Cust onDRCCur ves(&m CDRCProfiles. m ppMrx[nc][ng]);

1n_CDRCPr ofiles. mppMrx[nc][ng].mbCust onDRCSnoot hMDPr esent = 7768
(mpStaticMDBitStream >ExtractBits(1l) == 1) ? TRUE : FALSE;
if (m_CDRCProfiles.mppMrx[nc][ng].mbCustonDRCSnpot hMDPresent == true) { 7.7.6.10
/] Get fast attack time constant
m CDRCProfiles.mppMrx[nc][ng].mrFastAttack = 7.7.6.11

r DRCFast At t ackTabl e[ m pSt ati cMDBi t Stream >ExtractBits(6)];
/] Get slow attack tine constant by 10 * the value fromthe fast attack table
m CDRCProfiles.mppMrx[nc][ng].mrSlowAttack = 7.7.6.12
10. Of * rDRCFast AttackTabl e[ m pStaticMDBitStream >ExtractBits(6)];
/] Get fast release tinme constant
m CDRCProfil es. m ppMrx[nc][ng].mrFast Rel ease = 7.7.6.13
r DRCFast Rel easeTabl e[ m pStati cMDBi t Stream >ExtractBits(6)];
/Il Get slowrelease tine constant by 2 * the value fromthe fast rel ease table
m CDRCProfiles. m ppMrx[nc][ng].mrSl owRel ease = 7.7.6.14
2.0f * rDRCFast Rel easeTabl e[m pStati cMDBit Stream >ExtractBits(6)];
/1 Get slowto fast attack threshold
m CDRCProfiles.mppMrx[nc][ng]. mrAttackThreshld = (float) 1.0 / 7.7.6.15
r DRCSI ow2Fast Thr shl d_Tabl e[ (ui nt) m pStati cMDBi t Stream >ExtractBits(6)]);
/] Get slowto fast rel ease threshold
m CDRCProfiles. mppMrx[nc][ng].mrRel easeThreshld = 7.7.6.16
r DRCSI ow2Fast Thr shl d_Tabl e[ (ui nt) m pStati cVDBi t Stream >ExtractBits(6)];
} // End of if (mCDRCProfiles.mppMrx ...mbCustonDRCSmoot hMDPresent == TRUE
} // End of Conpression Type Loop
i f (bFul | Channel BasedM xFl ag == FALSE)
{
unBit Counter = mpStati cMDBitStream >GetBitCounter() - unBitCounter; 7.7.6.17
m pSt at i cVDBi t St ream >AdvanceBi t Read
poi nt er (m unNuntt at i cMDPacket s*m unSt at i cMDPacket Byt eSi ze * 8 - unBit Counter);
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Syntax Reference

m bSt at i cMDPar ansExtract ed = TRUE;
return O;
} // End of CMFDStaticMD: : ExtractStati cLandDPar ans()

7.7.6 Parameters for ExtractStaticLandDParams

7.7.6.1 m_bNominalLD_DescriptionFlag

This 1-bit field is transmitted in the stream only if bFull ChannelBasedMixFlag is FALSE. Thisflag, if TRUE, indicates
that anominal (restricted feature) description of the loudness and dynamics metadata is used. If the
m_bNominalLD_DescriptionFlag is FALSE it indicates that an extended description of the loudness and dynamics
metadata is used.

In case when the bFull Channel BasedMixFlag is TRUE the nominal L& D metadata description is used by default.

7.7.6.2 Integrated Loudness Parameters

Multiple sets of integrated loudness parameters may be transmitted for each audio presentation. When
m_bNominalLD_DescriptionFlag is TRUE for agiven set, it correspond to the loudness measurement of one of the
following:

e A complete audio presentation.
. A complete audio presentation excluding all speech objects.
e All speech (dialog) objects rendered together.

In extended use cases (m_bNominalLD_DescriptionFlag is FAL SE) an additional subdivision of complete audio
presentation is allowed according to the predefined asset types.

7.7.6.3 m_ucNumLongTermLoudnessMsrmSets

Thisfield istransmitted in the stream only if the bFull ChannelBasedMixFlag is FAL SE. It represents the number of
long-term loudness measure parameter sets that are transmitted within the static metadata block. Valid rangeis:

. 1or 3if m_bNominalLD_DescriptionFlag is TRUE; or
. from 1 to 16 if m_bNominalLD_DescriptionFlag is FALSE.

If m_bNominalLD_DescriptionFlag is TRUE and m_ucNumLongTermLoudnessMsrmSets=1, then the loudness
measurement for the complete audio presentation is transmitted.

If m_bNominalLD_DescriptionFlag is TRUE and m_ucNumLongTermLoudnessMsrmSets = 3, then the loudness
measurement for:

. the compl ete audio presentation,
e thecomplete audio presentation excluding all speech objects; and
. al speech objects rendered together.

are transmitted in the stream. In case when the bFull Channel BasedMixFlag is TRUE the number of long term loudness
measurements setsis by default set to 1.

7.7.6.4 Long Term Loudness Measure Parameter Set
This function takes 3 arguments:

. bLongTermLM Present - flag indicating if the Long Term Loudness Measure Parameter Set (LTLMPS) is
transmitted in the stream.
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. m_bNominalLD_DescriptionFlag - flag indicating if nominal (TRUE) or extended (FALSE) L&D metadata

description is used.

. unPackl ndex - packing index within the static metadata block corresponding to this integrated loudness

measurement set.

The pseudo code for extraction of this metadata block can be found in Table 7-9.

Table 7-9: ExtractLTLMParamSet

Syntax Reference
voi d CLTLoudnMsrnBet: : Extract LTLMPar antet (bool bLongTer nLMPresent,
bool bNomi nal LD Descri pti onFl ag,
ui nt unPackl ndex)
if (bLongTermLMPresent) {
m r Loudness = rLongTer mLoudnessMeasure_Tabl e[ (uint) ExtractBits(6)]; 7.7.65.1
i f (bNomi nal LD Descri ptionFl ag)
/1 |f bNomi nal LD _DescriptionFlag is TRUE, the associated asset type is deduced
/1 fromthe packing index
swi tch (unPackl ndex)
{
case 0:
m ucAssoci at edAsset Type = ASSET_TYPE_COVPLETE_AUDI O PRESENTATI ON,
br eak;
case 1:
m ucAssoci at edAsset Type = ASSET_TYPE_COVPLETE_DI ALCG,
br eak;
case 2:
m ucAssoci at edAsset Type =
ASSET_TYPE_COVPLETE_AUDI O PRES EXCLUDI NG _DI ALOG,
br eak;
default: // This would be an error condition
}
}
el se
{
m ucAssoci at edAsset Type = (uint)ExtractBits(5); 7.7.65.2
/1 Long Term Loudness Measurenent Type used to cal cul ate mrLoudness.
uchar ucBitWdth = (bNomi nal LD DescriptionFlag) ? 2 : 4;
m ucLoudnessMsr niType = (uchar)ExtractBits(ucBitWdth); 7.7.65.3

} /1 End of bLongTerniLMPresent is TRUE case
el se
{
m rLoudness = (float) -24.0; // Default is -24.0dB
m ucAssoci at edAsset Type =
(uchar) ASSET_TYPE_COWVPLETE_AUDI O_PRESENTATI ON,
m ucLoudnessMsrnType = (uchar) LT_LOUDNESS_ MEASUREMENT_TYPE_UNKNOMN,

}
} // End of CLTLoudnMsrnBet:: Extract LTLMPar antet ()

7.7.6.5 Parameters for ExtractLTLMParamSet

7.7.6.5.1 m_rLoudness

This 6-bit field is present in the stream only if the bLongTermLMPresent is TRUE. The extracted field isin the range of
0to 63 and represents an index into Long Term Loudness Measure Table (clause 5.2.2.2). If bLongTermLMPresent is

FALSE them rLoudnessis set by default to -24,0 dB.

7.7.6.5.2 m_ucAssociatedAssetType

Thisvariable length field is present in the stream only if it is part of a static metadata block.

The m_ucAssociatedAssetType is an index into Table 7-10. The 4-bit or 6-bit codes are used to extract the

m_ucAssociatedAssetType in range from O to 7 or from O to 31 respectively.

If not transmitted the m_ucAssociatedAsset Type is by default set to complete audio presentation type.
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The long-term loudness measure (m_rLoudness) is associated with the asset type indicated by the
m_ucAssociatedAssetType. The m_rLoudness corresponds to the joint long-term loudness measure of all active objects,

of this asset type, within this audio presentation.

Table 7-10: Definition of Object Types

index m_ucAssociatedAssetType
0 ASSET TYPE UNKNOWN
1 ASSET TYPE COMPLETE _AUDIO PRESENTATION
2 ASSET TYPE COMPLETE_ DIALOG
3 ASSET TYPE COMPLETE_AUDIO PRES EXCLUDING DIALOG
4 ASSET TYPE BED MIX_WITH DIALOG
5 ASSET TYPE BED MIX_EXCLUDING DIALOG
6 ASSET TYPE DIALOG
7 ASSET TYPE MUSIC
8 ASSET TYPE EFFECTS
9 ASSET TYPE_MUSIC EFFECTS
10 ASSET TYPE _COMMENTARY
11 ASSET TYPE VISUALLY IMPAIRED
12 ASSET TYPE HEARING IMPAIRED
13 ASSET TYPE_AMBIENCE
14 ASSET TYPE_ ISOLATED FOLEY
15 ASSET TYPE_KARAOKE
16 ASSET TYPE NON DIEGETIC
17 ASSET TYPE COMPOSITE MULTI SRC
18 ASSET TYPE_NEARFIELD BED
19-31 Reserved

7.7.6.5.3 m_uclLoudnessMsrmType

Thisfield is present in the stream only if bLongTermLMPresent is TRUE. If bNominalLD_DescriptionFlag is TRUE,
then thisfield is 2 bits, otherwise it is 4 bits. In both cases, the value of m_ucLoudnessMsrmType is used as an index
into Table 7-11 and indicates a type of long term loudness measurement that was used for calculation of the

m_rLoudness.

If bLongTermLMPresent is FALSE, then m_ucLoudnessMsrmType is set to the 'Unknown' type.

Table 7-11: Long Term Loudness Measurement Types

Index | Loudness Measurement Types Mnemonic
0 Unknown LT LOUDNESS MEASUREMENT_TYPE_UNKNOWN
1 Manual LT LOUDNESS MEASUREMENT TYPE MANUAL
2 ATSC A85 [i.2] LT LOUDNESS MEASUREMENT TYPE_A85
3 EBU R128 [i.3] LT LOUDNESS MEASUREMENT TYPE EBU R128
4 BS.1770 (see note 1) LT LOUDNESS MEASUREMENT TYPE_1770
5 2)5'1770 Dialogue Gate (see note |, + | 5 ,pNESS. MEASUREMENT TYPE_1770_DG
6 E;'elgo Non-Dialogue Gate (see |, 1 | oypNESS MEASUREMENT TYPE 1770 _NDG
7-15 |Reserved LT LOUDNESS MEASUREMENT TYPE_RESERVED
NOTE 1: According to Eq. 7 of Recommendation ITU-R BS.1770-4 [2].
NOTE 2: According to Eqg. 2 of Recommendation ITU-R BS.1770-4 [2] that is only active during dialog
components of the signal.
NOTE 3: According to Eq. 2 of Recommendation ITU-R BS.1770-4 [2] that is only active during non-
dialog components of the signal.
7.7.6.6 m_blsLTLoudnMsrsmOffLine

This 1-bit flag is transmitted in the stream only if them_bNominalLD_DescriptionFlag is FALSE. Itsvalue indicates if
the process used to encode the long term loudness measurements was running:

. inreal time (m_blsLTLoudnMsrsmOffLine = 0); or
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. as an off-line/multi-pass process (m_blsL TLoudnM srsmOffLine = 1).

7.7.6.7 m_bCustomDRCCurveMDPresent

A separate m_bCustomDRCCurveMDPresent flag is sent for every DRC compression type from the Definition of DRC
Compression Typesin Table 7-12.

If m_bCustomDRCCurveMDPresent is TRUE, then for a particular DRC compression type, a custom DRC
compression curve is transmitted in the stream. Otherwise, the decoder's default compression curve is used for the
particular DRC compression type.

Table 7-12: DRC Compression Types

DRC Compression Type Associated DRC Group Type
0 DRC_COMPRESSION TYPE LOW FULL
1 DRC_COMPRESSION TYPE_MEDIUM FULL
2 DRC_COMPRESSION_TYPE_HIGH_FULL

7.7.6.8 Custom DRC Curves

A custom DRC curve may be transmitted for each of the DRC compression types. A curve may be described
exclusively by an index (m_ucDRCCurvel ndex) into atable of predefined commonly used curves according to the DRC
Compression Curve Typeslisted in Table 7-13. If index m_ucDRCCurvelndex is equal to

DRC_CURVE _TYPE DTSUHD_COMMON_EXPLICIT_PARAMS additional parameters will define the piece-wise
linear DRC curve explicitly according to Figure 7-1.

Table 7-13: DRC Compression Curve Types

m_ucDRCCurvelndex DRC Compression Curve Type
0 DRC _CURVE_TYPE_NO COMPRESSION
1 DRC_CURVE_TYPE_DTS LEGACY_FILM_STANDARD
2 DRC_CURVE_TYPE DTS LEGACY FILM_LIGHT,
3 DRC _CURVE_TYPE DTS LEGACY MUSIC STANDARD,
4 DRC_CURVE_TYPE DTS LEGACY MUSIC LIGHT,
5 DRC_CURVE_TYPE DTS LEGACY SPEECH,
6 DRC_CURVE_TYPE_DTSUHD COMMON 1,
7 DRC_CURVE_TYPE_DTSUHD COMMON 2,
8 DRC_CURVE_TYPE _DTSUHD COMMON 3,
9 DRC_CURVE_TYPE_DTSUHD COMMON 4,
10 DRC _CURVE_TYPE _DTSUHD COMMON 5,
11 DRC_CURVE_TYPE_DTSUHD COMMON_6,
12 DRC_CURVE_TYPE_DTSUHD COMMON 7,
13 DRC_CURVE_TYPE _DTSUHD COMMON 8,
14 DRC_CURVE_TYPE _DTSUHD COMMON 9,
15 DRC_CURVE_TYPE _DTSUHD COMMON_EXPLICIT PARAMS

Pseudo code for extraction of parameters that describe the custom DRC curve can be found in Table 7-14.
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Syntax Reference
/1 Function that extracts custom DRC paraneters
voi d CMFDSt ati cMD: : Ext ract Cust omDRCCur ves( CDRCProfil e *pDRCProfil e)
/1 Index into DRC_CURVE_TYPES table
pDRCPr of i | e- >m ucDRCCur vel ndex = (uchar)m pStati cMDBit Stream >ExtractBits(4); 77691
i f (pDRCProfile->m ucDRCCurvel ndex ==
DRC_CURVE_TYPE_DTSX_E2_COMMON_EXPLI CI T_PARANS)
{
uint unDRCCurveCode = (uint) mpStati cMDBitStream >ExtractBits(15); 77692
pDRCPr of i | e- >Get DRCCur vePar am ndi ces( unDRCCur veCode) ; 7.7.6.9.3
pDRCPr of i | e- >LookUpDRCCur vePar anet er s() ;
}
}
Output dB Relative to & 7%
Integrated Loudness D
ol ) 1/dwnw_ratio_2
# 11 dwnw_ratio_1
upw_knee upw_null_end
> < >
dwnw knee Input dB Relative to
o — > Integrated Loudness
dwnw_null_end
1/upw_ratio (_~
o v
Figure 7-1: Piece-wise Linear DRC Curve
7.7.6.9 Parameters for ExtractCustomDRCCurves

7.7.6.9.1 m_ucDRCCurvelndex

This 4-bit field represents alook-up index into a table of DRC curve types according to the DRC Compression Curve

Types.
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7.7.6.9.2 unDRCCurveCode

This 15-bit field is present in the stream only if the m_ucDRCCurvelndex is equal to
DRC_CURVE_TYPE DTSUHD_COMMON_EXPLICIT_PARAMS. If the unDRCCurveCode is present it represents
ablock code word that is used to encode all DRC curve parameters ordered as.

1) k=0: m_rDrcDwnwCurveNullEnd (denoted as dwnw_null_end in Figure 7-1)
2)  k=1. m rDrcDwnwCurveRatiol (denoted as dwnw _ratio_1in Figure 7-1)

3) k=2: m_rDrcDwnwCurveRatio2 (denoted as dwnw_ratio_2 in Figure 7-1)

4)  k=3: m_rDrcDwnwCurveKnee (denoted as dwnw_kneein Figure 7-1)

5)  k=4: m_rDrcUpwCurveNullEnd (denoted as upw_null_end in Figure 7-1)

6) k=5 m_rDrcUpwCurveRatiol (denoted as upw_ratio in Figure 7-1)

7)  k=6: m_rDrcUpwCurveKnee (denoted as upw_knee in Figure 7-1).

Each parameter has an associated a phabet with allowed parameter values as listed in the respective table for each
parameter (shown in Table 7-15. A value of a parameter k has an associated index within the corresponding k™" alphabet
table denoted as m_ucDRCParamindices[K] . A weight vector (m_unDRCCurveCodeBasisWeightd[]) is created
according to the sizes of parameter alphabets (u~cCDRCCurveParamAlphabetSzeq]) asfollows:

. If the ucDRCCurveParamAlphabetSzeq7]={ 7, 3, 4, 3, 5, 3, 6 } then the corresponding weight vector
m_unDRCCurveCodeBasisWeighty] 7] = { 6*3*5*3*4*3, 6*3*5*3*4, 6*3*5*3, 6*3*5, 6*3, 6, 1}.

. A block code word unDRCCurveCode is constructed from 7 parameters as.
unDRCCurveCode = Y —o.c(m_ucDRCParamindices[k] * m_unDRCCurveCodeBasisWeights[K])
where m_ucDRCParamindiceg K] takes values from 0 to m_unDRCCurveCodeBasisWeightgk] - 1.
On the decoder side, as shown in pseudo-code within Table 7-15:

e  theparameter indicesm _ucDRCParamindiced[] are extracted from the received block code word
unDRCCurveCode by means of iterative integer division and reminder calculation;

. the actual parameter values are obtained by table look-up.

7.7.6.9.3 Get DRC Curve

GetDRCCurveParamindices() is afunction to extract the DRC_ALPHABET_SIZE TABLE_LENGTH indicesfrom a
single block code word given in unDRCCurveCode.

The weight associated with each index is given in m_unDRCCurveCodeBasisWeightg[] . Block code is assumed to be
generated according to:

unDRCCurveCode = Yo n(m_ucDRCParamindices[k] * m_unDRCCurveCodeBasisWeights[Kk])
where N=DRC_ALPHABET_SIZE TABLE LENGTH - 1.

The extracted indices are stored in the m_ucDRCParamindiceq[].

Table 7-15: LookUpDRCCurveParameters

Syntax
#defi ne DRC_ALPHABET_SI ZE_TABLE_LENGTH 7 /1 Number of parameters that characterize a DRC curve

/1 Sizes of al phabet for each of the DRC curve paraneters
/1 {Down Curve : Null, Ratio 1, Ratio 2, Knee, Up Curve : Null, Ratio 1, Knee }
const uchar ucDRCCurvePar amAl phabet Si zes[ DRC_ALPHABET_SI ZE TABLE LENGTH = { 7, 3, 4, 3, 5, 3, 6

}s

/1 Downward Conpression Curve Paraneter Al phabets
const float rDrcDwnwCurveNul | End_Table[7] = { 0.0f, 2.5f, 5.0f, 10.0f, 15.0f, 20.0f, 25.0f };
const float rDrcDwnwCurveRatiol Table[3] = { 2.0f, 4.0f, 20.0f };
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Syntax
const float rDrcDamwCurveRati o2_Table[4] = { 0.0f, 4.0f, 8.0f, 20.0f };
const float rDrcDwmwCurveKnee Table[3] = { 0.0f, 5.0f, 10.0f };

/1 Upward Conpression Curve Paraneter Al phabets

const float rDrcUpwCurveNull End_Table[5] = { 0.0f, -2.5f, -5.0f, -10.0f, -20.0f };

const float rDrcUpwCurveRati ol Table[3] = { 2.0f, 4.0f, 8.0f };

const float rDrcUpwCurveKnee Table[6] = { -5.0f, -10.0f, -15.0f, -20.0f, -25.0f, -30.0f };

{
for (uint k = 0; k < DRC_ALPHABET_SI ZE TABLE_LENGTH;, k++)
{
/'l Get k-th paraneter index
m_ucDRCPar am ndi ces[ k] = unDRCCur veCode / m unDRCCur veCodeBasi s\Wei ght s[ k] ;
/] Calculate rem nder for the next iteration
unDRCCur veCode = unDRCCurveCode - m ucDRCParamn ndi ces[ k] *
m_unDRCCur veCodeBasi sWei ght s[ k] ;

}
}
/1 Function to | ook-up DRC curve paraneters based on extracted indices in mucDRCParam ndi ces[]

/1 and an associ ated table for each paraneter
voi d LookupDRCCur vePar anet er s(voi d)

{
uint ni = 0;
/1 Paranmeters Defining Downward Conpression Curve
/1
m_r Dr cDwnwCur veNul | End = r Dr cDwnwCur veNul | End_Tabl e[ m ucDRCPar am ndi ces[ ni ++] ];
m_r Dr cDWmnwCur veRat i 01 = r Dr cDwnwCur veRat i 01_Tabl e[ m_ ucDRCPar am ndi ces[ ni ++] ];
m_r Dr cDwnwCur veRat i 02 = r Dr cDwnwCur veRat i 02_Tabl e[ m ucDRCPar am ndi ces[ ni ++] ];
m_r Dr cDwnwCur veKnee = r Dr cDwnwCur veKnee_Tabl e[ m ucDRCPar am ndi ces[ ni ++] ];
/1 Paraneters Defining Upward Conpression Curve
/1
m_r Dr cUpwCur veNul | End = r Dr cUpwCur veNul | End_Tabl e[ m ucDRCPar am ndi ces[ ni ++] ];
m r Dr cUpwCur veRati o1 = r DrcUpwCur veRat i o1_Tabl e[ m ucDRCPar anl ndi ces[ ni ++] ];
m_r Dr cUpwCur veKnee = r Dr cUpwCur veKnee_Tabl e[ m ucDRCPar am ndi ces[ni] ];

}

7.7.6.10 m_bCustomDRCSmoothMDPresent

A separate m_bCustomDRCSmoothMDPresent flag is sent for every DRC compression type from the Definition of
DRC Compression Types.

If m_bCustomDRCSmoothMDPresent is TRUE, then for a particular DRC compression type the custom DRC
smoothing parameters are transmitted in the stream. Otherwise, the decoder's default smoothing parameters are used for
the particular DRC compression type.

7.7.6.11 m_rFastAttack

This 6-bit field is transmitted in the stream only if bCustomDRCCurveMDPresent is TRUE. It represents the smoothing
time constant for the fast attack smoothing of the DRC compression.

The 6-bit index is mapped to 64 values in the range [0 to 25] using the Quantization Table for DRC Fast Attack
Smoothing Constant in clause 5.2.2.4.
7.7.6.12 m_rSlowAttack

This 6-bit field is transmitted in the stream only if bCustomDRCCurveMDPresent is TRUE. It represents the smoothing
time constant for the slow attack smoothing of DRC compression.

The 6-bit index (ind) is mapped to 64 valuesin the range [0 to 250] using the Quantization Table for DRC Fast Attack
Smoothing Constant in clause 5.2.2.4 and multiplying the resulting indexed value by 10.
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7.7.6.13 m_rFastRelease

This 6-bit field is transmitted in the stream only if bCustomDRCCurveMDPresent is TRUE. It represents the smoothing
time constant for the fast release of DRC compression.

The 6-bit index is mapped to 64 valuesin the range [0 to 1 000] using the Quantization Table for DRC Fast Release
Smoothing Constant as shown clause 5.2.2.5.
7.7.6.14 m_rSlowRelease

This 6-bit field is transmitted in the stream only if bCustomDRCCurveMDPresent is TRUE. It represents the smoothing
time constant for the slow release of DRC compression.

The 6-hit index is mapped to 64 vauesin the range [0 to 1 000] using the Quantization Table for DRC Fast Release
Smoothing Constant as shown clause 5.2.2.5, then multiply the resulting indexed value by 2.
7.7.6.15 m_rAttackThreshid

This 6-bit field is transmitted in the stream only if bCustomDRCCurveMDPresent is TRUE. The m_rAttackThreshld
defines when to switch from a slow to afast attack during DRC compression.

The 6-bit index is mapped to 64 values, in power domainin range[1 to 1 000]. The mapping is obtained by taking an
inverse of the value extracted from the Quantization Table for DRC Sow to Fast Threshold shown in clause 5.2.2.6.
7.7.6.16 m_rReleaseThreshld

This 6-bit field is transmitted in the stream only if bCustomDRCCurveMDPresent is TRUE. The m_rReleaseThreshld
defines when to switch from a slow to afast release during DRC compression.

The 6-bit index is mapped to 64 values, in power domain in range [1,0 to 0,001], using the Quantization Table for DRC
Sow to Fast Threshold shown in clause 5.2.2.6.
7.7.6.17 Reserved and Byte Alignment Fields

Since the overall size of the static metadatain bitsis given by the
m_unNumStaticMDPackets*m_unStaticMDPacketByteS ze* 8, the new metadata may be added into the reserved fields
without breaking the backward compatibility.

Decoders shall always navigate to the end of the static metadata block in order to continue with stream unpacking.

7.8 Extraction of Object Metadata

7.8.1 Overview of Object Metadata

Metadata for Objects includes an extensive set of parameters that describe the mixing environment, object location and
advanced object properties such as dispersion and distance. Multiple sets of object metadata may be present for
supporting different listening environments through the rendering exception parameters.

Two renderer models - 'basic’ and 'extended’ - are supported. The basic renderer model isintended to facilitate
production of low cost and low power devices for use in non-ideal listening conditions. A basic renderer will treat al
objects as a point source in space, where an extended renderer will support dispersion properties and the ability to
characterize object position relative to the video display size and position.

The studio metadata, extracted in Table 7-16 of clause 7.8.2, determines whether an object is within the field of view of
the video or outside the field of view. This metadatais only supported in the extended renderer model.

Some metadata parameters extracted in Table 7-30 of clause 7.8.11.15 and Table 7-34 of clause 7.8.11.27
characterizing dispersion angles and rotation of the object sources are also only utilized by the extended renderer mode!.

All other metadata parameters are processed identically by both the basic renderer model and the extended renderer
model.
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7.8.2 ExtractMetadataForObjects

Pseudo code that describes the extraction of this block of metadatais shown in Table 7-16.

Table 7-16: ExtractMetadataForObjects

Syntax Reference

voi d COx01MDChunkBody: : Ext r act Met adat aFor Obj ect s(bool bSyncFraneFl ag,
bool bFul | Channel BasedM xFl ag,
ui nt unFraneDurati on,
ui nt unQut ChMask,
bool bl nteract Qoj Li m tsPresent,
std::vector<uint> & punObject | DLi st)
{
uint unQbj ect | D;
ui nt unQbj | ndex;
bool bOhj Start FraneFl ag; /1 Flag indicating if this is the first frame of
/] object appearance in the interval between the two sync
frames

if (bSyncFraneFl ag) {
/1 In sync frane reset the object |ist
m CQbj Li st. Reset List();

el se {
m_CQbj Li st. Reset Cbj MDPresent Fl ags() ;

/1 Mxing studio environment paraneters
if (bSyncFraneFl ag && (bFul | Channel BasedM xFl ag==FALSE) ) {

m bM xSt udi oPar ansPresent = (bool )ExtractBits(1); 7.8.3.1
if (mDbM xStudi oPar ansPresent) {
m ucRadi usRef ernceUni t Spherel nMeters = (uchar) ExtractBits(4) + 3; 7.8.3.2
m unRef Scr eenHori zont al Vi ewi ngAngl el nDeg = 10 * ((uint)ExtractBits(4)+ 1) + 20; 7.8.3.3
m ucRef ScreenAspect Rati o = (uchar) ExtractBits(3); 7.8.3.4

} // End of if (bM xStudi oParansPresent)

for (uint nso=0; nso<m unNun®bj ects; nso++) {
unQbj ect| D = punObj ect | DLi st [ nso] ;

bool bMet adat Sui t abl ef or REFl ag = 784
Checkl f MDI sSui t abl ef or | npl Obj Render er (unChj ect| D) ;
i f (bMetadat Suitabl ef or REFI ag) {
unObj | ndex = m CObj Li st. Checkl f NewObj ect (unObj ect | D);
if (mCObjList.mpArrayCt Obj Pntrs[unObj | ndex] == NULL) {
bCoj Start FraneFl ag = TRUE; // |ndicates appearance of the new object
/1 Allocate new object to the |ist
m CObj Li st. m punObj | Ds[ unObj | ndex] = unCbject!D;, // Save the Obhject ID
m CObj Li st. m pArrayO Obj Pntrs[unObj | ndex] = new CLCbj M) m pBitStrean);
/1 Save the object ID
m _CQbj Li st. m pArrayOr Qoj Pnt r s[ unObj | ndex] - >m unChj ect | D = unQj ect | D;
}
el se {
bCoj St art FraneFl ag = FALSE;

}
m_CQbj Li st. m pbCbj MDPresent [ unCbj | ndex] = TRUE;
/1 Extract object static flag (present only when bChj Start FraneFl ag i s TRUE)
if (bObjStartFrameFl ag == TRUE) {
if (unObjectlD == 256) {
m _CQbj Li st. m pArrayOf Cbj Pnt rs[ unObj | ndex] - >m bCoj Stati cFl ag = TRUE;

}
else { // Case for unCojectID != 256
m CObj Li st. m pArrayOf Obj Pnt rs[ unObj | ndex] - >m bObj Stati cFlag = 7.8.6
(bool )ExtractBits(1);
}

/l Extract netadata for either objects or object group definitions
m_CObj Li st. m pArrayCOf Cbj Pntrs[ unQbj | ndex] - >Ext r act Cbj ect sO Cbj G- oupDef (
bOhj St art Fr aneFl ag,
unFranmeDur at i on,
unQut ChMask,
bl nt eract Qbj Li m t sPresent);
} // End of if (bMetadat Suitabl ef or REFI ag)
} /1 End of for (uint nso=0; nso<m unNunmCbjects; nso++)
/] Delete De-register objects that have disappeared in this frane.
m _CObj Li st. PurgeList();
} // End of COx01MDChunkBody: : Extract Met adat aFor Qbj ect s()

7.8.7
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7.8.3 Parameters for ExtractMetadataForObjects

7.8.3.1 m_bMixStudioParamsPresent

This 1-bit flag is present in the stream only if bSyncFrameFlag is TRUE and bFullChannelBasedMixFlag is FALSE.
When m_bMixStudioParamsPresent is TRUE, the parameters that describe the reference monitoring environment are
present.

These parameters are present so the rendering engine can modify object position in order to reflect the difference
between the screen size in the reference monitoring environment and the screen size in the listening environment.
7.8.3.2 m_ucRadiusRefernceUnitSpherelnMeters

This 4-bit field is present in the stream only if m_bMixStudioParamsPresent is TRUE. The value of
m_ucRadiusRefernceUnitSpherel nMeter s indicates the radius of areference unit sphere in meters (i.e. distanceto the
center speaker or distance to the screen in the reference monitoring environment).

Valid range is from 3 meters to 18 meters with step size of 1 m. If not transmitted the reference radius is by default set
to m_ucRadiusRefernceUnitSpherelnMeters = 8 meters.
7.8.3.3 m_unRefScreenHorizontalViewingAngleInDeg

This4-bit field is present in the stream only if m_bMixStudioParamsPresent is TRUE. The value of
m_unRefScreenHorizontal ViewingAnglel nDeg represents the horizontal viewing angle subtended by the screen relative
to an observer located at the optimal viewing position, in degrees.

Valid values are in range from 30 to 180 degreesin steps of 10 degrees. If not transmitted the
m_unRefScreenHorizontal ViewingAnglelnDeg is by default set to 50 degrees.
7.8.3.4 m_ucRefScreenAspectRatio

This 3-bit field is present in the stream only if the m_bMixStudioParamsPresent is TRUE. The value of
m_ucRefScreenAspectRatio represents alookup index into Table 7-17.

The default value for m_ucRefScreenAspectRatio is REFERENCE_SCREEN_ASPECT_RATIO_SCOPE.

Table 7-17: Reference Screen Aspect Ratios

Index Mnemonic Description
0 REFERENCE _SCREEN ASPECT RATIO FLAT Flat: aspect ratio close to 1.85:1
1 REFERENCE_SCREEN_ASPECT RATIO SCOPE SCOPE: aspect ratio close t0 2.39 : 1
2 REFERENCE_SCREEN_ASPECT_RATIO_HDTV HDTV: aspect ratio close to 1.78:1 .
3 REFERENCE_SCREEN_ASPECT_RATIO_FULL Full aspect ratio close t01.9:1
4 REFERENCE_SCREEN_ASPECT_ RATIO_RESERVED1 Reserved for future use
5 REFERENCE_SCREEN_ASPECT_RATIO_RESERVED2 Reserved for future use
6 REFERENCE_SCREEN_ASPECT_RATIO_RESERVED3 Reserved for future use
7 REFERENCE_SCREEN_ASPECT RATIO_RESERVED4 Reserved for future use

7.8.4  Association of 3D Object Metadata to 3D Renderer Type

Within this metadata block code extracts renderer association flags and checksiif this metadata is suitable for current
renderer implementation. If metadatais not suitable, the bitstream read pointer is advanced to the metadata for the next
object. Pseudo code can be found in Table 7-18.

ETSI




84 ETSI TS 103 491 V1.1.1 (2017-04)

Table 7-18: CheckIfMDIsSuitableforimplObjRenderer

Syntax Reference

bool C0x01MDChunkBody: : Checkl f MDI sSui t abl ef or | npl Obj Render er (ui nt unGbj ect | D)

bool bMet adat Sui t abl ef or REFI ag;
if (unQbjectlD >= OBIGROUPI DSTART)

/] Object groups are by default suitable for all renderer inplenentations
bMet adat Sui t abl ef or REFl ag = TRUE;
}

el se

bool bMDUsedByAl | RenderersFl ag = (bool )ExtractBits(1); 7.85.1
i f (bMDUsedByAl | Render er sFl ag)

/] Metadata suitable for all renderer inplenentations
bMet adat Sui t abl ef or REFl ag = TRUE;

}

el se

{
uchar ucRequi redRenderer Type = (uchar) ExtractBits(1); 7.85.2
uchar uctable[4] = { 8, 10, 12, 14 }, 7.85.3
uint unNunBi ts2Ski p = (uint) ExtractVarlLenBitFields(uctable) + 1;
i f (ucRequiredRenderer Type == | MPLEMENTED OBJECT_RENDERER TYPE) {

bMet adat Sui t abl ef or REFl ag = TRUE;

}

el se {
bMet adat Sui t abl ef or REFl ag = FALSE;
AdvanceBi t Read poi nt er (unNunBi t s2Ski p) ;

}
} /1 End of case when the bMDUsedByAl | RenderersFlag i s FALSE
} /1 End of case when (unQbject | D<OBJGROUPI DSTART)
return bMet adat Sui t abl ef or REFI ag;
} // End of Checkl f Ml sSuitabl ef or | npl Cbj Renderer ()

7.8.5 Parameters for ChecklfMDIsSuitableforimplObjRenderer

7.8.5.1 bMDUsedByAllRenderersFlag

This 1-bit flag is transmitted only if the unObjectl D<OBJGROUPIDSTART i.e. it is not transmitted for object groups.
Its value indicates if object metadatais applicable to:

. both the basic 3D object renderer type and the extended 3D renderer type (when
bMDUsedByAllRenderersFlag is TRUE); or

e  just one of the 3D object renderer types (when bMDUsedByAllRenderersilag is FALSE).

If the bMDUsedByAllRenderersilag is TRUE, regardless of the implemented renderer type
(IMPLEMENTED_OBJECT_RENDERER_TY PE), the object ID shall be registered and the corresponding metadata
shall be extracted.

7.8.5.2 ucRequiredRendererType

This 1-bit field is interpreted according to Table 7-19 and is transmitted only if unObjectiD < OBJGROUPIDSTART
and bMDUsedByAllRenderersklag are FALSE. Its value indicates the association of the 3D object metadatato a
particular renderer type.

If bMDUsedByAllRenderersklag is FALSE, nominally there will be two sets of metadata with the same unObjectID:
e onefor the basic renderer (when ucRequiredRendererType = OBJECT_RENDERER_TYPE_BASIC);

. and one for the extended renderer (when ucRequiredRendererType =
OBJECT_RENDERER_TYPE_EXTENDED).

The metadata is used only if ucRequiredRenderer Type is less than or equal to the implemented renderer type as
indicated by the IMPLEMENTED_OBJECT_RENDERER_TYPE.
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If bMDUsedByAllRenderersklag is TRUE, then ucRequiredRenderer Type is by default set to
OBJECT_RENDERER_TYPE_BASIC.

Table 7-19: ucRequiredRendererType

value ucRequiredRendererType
0 OBJECT_RENDERER_TYPE_BASIC
1 OBJECT_RENDERER_TYPE_EXTENDED

7.8.5.3  unNumBits2Skip

Thisvariable length field is transmitted only if the unObjectID < OBJGROUPIDSTART and
bMDUsedByAllRenderersFlag is FALSE. Its value indicates the size, in bits, of the remaining part of this object
metadata. The variable length codes of 9, 12, 15 or 17 bits are used to alow the unNumBits2Skip values up to 256,
1280, 5376 or 21 760 bits.

If 3D object metadatais not suitable for the implemented object renderer (ucRequiredRenderer Type is greater than the
IMPLEMENTED_OBJECT_RENDERER_TY PE) then the unNumBits2Skip is used to navigate to the next object's
metadata.

7.8.6 m_bObjStaticFlag

Thisflag indicatesif the object properties are static (not changing) until the appearance of the next sync frame. Thisflag
istransmitted only in the frames in which the object appears for the first time within the period between the two
consecutive sync frames (bObjStartFrameFlag is TRUE).

7.8.7 Extraction of 3D Object / Object Group Metadata

An object ID (m_unObjectI D) indicates whether the metadata to be extracted is:

. metadata for an object (m_unObjectID =0, 1, .. OBJGROUPIDSTART-1), describing 3D object properties
and directly pointsto particular waveforms encoded within an audio chunk; or

. metadata for an object group (m_unObjectID = OBJGROUPIDSTART, ... 255) which lists object IDs
belonging to the group and does not directly point to any audio waveforms; or

. metadata for full channel mask-based mix (m_unObjectID = 256) describing the mix and directly pointsto
particular waveforms encoded within an audio chunk.

The value of OBJGROUPIDSTART is set to 224.

An example for the use of object groups and 3D objectsisillustrated in Figure 7-2 below. Boxesin purple color
indicate the object groups and the objects that are active by default. A particular choice is defined by values of:

- m_bObjGrpActiveFlag and m_unWithinGrpObjActMask in each of the object groups; and
- m_bObjActiveFlag in Object 5.

Values of m_bObjActiveFlag for Objects 1 to 4 are irrelevant since they are overruled by the corresponding bits within
the unWithinGrpObjActMask.

ETSI



86 ETSI TS 103 491 V1.1.1 (2017-04)

COx01MDChunkBody::ExtractMetadataForObjects():

- m_unNumObjects=7;

- m_CObijList.m_pArrayOfObjPntrs[0], ... m_CObjList.m_pArrayOfObjPntrs[6]
- m_CObjList.m_punObjIDs[0], ... m_CObjList.m_punObjIDs[6]

m_CObjList.m_pArrayOfObjPntrs[1]->m_pCGrpDef
224 < m_CObjList.m_punObjlDs[1] < 256
Object Group 2
m_bObjGrpActiveFlag = TRUE
m_unWithinGrpObjActMask = Ob10

m_CObjList.m_pArrayOfObjPntrs[0]->m_pCGrpDef
224 < m_CObjList.m_punObjIDs[0] < 256

Object Group 1
m_bObjGrpActiveFlag = TRUE
m_unWithinGrpObjActMask = 0b01

ID Reference  ID Reference ID Reference ID Reference

m_CObijList.m_pArrayOfObjPntrs[6]->m_pCLean3DMD

m_CObjList.m_pArrayOfObjPntrs[2]->m_pCLean3DMD  m_CObjList.m_pArrayOfObjPntrs[4]->m_pCLean3DMD
m_CObjList.m_punObjIDs[6] < 224

m_CObjList.m_punObjIDs[2] < 224 m_CObjList.m_punObjlDs[4] < 224

Audio Channel Set 1
English Dialog

Audio Channel Set 2
Spanish Dialog

Audio Channel Set 3
Music and Effects

. 3D Object 3 3D Object 4 3D Object 5
j 3D Object 2
3D .Obje.Ct c S Music and Effects Music and Effects for Additional Positional
English Dialog Spanish Dialog R X p
m_bObjActiveFlag is m_bObjActiveFlag is for Spanish English Object
- . - . m_bObjActiveFlag is m_bObjActiveFlag is m_bObjActiveFlag =
ignored ignored . .
ignored ignored TRUE
m_CObjList.m_pArrayOfObjPntrs[3]->m_pCLean3DMD m_CObjList.m_pArrayOfObjPntrs[5]->m_pCLean3DMD
\ m_CObijList.m_punObjIDs[3] < 224 m_CObijList.m_punObjIDs[5] < 224 /
Waveform Waveform Waveform Waveform Waveform
References References References References References

Audio Channel Set 4
Additional Positional
Object

Figure 7-2: Example of Object Groups and 3D Objects

Note that both 3D Object 3 and 3D Object 4 point to the same audio waveforms hence the only difference between
these two objectsisin the associated metadata (i.e. dynamic object gain dependent on the associated speech object).

For static 3D objects/ object groups the associated metadata is transmitted only once during the interval between the
two sync frames. Static objects cannot disappear before the next sync frame hence they are persistent until the next sync
frame. The decoder shall inherit al of the static object metadata from the corresponding object metadata used in the
previous frame.

For static group objects the group definition cannot change until the next sync frame. 3D objects belonging to a static
group object do not have to be static by themselves, (i.e. the changes of metadata fields within associated 3D objects are
allowed). However, 3D objects belonging to a static group are persistent as long as the group is static.

Pseudo code for extraction of this block of metadata can be found in Table 7-20.

Table 7-20: ExtractObjectsOrObjGroupDef

Syntax Reference

voi d CLObj MD: : Extract Obj ect sOr Obj G oupDef (bool bObj St art FraneFl ag,
ui nt unFraneDurati on,
ui nt unQut ChMask,
bool blnteractiveObjectsLimtsPresent)
{
if (munQojectlD >= OBJGROUPI DSTART && m unObj ect | D<256) {
if (mpCGpDef !'= NULL) {
m pCG pDef = new CLG pDef (m pBitStrean);

m _pCG pDef - >m bChj G pStati cFlag = m bObj Stati cFl ag;
m pCGr pDef - >Ext ract G- oupDefi ni ti on(bObj St art Fr aneFl ag) ; 7.8.8

el se {
/] Case of (bject IDs O to OBJGROUPI DSTART-1 and 256.
if (mpCLean3DVD != NULL) {
m pCLean3DVD = new CL3DMD(m pBit Strean);

}

m pCLean3DVD- >m bObj StaticFlag = m bObj Stati cFl ag;

/] bject IDs 0 to OBJGROUPI DSTART-1 and 256 are reserved for objects.

m pClLean3DVD- >Ext r act Obj ect Met adat a( bl nt eracti veObj ect sLi m t sPresent, 7.8.10
bObj St art Fr aneFl ag,
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Syntax Reference

m unQbj ect | D,
unFraneDur at i on,
unCut ChMask) ;

}
} // End of the Extract CbjectsO Cbj G oupDef () function

7.8.8 Object Group Definition

Object group metadata does not carry any specific 3D object properties nor pointers to the audio waveforms. Instead,
the object group metadata carries lists of object IDs belonging to the group and the indication of which of these objects
shall be played by default. Both 3D objects and other object groups may be referenced within the object group metadata
aslong asthey are all associated with (defined within) the same 0x01 metadata chunk and the group hierarchy follows
the packing order (i.e. only the objects/groups packed prior to the current object group can be referenced within this
group).

If group is defined as non-static (bObjGrpStaticFlag is FALSE) the group definition metadata may be transmitted in
every frame. If group is static the group definition metadata may be transmitted only in frames where the
bObjSartFrameFlag is TRUE i.e. when (m_bObjGrpStaticFlag & & bObjSartFrameFlag) is TRUE.

Pseudo code for extraction of object group definition metadata can be found in Table 7-21.

Table 7-21: ExtractGroupDefinition

Syntax Reference

voi d CLG pDef:: Extract G oupDefi nition(bool bQbj StartFranmeFl ag)

bool bG phj Ref UpdFl ag;
if((mbObj GpStaticFlag==FALSE) || ((m_bObj GpStaticFlag) && (bObj StartFrameFl ag)))

m bObj G pActiveFlag = (ExtractBits(1l) == 1) ? TRUE : FALSE; 7.891
bG pObj Ref UpdFl ag = (bObj Start FraneFl ag) ? TRUE : (bool) ExtractBits(1); 7.892
if (bG poj Ref UpdFl ag)
{

uchar uctable[4]={1, 3, 3, 4};
m ucNunbj Ref er encedl nGroup = (uchar) ExtractVarLenBitFields(uctable) + 1;

for (uchar nid=0; nid<m ucNunmbj Referencedl nG oup; nid++) { 7.8.9.3
uint unNunBitsforObjI D = (ExtractBits(1l)==1) ? 8 : 4, 6.3.5.2
m punCbj GrpRef I Ds[nid] = (uint) ExtractBits(unNunBitsforObjlD); 7.894

} /1 End of for (nid=0; nid mucNun®bj Ref erencedl nG oup
} /1 End of if (bG pOoj Ref UpdFl ag)
bool bUpdFl ag = (bObj Start FrameFl ag || bG pObj Ref UpdFl ag) ? TRUE : (bool) 7.895
ExtractBits(1);
if (bUpdFlag) {
/1 Extract new mask (m ucNumCbj Ref erencedl nG oup bits w de)
m unW t hi nG pObj Act Mask = Extract Bi t s(m ucNunDbj Ref er encedl nG oup) ; 7.896

}
(bObj St art FrameFl ag==TRUE) ) )

/1 bject Goup Metadata Extension (for objects w th unCbject| D>OBJGROUPI DSTART)
/1 If TRUE it indicates the presence of object netadata extension.

m_bObj G- oupMDEXt ensi onPresent = ExtractBits(1); 7.8.97
if (m_bObj G oupMDEXt ensi onPresent)

uchar uctable[4] ={ 5, 7, 9, 11 };
/1 Values in uctable[] allow unTenp to be up to 32, 160, 672 or 2720 bits.
/1 Prefix-code of length 1, 2, 3 and 3 is carried correspondingly for
/1 each of the values in uctable.

uint unNunBi tsToExtract = (uint)ExtractVarlLenBitFields(uctable) + 1; 7.898
AdvanceBi t Read poi nter (unNunBi t sToExtract); 7.899

}
} // End of if ( ( mbQojGpStaticFlag == FALSE ) || ( (m.bQbj G pStaticFl ag)
} // End of CLG pDef::Extract G oupDefinition()
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7.8.9 Parameters for ExtractGroupDefinition

7.8.9.1 m_bObjGrpActiveFlag

This 1-bit field indicates if an object group is active by default (m_bObjActiveFlag is TRUE), or not
(m_bObjActiveFlag is FALSE).

If asystem layer explicitly sets the object group activity, m_bObjGrpActiveFlag extracted within the stream shall be
ignored.
7.8.9.2 bGrpObjrefUpdFlag

This 1-bit flag when TRUE indicates that there is an update to either the number of objects or the list of object IDs that
are referenced within this group. In the sync frames bGrpObjRefUpdFlag is not transmitted but is set to TRUE by
defauilt.

7.8.9.3 m_ucNumObjReferencedInGroup

Thisfield istransmitted in the stream only if the bGrpObjRefUpdFlag is TRUE. The value of

m_ucNumObj ReferencedInGroup represents the number of objects that are referenced within the group. Variable length
codeof 2, 5, 6 and 7 bitsis used to represent the values of m_ucNumObjReferencedlnGroup up to 2, 10, 18 or 32 object
references respectively.

7.8.9.4 m_punObjGrpRefIDs]]

These fields are transmitted in the stream only if bGrpObjRefUpdFlag is TRUE. The list of object IDsthat are
referenced within this group is stored in the array m_punObjGrpReflDg[] . Each object ID is coded as a variable length
code with length of either 5 or 9 bits allowing up to 16 or 256 object I1D references respectively.

7.8.9.5 bUpdFlag

bUpdFlag is not present in the bitstream and shall be set to TRUE when bObjStartFrameFlag is TRUE, or
bGrpObjRefUpdFlag is TRUE. Otherwise, it is read directly from the bitstream.

7.8.9.6 m_unWithinGrpObjActMask

m_unWithinGrpObjActMask is am_ucNumObjReferencedI nGroup-bit wide bit-mask that represents the group's default
play ligt, i.e. the list of objects that shall be decoded and played by default. An application layer through decoder APIs
can overwrite this default.

m_unWithinGrpObjActMask is updated when bUpdFlag is TRUE. If bUpdFlag is FALSE, then it maintainsits value
from the previous frame.

The m_unWithinGrpObjActMask is coded as a bit-mask where each bit corresponds to an object. Bits within the mask
follow the order of object ID packing in m_punObjGrpReflDs where the LSB -> first object, MSB -> last object.

7.8.9.7 m_bObjGroupMDExtensionPresent

When m_bObjGroupMDExtensionPresent is TRUE, an Object Group Metadata Extension Field is transmitted in the
stream.

7.8.9.8  unNumBitsToExtract
Size of Object Group Metadata Extension Fields. This variable length field is transmitted in the stream if the

m_bObjGroupMDExtensionPresent is TRUE. Variable code of length 5, 7, 9 or 11 bits allow the size of the extension
fieldsto be up to 32, 160, 672 or 2 720 bits.
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7.8.9.9  Object Group Metadata Extension Fields
Thisblock of datais present in the stream if the m_bObjGroupMDExtensionPresent is TRUE. Decoders built to this
version of the specification shall navigate past these metadata fields in order to parse the metadata for the next object.

7.8.10 3D Object Metadata

The underlying principle of 3D object metadata transmission is that only metadata that has changed value from the
previous frame is retransmitted in the current frame. However, in order to facilitate random navigation, the full set of
metadata is re-transmitted at least once within the period between the two consecutive sync frames.

In frames where bObjStartFrameFlag is TRUE, all active metadatais re-transmitted. In all consecutive frames with the
bObjSartFrameFlag=FAL SE, the metadata that is not present is assumed to keep the same value from the previous
frame.

Pseudo code for the extraction of 3D object metadata can be found in Table 7-22.

Table 7-22: ExtractObjectMetadata

Syntax Reference

voi d CL3DMD: : Extract Qbj ect Met adat a( bool bl nteracti veCbj ectsLi m tsPresent,
bool bObj Start FranmeFl ag,
ui nt unObj ect | D,
ui nt unFrameDurati on,
ui nt  unQut ChMask)

{
ui nt unTenp;
m bQbj ActiveFlag = (unCbject!I D == 256) ? TRUE : (bool )ExtractBits(1); 7.8.11.1
if (bObjStartFrameFl ag == TRUE) {
m ucObj RepresTypel ndex = ExtractBits(3); 7.8.11.2

m bChMaskObj ect Fl ag = fal se;

m _bObj ect 3DVet aDat aPresent = fal se;

m _bMonoChj Wt hMul ti pl eSour cesFl ag = fal se;
m _bAnbi soni cEncObj Fl ag = fal se;

/1 set flags based on extracted representation type
switch (mucOhj RepresTypel ndex) {
case REP_TYPE_CH MASK_BASED:
case REP_TYPE_MIRX2D_CH_ MASK_BASED:
case REP_TYPE_MIRX3D_CH MASK_BASED:
m bChMaskQbj ect Fl ag = true;
br eak;
case REP_TYPE_ 3D OBJECT_SI NGLE_SRC_PER WF:
m bQbj ect 3DMet aDat aPresent = true;
br eak;
case REP_TYPE_MONO 3D OBJECT_MULTI _SRC_PER WF:
m _bCbj ect 3DMet aDat aPresent = true;
m _bMonoGhj Wt hMul ti pl eSourcesFlag = true;
br eak;
case REP_TYPE_BI NAURAL:
m bChMaskhj ect Fl ag = true;
br eak;
case REP_TYPE_AUDI O TRACKS:
br eak;
case REP_TYPE_AMBI SONI C. // Anbisonic representation
m _bAnbi soni cEncObj Fl ag = true;
br eak;
default: // Error
}

if (unObjectlD == 256) {
m ucObj ect | nportanceLevel = 7; // default to have the highest inportance
m unCbj TypeDescr | ndex = ASSET_TYPE_COVPLETE_AUDI O PRESENTATI ON,
m ucObj Audi oChunkl ndex = (uchar)O0;
m ucObj Navi WtinACl ndex = (uchar)O0;
} /1 End of case when the unObject| D==256
else { // Case for unCojectID != 256

m ucObj ect | nportancelLevel = (uchar)ExtractBits(3); 7.8.11.3
/] Object type description is obtained fromthe ASSET_TYPE
bool bObj TypeDescrPresent = (ExtractBits(1l) == 1) ? true : false; 7.8.11.4
i f (bObj TypeDescr Present) {

uchar ucTypeBitWdth = (ExtractBits(1l)==1) ? 3 : 5; 7.8.11.5

m unCbj TypeDescr|lndex = (uint) ExtractBits(ucTypeBitWdth);
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Syntax Reference

el se {
/1 Default is an unknown type.
m unObj TypeDescr | ndex = ASSET_TYPE_UNKNOWN,

/1 Pointers to Audi o Waveforns Associated with this Object
/1 Audi o chunk index holding the object waveforns
/1 Alows nmaxi mumindex to be 1, 17, 33 or 255 respectively.
/1 Prefix-code of length 1, 2, 3 and 3 is carried correspondingly for
/1 each of the values in uctable.
uchar uctable[4] = { 1, 4, 4, 8 };
unTenp = (uint)ExtractVarLenBitFields(uctable);
if (unTenmp < 256){
m_ucObj Audi oChunkl ndex = unTenp; 7.8.11.6

}
uchar uctable[4] ={ 3, 3, 4, 8 };
unTenp = (uint)ExtractVarLenBitFields(uctable);
if (unTenmp < 256){
m ucObj Navi Wti nACl ndex = unTenp; 7.8.11.7

}
m bPer Obj LTLoudnessMDPresent = (ExtractBits(1l) == 1) ? true : fal se; 7.8.11.8
if (m_DbPer Obj LTLoudnessMDPr esent ) {
if (mpObj LTLoudnessMD == NULL) {
m pObj LTLoudnessMD = new CObj LTLoudnessM)(m pBit Strean);

}
}
/] Extract per object |long term|oudness nmeasurenment paraneters.
m pObj LTLoudnessMD- >Ext r act LTLoudnessMX() ; 7.8.11.9

} /1 End of case for unCbjectID != 256

/'l Extract object interactivity related nmetadata

m Obj InterLimts. Extract Objectlnteract M) bl nteractiveObjectsLinitsPresent, 7.8.11.11
unObj ect | D, m bObj ect 3DVet aDat aPr esent) ;

I/l Initialize flags that nay not be transnmitted in all use cases
m bCbj ect RendExcept Present = fal se;

if (mbChMaskObjectFlag == true) {
/1 Case when the m bChMaskObjectFlag is true
/1 Metadata describing the channel mask based object.
Ext ract ChMaskPar ans() ; 7.8.11.13
} // End of mbChMaskbj ectFlag == true part
else{ // if mbChMaskObjectFlag == fal se
if (m_bObject3DMet aDat aPresent) {
/'l Case of 3D object netadata
if (mbMnoObj WthMil tipl eSourcesFl ag) {
m ucNumMaveFor msl nCbj = 1;

el sef
/1 Nunber of waveforns defined for this object
/1 1t allows for 2, 10, 18 or 32 waveforns in total.
/1 Prefix-code of length 1, 2, 3 and 3 is carried correspondingly for
/'l each of the values in uctable.
uchar uctable[4] ={ 1, 3, 3, 4 };

m ucNumAaveFor nsl nCbj = (uchar) Extract VarLenBitFi el ds(uctable) + 1; 7.811.17
/1 3D Renderer configuration rel ated netadata
Ext r act Render er Confi gPar ans() ; 7.8.11.15
} // End of mbQbject3DMet aDat aPresent = true part
el se{

/1 Nunmber of waveforns defined for this object
/1 1t allows for 2, 10, 18 or 32 waveforns in total.
/1 Prefix-code of length 1, 2, 3 and 3 is carried correspondingly for
/1 each of the values in uctable.
uchar uctable[4] ={ 1, 3, 3, 4 };
m ucNumAaveFor nsl nCbj = (uchar) Extract VarLenBitFi el ds(uctable) + 1; 7.811.17
/1 When m bAnbi soni cEncObj Flag is true the encoded waveforns represent
/1 Ambi soni cs encoded signals (spherical harnonics).
i f (m_bAnbi soni cEncObj Fl ag) {

/] Extract Encoded Anbisonics Fornat Description

if (m_pAnbi Repr MD == NULL) {

m_pAnbi Repr MD = new CArbi soni cRepr MD(m pBi t Stream ;

}
m_pAmbi Repr MD- >Ext r act Anbi soni csM)( m_ ucNumMveFor nsl nQbj ) ; 7.8.11.18
m bObj ect RendExcept Present = (ExtractBits(1l) == 1) ? true : fal se; 7.8.11.20
} // End of m bAnbi soni cEncObj Fl ag=true case
el se{
m bObj ect RendExcept Present = (ExtractBits(1l) == 1) ? true : fal se; 7.8.11.20
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Syntax Reference

} /1 End of m bAnmbi soni cEncObj Fl ag=f al se case
} /1 End of m bObject 3DMVet aDat aPresent = fal se part
} // end of if (mbChMaskQbjectFlag == fal se)
} // End of the case when bQbj Start FraneFl ag==true
/1 Metadata Possibly Present in all franmes nultiple tines
Ext ract | nvQuant Mul ti Updt Cbj M)( bCbj St art FraneFl ag, unCbj ect | D, unFraneDur ati on, 7.8.11.21
unCut ChMask) ;
if (m_bObject3DMVet aDat aPresent || m bObj ect RendExcept Present) {
/1 Exponential wi ndow | anbda paraneter characterizing the snoothing of this object's
/1 contribution coefficients into the output bus.
/1 |f present the 5-bit index is transmitted in the stream
unTenp = m r Per Obj ExpW nLanbda. Updat eCode( bObj St art FraneFl ag, 5); 7.8.11.23
if (m.rPerCbj ExpW nLanbda. m bUpdat eFl ag) {
/'l Inverse quantization by table | ook-up
dtsflp rTemp = mrExpW nLanbdaTabl e[ unTenp] ;
/1 Set the new paraneter val ue
m_r Per Obj EXpW nLanbda. Set Par anet er (r Tenp) ;

}

}
/1 bject Metadata Extension (for objects w th unCbjectl| D<256)
/1 1f true it indicates the presence of object netadata extension.
m_bCObj ecMDEXt ensi onPresent = (unCbjectl D < 256) ? (bool)ExtractBits(1l) : false; 7.8.11.24
i f (m_bObj ecMDEXt ensi onPresent) {
uchar uctable[4] ={ 7, 9, 11, 13 };
/1 Values in uctable[] allow unTenp to be up to 128, 640, 2688 or 10880 bits.
/1 Prefix-code of length 1, 2, 3 and 3 is carried correspondingly for
/'l each of the values in uctable.
unTenp = (uint)ExtractVarLenBitFields(uctable) + 1; 7.8.11.25
I/l Currently this netadata fields are not defined and decoders shall:
/1 1) extract block of data of |ength unNunBitsToExtract (in bits)
/11 2) di scard the extracted data
/1 3) nove on to the next object netadata
AdvanceBi t Read poi nter (unTenp); 7.8.11.26

}
} // End of CL3DMD: :void Extract Qbj ect Met adat a(

7.8.11 Parameters for ExtractObjectMetadata

7.8.11.1 m_bObjActiveFlag

This 1-bit field indicates if an object on its own, without being referenced in any object group, shall be rendered
(m_bObjActiveFlag is TRUE), or not (m_bObjActiveFlag is FALSE).

If the object is referenced in any of the object groups then the group's object activity mask (unlnGrpObjActMask) or a
system layer object activity request shall be used to decide whether this object shall be rendered or not and the
m_bObjActiveFlag shall be ignored.

For full channel mask-based presentation (unObject| D==256) the m_bObjActiveFlag is TRUE by defauit.

7.8.11.2 m_ucObjRepresTypelndex

This 3-bit field represents an index into a table of object representation types as given in Table 7-23. The valid range of
m_ucObjRepresTypelndex is 0 to 7 when unObjectl D<OBJGROUPIDSTART or 0 to 5 when unObjectlD equal to 256.

There are four flags that control the further extraction of object metadata. All four flags areinitially set to FALSE state.
Based on the value of m_ucObjRepresTypel ndex the state of these flags is modified accordingly. In particular:

. m_bChMaskObjectFlag indicates if the representation is channel mask-based; it is set to TRUE if the
m_ucObjRepresTypel ndex is one of :

REP_TYPE_CH_MASK_BASED;
REP_TYPE_MTRX2D_CH_MASK_BASED; or
REP_TYPE_MTRX3D_CH_MASK_BASED; or
REP_TYPE_BINAURAL.
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. m_bObject3DMetaDataPresent indicates whether the representation is using 3D objects. It isset to TRUE if
the m_ucObjRepresTypelndex is either:
REP_TYPE _3D_OBJECT_SINGLE_SRC PER _WF; or
REP_TYPE_MONO_3D_OBJECT_MULTI_SRC_PER_WF.

. m_bMonoObjWithMultipleSourcesFlag indicates if 3D object representation corresponds to the use case with
single waveform to which multiple 3D sources are assigned; it is set to TRUE if m_ucObjRepresTypelndex is
REP_TYPE_MONO_3D_OBJECT_MULTI_SRC_PER WF.

e  m_bAmbisonicEncObjFlag indicates if the representation is based on Ambisonic encoded signals; it is set to
TRUE if m_ucObjRepresTypelndex is REP_TYPE_AMBISONIC.

For object with unObjectID = 256, m_bObject3DMetaDataPresent and the m_bMonoObjWithMultipleSourcesFlag are
both FALSE.

Table 7-23: Definition of Object Representation Types

Index Gating Types Mnemonic

Multi-channel representation in layout described REP TYPE CH MASK BASED
by a channel mask — L _

Multi-channel representation in layout described
by a channel mask (i.e. LtRt, 5.1 ES) obtained
by rendering 2D (no height) content with spatial |REP_TYPE_MTRX2D_CH_MASK_BASED
resolution than higher indicated by the encoded
layout

Multi-channel representation in layout described
by a channel mask (i.e. 5.1 Neo:X), obtained by
2 rendering 3D (includes height) content with REP_TYPE_MTRX3D_CH_MASK_BASED
spatial resolution higher than indicated by the
encoded layout

Stlar;:tllrt?”y processed audio (2 waveforms by REP_TYPE_BINAURAL

Ambisonic representation REP_TYPE_AMBISONIC

Aud_lo tracks with associated mixing matrix to REP TYPE AUDIO TRACKS
particular channel mask-based output layouts - - -

3D Object with one 3D source associated per

REP_TYPE 3D OBJECT SINGLE SRC PER WF
each waveform — o — _ _ _

Mono 3D Object with MULTIPLE 3D sources

associated to the same waveform REP_TYPE_MONO_3D_OBJECT_MULTI_SRC_PER_WF

7.8.11.3 m_ucObjectimportanceLevel

This 3-bit field indicates the importance of an object on the scale from O (the lowest importance) to 7 (the highest
importance).

In case a decoder implementation is presented with more objects than it can handle, the objects shall be first ordered
from the highest to the lowest importance. Rendering shall start from objects with the highest importance and up to the
limit on number of objects/waveforms imposed by the decoder implementation.

For full channel mask-based presentation (unObjectl D==256) the m_ucObjectlmportancelLevel = 7 by default.

7.8.11.4 bObjTypeDescrPresent

This 1-bit field indicates if the object type descriptor is transmitted in the stream (bObj TypeDescrPresent is TRUE) or
an unknown object type is assumed by default (bObjTypeDescrPresent is FALSE).
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7.8.11.5 m_unObjTypeDescrindex

Thisvariable length field is present in the stream only if the bObjTypeDescrPresent is TRUE. The

m_unObj TypeDescrindex is an index into atable of predefined object types according to the Definition of Object Types
table (Table 7-10). The 4-bit or 6-bit codes are used to extract the m_unObj TypeDescrindex in range from 0 to 7 or
from O to 31 respectively.

For object with unObjectID = 256 the object type is not transmitted but by default set to complete audio presentation
type.
7.8.11.6 ucObjAudioChunkindex

Thisvariable length field indicates the index of an audio chunk that holds the audio waveforms associated with the
object.

The variable length codes of length 2, 6, 7 or 11 bits are used to represent the audio chunk index values of upto 1, 17,
33 or 255 respectively.

For object with the unObjectID = 256, m_ucObjAudioChunklndex is not transmitted but by default set to 0.

7.8.11.7 m_ucObjNaviWitinACIndex

This variable length field indicates the object navigation within the audio chunk index. It is used by the audio decoders
when given the audio chunk payload to navigate to the audio data corresponding to this object.

The variable length codes of length 4, 5, 7 or 11 hits are used to represent the navigation index values of up to 7, 15, 31
or 255 respectively.

When unObjectI D = 256, m_ucObjNaviWitinACIndex is not transmitted and by default set to 0.

7.8.11.8 m_bPerObjLTLoudnessMDPresent

If this 1-bit flag is TRUE, then per-object long term loudness metadata is present in the stream.

7.8.11.9 Per-Object Loudness Metadata

This block of metadata representing per-object long term loudness parametersis present in the stream only if
m_bPerObjLTLoudnessMDPresent is TRUE. This metadatais not present for the object with unObjectl D=256.

Long term loudness measurement data is transmitted only once in the interval between the two sync frames, i.e. in
frames when m_bObjSartFrameFlag is TRUE. In al other frames the loudness parameters maintain the values
extracted in the previous frame where m_bObjSartFrameFlag = TRUE.

This metadatais not present for the object with unObjectl D=256.

Pseudo code for extraction of this block of metadatais listed in Table 7-24.

Table 7-24: ExtractLTLoudnessMD

Syntax Reference

Ext ract Per Cbj LTLoudnessMD

/1 Function to extract and inverse quantize object |ong termloudness paraneters

voi d CObj LTLoudnessMD: : Extract Cbj ect Met adata (voi d)

{
/1 BS.1770 integrated | oudness of each object
m r Obj | nt egr LoudnessMsr = 7.8.11.10.1

r Per Obj LongTer mLoudnessMeasur e_Tabl e[ (ui nt) ExtractBits(6)];
/1 If this object is replacing sone other object, TRUE indicates that this
/'l object should be nornalized to the long-termlevel of the object it is
/'l replacing.
m _bMat chLDof Repl acedObj = (ExtractBits(1l)==1) ? TRUE : FALSE; 7.8.11.10.2
/1 1f TRUE try to nornalize to the | oudness level sinlar to the
/Il other objects of this type.
m bMat chLDof Simi |l arObj = (ExtractBits(1l)==1) ? TRUE : FALSE; 7.8.11.10.3

} // End of ExtractLTLoudnessM)) function
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7.8.11.10 Parameters for ExtractObjectMetadata

7.8.11.10.1 m_rObjlntegrLoudnessMsr

This 6-bit field is alookup index into the Per-Object Long Term Loudness Measure Table (clause 5.2.2.3).
m_rObjlntegrLoudnessMsr represents the long term loudness measure for the object measured according to the
Recommendation ITU-R B.S.1770 [2].

7.8.11.10.2 m_bMatchLDofReplacedObj

This 1-bit flag when TRUE indicates that when this object is replacing some other object, this object shall be
normalized to the long-term loudness of the object it is replacing.

7.8.11.10.3m_bMatchLDofSimilarObj

This 1-bit flag when TRUE indicates that |oudness management processing shall attempt to normalize this object to
have the long term loudness level similar to the other objects of this type.

7.8.11.11 Obiject Interactivity Related Metadata

The content creator may mark certain object as interactive to allow the end user to modify certain object properties. The
amount of modification that may be applied to certain object propertiesis described by parametersin this metadata
block.

Pseudo code that implements extraction of this metadata block islisted in Table 7-25.

Table 7-25: ExtractObjectinteractMD

Syntax Reference

void Cbj I nterLimts::Extract Cbjectlnteract M bool blnteractiveCbjectsLinitsPresent,
uint unCbj ect!| D, bool bCbj 3DVDPresent)
{
ui nt unTenp;
if (unObjectlD == 256)

// Make sure interactivity is not allowed

m bObj I nteractiveFl ag = FALSE;

m_unMax| nt er Gbj Gai nBoostdB = 0; // 0dB
m_unMax| nt er Gbj Gai nAttendB = 0; // 0dB

m unObj | nt er PosMaxDel taAzim = 0; // 0O degrees
m unObj | nt er PosMaxDel taEl ev = 0; // 0 degrees

}
el se
Il 1f mbOojinteractiveFlag is TRUE the object interaction is allowed
m bObj I nteractiveFlag = (ExtractBits(1l) == 1) ? TRUE : FALSE; 7.8.11.12.1
if (blnteractiveObjectsLimtsPresent) {
m bObj InterLimtsFlag = (mbObjInteractiveFlag) ? (bool)ExtractBits(1l) : FALSE; 7.811.12.2
el se {

m bObj I nterLimtsFlag = FALSE;
}
if (mbQbjlInterLimtsFlag) {

{

unTenp = ExtractBits(2); 7.8.11.12.3
unTenp = (unTenp == 0) ? 0 : 3 * (1 << (unTenp - 1));
m unMax!| nt er Cbj Gai nBoost dB = unTenp;

}

unTenp = ExtractBits(3); 7.8.11.12.4

uint unTable[] ={ 0, 3, 6, 9, 12, 20, 30, 200 };

m unMax| nt er Obj Gai nAtt endB = unTabl e[ unTenp] ;

/Il Present only if bCbj 3DVDPresent =TRUE.

/] One sided azinuth angle within which the object's centroid is allowed to

/1 move by interactive controls. Packed as a 3-bit index with corresponding

// values of 0, 15, 30, 45, 60, 90, 120 and 180 (full sphere). If not

I/l transmitted the default value is O inplying that interactive position

/1 control is not allowed.

{
unTenp = (bCbj 3DMDPresent) ? (uint)ExtractBits(3) : (uint)O; 7.8.11.125
uint unTable[] = { 0, 15, 30, 45, 60, 90, 120, 180 };
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Syntax Reference

m unObj | nt er PosMaxDel t aAzi m = unTabl e[ unTenp] ;

/1 Present only if bCbj 3DVDPresent =TRUE.

/1 One sided elevation angle within which the object's

I/l centroid is allowed to nove by interactive controls.

/1 Packed as a 3-bit index with correspondi ng val ues of

// 0, 15, 30, 45, 60, 90, 120 and 180 (full sphere).

/1 If not transmitted the default value is O inplying that
/1 interactive position control is not allowed.

unTenp = (bCbj 3DMDPresent) ? (uint)ExtractBits(3) : (uint)O; 7.811.12.6
uint unTable[] ={ 0, 15, 30, 45, 60, 90, 120, 180 };
m unObj | nt er PosMaxDel t aEl ev = unTabl e[ unTenp] ;

}
} // End of mbQbjlInterLimtsFlag = TRUE case
el se {
/1 1f not transmitted the default value is 6dB for interactive objects.
if (mbObjlInteractiveFl ag) {
m_unMax!| nt er Obj Gai nBoostdB = 6; // 6dB
}
el se {
m_unMax| nt er Obj Gai nBoost dB

0; // 0 ->0dB

/1 1f not transmitted the default value is 0dB i.e. no attenuation all owed.
m_unMax| nt er Gbj Gai nAttendB = 0; // 0dB
/1 1f not transmitted the default value is O inplying that interactive position
control is not allowed.
m unObj | nt er PosMaxDel taAzim = 0; // 0O degrees
/1 1f not transmitted the default value is O inplying that interactive position
control is not allowed.
m unQbj | nt er PosMaxDel taEl ev = 0; // 0 degrees

} /1 End of mbObjiInterLimtsFlag = FALSE case

} /1 End of unCbjectID != 256
} /1 End of ExtractObjectlnteract M) function

7.8.11.12 Parameters for ExtractObjectinteractMD

7.8.11.12.1 m_bObjlnteractiveFlag

This 1-bit field if TRUE indicates that the object interaction is allowed i.e. the end user may be offered to modify
certain object properties.

For channel based full mix object (unObjectlD=256) this flag is not transmitted in the stream and the
m_bObjlnteractiveFlag is by default set to FALSE.

7.8.11.12.2m_bObjinterLimitsFlag

This 1-bit flag is transmitted in the stream only if m_bObjlnteractiveFlag and bl nteractiveObjectsLimitsPresent are
both TRUE. Otherwise m_bObjlnterLimitsFlag defaults to FALSE.

When the m_bObjInterLimitsFlag is TRUE it indicates that the user modifications of certain object properties are
constrained by the limit parameters transmitted in the stream. When the m_bObjInterLimitsFlag is FALSE the limit
parameters are set to their default values specified in the decoder.

7.8.11.12.3m_unMaxInterObjGainBoostdB

This 2-bit field is present in the stream only if m_bObjInterLimitsFlag is TRUE. Extracted 2-bit index corresponds to
the values for m_unMaxI nter Obj GainBoostdB of 0, 3, 6 and 12 dB. The value of m_unMaxinter ObjGainBoostdB
represents the maximum allowed interactive object level boost in dB.

If the m_bObjInterLimitsFlag is FALSE the m_unMaxinter ObjGainBoostdB is set to:
. 6 dB if the m_bObjlInteractiveFlag is TRUE; or

. 0 dB if the m_bObjlInteractiveFlag is FALSE.
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For channel based full mix object (unObjectl D=256) the m_unMaxI nter ObjGainBoostdB is not transmitted in the
stream and by default set to OdB.
7.8.11.12.4 m_unMaxInterObjGainAttendB

This 3-bit field is present in the stream only if them_bObjlInterLimitsFlag is TRUE. Extracted 3-bit index corresponds
to the vaues for m_unMaxl nter ObjGainAttendB of 0,3,6,9,12,20,30 and oo (represented by 200) dB. The va ue of
m_unMaxI nter ObjGainAttendB represents the maximum allowed interactive object level attenuation in dB.

If the m_bObjInterLimitsFlag is FALSE the m_unMaxInter ObjGainAttendB is set to 0dB.

For channel based full mix object (unObjectlD=256) the m_unMaxI nter ObjGainAttendB is not transmitted in the stream
and by default set to OdB.

7.8.11.12.5 m_unObjinterPosMaxDeltaAzim

This 3-bit field is present in the stream only if the m_bObjInterLimitsFlag is TRUE. Extracted 3-bit index corresponds
to the values for m_unObjlnterPosMaxDeltaAzim of 0, 15, 30, 45, 60, 90, 120 and 180.

The value of m_unObjInterPosMaxDeltaAzim represents an azimuth angle in degrees. User controls are allowed to
modify the azimuth angle of object's centroid by £ m_unObjlnterPosMaxDeltaAzim degrees around its nominal
position.

If the m_bObjlInterLimitsFlag is FALSE then m_unObjlnterPosMaxDeltaAzimis set to O degrees effectively preventing
modification of the nominal azimuth angle of an object centroid.

For channel based full mix object (unObjectID=256), m unObjlnterPosMaxDeltaAzimis not transmitted in the stream
and by default set to O degrees.

7.8.11.12.6 m_unObjinterPosMaxDeltaElev

This 3-bit field is present in the stream only if m_bObjInterLimitsFlag is TRUE. Extracted 3-bit index corresponds to
the values for m_unObjlnter PosMaxDeltaElev of 0, 15, 30, 45, 60, 90, 120 and 180.

The value of m_unObjlnter PosMaxDeltaElev represents an elevation angle in degrees. User controls are allowed to
modify the elevation angle of object's centroid by + m_unObjlnter PosMaxDeltaElev degrees around its nominal
position.

If the m_bObjInterLimitsFlag is FALSE the m_unObjInterPosMaxDeltaElev is set to O degrees effectively preventing
modification of the nominal elevation angle of an object centroid.

For channel based full mix object (unObjectlD=256), m_unObjInterPosMaxDeltaElev is not transmitted in the stream
and by default set to O degrees.

7.8.11.13 Metadata for Channel Mask Parameters

This metadata block is present in the stream only in frames where the bObjStartFrameFlag is TRUE and only for
objects where the m_bChMaskObjectFlag is TRUE.

Pseudo code for extraction of this block of metadataislisted in Table 7-26.

Table 7-26: ExtractChMaskParams

Syntax Reference

voi d CL3DMD: : Ext ract ChMaskPar ans( voi d)

m ucChLayout | ndex = (m ucObj RepresTypel ndex == REP_TYPE_BI NAURAL) ? 1 :
(uchar)ExtractBits(4); 7.8.11.14.1

11

swi tch (m.ucChLayout | ndex)

{

case 14: 7.8.11.14.2
m_ui nt 32ChAct i vityMask = (uint)ExtractBits(16);
br eak;

case 15:
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Syntax Reference
m_ui nt 32ChActi vi tyMask = (uint)ExtractBits(32);
br eak;
defaul t:
m_ui nt 32ChAct i vi t yMask = unChMask_| ndex_Tabl e[ m ucChLayout | ndex] ; Table 7-27
br eak;
} // End of unChLayoutl|ndex switch
m ucNumMveFor nsl nCbj = (uchar) Get NunSpeaker sl nLayout (m ui nt 32ChAct i vi t yMask) ; 7.8.11.14.3
m bObj ect RendExcept Present = (m ucChLayout | ndex < 2) ? FALSE : (bool)ExtractBits(1); 7.8.11.20
} /1 End of ExtractChMaskParans() function

7.8.11.14 Parameters for ExtractChMaskParams

7.8.11.14.1 m_ucChLayoutindex

This4-bit field represents an index into alookup table with channel activity mask based layout descriptions as shownin
Table 7-27.

Table 7-27: unChMask_Index_Table

ucChLayoutIindex Channel Layout Description 32-bit Channel Activity Mask
0 C (1.0 0x00000001
1 LR (2.0) 0x00000002
2 LR + LsRs (4.0) 0x00000006
3 C+LR+LsRs+LFE1 (5.1) 0x0000000F
4 C+LR+LsRs + LFE1 + Cs (6.1) 0x0000001F
5 C+LR+LssRss+LsrRsr+LFE1 (7.1) 0x0000084B
6 C+LR+LsRs+LhRh+LFE1 (5.1+LhRh) 0x0000002F
7 C+LR+LsRs+LhRh+LhrRhr+LFE1 (9.1) 0x0000802F
8 C+LR+LssRss+LsrRsr+LhRh+Chr+LFE 1 (10.1) 0x0000486B
9 C+LR+LssRss+LsrRsr+LhRh+LhrRhr+LFE1 (11.1) 0x0000886B
10 NHK 22.2 Layout (22.2) 0x0003FBFB
11 CLR (3.0) 0x00000003
12 C+LR+LsRs(5.0) 0x00000007
13 C+LR+LssRss(LsRs)+LsrRsr (7.0) 0x00000843
14 16-bit Channel Activity Mask Explicitly Transmitted 16-bit Mask
15 32-bit Channel Activity Mask Explicitly Transmitted 32-bit Mask

7.8.11.14.2 m_uint32ChActivityMask

Thisfield istransmitted in the stream only if m_bChMaskObjectFlag is TRUE. For values of m_ucChLayoutlndex
between 0 and 13 the associated channel activity mask m_uint32ChActivityMask is extracted directly from Table 7-28.

For other values of m_ucChLayoutIndex the channel activity mask m_uint32ChActivityMask is extracted from the

stream as:

. 16-bit unsigned integer mask when the m_ucChLayoutlndex=14; or

. 32-bit unsigned integer mask when the m_ucChLayoutlndex=15.

The associated channel layout is defined by the m_uint32ChActivityMask according to Table 7-28.
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Table 7-28: Mapping Channels to Bits within Channel Activity Mask

Speaker Description Mask bit Number of Nominal
Name channels Position
(see note)
C Center in front of listener 0x00000001 1 0,0
LR Left/Right in front 0x00000002 2 +30, 0
LsRs Left/Right surround on side in rear 0x00000004 2 +110,0
LFE1 Low frequency effects subwoofer 0x00000008 1 NA
Cs Center surround in rear 0x00000010 1 180, 0
LhRh Left/Right height in front 0x00000020 2 +45, 45
LsrRsr Left/Right surround in rear 0x00000040 2 +150, 0
Ch Center Height in front 0x00000080 1 0, 45
On Over the listener's head 0x00000100 1 0, 90
LcRe Between left/right and center in front 0x00000200 2 +15,0
LwRw Left/Right on side in front 0x00000400 2 +60, 0
LssRss Left/Right surround on side 0x00000800 2 +90, 0
LFE2 Second low frequency effects 0x00001000 1 NA
subwoofer
LhsRhs Left/Right height on side (or Left/Right |0x00002000 2 +90, 45
Top in middle)
Chr Center height in rear 0x00004000 1 180, 45
LhrRhr Left/Right height in rear 0x00008000 2 +135, 45
Chbf Center below in front 0x00010000 1 0, -30
LbfRbf Left/Right below in front 0x00020000 2 45, -30
LtfRtf Left/Right top in front 0x00040000 2 +45, 60
LtrRtr Left/Right top in rear 0x00080000 2 +135, 60
Reserved 0x00100000 -
0x80000000

NOTE:  Nominal position provided in degrees (azimuth, elevation) relative to the unit sphere around a listener
positioned at the centre.

7.8.11.14.3 Count the Number of Active Channels

The helper function will presented here will calculate the number of active channelsin a channel mask-based on the
number of channels represented per flag as defined in Table 7-29.

Table 7-29: GetNumSpeakersinLayout

Syntax

const uchar ucNunChPer ChMaskBit_Table[] = {
1, 2, 2,1, 1, 2, 2, 1, 1, 2, 2, 2,1, 2,1, 2,1, 2, 2, 2
b

uchar Get NunSpeaker sl nLayout (ui nt unChLayout Mask)
{
uchar ucNunCh = 0;
for (uint nb = 0; nb < 32; nb++) {
// Add up the number of channels corresponding to the Channel Mask
i f (((unChLayout Mask >> nb) & 0x1) == 1) {
ucNuntCh += ucNuntChPer ChMaskBi t _Tabl e[ nb] ;
}

}
return ucNunth;

}

7.8.11.15 Per Object Renderer Configuration Parameters

Thisfield istransmitted in the stream only if m_bObject3aDMetaDataPresent = TRUE. Pseudo code for extraction of
per-object 3D renderer configuration parametersis shown in Table 7-30.
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Table 7-30: ExtractRendererConfigParams

Syntax Reference
voi d CL3DMD: : Extract Render er Conf i gPar ans( voi d)
{
m bObj ect RendExcept Present = (ExtractBits(1l) == 1) ? TRUE : FALSE; 7.8.11.20
m bEnhancedREConf i gPar ansPresent = (ExtractBits(1l) == 1) ? TRUE : FALSE; 7.8.11.16.1
i f (m_bEnhancedREConfi gPar anmsPresent)
m bUseDi ver gApper Obj Spread = (ExtractBits(1l) == 1) ? TRUE : FALSE; 7.8.11.16.2
m bEnabl eSnapt oSpkrs = (ExtractBits(1l) == 1) ? TRUE : FALSE; 7.8.11.16.3
uint unTenp = (m_bEnabl eSnapt oSpkrs) ? 12 * ExtractBits(5) : O;
m unSnap2Spkr Spher CapAngl e = (unTenp > 360) ? 360 : unTenp; 7.8.11.16.4
uchar uctable[4] = { 0, 12, 16, 20 };
m_unRendr er Excl udedSpkr sChMask = (ui nt)ExtractVarLenBitFiel ds(uctable, false); 7.811.16.5
m bAudi oObj Li nked2Vi sual Obj = (ExtractBits(1l) == 1) ? TRUE : FALSE; 7.8.11.16.6
} /1 End of case when the m bEnhancedREConfi gParansPresent is TRUE
el se

{

/1 Initialize paraneters that were not transnmitted
m bUseDi ver gApper Obj Spread = FALSE;

m_bEnabl eSnapt oSpkrs = FALSE;

m unSnap2Spkr Spher CapAngl e = FALSE;

m unRendr er Excl udedSpkr sChMask = 0;

m_bAudi oQoj Li nked2Vi sual Obj = FALSE;

}
} // End of ExtractRenderer Confi gParans()

7.8.11.16 Parameters for ExtractRendererConfigParams

7.8.11.16.1 m_bEnhancedREConfigParamsPresent

This 1-bit flag, when TRUE, indicates that an enhanced set of metadata parameters for the configuration of the
rendering engine is present in the stream. Some of these parameters may not be used by the basic rendering engine
implementation (OBJECT_RENDERER_TY PE_BASIC) but may be used by the extended renderer implementation
(OBJECT_RENDERER_TYPE_EXTENDED).

7.8.11.16.2m_bUseDivergApperObjSpread

This 1-bit flag is present in the stream if m_bEnhancedREConfigParamsPresent = TRUE and
m_bObject3DMetaDataPresent = TRUE. Its value distinguishes two different interpretations of the object extent related
parameters m_3DS cSpreadParamOne and m_3D S cSpreadParamTwo.

7.8.11.16.3m_bEnableSnaptoSpkrs

This 1-bit flag indicates if snap to the nearest speaker shall be enabled for this object (when m_bEnableShaptoSpkrsis
TRUE).

7.8.11.16.4m_unSnap2SpkrSpherCapAngle

This 5-bit field is present in the stream only if m_bEnableShaptoSpkrs is TRUE. It represents an angle in degrees,
which defines a spherical cap around the object's centroid. If m_unShap2Spkr Soher CapAngle is greater than 0, the
object will be snapped to the speaker within the cap nearest to the object's centroid. If no speakers are enclosed within
the cap, the object will be rendered without snapping.

Valid values for the m_unSnap2Spkr Soher CapAngle are in range from 0 to 360 degrees in steps of 12 degrees:
m_unSnap2pkr Spher CapAngle=0 implies no snapping
m_unSnap2Spkr Spher CapAngle=360 guarantees snapping to the nearest speaker
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7.8.11.16.5m_unRendrerExcludedSpkrsChMask

This variable length field represents a channel mask that defines which speakers shall not receive any contribution from
this object. Each bit within the m_unRendrer ExcludedSpkrsChMask corresponds to specific speaker(s) according to
Table 7-28. Codes lengths of 1, 14, 19 and 23 bits are used to extract masks of 0, 12, 16 or 20 bits. Note that when
m_unRendrer ExcludedSpkrsChMask=0, it implies that no speakers are excluded from receiving a contribution from this
object.

7.8.11.16.6 m_bAudioObjLinked2VisualObj

This 1-bit flag when TRUE, indicates that this audio object islinked to a visual object. If
m_bAudioObjLinked2VisualObj is TRUE and the object position is within the reference screen, the rendering engine
shall attempt to restrict the rendering of this object such that it subjectively staysin the area of the playback screen.

7.8.11.17 m_ucNumWaveFormsInObj

Thisfield istransmitted in the stream only if m_bObject3DMetaDataPresent = FALSE. This variable length field
indicates the number of waveforms that are defined for this object. Vaues up to 2, 10, 18 or 32 are transmitted using 2,
5, 6 or 7 bit variable length code.

7.8.11.18 Metadata Describing Ambisonic Representation

Thisfield istransmitted in the stream only if m_bObject3aDMetaDataPresent = FALSE. This block of metadatais
transmitted in the stream if m_bAmbisonicEncObjFlag is TRUE.

This block of metadata contains parameters that describe an Ambisonic encoded representation. By default, the ordering
and normalization of the Ambisonic signals are according to the AmbiX convention. In particular the spherical
harmonics are packed according to their order (n) and degree (m) using the Ambisonic Channel Number (ACN) index:

0<n<N
— 2 = >
ACN =n“+n+m Where{—nSmSn
and where N isthe final order of the Ambisonic representation.

By default, the representation order can be calculated directly from the number of transmitted signals
ucNumwaveFormsinObj as:

N = |\JucNumWaveFormsInObj|
The assumed normalization of the signalsis SN3D [3].

Ambisonic signals that are encoded with different ordering, partial representations (missing harmonics) and/or a
different normalization can be accommodated by use of an adaptor matrix AM that may be either be predefined or
transmitted in the bitstream.

In particular a column vector of T=ucNumWaveFormslnObj transmitted signals at the time instance k is denoted by:
X(k) = [x1(k) - x2(k) - ---- XT (k)]

Denote column vector of LL = (N + 1)? entries, representing samples of Ambisonic signals up to the N-th order
according to the AmbiX convention at time instance k, by:

Y(k) = [y1(k) - y2(k) - - yLL(B)]'
The desired signal vector Y(k) can be obtained from X(k) and adaptor matrix AM as
Y(k) = AM = X (k)

Pseudo code for extraction of this block of metadataislisted in Table 7-31.
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Table 7-31: m_nBFormatAmbiAdMtrx

Syntax Reference

/'l Predefined Static Anbisonic Adapter Matrices

// Adapter Matrix Representing W X, Y and Z signals of Anmbisonic B Format
i nt CAnbi soni cRepr MD: : m nBFor mat Anbi AdM r x[ 16] =

{
SQRT2QLDOT15, O, 0, 0,
0, 0, ONE_IN_Q15, 0,
0, 0, 0, ONE_I N_Q15,
0, ONE_IN_Q15, O, 0
}s

/1 Adapter Matrix Representing W X and Y of B Format
i nt CAnbi soni cRepr MD: : m nHor i zBAnbi AdM r x[ 12] =

{
SORT2QLDOT15, 0, 0,
0, 0, ONE_I N_Q15,
0, 0, 0,
0, ONE_IN_Q15, 0
b

/1 Function for Extraction of Ambisonic Adapter Matrix
voi d CAmbi soni cRepr MD: : Ext ract Arbi soni csMD(uchar ucNumMaveFor sl nQoj )
{
int nTenp;
int nSign;
ui nt nuW ToACNCont ri bMask;
/'l Presence of an adaptor matrix or use of any of the two default adaptor
/1 matrices, for the first order representations.

m_ucAnbi xAdapt or M rxI ndi cator = (uchar) ExtractBits(2); 7.8.11.19.1
switch (m.ucAnbi xAdapt or M r x| ndi cator) {
case 0:

// No adapter matrix is needed.
/1 Signals are nornalized and ordered according to Anbi X specification

br eak;

case 1:
// Horizontal only B format i.e. W X, and Y
i f (ucNumMaveFormslnOoj !'= 3) {

exit(-1); // Exit with an error

m_ucAnbi soni cRepr esOr der =1;
m_unNumACNSI gnal s = 4;
/1 Allocate nenory for adapter nmatrix
i f (m_pAnbi Adapt or M rx==NULL) {
m_pAnmbi AdaptorMrx = new int [ m unNumACNSi gnal s * ucNumMaveFor msl nQbj | ;
mencpy( m pAnbi Adapt or M rx, m nHor i zBAnbi AdM rx, m unNumACNSi gnal s *
ucNumMaveFor nsl nQoj * sizeof (int) );
}

br eak;

case 2:
// Bformat i.e. W X, Y and Z
m_ucAnbi soni cRepr esOr der =1;
m_unNumACNSI gnal s = 4;
i f (m_pAnbi Adapt or M r x==NULL)

m _pAnbi AdaptorMrx = new int [ m unNumACNSi gnal s * ucNumAaveFor nsl nObj ] ;
nencpy( m pAnbi Adapt or M rx, m nBFor mat Anbi AdM rx, m unNumACNSi gnal s *
ucNumMaveFor nsl nCbj * sizeof (int) );
}

br eak;
case 3:
/1 The adaptor nmatrix is transmitted in the stream The size of the matrix is
/1 (N+1)"2 x ucNumMaveFor msl nObj where the Nis the order of Anbisonic
/'l representation. In this case N cannot be concl uded from ucNumMaveFor msl nQbj but
/1 will be transmitted as N = m ucAnbi soni cRepresOrder. Allowed orders are 1, 2, 3,
/1 and 4.
m ucAnbi soni cRepresOrder = (uchar) ExtractBits(2)+1;
/1 Cal cul ate nunber of rows m unNumACNSi gnal s as (N+1)72
m_unNumACNSI gnal s = m_ucAnbi soni cRepresOr der +1;
m _unNumACNSi gnal s = m unNumACNSi gnal s*m unNumACNSi gnal s;
/1 Allocate nenory for adapter matrix 7.8.11.19.2
i f (m_pAnbi Adapt or M rx==NULL) {
m_pAnbi AdaptorMrx = new int [ m unNumACNSi gnal s * ucNumMaveFor sl nObj ] ;

/] Loop over columms of adaptor nmatrix
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Syntax Reference
for (uint nco=0, uncount=0; nco<ucNumMaveFornsl nCbj; nco++) {
nuW ToACNCont ri bMask = (uint) ExtractBits(munNumACNSi gnal s); 7.8.11.19.3

for (uint nro=0; nro<munNumACNSi gnal s; nro++) {
/1 First row corresponds to the LSB in the mask
if ( (nuW ToACNContri bMask>>nro) & 0x01 )

/1 Adaptor matrix entries are signed val ues
nSign = (int) ((ExtractBits(1l)==1) ? -1 : 1);
/] Extract 6-bit gain table | ookup index.
nTenmp = (int) unScal eFactorsTabl e[ (uchar) ExtractBits(6) ]; 7.8.11.19.4
/1 Prior to transmission entries were scaled by 2 to fit into Q.15
/1 format. Translate back from Q.15 to QL.15 and apply the sign.
nTenrp = nSign * (nTenp<<l);

} // End of: if ( (nuW ToACNContri bMask>>nro) ...

el se{
nTenp = 0; // 0 -> no contribution

/] Entries of the matrix are signed integers in QL. 15 format
m _pAnbi Adapt or M r x[ uncount ++] = nTenp;
} // End of row | oop
} // End of columm | oop
break; // End of case 3
} // End of sw tch(m ucArbi xAdapt or M rxI ndi cat or)
} // End of Extract Anbi soni csMD() function

7.8.11.19 Parameters for ExtractAmbisonicsMD

7.8.11.19.1 m_ucAmbixAdaptorMtrxindicator

This 2-bit filed indicates whether an adapter matrix shall be used for trandlation of transmitted signalsinto the signalsin
AmbiX format. In particular when:

. m_ucAmbixAdaptor MtrxIndicator=0: No adaptor matrix is needed; Ambisonic signals are transmitted
according to the default ordering and normalization as per AmbiX specification [3].

. m_ucAmbixAdaptor MtrxIndicator=1: Transmitted signals are in horizontal only B format (W, X and Y); To
trandate the transmitted signal s into the AmbiX compliant signals the m_nHorizBAmbi AdMtrx[] adaptor
matrix shall be used.

. m_ucAmbixAdaptor MtrxI ndicator=2: Transmitted signalsarein B format (W, X, Y and Z); To trandate the
transmitted signals into the AmbiX compliant signals the m_nBFormatAmbi AdMtrx[] adaptor matrix shall be
used.

e m_ucAmbixAdaptor Mtrxlndicator=3: Custom adaptor matrix is transmitted in the bitstream to allow mapping
of the transmitted Ambisonic signals into the AmbiX compliant Ambisonic signals.

Note that the adapter matrix is used only when the Ambisonic signals are to be exported to the external Ambisonic
decoder for further processing. If instead decoded Ambisonic signals are rendered into an output multi-channel 1ayout,
using the associated rendering exception matrix (REM), the adapter matrix isignored. Thisis because the elements of
REM already include the effect of both the adapter matrix and the Ambisonic decoder matrix for particular output
layout.

7.8.11.19.2m_ucAmbisonicRepresOrder

This 2-bit field is transmitted only if an adaptor matrix is transmitted in the stream
(m_ucAmbixAdaptor MtrxIndicator=3) and it represents the order of Ambisonic representation.

The size of transmitted adaptor matrix is (N + 1)? * ucNumW aveFormsInObj where the N is the order of Ambisonic
representation. In this case N cannot be concluded from ucNumwaveFormslinObj but will be transmitted asN =
m_ucAmbisonicRepresOrder. Allowed values for m_ucAmbisonicRepresOrder are 1, 2, 3, and 4.
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7.8.11.19.3 nuWfToACNContribMask

Thism_unNumACNSgnals-bit mask is transmitted in the stream only if the m_ucAmbixAdaptor MtrxIndicator=3 where:
m_unNumACNSignals = (m_ucAmbisonicRepresOrder + 1)2.

Since adaptor matrix is generally very sparse for each column of the matrix the nuWFTOACNContribMask is transmitted

to point to the non-zero elements. Only the non-zero elements of adaptor matrix are explicitly transmitted in the stream.

7.8.11.19.4 Non-zero Entries of the Adaptor Matrix

A non-zero entry in adaptor matrix isidentified by the corresponding bit within the nuWFTOACNContribMask being set
to "1". Each non-zero entry is extracted in two parts:

. 1-bit field indicating the sign where:
- 1implies negative sign (sign_value = -1); and
- Oimplies positive sign (sign_value = +1).

. 6-bit field representing an index (unindex) for lookup into a table with scale factors represented in unsigned
QO0.15 fixed point format as shown in Scale Factors Table (clause 5.2.2.1).

Entries of the adaptor matrix (&) are signed integersin Q1.15 fixed point format. The values extracted from the scale
table are trandated to Q1.15 fixed point format as a; = sign_value * 2 * unScaleFactorsTable [unindex].

7.8.11.20 m_bObjectRendExceptPresent

m_bObjectRendExceptPresent is interpreted according to the specific object type in context, but in all cases, when true,
indicates the presence of additional rendering exception metadata.

. In the case of an Ambisonic object, if m_bAmbisonicEncObjFlag is TRUE then m_bObjectRendExceptPresent
is present in the stream. If m_bObjectRendExceptPresent is TRUE, then the Ambisonic decoding matrices for
up to four explicit output layouts may be transmitted in the stream.

In the nominal case, an object encoded into Ambisonic signals is decoded by a dedicated Ambisonic decoder
that is capable of decoding the Ambisonic signals without transmitted decoding matrices. However, it is
possible to also provide the decoding matrix for a particular output channel layout(s) by means of the
rendering exception matrix.

If m_ bAmbisonicEncObjFlag is FALSE, then decoded waveforms represent generic audio tracks that shall be:
- panned into a multichannel output busif the m_bObjectRendExceptPresent is set to TRUE; or
- exported to the system layer for further processing if the m_bObjectRendExceptPresent is set to FALSE.

. For objects using a channel mask, the rendering exceptions may be used to specify mix matrices for up to four
explicit output layouts. For mono and stereo layouts (unChLayoutl ndex < 2) down-mix matrices cannot be
specified. Channel based objects with m_bObjectRendExceptPresent equal to FALSE shall be mixed
exclusively into the corresponding channel of the output mixing bus.

. For 3D objects, if m_bObjectRendExceptPresent is TRUE, then a rendering exception matrix for this 3D
object is transmitted in the stream.

Rendering exceptions for 3D objects allow a content creator to overwrite default renderer behavior for up to
four explicit output layout(s). Thisis achieved by means of transmitting a custom mixing matrix (rendering
exception matrix) for particular layout(s).
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7.8.11.21 Object Properties with Multiple Updates Per Frame

Object properties that influence the movement of an object in 3D space may need to be updated more often than once
per frame. These properties are described in this metadata block.

The metadata sampling period is every 512" tick of the clock whose rate is defined by m_unClockRatel nHz (see

clause 6.4.6.6). For each metadata sampling period the flag (m_bPer Sampl PeriodObjMDUpdFlag) indicatesif thereisa
metadata update at that sampling period.

Pseudo code for initiaization of this block of metadatais givenin Table 7-33.

Pseudo code for extraction of this block of metadatais given in Table 7-32.

Table 7-32: ExtractinvQuantMultiUpdtObjMD

Syntax Reference

voi d CL3DMD: : Extract | nvQuant Mul ti Updt Cbj MD( bool bQbj Start FraneFl ag, uint unCbjectl D,
ui nt unFrarebDuration, uint unQut ChMask)
{

ui nt bFi r st Sanpl Poi nt of Fi r st Fr ane;
ui nt unPrevSanpl Per | ndex;
ui nt unQut ChMaskFul | BWChOnl y;

/] lInitialization
unQut ChMaskFul | BAChOnly = | ni t Mul ti Updt Gbj MD( unFr aneDur ati on, unQut ChMask) ; 7.811.221
unPr evSanpl Per | ndex = m unNunmVDSanpl Poi nts - 1;

/1 Metadata sanpling point |oop

for (uint nsmplp = 0; nsnplp < munNumVDSanpl Poi nts; nsnpl p++)

if (bObjStartFraneFl ag == TRUE && nsnpl p == 0)

m_bPer Sanpl Peri odCbj MDUpdFl ag = TRUE;
bFi r st Sanpl Poi nt of Fi r st Frame = TRUE;
}
el se {
/1 For full channel based mix (unCbjectl|lD=256) netadata update can only
/1 be TRUE at first sanpling point (nsnplp=0)
m _bPer Sanpl Peri odObj MDUpdFl ag= (unObj ect| D == 256) ? FALSE : (bool)ExtractBits(1); 7.8.11.22.2
bFi r st Sanpl Poi nt of Fi r st Frane = FALSE;
}

/1 Copy netadata fromthe previous sanpling instance
*m ppQoj Gai n[ nsnpl p] = *m ppObj Gai n[ unPr evSanpl Per | ndex] ;
if (mDbObject3DVetabat aPresent) {
/1 Copy source properties
for (uint unsrc = 0; unsrc < mucNunmBDSourceslnQbj; unsrc++) {
m_Al | 3DSour cesl nObj [ unsr c*m unNuniVDSanpl Poi nts + nsnpl p] =
m_Al | 3DSour cesl nQoj [ unsr c*m unNunivDSanpl Poi nt s + unPrevSanpl Per | ndex] ;

/1
if (m_bObject RendExcept Present) {
/1 Copy rendering exceptions
*m ppOoj RendExcepM) nsnpl p] = *m_ppObj RendExcepM) unPr evSanpl Per | ndex] ;

i f (m_bPer Sanpl Peri odObj MDUpdFIl ag) {
/'l Extract object gain parameter if update flag is TRUE.
uint unTenp = m ppObj Gai n[ nsnpl p] - >Updat eCode( bFi r st Sanpl Poi nt of Fi r st Franme, 6); 7.8.11.22.3
i f (m_ppObj Gai n[ nsnpl p] - >m bUpdat eFl ag) {
/1 lnverse quantization by table |ookup
unTenp = unScal eFact or sTabl e[ unTenp] ;
m ppObj Gai n[ nsnpl p] - >Set Par anet er (unTenp) ;

if (mbObject3DVet abDat aPresent) {

ui nt unBi t s2CodeSr cl ndex;

if (m_bMnoObj WthMiltipleSourcesFlag) {
/1 Nunber of 3D sources defined in this update instance.
/1 1t allows for 4, 12, 28 or 60 sources in total.
/1 Prefix-code of length 1, 2, 3 and 3 is carried correspondingly for
/1 each of the values in uctable.
uchar uctable[4] ={ 2, 3, 4, 5};
m_ucNunBDSour cesl nOGbj = (uchar)Extract VarLenBitFi el ds(uctable) + 1; 7.8.11.22.4
/1 Adjust the size of vector holding all instances of 3D source class
i f (mAlI3DSourcesl nOj.size() < munNumvDSanpl Poi nt s*m ucNunBDSour cesl nCbj) {
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Syntax Reference
m_Al | 3DSour cesl nQbj . r esi ze( m unNunivDSanpl Poi nt s*m ucNunBDSour cesl nQbj ,
C3DSour ce(m pBit Stream ) ;
for (uint unsrc = 0; unsrc < mAl | 3DSourcesl nQj.size(); unsrc++) {
m_ Al | 3DSour cesl nQoj [unsrc * m unNumvDSanpl Points +
nsnpl p] . m bSrcActi veFl ag = FALSE;
/1 Get nunber of bits needed for coding a source index
unBi t s2CodeSr cl ndex = Get Bi t sToRepr esent ui nt Val ue( m_ ucNunB8DSour cesl nQbj ) ;
}
el se {
m ucNunBDSour cesl nCbj = m ucNumAaveFor nsl nObj ;
unBi t s2CodeSr cl ndex = O;
/1 3D Source Loop
ui nt unsrc_i ndex;
for (uint unsrc = 0; unsrc < mucNunBDSourcesl nQbj; unsrc++) {
if (mbMnoCbj WthMiltipleSourcesFlag) {
/1 Extract source index when the m bMnoObj WthMiltipleSourcesFlag is TRUE
unsrc_index = (uint)ExtractBits(unBits2CodeSrclndex); 7.8.11.225
m_Al | 3DSour cesl nObj [ unsr c_i ndex* m unNunivDSanpl Poi nts + nsnpl p] . m ucChl ndex
= 0;
el se {
unsrc_i ndex = unsrc;
m_Al | 3DSour cesl nQoj [ unsr c_i ndex* m unNuniVDSanpl Poi nts + nsnpl p] . m_ucChl ndex
= unsrc;
/1 Extract 3D source properties
m_Al | 3DSour cesl nQbj [ unsr c_i ndex* m unNuniVDSanpl Poi nts +
nsnpl p] . Ext ract 3DSour ceProperti es(m bChMaskObj ect Fl ag, bFi r st Sanpl Poi nt of Fi r st Fr ane, 7.8.11.27
m unObj TypeDescr | ndex, m bEnhancedREConfi gPar ansPresent); h
} // End of if (m.bOnbject3DvetabataPresent)
if (mbObject RendExcept Present) {
/| Extract the block of netadata corresponding to the rendering exceptions
m _ppObj RendExcepM) nsnpl p] - >Ext r act REChj ect MD( bObj St art Fr aneFl ag, 7.8.11.29

unQut ChMaskFul | BWChOnl y) ;

}
} // End of m bPer Sanpl Peri odCbj MDUpdFl ag i s TRUE case
el se {

/1 Case of m bPer Sanpl Peri odObj MDUpdFl ag i s FALSE
/1 Reset the update flags for this instance
m ppObj Gai n[ nsnpl p] - >m bUpdat eFl ag = fal se;
if (m_bObject 3DMvet aDat aPresent) {
for (uint unsrc = 0; unsrc < mucNunBDSourcesl nQbj; unsrc++) {

m_Al | 3DSour cesl nQoj [ unsr c*m unNunivDSanpl Poi nts + nsnpl p] . Reset Updat eFl ags() ;
}

}
if (m_bObject RendExcept Present) {
m_ppCbj RendExcepMD nsnpl p] - >m bObj ect RendExcept Updat eFl ag = f al se;

} /1 End of m bPer Sanpl Peri odObj MDUpdFl ag i s FALSE case
/] Set previous update instance for the next iteration
unPr evSanpl Per | ndex = nsnpl p;
} //  End of netadata sanpling points |oop indexed by the value of nsnplp
} // End of CL3DMD: : Extract!|nvQuant Mul ti Updt Cbj MD function

7.8.11.22 Parameters for ExtractinvQuantMultiUpdtObjMD

7.8.11.22.1 Initialize Multiple Update Object Metadata

Function for initialization of Object Metadata that may be updated multiple times per frame, shown in Table 7-33, in
particular creation of the 3D source class instances. The metadata sampling period is every 512-th clock tick whose rate

is defined by m_unClockRatelnHz (defined within FTOC). For each metadata sampling period the flag
(m_bPer Sampl PeriodObjMDUpdFlag) indicates if there is a metadata update at that sasmpling period.
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Table 7-33: InitMultiUpdtObjMD

Syntax Reference

uint CL3DVD: :InitMiltiUpdtCbj M) uint unFrameDuration, uint unQutChMask)
{

// The netadata sanpling period is every 512-th tick of the sanple clock

m unNuniVDSanpl Poi nts = unFraneDuration >> 9; // unFraneDuration / 512

if (m_bObject 3DMVet aDat aPresent) {

if (mAlI3DSourcesl nObj.size() < munNunVDSanpl Poi nt s*m ucNumAaveFor msl nObj ) {
m_ Al | 3DSour cesl nQoj . r esi ze( m_ unNumvDSanpl Poi nt s* m ucNumMaveFor msl nQj ,
C3DSour ce(m pBit Stream);

}

}
if (mppOoj Gain == NULL) {
m ppCbj Gai n = new CPar ampdSyncOr AnyFr ame<ui nt > *[ m_unNunmvDSanpl Poi nt s] ;
for (uint unupd = 0; unupd < m unNunmMDSanpl Poi nts; unupd++)
{
m _ppQbj Gai n[unupd] = new CPar anlJpdSyncOr AnyFrame<ui nt>((1 << 15),
mpBitStrean); // Default gain is 1 in QL5 fixed point format
}

}

uchar ucNunful BWMveFor nsl nQbj ;

uchar unCut ChMaskFul | BWChOnl y;

uchar ucNunfFul BWhveFor nsl nCut Layout ;

unCut ChMaskFul | BWChOnly = unCQut ChMask & (~(LFE1));
unCut ChMaskFul | BWChOnl y = unCut ChMaskFul | BWChOnly & (~(LFE2));
ucNunful BWMveFor nsl nQut Layout = Get NunSpeaker sl nLayout (unQut ChMaskFul | BWChOnl y) ; 7.8.11.14.3
i f (m_bObj ect RendExcept Present && (m ppObj RendExcepMD == NULL)) {
ui nt unFul | BAChMask;
i f (mbChMaskObj ect Fl ag) {
unFul | BWAChMask = m ui nt 32ChActivityMask & (~(LFE1));
unFul | BWChMask = unFul | BWChMask & (~(LFE2));
ucNunful BWMveFor nsl nCbj = Get NunBSpeaker sl nLayout (unFul | BAChMask) ; 7.8.11.14.3

el se {
unFul | BWehMask = O;
ucNunful BWAveFor nsl nGbj = m ucNumAaveFor nsl nQbj ;

}
m_ppCbj RendExcepMD = new CRendExcepMD * [ m unNunmivDSanpl Poi nt s] ;
for (uint unupd = 0; unupd < munNumMDSanpl Poi nts; unupd++) {
m ppObj RendExcepMD unupd] = new CRendExcepM)(m pBit Stream
ucNunful BWMveFor nsl nCbj, ucNunful BWAveFor msl nCut Layout, unFul | BWChMask) ;

}
} // End of if (mbObjectRendExceptPresent && (m ppObj RendExcepMD == NULL))
return unCut ChMaskFul | BWChOnl y;
} // End of InitMiltiUpdtCbjMX)

7.8.11.22.2m_bPerSamplPeriodObjMDUpdFlag

This 1-bit flag is extracted for each metadata sampling period. When m_bPer Sampl PeriodObjMDUpdFlag = TRUE for
asampling period, there is a metadata update in this sampling period.

In the first sampling point (nsmplp=0) of the object start frame (bObjSartFrameFlag is TRUE) then
m_bPer Sampl PeriodObjMDUpdFlag defaults to TRUE and is not transmitted in the bitstream.

For afull channel based mix (unObjectl D=256) this metadata chunk is transmitted only in frames where the
bObjSartFrameFlag is TRUE. For this type of object the metadata update flag m_bPer SamplPeriodObjMDUpdFlag is
by default set to FALSE for al sampling points wherethensmplp > ©.

7.8.11.22.3m_ppObjGain

This 6-bit field is present in the stream only if its corresponding update flag (m_ppObjGain[ nsmplp] ->m_bUpdateFlag)
isset to TRUE. If update is present the new index is extracted within the UpdateCode() function. Thisindex is used for
the lookup into Scale Factor Table (clause 5.2.2.1). The extracted val ue represents the object gain that isto be applied,
during playback, to all waveforms/ sources that belong to this object.
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7.8.11.22.4m_ucNum3DSourcesInObj

Thisvariable length field is transmitted only if m_bObject3DMetaDataPresent and

m_bMonoObjWithMultipleSour cesFlag are both TRUE. It indicates the number of 3D sources that are defined for this
object at the particular update instance. Values up to 4, 12, 28 or 60 are transmitted using either 3, 5, 7 or 8 bit variable
length code.

When m_bMonoObjWithMultipleSourcesFlag is FALSE, m_ucNum3DSourcesinObj is equal to the number of
waveforms m_ucNumwWaveFormsinObj.
7.8.11.22.5unsrc_index (3D Source Index)

Thisvariable length field is transmitted only if m_bObject3DMetaDataPresent and
m_bMonoObjWithMultipleSourcesFlag are both TRUE. It represents an index associated with a source within the list of
stored object sources. During the life-time of a 3D source its associated source index is constant. The length of thisfield
is calculated based on the number 3D sources (m_ucNum3DSourcesinObj).

In the case of a mono waveform with multiple sources (m_bMonoObjWithMultipleSourcesFlag is TRUE), since the
sources can appear and disappear at every sampling instance, the source index is needed to track the existing sourcesin
the list. When m_bMonoObjWithMultipleSourcesFlag is FALSE each source is associated with one waveform and all
wave forms are persistent during the life of an object. Consequently, the 3D source index is not transmitted but rather
deduced from packing order.

7.8.11.23 m_rPerObjExpWinLambda

Thefields related to exponential smoothing parameters may be present in the stream only if either
m_bObject3DMetaDataPresent is TRUE or m_bObjectRendExceptPresent is TRUE.

An exponential window lambda parameter characterizes the smoothing of this object's contribution coefficients into the
output bus. The range of m_rPerObjExpWinLambda parameter is from 0 to 0,9999 where 0 corresponds to the no
smoothing case and 0,9999 corresponds to the smoothest case.

The m_rPerObjExpWinLambda class parameter is instantiated as a float with predefined value of
LAMBDA_EXP_WINDOW_SMOOTHING.

If the m_rPerObjExpWinLambda.m_bUpdateFlag is TRUE, a 5-bit code is extracted from the stream. If the
m_rPer ObjExpWinLambda.m_bUpdateFlag is FALSE:

. If bObjSartFrameFlag is TRUE, the parameter is set by default to
LAMBDA_EXP_WINDOW_SMOOTHING.

. If bObjSartFrameFlag is FALSE, the parameter maintains its value.

Extracted code is trandated to the lambda parameter by lookup into the Inverse Quantization Table for the Exponential
Window Smoothing Parameter Lambda (clause 5.2.2.7).

7.8.11.24 m_bObjecMDEXxtensionPresent

This 1-bit flag is transmitted in the stream in case when unObjectI D < 256. In case when unObjectI D = 256,
m_bObjecMDExtensionPresent is by default set to FALSE. When m_bObjecMDExtensionPresent is TRUE, then a
block of object metadata extension fields is transmitted in the stream.

Decoders shall be able to navigate past these extension fields.

7.8.11.25 Size of Object Metadata Extension Fields

Thisvariable length field is transmitted in the stream if the m_bObjecMDExtensionPresent is TRUE. Variable code of
length 8, 11, 14 or 16 bits allows the size of the extension fields to be up to 128, 640, 2 688 or 10 880 bits respectively.
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7.8.11.26 Object Metadata Extension Fields

Thisblock of datais present in the stream if the m_bObjecMDEXxtensionPresent is TRUE. Decoders shall navigate past

these fields in order to parse the metadata for the next object.

7.8.11.27 Extraction of 3D Source Properties

This block of metadatais present in the stream only if m_bObject3DMetaDataPresent is TRUE. Each of the 3D sources

defined for this object has corresponding properties. Extraction of parametersislisted in Table 7-34.

Table 7-34: Extract3DSourceProperties

Syntax Reference
voi d C3DSour ce: : Extract 3DSour ceProperti es(bool m bChMaskObj ect Fl ag,
bool bFi rst Sanpl Poi nt of Fi r st Fr ane,
uchar ucObj TypeDescri pt or | ndex,
bool bEnhancedREPar ansPresent)
{
uint unTenp;
int nTenp;
if (mbChMaskObj ect Fl ag == FALSE)
i f (bFirstSanpl Poi nt of Fi rst Frane && (ucObj TypeDescri ptorlndex ==
ASSET_TYPE_COWPCSI TE_MULTI _SRC)) {
m 3DSr cTypel ndex = ExtractBits(3);
7.8.11.28.1
/1 Extract 6-bit distance code if update flag is TRUE,
unTenp = m 3DSr cRadi us. Updat eCode( bFi r st Sanpl Poi nt of Fi r st Franme, 6); 7.8.11.28.2
i f (m_3DSrcRadi us. m bUpdat eFl ag) {
float rTenp;
if (unTenp <= 32) {
/1 Inside and on the unit sphere: linear proportionality of rTenp and unTenp
/1l rTenp is in range [0, 1/32, ... 1] with uniformstep of 1/32
rTemp = ((float)unTenp) * (1.0f / 32.f);
el se {
/1 Qutside of the unit-sphere: quadratic relationship between rTenp and unTenp
unTenp = unTenp - 32; // Translate to range 1 to 31
/1 rTenp is in range [1.0156, 1.0625, ... 16.0156] with non-uniformstep
rTenp = 1.0f + pow((float)unTenp * (1.0f / 8.0f), 2);
// Radius paraneter is nornalized to 1.0
/1 The absol ute di stance may be obtained as:
/1 m_ucRadi usRef ernceUni t Spherel nMeters * m 3DSr cRadi us. Get Par aneter ()
m_3DSr cRadi us. Set Par anet er (r Tenp) ;
}
nTenp = (i nt)m 3DSrcAzi nut h. Updat eCode( bFi r st Sanpl Poi nt of Fi r st Frane, 8); 7.8.11.28.3
i f (m_3DSrcAzi nut h. m bUpdat eFl ag) {
nTenp = -360 + 3 * nTenp;
nTenp = (nTenp == 219) ? 220 : nTenp;
nTenp = (nTenp == -219) ? -220 : nTenp;
nTenp = (nTenp>357) ? 357 : nTenp;
m _3DSr cAzi mut h. Set Par anmet er (nTenp) ;
}
/] Extract 7-bit elevation angle code if update flag is TRUE
nTenp = (i nt)m 3DSrcEl evati on. Updat eCode( bFi r st Sanpl Poi nt of Fi r st Frane, 7); 7.8.11.28.4
i f (m_3DSrcEl evation. m bUpdat eFl ag) {
/1 The elevation angle of a source location in degrees in the range
/1 from-90 to 90 in steps of 1.5 degrees, stored in QL format
/1 as signed integers.
nTenp = -180 + 3 * nTenp;
nTenmp = (nTenp>180) ? 180 : nTenp;
m 3DSr cEl evat i on. Set Par anet er (nTenp) ;
}
i f (bEnhancedREPar ansPresent) {
unTenp = m 3DSr cRadi usAux. Updat eCode( bFi r st Sanpl Poi nt of Fi r st Frame, 6); 7.8.11.285

el se {
m _3DSr cRadi usAux. m bUpdat eFl ag = FALSE;
}

i f (m_3DSrcRadi usAux. m bUpdat eFl ag) {
float rTenp;
if (unTemp <= 32) {
// Inside and on the unit sphere: linear proportionality of rTenp and unTenp
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Syntax Reference

[/ rTenp is inrange [0, 1/32, ... 1] with uniformstep of 1/32
rTenp = ((float)unTenp) * (1.0f / 32.f);

el se {
/1 CQutside of the unit-sphere: quadratic relationship between rTenp and unTenp
unTenp = unTenp - 32; // Translate to range 1 to 31
/! rTenp is in range [1.0156, 1.0625, ... 16.0156] with non-uniformstep
rTenp = 1.0f + pow((float)unTenp * (1.0f / 8.0f), 2);

}

}
el se if (m_3DSrcRadi usAux. m bParanPresent == FALSE) {
m _3DSr cRadi usAux. Set Par anet er (m_3DSr cRadi us. Get Par aneter()); 7.8.11.285

}
i f (bEnhancedREPar ansPresent) {
unTenp = m 3DSr cSpr eadPar anOne. Updat eCode( bFi r st Sanpl Poi nt of Fi r st Franme, 6); 7.8.11.28.6
i f (m_3DSrcSpreadPar anDne. m bUpdat eFl ag) {
unTenmp = (unTemp < 7) ? unTenmp * 3 : (unTenp - 3) * 6;
m_3DSr cSpr eadPar amOne. Set Par anet er (unTenp) ;
}
unTenp = m 3DSr cSpr eadPar anifwo. Updat eCode( bFi r st Sanpl Poi nt of Fi r st Franme, 6); 7.8.11.28.7
i f (m_3DSrcSpreadPar anifwo. m bUpdat eFl ag) {
unTenmp = (unTenmp < 7) ? unTenmp * 3 : (unTenp - 3) * 6;
m _3DSr c Spr eadPar anTwo. Set Par anet er (unTenp) ;

}
} // End of case when the bEnhancedREPar ansPresent is TRUE
} // End of the m bChMaskojectFlag is FALSE case
/1 Indicate that current source is active
m bSrcActiveFl ag = true;
} // End of the Extract3DSourceProperties()

7.8.11.28 Parameters for Extract3DSourceProperties

7.8.11.28.1 m_3DSrcTypelndex

This parameter is present in the stream only for composite multi-source object type
(ASSET_TYPE_COMPOSITE_MULTI_SRC) and only in the frames where the bFirstSampl PointofFirstFrameis
TRUE. The 3-bit filed represents an index into a table of 3D renderer source types according to Table 7-35.

For al other object typesthe m 3DScTypelndex is by default set to
RENDERER_SOURCE_TYPE_DIRECT_SOUND however in this scenario the parameter m_3DS cTypelndex is
ignored by the renderer.

Table 7-35: Definition of 3D Source Types

Index Renderer Source Types
RENDERER_SOURCE_TYPE_DIRECT _SOUND =0
RENDERER_SOURCE_TYPE_REFLECTIONS 1
RENDERER_SOURCE_TYPE_REFLECTIONS 2
RENDERER_SOURCE_TYPE_REVERB
RENDERER_SOURCE_TYPE RESERVED 1
RENDERER_SOURCE_TYPE_RESERVED 2
RENDERER_SOURCE_TYPE_RESERVED_ 3
RENDERER_SOURCE_TYPE_RESERVED 4

~N|OO|AR|WIN|F|O

7.8.11.28.2m_3DSrcRadius

A 3D source radius parameter represents the radial distance of a 3D source from the center of the coordinate system.
The distance is normalized with respect to the unit sphere.

The m_3DSrcRadius class parameter isinstantiated as float with predefined value of 1,0f.
If m_bUpdateFlag is TRUE a6-bit code is extracted from the stream. If m_bUpdateFlag is FAL SE:
- the parameter is set by default to 1,0 if the bFirstSamplPointofFirstFrame is TRUE;

- the parameter maintains its value if the bFirstSamplPointofFirstFrame is FALSE.
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Extracted code is trandated to the radius parameter in the following manner:

- if the codeisless or equal to 32 the radius parameter isin the range between 0,0 and 1,0 with uniform step of
1,0/32,0; in particular:

parameter = code /32,0

- if the code is greater than 32 the radius parameter has a quadratic relationship to its extracted code resulting in
the parameter values in the range from 1,0156 to 16,0156 with non-uniform step; in particular:

parameter = 1,0 + ((code — 32)/8,0)?

To obtain the absolute value of the 3D source radius in meters, the normalized radius parameter is multiplied by the
value of m_ucRadiusRefernceUnitSpherel nMeters (available within the COx01MDChunkBody class).

7.8.11.28.3 m_3DSrcAzimuth

The 3D source azimuth parameter represents an azimuth angle, expressed in degrees, of a 3D source position in polar
coordinates.

The m_3DSrcAzimuth class parameter is instantiated as an integer without a predefined val ue.

If the m_bParamPresent and the m_bUpdateFlag are TRUE an 8-bit code is extracted from the stream. If the
m_bUpdateFlag is FALSE:

. the parameter is set by default to O if bFirstSamplPointofFirstFrame is TRUE;
. the parameter maintainsits value if bFirstSamplPointofFirstFrameis FALSE.
The azimuth parameter isin the range from -180 degrees to 178,5 degreesin steps of 1,5 degrees and is stored in Q1

format as a signed integer, in arange from -360 to 357. Extracted code is trandlated to the azimuth parameter in the
following manner:

paraneter = - 360 + 3 * code

paraneter = (paranmeter == 219) ? 220 : paraneter
paraneter = (paraneter == -219) ? -220 : paraneter
paraneter = (paraneter>357) ? 357 : paraneter

where the rounding of £219 to 220 was done in order to guarantee that the angles of +110 are represented exactly.

7.8.11.28.4m_3DSrcElevation

A 3D source elevation parameter represents an elevation angle, expressed in degrees, of a 3D source position in polar
coordinates.

The m_3DSrcElevation class parameter isinstantiated as an integer with a predefined value of 0.

If m_bUpdateFlag is TRUE a 7-bit code is extracted from the stream. If m_bUpdateFlag is FAL SE:
e  theparameter is set by default to O if the bFirstSampl PointofFirstFrame is TRUE;
. the parameter maintainsits value if the bFirstSampl PointofFirstFrame is FALSE.

The elevation parameter isin the range from -90 degrees to 90 degreesin steps of 1,5 degrees and is stored in Q1 format
asasigned integer, in arange from -180 to 180. Extracted code is trandated to the elevation parameter in the following
manner:

-180 + 3 * code
(paraneter>180) ? 180 : paraneter

par anmet er
par anet er

7.8.11.28.5 m_3DSrcRadiusAux

m_3DSrcRadiusAux is transmitted in the stream only if m_bEnhancedREConfigParamsPresent is TRUE. If a 3D source
has aradial spread thisisindicated by presence of m_3DSrcRadiusAux parameters.
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When the m_3DSrcRadiusAux.m_bParamPresent is:

e  TRUE, then a3D sourceisradialy spread between the radius value indicated by m_3DS cRadius and the
radius value indicated by m_3DSrcRadiusAux.

. FALSE, thisindicates that a 3D source does not have aradial spread and it is positioned on the sphere with
radius value indicated by m 3D S cRadius; Furthermore the value of auxiliary radius parameter is by default
set to the radius value indicated by m_3DSrcRadius.

If m_3DSrcRadiusAux.m_bParamPresent is TRUE the transmission and coding of m_3DSrcRadiusAux parametersin
the bitstream is as described for the m_3DSrcRadius.

7.8.11.28.6 m_3DSrcSpreadParamOne

A 3D source spread parameter one represents a spreading angle in degrees that is interpreted differently depending on
the value of bUseDivergApper ObjSpread. In particular:

. When bUseDivergApper ObjSporead = FALSE, m_3DS cSpreadParamOne is an angle defining an azimuthal
spread of a source symmetric around the 3D source position.

e When bUseDivergApperObjSpread = TRUE, m_3DS cSpreadParamOne is an angle of the horizontal arc
(latitude) centered at the 3D sound source position.

m_3DScSpreadParamOne isinstantiated as an integer with a predefined value of 0.
If m_bUpdateFlag is TRUE a6-bit code is extracted from the stream. If m_bUpdateFlag is FAL SE:
o If bFirstSamplPointofFirstFrame is TRUE, the parameter is set to 0.
. If bFirstSampl PointofFirstFrame is FALSE, the parameter maintains its val ue.
The values of m_3DScSpreadParamOne are in range from O to 360 degreesin steps of:
. 3 degrees when between 0 and 18 degrees; and
. 6 degrees when between 18 and 360 degrees.

Extracted code is translated to m_3DSrcSpreadParamOne by the following method:

paraneter = (code < 7) ? code * 3 : (code - 3) * 6

7.8.11.28.7 m_3DSrcSpreadParamTwo

m_3DScSpreadParamTwo represents a spreading angle in degrees that is interpreted differently depending on the
value of bUseDivergApperObjSpread. In particular:

. When bUseDivergApper ObjSpread is FALSE, m_3DScSpreadParamTwo is an angle defining an elevation
spread of a 3D source symmetric around the 3D source position.

e  When bUseDivergApperObjSpread is TRUE, m _3DScSpreadParamTwo describes a spread of a source along
the area on the surface of the sphere defined by the spherical cap that is symmetric around the 3D source
position and with aperture angle, in degrees, equal to the value of m_3DS cSpreadParamTwo.

The m_3DS cSpreadParamOne class parameter is instantiated as an integer with a predefined value of 0.
If m_bUpdateFlag is TRUE a6-bit code is extracted from the stream. If m_bUpdateFlag is FALSE:

e  And if the bFirstSampl PointofFirstFrame is TRUE, the parameter is set by default to 0.

e Andif the bFirstSamplPointofFirstFrame is FALSE, the parameter maintainsits value.
The values of m_3DSrcSpreadParamTwo are in range from 0 to 360 degrees in steps of

. 3 degrees when between 0 and 18 degrees; and

. 6 degrees when between 18 and 360 degrees.
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Extracted code is trandated to m_3DScSpreadParamTwo by the following equation:

paraneter = (code < 7) ? code * 3 : (code - 3) * 6;

7.8.11.29 Extract Rendering Exception Object Metadata
The rendering exception metadata is transmitted only if m_bObjectRendExceptPresent is TRUE.

This metadata block, besides some control parameters, carries m_nRECoeffsMatrix, a matrix of mixing coefficients
(mixing of object waveformsinto a multichannel busin specific channel layout) that has a different purpose depending
on the object representation type:

. For channel mask based objects, m_nRECoeffsMatrix carries speaker remapping coefficients that allow
decoder to trandate object's channel from its native channel layout to some different channel layout specified
by control metadata; down-mixing is covered by this use case.

. For 3D-based objects, m_nRECoeffsMatrix carries rendering exception parameters that allow content creator
to overwrite the default 3D renderer behavior for the output layouts specified by control metadata.

. For Ambisonic encoded objects, m_nRECoeffsMatrix represents a time domain Ambisonic decoding matrix
for particular output channel layout as specified by control metadata. Note that thisis applied directly to the
decoded Ambisonic waveforms and in this case the Ambisonic adapter matrix (m_pAmbiAdaptorMtrx) is
ignored.

. For audio tracks-based objects, m_nRECoeffsMatrix defines mixing of tracksinto a particular channel layout,
as specified by control metadata.

In order to maintain the mixing balance of all objects, the mixing matrix is constructed to preserve the energy of the
object signals when mixing them into the output bus. However, in cases when multiple waveforms contribute to the
same channel of the mixing bus, signal saturation may occur, so further attenuation of the mixing bus outputs may be
needed. Saturation prevention isimplemented by means of the presentation scaling parameters as described in
clause7.5.1.

Control metadata allows for transmission of up to 4 different rendering exception parameter sets each corresponding to
adifferent channel layout of the mixing bus.

Note that any LFE channels are never covered / considered by this metadata.

Pseudo code for extraction of this block of metadatais found in Table 7-36.

Table 7-36: ExtractREObjectMD

Syntax Reference

voi d CRendExcepMD: : Ext r act RECbj ect MD( bool bQCbj St art FraneFl ag,
ui nt unLi st eni ngLayout MaskFul | BWOnl y)
{

bool bExt endREt oSuper Set Layout sFl ag;
bool bREAppl i cabl eFl ag;
uchar ucNunRESet s;
ui nt unREChannel Mask;
ui nt unNumChl nRELayout ;
ui nt nUREM xBusChCont ri bMask;
ui nt unCounter, unlncr;
int nTenp;
int *pnCodes;
int nSign;
bool bContri bCoef fsSi gned;
uchar uctable[4] = { 12, 16, 20, 32 };
bool UpdateFlag = (bOoj StartFraneFlag) ? TRUE : (bool) ExtractBits(1); 7.8.11.30.1
i f (UpdateFl ag) {
if (mbObj Ful | BWchMask > 0) {

m bUseREMFor Obj Wt hSaneFul | BWChMask = (ExtractBits(1l) == 1) ? true : fal se; 7.8.11.30.2
}
el se {
m bUseREMFor Cbj Wt hSaneFul | BWChMask = f al se;
}
ucNunRESets = (uchar)ExtractBits(2) + 1, 7.8.11.30.3

/1 This function is executed only if the RE update flag is TRUE hence
/] reset the previous val ues
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Syntax Reference

FALSE;
0

m_bREAppl i cabl eFl ag
m_unNuntChl nRELayout
m unREChannel Mask =
nmenset ( m nRECoef f sVat r| x, 0,

si zeof (ui nt) *m ucNunful BWMveFor sl nCbj * m ucNunful BWMveFor nsl nQut Layout ) ;
/] Extract new RE paraneters
for (uchar ncs = 0; ncs < ucNunRESets; ncs++){ // Loop over OW paraneter sets

o

bContri bCoeffsSigned = (ExtractBits(1l) == 1) ? TRUE : FALSE; 7.8.11.30.4
nSign = 1; // By default set sign to positive;

unREChannel Mask = (uint)ExtractVarLenBitFields(uctable, FALSE); 7.8.11.30.5
unNunChl nRELayout = Get NunBSpeaker sl nLayout (unREChannel Mask) ; 7.8.11.14.3
bExt endREt oSuper Set Layout sFlag = (ExtractBits(1l) == 1) ? TRUE : FALSE; 7.8.11.30.6
/1 |f bREApplicableFlag is TRUE the RE set is applicable to the output |ayout

bREAppl i cabl eFl ag = CheckRESet Appl i cabi | i t y(unREChannel Mask, 7.8.11.30.7

bExt endREt oSuper Set Layout sFl ag,
unLi st eni ngLayout MaskFul | BWDnl y) ;
i f (bREApplicabl eFl ag)
if (m_DbREApplicabl eFlag == FALSE || (unNuntChl nRELayout > m unNuntChl nRELayout)
&& m bREAppl i cabl eFl ag) {
bSaveFl ag = TRUE;

}
}
el se {
if (mDbREApplicabl eFlag == fal se & (unNumChl nRELayout > m unNuntChl nRELayout) )
bSaveFl ag = true;
}

}
if (bSaveFl ag) {
unlncr = 1;
pnCodes = m nRECoeffsMatri x;
m_unNuntChl nRELayout = unNuntChl nRELayout ;
m unREChannel Mask = unREChannel Mask;

m bREAppl i cabl eFl ag = bREAppl i cabl eFl ag;

el se {
unl ncr = 0;
pnCodes = &nTenp;
}
unCounter = 0;
for (uchar nwf = 0; nwf < mucNunfFul BWMveFor nsl nQbj ; nwf ++) {
NUREM xBusChCont ri bMask = (uint) ExtractBi ts(unNunChl nRELayout); 7.8.11.30.8
for (uint nn = 0; nn < unNunChl nRELayout; nn++){
if ((nuREM xBusChContri bMask >> nn) & 0x01){
if (bContribCoeffsSigned) {
/1 If this is a signed contribution matrix then extract the sign bit
nSign = (int)((ExtractBits(1l) ==1) ? -1 : 1);

/1 Extract 6-bit index corresponding to unsigned scale factor

nTenp = (int)ExtractBits(6); 7.8.11.30.9
} // End of: if ( (nuREM xBusChContri bMask >>nn)
el se{

nTenp = 0; // 0 -> no contribution

} // End of else part of if ( (nuREM xBusChContribMask [ nwf]>>nn)
pnCodes[ unCounter] = nSign * ((int)unScal eFactorsTabl e[ nTenp]);

unCount er = unCounter + unlncr;

} // End of channels in the RE layout loop: for (nn=0; nn ...
} /1 End of wave formloop for (nwf=0; nwf<m ucNunmFul BWMveFor msl nCbj; ncs++)
} /1 End of rendering exception set loop for (ncs=0; ncs<ucNumRESets; ncs++)
} // End of if (UpdateFl ag)
} // End of CRendExcepMD: : Extract RECbj ect MD

7.8.11.30 Parameters for ExtractREObjectMD

7.8.11.30.1 bObjectRendExceptUpdateFlag

If bObjectRendExceptUpdateFlag is FALSE, then the rendering exception metadata is not transmitted and maintains the
value previoudly set. TRUE indicates that the rendering exception metadata for this object is transmitted in the current
metadata sampling period.
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7.8.11.30.2m_bUseREMForObjWithSameFullBWChMask

m_bUseREMFor ObjWithSameFul| BWChMask is transmitted in the stream only for channel based objects
(m_bObjFullBWChMask > 0). When m_bUseREMFor Obj WithSameFullBWChMask is TRUE, the rendering exception
matrix (REM) applicable to the desired layout shall be applied to all channel mask-based objects that have the same
full-bandwidth channel mask and do not have their own REM for the applicable output layout.

It isthe encoder's responsibility to guarantee that, within the same audio presentation, there is at most one object with
m_bUseREMFor ObjWithSameFullBWChMask set to TRUE for a given m_bObjFullBWChMask. If, within the same
presentation, two or more channel based active objects with the same m_bObjFul|BWChMask have

m_bUseREMFor ObjWithSameFullBWChMask set to TRUE then all REM's extracted within these objects shall be
ignored.

For non-channel based objects (m_bObjFullBWChMask=0) this flag is not transmitted and by default set to FALSE.

7.8.11.30.3 ucNumRESets

This 2-bit field indicates the number of rendering exception (RE) parameter sets. The valid range isfrom 1 to 4.

7.8.11.30.4 bContribCoeffsSigned

If bContribCoeffsSigned is TRUE, then the mixing matrix has signed entries. If bContribCoeffsSigned is FALSE, then
the entries of the mixing matrix are unsigned.

7.8.11.30.5 unREChannelMask

This variable length field indicates the channel layout bit-mask corresponding to the mixing bus of the current rendering
exception parameter set. Variable length codes of 13, 18, 23 or 35 bits are used to extract a channel mask of up to 12,
16, 20 or 32 hits.

The number of channels (unNumChInRELayout) is calculated from unREChannel Mask.

7.8.11.30.6 bExtendREtoSuperSetLayoutsFlag

If bExtendREtoSuper SetLayoutsFlag is TRUE, then the RE parameter set is applicable to any listening layout that
includes al channels (not including LFE), defined by unREChannelMask and any arbitrary number of additional
channels. If bExtendREtoSuper SetLayoutsFlag is FALSE, then the RE parameter set is applicable only to the listening
layout that is defined by unREChannelMask. Thislogic isimplemented in clause 7.8.11.30.7.

7.8.11.30.7 Checking Applicability of the RE Parameter Set

The pseudocode in Table 7-37 demonstrates applicability of the RE parameter set. If bExtendREtoSuper SetlayoutsFlag
is TRUE, the RE parameter set is applicable to any listening layout that includes all channels defined by the
unREChannelMask and any arbitrary number of additional channels, (excepting the LFE). If

bExtendREtoSuper SetLayoutsFlag is FALSE, then RE is applies only to the listening layout that is defined by
unREChannel Mask.

Table 7-37: CheckRESetApplicability

Syntax

Function for Checking Applicability of the RE Paraneter Set

bool CRendExcepMD: : CheckRESet Appl i cability(ui nt unREChannel Mask,
bool bExt endREt oSuper Set Layout sFl ag,
ui nt unQut ChMask)

bool bAppl i cabl eFl ag;

i f (bExt endREt oSuper Set Layout sFl ag) {

bAppl i cabl eFl ag = (bool) ((unREChannel Mask & unCQut ChMask) == unREChannel Mask);
} else {

bAppl i cabl eFl ag = (bool) (unREChannel Mask == unCQut ChMask);

}
return bApplicabl eFl ag;
}
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7.8.11.30.8 nuREMixBusChContribMask

This unNumChInRELayout bit mask indicates the channels of the RE mixing bus to which the current waveformis
mixed in. Only the channels corresponding to '1' bits receive contribution and all channels corresponding to ‘0" bits by
default receive zero contribution.

7.8.11.30.9 m_nRECoeffsMatrix[]

Contribution coefficients are transmitted only for channels corresponding to '1' bits within the
nNUREMixBusChContribMask.

Each coefficient is extracted in one or two parts depending on the value of bContribCoeffsSgned:

e  Sign. When bContribCoeffsSigned is TRUE: 1-hit field is extracted indicating the sign where 1 implies
negative sign (sign_value = -1) and 0 implies positive sign (sign_value = +1). When the bContribCoeffsSigned
isFALSE: sign value = +1 by default.

. 6-bit field representing an index (unindex) for lookup into atable with scale factors represented in unsigned
QO0.15 fixed point format as shown in Scale Factor Table (clause 5.2.2.1).

Entries of the m_nRECoeffsMatrix are signed integersin Q0.15 fixed point format. The values extracted from the scale
table are trandated to signed Q0.15 fixed point format as m_nRECoeffsMatrix[n] = sign_value *
unScaleFactorsTable unindex]. unScaleFactorsTable isfound in clause 5.2.2.1.

Within m_nRECoeffsMatrix the channels of the mixing bus are ordered according to unREChannelMask where
channel(s) corresponding to the first '1' bit within the mask (starting from the LSB of the mask) is (are) first. In case
where the '1' bit corresponds to the channel pair, according to Table 7-28 the left channel of the pair is counted first in
thelist.

7.8.11.30.10 Metadata Packet Payload

A packet payload extracted in current frame shall be placed into the appropriate location within the static metadata
buffer m_punSaticLDMetadata[], and in particular locations between m_unStaticMDPacket| ndex,
m_unSaticMDPacketByteSze and (m_unSaticMDPacketindex + 1) * m_unStaticMDPacketByteSize - 1.

For the syntax of metadata captured in the m_punStaticLDMetadata[] refer to Static Loudness and Dynamics Metadata,
(clause 7.7.5).

8 ACE for DTS-UHD

8.1 Overview

The ACE Decoder operates on ACE stereo streams, ACE mono stream and ACE LFE streams. Within an ACE frame,
the streams have been separated into one of these three classifications. Stereo streams have an additional optimization
that takes advantage of the information common to both channels.

The block diagram in Figure 8-1 shows the flow of data through the decoder for full bandwidth channels.
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Figure 8-1: ACE Decoder

Decoding amono or stereo ACE stream involves the following stages (see also Figure 8-1).

Primary Lognor m: afirst approximation of spectral band power isretrieved from the bitstream. These power values
are represented in the logarithmic domain, and referred to as lognorm values.

Bit Allocation: for each spectral band, the number of bits available for normalized spectral band decoding is computed.
This computation depends on information in the bitstream and (potentially) primary lognorm values.

Lognorm Refinement: asmall part of the bit allocation is used to refine the primary lognorm values.

VQ: (Vector Quantization), the magjority of the bit allocation is used to reconstruct normalized spectral frequency
values, one spectral band at atime.

Reconditioning: for originally "full" spectral bands and small bit allocation values, the initialy reconstructed sparse
bands are reconditioned to better approximate a full spectrum.

Stereo processing: for stereo streams, the two reconstructed channels are transformed to an original (unmixed)
representation.

Time-Frequency Reshaping: the spectral bands are pre-processed by a simple Haar transform, bringing al bands to
the same time-frequency representation.

Spectral Hole Filling: bands with original energy that are reconstructed to all-zeros are then filled with 'noise,
generated from earlier reconstructed band values.

Late Lognorm Refinement: any bits that have been left over after VQ are used to do a final lognorm refinement.

Norm Scaling: spectral bands are restored to the power values corresponding to the final lognorm values.
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Temporal Hole Filling: all-zero spectral bands are potentially filled with synthetic noise depending on the spectral
band power in previous frames.
Inverse M DCT: the spectral representation is transformed in a time-domain representation (PCM).

Longterm Synthesis: along term synthesis filter is used to reconstruct signal components that have been removed at
encoding time.

The remainder of clause 7 describes the bitstream extraction of the ACE decoder. Clause 8 describes the various
methods involved in reconstructing the Linear PCM audio.

8.2 Fundamental Bitstream Operations for ACE
8.2.1 Align
Aligns the read pointer to a n-byte boundary.
Table 8-1 align
Syntax

// Read count: 0 ... 8*n-1 bits
void align(uint n);
void align() {

align(1);

Parameters

. n - Byte boundary to aign to.

8.2.2  Skip
Advances the read pointer by n bytes. Byte alignment is implied.
Table 8-2: skip
Syntax

/1 Read count: n bytes
voi d skip(uint n);

Parameters

. n - Number of bytesto skip.

8.2.3 BitsUsed
BitsUsed(void) reports the position of the bitstream read pointer with respect to the origin (start point) of the bitstream.

BitsUsed(uint n) set the current position of the bitstream read pointer to the value n. A typical useisthe call
BitsUsed(0), sets the current position of the bitstream pointer as the origin of the bitstream.

Table 8-3: BitsUsed

Syntax

/! Report position of bitstreamread pointer
int BitsUsed();

// Set current bitstreamread pointer to specified value n
int BitsUsed(int n)

ETSI




118 ETSI TS 103 491 V1.1.1 (2017-04)

Parameters

. n - The new value of the current bitstream read pointer.

8.24 BitsLeft

Bitd eft(void) reports the number of bits left in the bitstream, that is, the number of bits that can be read before
exceeding bitstream capacity.

Table 8-4: BitsLeft

Syntax

/'l Report the nunber of bits left in the bitstream
int BitsLeft();

8.25 BitsTotal

BitsTotal (void) reports the capacity of the bitstream. BitsTotal (uint n) sets the capacity of the bitstream to the value n.

Table 8-5: BitsTotal

Syntax

/1 Report the capacity of the bitstream
int BitsUsed();

/1 Set the capacity of the bitstream
int BitsTotal (int n)

Parameters

. n - The new value of the hitstream capacity.

8.2.6 ReadBit

Readbit(void) extracts asingle bit from the bitstream and returnsavalue O or 1.

Table 8-6: ReadBit

Syntax

/!l Read count: 1 bit

uint ReadBit() {
return (uint)ExtractBit(1);
}

8.2.7 ReadBool

ReadBool (void) extracts a single bit from a bitstream and returns a val ue of either FALSE or TRUE.

Table 8-7: ReadBool

Syntax Reference
/'l Read count: 1 bit
bool ReadBool () {
return (bool)ReadBit(); 823
}
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8.2.8 ReadUint

ReadUint (uint num_bits) extracts num_bits from a bitstream to form an unsigned integer.

Table 8-8: ReadUint
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Syntax

Reference

/1 Read count: numbits bits
uint ReadU nt (uint numbits) {
uint result = 0;
for (int i=0;i<numbits;i++) {
result = (result << 1) | ReadBit();
}

return result;

8.2.3

8.2.9 ReadInt

ReadInt (uint num_hits) extracts a 2's complement integer from a bitstream.

Table 8-9: ReadInt

Syntax

Reference

/!l Read count: numbits bits
int Readlnt(uint numbits) {
if (numbits == 0) { return 0; }
int result = (int) ReadU nt(numbits);
if (result >= ((1l<<numobits)>>1) {
return (result - (l<<numobits));

}

return result;

8.2.8

Parameters

. num_bits - The resolution of the signed integer.

8.2.10 ReadUnary

ReadUnary(alpha) extracts an unsigned integer n from the bitstream, with0 <= n < alpha. Thevauen < alpha —
1 isencoded as a sequence of n zeros, terminated by the symbol 1. The value alpha — 1 is encoded by a sequence of

alpha — 1 zeros. ReadUnary(alpha) returnsthe value O for alpha = 0,1.

Table 8-10: ReadUnary

Syntax Reference
/'l read count: < alpha bits
uint ReadUnary(uint al pha) {
if (alpha <= 1) {
return O;
uint result = 0;
while ( result+l < alpha ) {
bool bit = ReadBit(); 823
if (bit ==1)
br eak;
++resul t;
}
return result;
}
Parameters

e  alpha- The number of elementsin the alphabet.
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8.2.11 ReadUniform

ReadUniform(alpha) extracts an unsigned integer n from the bitstream, where0 <= n < alpha.
The value n is encoded as an m-bit or (m-1)-bit integer, where 2™~ < glpha <= 2™.

When alpha is a power of two, ReadUniform(alpha) is equivalent to ReadUint(m).

Table 8-11: ReadUniform

Syntax Reference

/'l Read count: NumBits(al pha-1)-1 or NunBits(al pha-1), where NunBits(al pha-1) = m
uint ReadUni forn(uint al pha) {
if (alpha <= 1) {
return O;

uint result = 0;

uint m= NunBits(al pha-1); 8.3.1
uint gap = (1<<m - al pha;
result = ReadUint(m1); 8.2.8
if (result >= gap) {
result = (result << 1) | ReadBit(); 8.2.3
result -= gap;

}

return result;

Parameters

. alpha - The number of elementsin the alphabet.

8.2.12 ReadGolomb

ReadGolomb(uint alpha, uint kparam) extracts an unsigned integer from the bitstream with the kparam least significant
bits uniformly encoded, and the remaining most significant bits unary encoded.

Table 8-12: ReadGolomb

Syntax Reference

/1l Read count: variable
uint ReadGol onb(uint al pha, uint kparan {
if (alpha <= 1) { return O; }
uint kmax = NunBits(al pha-1) - 1; 8.3.1
i f (kparam >= knmax) {
return ReadUni f or n{ al pha); 8.2.11

// Handl e default case
uint result = ReadUint (kparanm; 8.2.8
result | = ReadUnary(1l+((al pha-1)>>kparan)) << kparam 8.2.10
/'l Return

return result;

Parameters
e alpha- The number of elementsin the alphabet.

. kparam - The resolution of the binary part of the encoded value.

8.2.13 ReadGolombLimited

ReadGolombLimited(uint alpha, uint kparam, uint limit) extracts an unsigned integer from the bitstream. Values smaller
than limit are Golomb-encoded with binary resolution kparam. Values larger than or equal to limit are encoded by first
Golomb-encoding limit and then encoding the difference between the value and limit uniformly.
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Table 8-13: ReadGolombLimited

Syntax Reference

/] Read count: variable
uint ReadGol onbLi m ted(uint al pha, uint kparam uint limt) {
if (alpha <= 1) { return O; }
// Handle small limt
if (limt < (1 << kparam)) {
limt =1 << kparam

/1 Handle large limt
if (limt >= alpha) {
limt = al pha-1;

}
// Read with limted al pha

uint result = ReadGol onb(limt+1, kparam; 8.2.12
/1 Handl e values greater than or equal to limit
if (result ==1limt) {

return ReadUniform(alpha - limt) + limt; 8.2.11
}

return result;

Parameters
e alpha- The number of elementsin the alphabet.
. kparam - The resolution of the binary part of the encoded value.

. limit - The maximum value of the Golomb encoded values.

8.2.14 ReadGolombWithParams

ReadGolombWithParams(Gol ombParams gparams) extracts an unsigned integer from the bitstream using
ReadGolombLimited, with its parameters aggregated in a GolombParams datatype.

Table 8-14: ReadGolombWithParams

Syntax Reference

/1 Aggregate for Gol onb paraneters
typedef struct {
uint al pha;
uint kparam
uint limt;
} CGol ombPar ans;
/1 Read count: variable

ui nt ReadCol ombW t hPar ans( Gol onbPar ans gpar ans) {
return ReadCol onb( gpar ans. al pha, gpar ans. kparam gparans.linmt); 8.2.12
}

8.2.15 ReadVLC

ReadVLC(primary_table, escape_table) extracts an unsigned integer from the bitstream using ReadUint(), with the
resolution of the ReadUint call read from the bitstream using ReadUnary. The value returned is recursively incremented
by the alphabet size of previous unused resolutions. The parameter list of ReadVLC allows for escape values. If the
valueislarge and falls within the escape range, the value returned is obtained by calling ReadUint with a dedicated
escape resolution table (return values recursively incremented by previous unused resolutions).

ReadVLC () issaid to be operating in primary mode when the escape mode is not triggered. Otherwise, it issaid to be
operating in escape mode.

ETSI




122 ETSI TS 103 491 V1.1.1 (2017-04)

Table 8-15: ReadVLC

Syntax Reference
/1 Table structure + associ ated net hods
typedef struct {
uint size;
uint list[];
uint size() { return size; }
uint operator[](uint index) { return list[index]; };
uint al pha(uint index) {
uint result = 0;
for (int i=0;i<index;i++) {result += (lu<<list[i]); }
return result;
}
uint alpha() { return al pha(size); }
} Table;
/1 Bit count: variable 8.2.15
uint ReadVLC(Table prinmary_table, Table escape_table) {
uint result = 0;
uint primary = ReadUnary(primary_table.size()); 8.2.10
uint result = ReadUint(primary_table[primary]) + primary_table.al pha(primary); 8.2.8
if (result + escape_table.size() >= primary_table.alpha()) { // escape node
uint escape = result + escape_table.size() - primary_table.al pha();
result = ReadU nt (escape_t abl e[ escape]) + escape_t abl e. al pha(escape); 8.2.8

result += prinmary_table.al pha() ;

}

return result;

Parameters
. primary_table - The table of resolutions for primary mode.

e  escape_table - Thetable of resolutions for escape mode.

8.2.16 ReadLimitsVLC

ReadLimitsVLC(res table) extracts an unsigned integer from the bitstream using a sequence of resolutions given by
res _table. The sequence stops when the partial value read from the bitstream is smaller than the maximum value for the

current resolution.

Table 8-16: ReadLimitsVLC

Syntax Reference
uint ReadLimtsVLC(Table res_table) {
uint result = 0;
for (int i=0;i<res_table.size();i++) {
uint value = ReadUint(res_table[i]); 8.2.8

result += val ue;
if ((value+l) < (1 << res_table[i])) { // no escape
br eak;
}
}

return result;

}

const Table FraneTable = {1,1, 2,2, 2, 4, 4, 16};
ui nt ReadLim tsVLC() {

return ReadLi m t sVLC(FraneTabl e);
}

Parameters

. res table - Thetable of resolutions.
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8.2.17 ReadNonUniformFiveTen

ReadNonUniformFiveTen() extracts an unsigned integer from the bitstream. Values smaller than 24 are represented by
5 bits. Values larger than 23 and smaller than 280 are represented by 10 bits. Values larger than 279 and smaller than
280+(1<<22) are represented by 32 bits.

Table 8-17: ReadNonUniformFiveTen

Syntax Reference
ui nt ReadNonUni f or ni veTen()
{
uint result = 0;
result += ReadUint(5); 8.2.8
if (result > 23) {
result = ((result - 24)<<5) + ReadUi nt(5); 8.2.8
}
if (result == 279) {
result += ReadUint(22); 8.2.8
}
return result;
}

8.3 Auxiliary Functions

8.3.1 NumBits

NumBits(value) returns the number of minimal number bits required to represent value.

Table 8-18: NumBits

Syntax

uint NunBits(uint value) {
uint result = 0;
while (value = 0) {
val ue >>= 1;
resul t ++;

}

return result;

}

Parameter

e  value- Thevalue for which the number of bitsin its representation is returned.

8.3.2 Modular

Modular(value,low,high) computes value (mod alpha) represented between low (inclusive) and high (inclusive), where
alpha = high — low + 1.

Table 8-19: Modular

Syntax

int Modular (int value, int low, int high) {
ASSERT( | ow <= high);
uint al pha = high - low + 1,
int result = val ue;
while (result > high) { result -= al pha; }
while (result < low) { result += al pha; }
return result;
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Parameters
e  value- The vaue for which the modular value is to be computed.
. low - The lower bound of the representation interval.

e  high - The upper bound of the representation interval.

8.3.3 NegativeRiceMap

NegativeRiceMapDecode(value) decodes a signed from an unsigned integer representation. It differs from
PositiveRiceMapDecode(value) by a sign change.

Table 8-20: NegativeRiceMapDecode

Syntax

int NegativeRi ceMapDecode(uint val ue) {

if (value & 1) {
return -(int)(val ue+l)/2;
el se {
return (int)val ue/2;
}
}

Parameter

e value- The unsigned integer representation of a signed integer.

8.3.4 PositiveRiceMap

PositiveRiceMapDecode(value) decodes a signed from an unsigned integer representation. It differs from
NegativeRiceMapDecode(value) by a sign change.

Table 8-21: PositiveRiceMapDecode

Syntax

int PositiveR ceMapDecode(uint value) {
return -NegativeRi ceMapDecode(val ue);
}

Parameter

e  value- Theunsigned integer representation of a signed integer.

8.3.5 CenterMap

CenterMap is an efficient method to encode a non-negative integer concentrated around a center value c, by ordering
unsigned integersin a finite alphabet in increasing order of distance to c. Given an alphabet size alpha and acenter cin
therange 0 < ¢ < alpha and assuming ¢ < |[(alpha — 1)/2)] the map EncodeCenterMap is defined as follows:

c ->0
c+l -> 1

c-1->2
2c -> 2c-1
0 -> 2c

2c+1 -> 2c+1
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al pha-1 -> al pha-1

For ¢ > |(alpha — 1)/2)], the map isthe mirror image of the previous case. Center MapDecode(al pha, ¢, y) recovers x
from its mapped valuey.

Table 8-22: DecodeCenterMap

Syntax

ui nt DecodeCenter Map(uint al pha, uint c, uint y) {
ASSERT(c < al pha & y < al pha);
if ( c <= (alpha-1)/2) {
if (y>2%c) {
return y;

}
if (y® ==0) {
return c - y/2;

el se {
return ¢ + (y+1)/2;
}
}

el se {
return al pha - 1 - DecodeCenterMp(al pha, al pha-1-c, y);
}
}

Parameter
. alpha - The size of the aphabet, defining the input range between 0 (inclusive) and alpha (exclusive).
. ¢ - The center value from which distances are taken.

. y - The mapped input value.

8.3.6 Rand

The function Rand(float Ib, float ub) draws with uniform probability afloating point value in the interval defined by its
lower bound (inclusive) and its upperbound (exclusive).

Table 8-23: Rand

Syntax

/1 Pseudo-random nunber generator

/1

/'l paraneter[in] |b: |owerbound of interval (inclusive)
/'l paraneter[in] ub: upperbound of interval (exclsuive)
/1 return: floating value in defined interval

float Rand(float |b, float ub);

Par ameter
. Ib - Lower bound (inclusive) of selection interval.

. ub - Upper bound (exclusive) of selection interval.

8.4 ACE Data Types

8.4.1 FixedPoint

Aninstance of class FixedPoint represents the number _data/ (1 << PRECISION), where _dataistheinterna data
carrier, and PRECISION is the fixed point precision parameter.
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Table 8-24: FixedPoint

Syntax

/'l FixedPoint O ass (datatype)

tenpl at e<i nt PRECI SI ON\>
cl ass Fi xedPoi nt {

/1 Initialization frominteger and fractional part
Fi xedPoint (int intpart, int fracpart) {

_data = (intpart << PRECISION) + fracpart;
}

/1 Initialization frominteger
Fi xedPoint (int intpart) {

_data = (intpart << PRECI SION);
}

/1 Initialization fromfl oat
Fi xedPoint (float f) {

_data = floor(f * (1 << PRECISION) + 0.5);
}

/1 Initialization from Fi xedPoi nt

Fi xedPoi nt (Fi xedPoi nt & p) {
_data = fp.data;

}

/1 Raw data retrieval
int data() {

return _dat a;
}

/1 Raw data setting
int data(int d) {
_data = d;
return _data;

}

/! Return a fraction of the formnunmer * 2°(-1ogdenonm), to a precision of PRECI SION
static Fi xedPoint Fraction(int numer, int |ogdenon {
return (1 ogdenom > PRECI SIQN) ?
Fi xedPoi nt (0, nuner >> (| ogdenom PRECI SI ON))
Fi xedPoi nt (0, nuner << (PRECH SI ON-1 ogdenom));
}

/1 conversion to integer
operator int() { return _data >> PRECI SION;, }

/1 conversion to float
operator float() {return _data / (float) (1 << PRECISIOQN); }

/'l rounding to nearest integer
int round() {

return (_data + (((1 << PRECISION)>>1) - 1)) >> PRECI S| ON,
}

/] assignment frominteger

Fi xedPoi nt &operator=(int d) {
_data = (d<<PRECI SI ON);
return *this;

}

/1 assignment from fl oat

Fi xedPoi nt &operator=(float f) {
_data = floor(f * (1 << PRECISION) + 0.5);
return *this;

}

/1 Equality test

bool operator==(const Fi xedPoi nt &f p) const {
return _data == fp._data;

}

/] Test equality to an int

bool operator==(int y) const {
return (*this) == Fi xedPoint(y);

}
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Syntax

[/ Test if zero
bool |sZero() const {
return _data == 0;

}

//lnequality test
bool operator!=(const FixedPoint &f p) const {
return _data != fp._data;

}

//Less than or equal
bool operator<=(const FixedPoint &f p) const {
return _data <= fp._data;

}

/'l Less than
bool operator<(const FixedPoint &f p) const {
return _data < fp._data;

}

/' Greater than or equal
bool operator>=(const Fi xedPoint & p) const {
return _data >= fp._data;

}

/Il Greater than
bool operator>(const Fi xedPoint &f p) const {
return _data > fp._data;

}

/1 Addition assignnment

Fi xedPoi nt &oper at or +=(const Fi xedPoi nt &f p) {
_data += fp._data;
return *this;

}

/1 Addition of int and assignnment
Fi xedPoi nt &operator+=(int u) {
Fi xedPoi nt fp(u);
_data += fp. _data;
return *this;

}

/1 Subtraction assi gnment

Fi xedPoi nt &operat or-=(const Fi xedPoi nt & p) {
_data -= fp._data;
return *this;

}

/] Subtraction of int and assi gnnment
Fi xedPoi nt &operator-=(int u) {

Fi xedPoi nt fp(u);

_data -= fp._data;

return *this;

}

/1 Multiplication assignment

Fi xedPoi nt &operat or*=(const Fi xedPoi nt &y) {
_data = (_data * y._data) >> PRECI SI ON,
return *this;

}

/1 Multiplication by int and assi gnnent
Fi xedPoi nt &operator*=(int y) {

_data *=vy;

return *this;

}

/1 Division assignnment

Fi xedPoi nt &operator/=(const Fi xedPoi nt &y) {
_data = (_data << PRECISION) / y. _data;
return *this;

}

/1 Division by int and assi gnment
Fi xedPoi nt &operator/=(int y) {
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Syntax

_data /=vy;
return *this;

}

/1 R ght shift

Fi xedPoi nt &oper at or >>=(unsigned int i) {
_data >>=i;
return *this;

}

/1 Left shift

Fi xedPoi nt &oper at or<<=(unsigned int i) {
_data <<=i;
return *this;

}

/1 IntPart
int IntPart() {
return _data >> PRECI SI ON,

}

/'l FracPart
int FracPart() {

return _data & ((1<<PRECISIQN) - 1);
}

/'l number of bits used to index exponential _table, i.e.
/1 the logarithmof exponential _table_size
const int EXPONENTI AL_TABLE RESCLUTION = 7;

/1 See docunentation of the static class nenber exponential _table
const int EXPONENTIAL_TABLE SIZE = 1 << exponential _tabl e_resol ution;

/1 A table containing a fixed point representation of 2"{i / EXPONENTI AL_TABLE_SI ZE}

/1 for O <= i < exponential _table_size

const uint EXPONENTI AL_TABLE[] = {
512, 515, 518, 520, 523, 526, 529, 532
535, 538, 540, 543, 546, 549, 552, 555
558, 561, 564, 567, 571, 574, 577, 580
583, 586, 589, 593, 596, 599, 602, 606
609, 612, 616, 619, 622, 626, 629, 632
636, 639, 643, 646, 650, 653, 657, 660
664, 668, 671, 675, 679, 682, 686, 690
693, 697, 701, 705, 709, 712, 716, 720
724, 728, 732, 736, 740, 744, 748, 752
756, 760, 764, 769, 773, 777, 781, 785
790, 794, 798, 803, 807, 811, 816, 820
825, 829, 834, 838, 843, 847, 852, 856
861, 866, 870, 875, 880, 885, 890, 894
899, 904, 909, 914, 919, 924, 929, 934
939, 944, 949, 954, 960, 965, 970, 975
981, 986, 991, 997, 1002, 1007, 1013, 1018

b

/1 Nunber of fractional bits in the fixed point representation of
/1 the entries in exponential _table.
const int EXPONENTI AL_TABLE_FRAC BITS = 9;

/'l Fi xedPoi nt approximati on of exp2(fp) = 2*fp
Fi xedPoi nt exp2() const {

int int_part = IntPart();

int frac_part = FracPart();

if (PRECI S| ON >= EXPONENTI AL_TABLE_RESOLUTI ON) {
frac_part >>= PRECI S| ON - EXPONENTI AL_TABLE_RESCLUTI ON;

el se {
frac_part <<= EXPONENTI AL_TABLE RESOLUTI ON - PRECI S| ON;

}

int frac_exp = (int)( EXPONENTI AL_TABLE[frac_part]);

if (int_part >= EXPONENTI AL_TABLE_FRAC BI TS - PRECI SI ON)
frac_exp <<= int_part + PRECI SION - EXPONENTI AL_TABLE_FRAC BITS;

el se {
frac_exp >>= EXPONENTI AL_TABLE FRAC BITS - PRECISION - int_part;
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Syntax

}

Fi xedPoi nt res;
res. _data = frac_exp;
return res;

}

/1 static functions

/] intpart

static int intpart(Fi xedPoint fp) {
return fp.IntPart();

}

Il fracpart
static int fracpart(FixedPoint fp) {
return fp.FracPart();

}

/1 round
static int round(Fi xedPoint fp) {
return fp.round();

}

/1 Right shift

static Fi xedPoi nt operator>>(Fi xedPoi nt x, unsigned int i) {
Fi xedPoi nt z(x);
return z >>= j;

}

Il Left shift

static Fi xedPoi nt operator<<(Fi xedPoint x, unsigned int i) {
Fi xedPoi nt z(Xx);
return z <<= i;

}

/'l Negation

static Fi xedPoint operator-() {
Fi xedPoi nt fp(*this);
fp._data = -fp._data;
return fp;

}

/1 Addition

static Fi xedPoi nt operator+(Fi xedPoi nt x, FixedPoint y) {
Fi xedPoi nt z(x);
return z +=vy;

}

/1 Addition of fp and int (right)

static Fi xedPoi nt operator+(Fi xedPoint x, int y) {
Fi xedPoi nt z(x);
return z +=vy;

}

/1 Addition of fp and int (left)

static FixedPoint operator+(int y, FixedPoint x) {
Fi xedPoi nt z(x);
return z +=vy;

}

/1 Subtraction

static Fi xedPoi nt operator-(FixedPoint x, FixedPoint y) {
Fi xedPoi nt z(x);
return z -=vy;

}

/1 Subtraction of int fromfp

static Fi xedPoi nt operator-(FixedPoint x, int y) {
Fi xedPoi nt z(x);
return z -=y;

}

/1 Multiplication

static Fi xedPoi nt operator*(Fi xedPoi nt x, FixedPoint y) {
Fi xedPoi nt z(Xx);
return z *=y,
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Syntax

}

/1 Multiplication by int (right)

static Fi xedPoi nt operator*(FixedPoint x, int y) {
Fi xedPoi nt z(x);
return z *=y,;

}

/1 Multiplication by int (left)

static FixedPoint operator*(int y, FixedPoint x) {
return x * vy,

}

/1 Division

static Fi xedPoi nt operator/(Fi xedPoint x, FixedPoint y) {
Fi xedPoi nt z(x);
return z /=y,

}

/1 Division by int

static Fi xedPoi nt operator/(FixedPoint x, int y) {
Fi xedPoi nt z(x);
return z /=y;

}

/1 \brief M ninum

static Fi xedPoint m n(Fi xedPoi nt x, FixedPoint y) {
return (x <=y ) ? x : vy,

}

/1 Maxi mum

static Fi xedPoi nt max(Fi xedPoi nt x, FixedPoint y) {
return (x >>y ) ? X : vy,

}

/] Fi xedPoi nt approxi nation of exp2(fp) = 2°fp
static Fi xedPoi nt exp2(Fi xedPoint fp) {

return fp.exp2();
}

private:
int _data;

}s

8.4.2 Fixed Point Instances

Table 8-25: Fixed Point Instances

Syntax
typedef Fi xedPoi nt <10> LNFP; /1 1 ognorm
typedef Fi xedPoi nt <10> BAFP; /1 bit allocation
typedef Fi xedPoi nt <4> LBFP; /1 band size
typedef Fi xedPoi nt <5> RBFP; /1 running bal ance
typedef Fi xedPoi nt<11> BQFP; // Band Quanti zer
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9 ACE Decoder

9.1 Overview

An ACE elementary bitstream consists of a sequence of frames, where each frame encodes one or more waveforms for
agiven specified window in time. In general, ACE frames have tempora dependencies and can only be successfully
decoded when a previous frame has been successfully decoded. An elementary bitstream may be partitioned in Group
of Frames (GoF), where each GoF is a contiguous set of frames that may be decoded independently of any frames
preceding or following the GoF, (see Figure 9-1). Thefirst frame in a GoF isreferred isreferred to asa SYNC frame.
Thefirst frame in an ACE elementary bitstream is always a SYNC frame.

- Frame 2 Frame 3 Frame 4 - Frame 6 Frame 7 Frame 8

- |
L |

v

A

Group of Frames Group of Frames

Figure 9-1: ACE Elementary Stream

9.2 Bitstream

9.2.1 Bitstream Data and Method

An ACE bitstream consists of one or more Frames that are read out sequentially, as shown in Table 9-1.

Table 9-1: BitStream Data and Methods

Syntax Reference
/1 A bitstream consists of one or nore Franes that are read out sequentially.

struct BitStream {

Frame frane[];
voi d read_bitstrean(); 9.2.2

}

9.2.2 read_bitstream

read_bitstream() fetches and process the ACE audio frames in presentation order, as shown in Table 9-2.

Table 9-2: read_bitstream

Syntax Reference

read_bitstrean() {
Frame* previous = NULL;

for (int i=0;;i++) {
frame[i].read_franme(previous); 9.3.2
previous = &franme[i]);

}

}
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9.3 ACE Frames

9.3.1 Frame Data and Methods

A Frame, shown in Table 9-3, encapsulates one or more compressed waveforms, logically grouped in SreamSets; each
StreamSet logically groups a number of audible elements (Streams) that are intended to be played out together.

Table 9-3: Frame

Syntax Reference

struct Frame {
Frane *_previ ous;
ui nt _paddi ng;
FrameHeader _header;
StreanBet streanset[];

voi d read_decode_frame(Franme* previous); 9.3.2

Parameters
e previous- pointer to the previous Frame, initialized to NULL at the initialization of a decoder.
e padding - the number of padding bytes. Padding bytes are to be ignored by a compliant decoder.

. _header - datathat are common for all streamsetsin aFrame, as well as for streamset-specific datafor al
streamsets present in a Frame.

. streamset[] - the actual streamsets within a Frame.

. read_decode frame() -read and decode a single Frame from a bitstream.

9.3.2 read_decode_frame

The function read_decode_frame, shown in Table 9-4, reads and decodes a single frame from a bitstream. This function
takes a pointer to the previous Frame as input parameter.

Table 9-4: read_decode_frame

Syntax Reference
/'l Read a single Frane fromthe bitstream
/1
// paraneter[in] frane: pointer to the previous frane.

voi d read_decode_franme(Frame* frame) {

/1 Remenber previous frame
_previous = frane;

/] read frame header

_header.read_franme_header(this);
/1 read padding info 9331
read_paddi ng()

/'l read streansets
for (int i=0;i<_header.numstreamsets;i++) {

streanset[i].read_decode_streanset (this, & _header.streanset_header[i])); 96.2
}
/1 skip padding bytes.
ski p(_paddi ng) ; 8.2.2
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9.3.3 Function Supporting read_decode_frame

9.3.3.1 read_padding

The function read_padding, shown in Table 9-5, reads the number of bytesto be skipped (_padding) after completion
all of the streamsetsin aFrame.

Table 9-5: read_padding

Syntax Reference
/1 read nunmber of padding bytes froma bitstream

voi d read_paddi ng() {

_padding = 0;
Tabl e PRI MARY_TABLE = {7, 31};
Tabl e ESCAPE_TABLE = {};

i f (_header. has_paddi ng) {
_paddi ng = ReadVLC( PRI MARY_TABLE, ESCAPE_TABLE ); 8.2.15

9.4 ACE Frame Header

9.4.1 Frame Header Data and Methods

The structure of a Frame Header is show in Table 9-6. A FrameHeader records Frame properties that are persistent for
every StreamSet and every Stream contained within aFrame. A Frame is encoded as a byte-aligned data packet that
may contain zero or more padding bytes. Any decoder conforming to the present document shall ignore padding data (if
present). Properties that are not explicitly encoded in the bitstream (i.e. not a sync frame) are generally copied or
derived from the corresponding data in the previous frame.

Table 9-6: FrameHeader

Syntax

struct FrameHeader {

Frame* frame;
FraneHeader *previ ous;

bool is_sync;

uint sanpling_rate;
uint frame_duration;
bool enabl e_deenphasi s;
uint numstream sets;
bool has_paddi ng;

St reanSet Header streanset _header[];
voi d read_frane_header (Frane* frane);

Parameters
e  frame- pointer to the containing Frame.
. previous - pointer to the FrameHeader of the previous Frame.
. is_sync - indicating the start of a Group of Frames.

. sampling_rate - the sampling rate of the waveforms encoded in a Frame, with allowed values of 44 100 Hz
and 48 000 Hz. The sampling_rate value is copied from the previous frame in anon-sync frame. The
sampling_rate shall be constant for a bitstream.
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. frame_duration - the duration of the encoded measured in number of samples. The value of frame_duration
shall be equal to 1 024.

. enable_deemphasis - indicating whether de-emphasis processing is enabled for the frame or not.

. num_stream_sets - the number of streamsetsin aFrame. The value of this property is not required to be
constant throughout a Group of Frames.

. has_padding - whether a Frame includes padding data (has_padding = true) or not (has_padding = false).

. streamset_header[] - an array of num_streamset_headers streamset headers. The number of streamsets within
a Group of Frames need not be constant.

. read_frame_header() - read FrameHeader from bitstream.

9.4.2 read_frame_header

The function read_frame_header, shown in, reads basic information, shared across all streamsets, from a bitstream.

Table 9-7: read_frame_header

Syntax Reference
/'l read the FrameHeader from a bitstream
/1
/! paraneter[in] frane: pointer to the franeheader in the previous frane

voi d read_frane_header (Frane* containing_franme) {

align(); 8.2.1

/'l pointer to corresponding Frane
frame = contai ning_franeg;

/1 pointer to previous frane header
previ ous = NULL;
if (frame->_previous) {
previous = &(frame->_previous._header);

}

/1l read is_sync 9.4.3.1

read_i s_sync();

/] Set default val ues

if ('is_sync) { [// copy fromprevious franme
sanpling_rate = previous->sanpling_rate;
frame_duration = previous->frame_duration;
enabl e_deenphasi s = previ ous->enabl e_deenphasi s;

/'l read from bitstream

el se {
read_enabl e_deenphasi s(); 9.4.3.2
read_frame_duration(); 9.4.3.3
read_sanpling rate(); 9.4.3.4
1ead_num_st ream sets(); 9.4.35
read_has_paddi ng() ; 9.4.3.6

for (int i=0;i<numstreamsets;i++) {
streanset _header[i].read_streanset_header(franme, previous,i); 952
}

}
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9.4.3 Functions used by read_frame_header

9.4.3.1 read_is_sync

The function read_is_sync, shown in Table 9-8, reads the sync flag from the bitstream. A Frame with theis_sync flag
set to trueis referred to as a sync-Frame, and indicates the start of a GoF. In a sync-Frame, bitstream metadata are not
predicted or derived from metadatain a previous Frame. The sync flag, when true, is followed in the bitstream by a
reserved Boolean, which should be set to false.

Table 9-8: read_is_sync

Syntax Reference
/'l Read the sync froma bitstream
read_is_sync() { 8.2.7
i s_sync = ReadBool ();
}

9.4.3.2 read_enable_deemphasis

The function read_enable_deemphasis(), shown in Table 9-9, reads the enable_deemphasis Boolean flag, which enables
(enable_deemphasis = true) or disables de-emphasis processing in the decoder.

Table 9-9: read_enable_deemphasis

Syntax Reference

/'l Read the enabl e_deenphasis flag

voi d read_enabl e_deenphasi s() {
coded_val = 0;
whil e (coded_val <= 3){
uint b = ReadBit(); 8.2.6
if (b ==0)
br eak;
coded_val ++;

switch ( coded_val ) {

case 0:
enabl e_deenphasi s = true;
br eak;

case 1:
enabl e_deenphasis = fal se;
br eak;

defaul t:
abort("reserved value"); // values 2, 3 are reserved for future use

9.4.3.3 read_frame_duration

The function read_frame_duration, shown in, reads the duration of the encoded measured in number of samples. For
this version of the specification the only allowed value is 1 024.

Table 9-10: read_frame_duration

Syntax Reference

/! Read frame_duration from bitstream

void read_frame_duration() {

uint frame_duration_index = ReadUnary(2); 8.2.10

if (frame_duration_index == 0) {
frame_duration = 1024;

el se {
abort ("reserved val ue");

}

}
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9.43.4 read_sampling_rate

The function read_sampling_rate(), shown in Table 9-11, reads the sampling rate of the waveforms encoded in a
Frame, with allowed values of 44 100 Hz and 48 000 Hz. The sampling_rate value is copied from the previous frame in
anon-sync frame. The sampling rate is constant for the duration of an ACE bitstream.

Table 9-11: read_sampling_rate

Syntax Reference
/1 Read sanpling rate from bitstream
void read_sanpling_rate() {
uint sanpling_rate_index = ReadUnary(2); 8.2.10

if (sanpling_rate_index == 0) {
sanpling_rate = 48000;

else if {
sanpling_rate = 44100;
el se {

abort ("reserved val ue");

9.4.3.5 read_num_stream_sets

The functionread_num_stream_sets, shown in Table 9-12, reads the number of streamsets within a Frame. Thisvalue
is dynamic and may change from frame to frame.

Table 9-12: read_num_stream_sets

Syntax Reference
/!l Read num stream sets from bitstream
read_num streamsets () {
num stream sets = ReadlLi m tsVLC() + 1, 8.2.16
}

9.4.3.6 read_has_padding

The functionread_has_padding, shown in Table 9-13, reads the has_padding flag from the bitstream. If thisflag is set,
the number of padding bytes will be read from the bitstream before frame parsing continues.

Table 9-13: read_has_padding

Syntax Reference
/'l Read padding flag
read_has_padding () {
has_paddi ng = ReadBool (); 8.2.7
}

9.5 ACE StreamSetHeader

951 StreamSetHeader Data and Methods

A SreamSetHeader, shown in Table 9-14, carries the metadata that are common for all streamsincluded in a StreamSet.
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Table 9-14: StreamSetHeader

Syntax

ui

ui

ui
ui
ui
ui

ui
ui

ui
ui
ui

struct StreanSet Header {

Frame* frane; // pointer to containing frane
FraneHeader * frane_header; /1 pointer to containing frane header
St r eanSet Header *previ ous; /'l pointer streansetheader in previous frane

nt

nt

bool

nt
nt
nt
nt

nt
nt

nt
nt
nt

voi d

streanset _i ndex; /1 index of streanmset in streanset array

streanset _id; /1 unique identifier for streanset
i s_predictive; I/ is predictive netadata being used?

num | fe_stream /1 nunber of LFE streans

num nono_st r eans; /1 nunber of nono streans

num st er eo_streans; /1 nunber of stereo streans

num | fe_channel s[]; /'l nunber of LFE channels for each LFE stream

nmono_bandw dt h_node[ ] ; // bandwi dth node for nono streans
st ereo_bandwi dt h_node[]; // bandwi dth node for stereo streams

| fe_stream payl oad_si ze[]; /1 payl oad size for LFE streams in bytes
nono_st ream payl oad_si ze[]; /1 payl oad size for nono streanms in bytes
stereo_stream payl oad_si ze[]; // payload size for stereo streans in bytes

read_streanset _header (Frane* frane,
FrameHeader *contai ni ng_framnme_header
ui nt index);

Parameters

9.5.2

The functionread_streamset_header, shown in Table 9-15, reads streamset header data from a bitstream.

frame - pointer to containing Frame.

frame_header - pointer to containing FrameHeader.

previous - pointer to the corresponding StreamsetHeader in the previous Frame.
streamset_index - index of streamset in streamset array.

streamset_id - streamset identifier, binding streamsets across frames.

is_predictive - boolean value equal to true if streamset metadatais predicted or derived from previous frames.
num_Ife_streams - the number of LFE streams in the streamset.

num_mono_streams - the number of mono streamsin the streamset.
num_stereo_streams - the number of stereo streams in the streamset.
num_Ife_channelq[] - the number of LFE channels for each of the LFE streams.
mono_bandwidth_mode[] - the bandwidth mode for each of the mono streams.
stereo_bandwidth_mode[] - the bandwidth mode for each of stereo streams.
Ife_stream_payload_siz€[] - the payload size for each of the LFE streams (bytes).
mono_stream_payload_size[] - the payload size for each of the mono streams (bytes).
stereo_stream_payload_siz€[] - the payload size for each of the stereo streams (bytes).

read_streamset_header () - read StreamSetHeader from bitstream.

read_streamset _header
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Table 9-15: read_streamset_header

Syntax Reference

/1l read a streanmset header froma bitstream

11

/] paraneter[in] frane: pointer to containing frane

/] paraneter[in] header: pointer to containing frame header
/] paraneter[in] index: index in the streanset array

voi d read_streanset _header (Franme *contai ni ng_frane,
FraneHeader * cont ai ni ng_frane_header
uint index) {

frame = containi ng_frane;
frame_header = contai ni ng_frame_header;
streanset _i ndex = index;

bool is_sync = frane->_header.is_sync;

/! Read streanset_id
read_streanset _id(); 9.5.3.1

/] Default val ues
previ ous = NULL;
is_predictive = fal se;
if (lis_sync) {
uint prev_numstream sets = frane_header->previ ous->num stream sets;
StreanBet Header prev_streanset_header[] =
franme_header - >pr evi ous- >str eanset _header ;
for (int index = 0; index<previous_num stream sets;index++) {

if (prev_streanset_header[index].streamid == stream.id) {
/1 has this streanset been precessed before
previous = &previous_streanset _header[index];
is_predictive = true;
br eak;

}

}
}

if (is_predictive) {

num | fe_stream = previ ous->num | fe_streans;

num nono_streana = previ ous->num nono_st reans;

num st ereo_stream = previ ous-> num st ereo_streans;
num | fe_channel s = previ ous->num | fe_channel s;

mono_bandwi dt h_nmode = previ ous->nmono_bandwi dt h_node;
st ereo_bandw dt h_nbde = previ ous- >st ereo_bandw dt h_node;

}
el se {
read_stream.information(); 9.5.3.2
read_bandwi dt h_node(); 9.5.3.6
}
for( uint i =0; i < numlfe_streans; ++i ) {
read_| fe_stream payl oad_si ze(i); 9.5.3.3
}
for( uint i = 0; i < numunono_streans; ++i ) {
read_nono_st ream payl oad_si ze(i); 9.5.34
for( uint i =0; i < numstereo_streans; ++i ) {
read_stereo_stream payl oad_si ze(i); 9.5.35
}

}

9.5.3 Functions called from read_streamset_header

9.5.3.1 read_streamset_id

The function read_streamset_id, shown in Table 9-16 reads the streamset_id from the bitstream. The streamset_id
binds streamsets across time.
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Table 9-16: read_streamset_id
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Syntax Reference
/'l read streanset_id
voi d read_streanset _id() {
streanset _id = ReadLi mtsVLC((); 8.2.16
}

9.5.3.2 read_stream_information

The function read_stream_information, shown in Table 9-17, reads the composition of a streamset as a set of

LFESreams, MonoStreams, and StereoStreams from the bitstream.

Table 9-17: read_stream_information

Syntax Reference

/1l Read streaminformation fromthe bitstream
/1
/1 1. The first 10 conposition code val ues indicate conmopn conpositions.
/1 2. The 11th conposition code val ue indicates an explicit conposition.
/1 3. The renuining conposition code val ues are reserved.
voi d read_stream.information() {

uint stream.info_code = ReadLi mtsVLC(); 8.2.16

switch( stream.info_code ) {

case 0: // 0bO -> 1p0
num | fe_streans = O;
num nono_streans = 1; /1 mono streans
num stereo_streans = 0; // stereo streans
br eak;

case 1: // 0bl10 -> 2p0
numl|fe_ streans = 0
num nono_streans =
num st ereo_streans
br eak;

0; /1 mono streans
= 1; // stereo streans

case 2: // 0b1100 -> 5pl
num| fe_streanms = 1,
num nono_streans = 1, /1 mono streans
num stereo_streans = 2; // stereo streans
br eak;

case 3: // 0b1101 -> 7pl
num|fe_streams = 1

num nono_streans =
num st ereo_streans
br eak;

(Y
=3; //

case 4: // 0b1110 -> 11p1
num | fe_streams = 1
num nono_streans =
num st ereo_streans
br eak;

1
=5 17/

case 5: // 0b111100 -> 5p0
numl|fe_streans = 0
num nono_streans =
num st er eo_st r eans
br eak;

(Y
=2,/

case 6: // 0b111101 -> 8p0
num | fe_streams = 0
num nono_streans =
num st ereo_streans
br eak;

0, /1
=4; [/

case 7: // 0b111110 -> 9p1
num| fe_streans = 1;
num nono_streans = 1; /1

nmono streans
stereo streans

nono streans
stereo streans

nmono streans
stereo streans

nmono streans
stereo streans

nmono streans
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Syntax Reference
num stereo_streans = 4; // stereo streans
br eak;
case 8: // 0b11111100 -> 8p1l
num| fe_streanms = 1,
num nono_streans = 2; /1 mono streans
num stereo_streans = 3; // stereo streans
br eak;
case 9: // 0b11111101 -> 10p1
num| fe_streans = 1;
num nono_streans = 2; /1 mono streans
num stereo_streans = 4; // stereo streans
br eak;
case 10 // (code=0b11111110) explicit listing
num | fe_streanms = ReadLimtsVLC(); 8.2.16
for (int i =0; i < numlfe_streans; i++) {
num | fe_channel s[i] = 1 + ReadLi mtsVLC();
}
num nono_streans = ReadLim tsVLC(); 8.2.16
num st ereo_streans = ReadLi m tsVLC(); 8.2.16
br eak;
defaul t: 8.2.11
abort ("reserved val ue");
}
}
9.5.3.3 read_Ife_stream_payload_size
The function read_|fe_payload_size, shown in Table 9-18, reads an LFE payload size from the bitstream.
Table 9-18: read_Ife_stream_payload_size
Syntax Reference
/'l read an LFE payl oad size froma bitstream
void read_| fe_stream payl oad_si ze(ui nt stream.idx) {
| fe_stream payl oad_si ze[ stream i dx] = ReadNonUni f or nFi veTen(); 8.2.17

}

9.5.3.4 read_mono_stream_payload_size

The function read_mono_stream payload_size, shown in Table 9-19, reads a MonoStream payload size from the

bitstream.

Table 9-19: read_mono_stream_payload_size

Syntax Reference
/1 read a MonoStream payl oad size froma bitstream
voi d read_nono_stream payl oad_si ze(ui nt stream.idx) {
Tabl e PRI MARY TABLE[] = {2,7,9,13};
Tabl e ESCAPE_TABLE[] = {24, 32};
nmono_st ream payl oad_si ze[ stream i dx] = ReadVLC( PRI MARY_TABLE, ESCAPE_TABLE) ; 8.2.15

}

9.5.3.5 read_stereo_stream_payload_size

Thefunctionread_stereo_stream payload_size, shown inTable 9-20, reads a SereoSream payload size from the

bitstream.
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Table 9-20: read_stereo_stream_payload_size

Syntax Reference
/1 read an StereoStream payl oad size froma bitstream
voi d read_stereo_stream payl oad_si ze(uint stream.idx) {
Tabl e PRI MARY TABLE[] = {2,7,9,13};
Tabl e ESCAPE TABLE[] = {24, 32};
st ereo_stream payl oad_si ze[ stream i dx] = ReadVLC(PRI MARY_TABLE, ESCAPE_TABLE) ; 8.2.15

}

9.5.3.6 read_stream_bandwidth_mode

Thefunction read_stream bandwidth _mode, shown in Table 9-21, reads bandwidth mode information from a
bitstream. The bandwidth mode only applies to non_L FE streams and determines the number of bands that are coded

(num_effective_bands).

Table 9-21: read_stream_bandwidth_mode

Syntax

Reference

/'l read bandwi dth nodes froma bitstream
voi d read_stream bandwi dt h_node() {

if( (numnono_streans + numstereo_streans ) == 1) { // single bandw dth node
ui nt bandwi dt h_nbde = ReadUint (2);
nmono_bandwi dt h_node[ 0] = bandwi dt h_node;
st ereo_bandw dt h_nmode[ 0] = bandw dt h_node;

el se { /| separate nono and stereo bandw dth node
bool bandwi dt h_si gnal i ng_nbde = ReadBool ();
if ( bandw dt h_signaling_node == 0 ) Il per streamtype bandw dth node
{
ui nt nono_bandw dt h_node = ReadUi nt (2);
for( uint i = 0; i < numunono_streans; ++i ) {
nmono_bandwi dt h_node[i] = nono_bandw dt h_node;
}

uint stereo bandw dt h_node = ReadUint (2);

for( uint i =0; i < numstereo_streans; ++i ) {
stereo_bandwi dth_nmode[i] = stereo_bandw dt h_node;

}

else // per stream bandw dth node

for( uint i =0; i < numnono_streans; ++ ) {
nono_bandwi dt h_node[i] = ReadUi nt (2);

for( uint i =0; i < numstereo_streans; ++i ) {
st ereo_bandw dth_node[i] = ReadUi nt(2);
}

}
}
}

8.2.8

8.2.7

8.2.8

8.2.8

8.2.8

8.2.8

9.6 ACE Stream Set

9.6.1 Stream Set Data and Methods

A StreamSet, shown in Table 9-22, aggregates one or more waveforms that are intended to be played back together. The

composition of a StreamSet is recorded in its associated header.
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Table 9-22: AceStreamSet

Syntax

struct AceStreanSet {

Frame* _frame;
StreanBSet Header * _header ;
StreanBet* _previous;

LFEStream _| fe_streans[];
MonoSt ream _nono_streans[];
StereoStream _stereo_streans[];

float _Ife_buffers[][]; /'l buffers carrying LFE sanpl es
float _nono_buffers[][]; /1 buffers encoded as nono
float _stereo_buffers[][]; /1 buffers encoded as stereo

voi d read_decode_streanset (Frame* frame, StreanBetHeader, uint index);

Parameters
_frame - pointer to the containing frame.
_header - pointer to the streamset header for this streamset.
_previous - pointer to the streamset in the previous frame (same stream _id).
_Ife_streams - LFE streamsin the streamset.
_mono_streams - mono streams in the streamset.
_stereo_streams - stereo streams in the streamset.
_Ife_buffers - the decoded waveforms for LFE streams, with one or more channels per LFE stream.
_mono_buffers - the decoded waveforms for mono streams, with one channel per mono stream.
_stereo_buffers - the decoded waveforms for mono streams, with two channels per stereo stream.

read_streamset() - read streamset from bitstream.

9.6.2 read_decode_streamset

The function read_decode streamset, shown in Table 9-23, reads and decodes a StreamSet from a bitstream by reading
and decoding all of itsincluded streams (LFE, mono, stereo).

Table 9-23: read_decode_streamset

Syntax Reference
/1 reading a streanset froma bitstream

voi d read_decode_streanset (Frame* frame, StreanfBetHeader header, uint index) {

_frame = frane;
_header = header;

/] pointer to streanset in previous frane

_previous = NULL;

i f (_header->previous) {
uint prev_streanset_index = _header- >previ ous- >streanset _i ndex;
_previous = (frame->_previous).streanset|[prev_streanset_index];

}

uint numlfe_stream = _header->num.|fe_streans;

ui nt num nono_streans = _header->num nono_st r eans;
uint num stereo_streans = _header->num st ereo_streans;

/'l assign LFE buffers and process
float |fe_buffers[][] = _Ife_buffers;
for (int i=0;i<numlfe_streans;i++) {
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Syntax Reference
Ife_streanfi].read_decode_|Ife_streanm(franme,this,|fe_buffers,i); 972
| fe_buffers += _header.num|fe_channel s[i];

}

/1 assign nmono channel s and process

float mono_buffers[][] = _nono_ buffers;

for (int i=0;i<numdecode_nono_streans;i++) {
nono_streanfi].read_decode_nono_strean(frane,this, nono_buffers,i); 982
nmono_buffers += 1;

}

/1 assign stereo channels and process

float stereo_buffers[][] = _stereo_channel;

for (int i=0;i<numstereo_streans;i++) {
stereo_streanfi].read_decode_stereo_strean(frane,this,stereo_buffers,i); 983
stereo_buffers += 2;

}

}

9.7 ACE LFEStreams

9.7.1 LFE Stream Data and Methods

An LFEStream holds one or more LFEChannels. Parsing an LFEStream amounts to parsing and decoding its included
LFEChannels. An LFEStream contains the data listed in Table 9-24.

Table 9-24: LFEStream

Syntax

struct LFEStream {

Frame* _franeg;
StreanBet * _streanset;
LFESt ream *_previ ous;
uint _stream. ndex;

LFEChannel _Ife_channel [];

voi d read_decode_| fe_strean( Frane*frane,
Streanet * streanset,
ui nt stream.i ndex,
float |fe_buffer[][]);

Parameters
e frame- pointer to the containing frame.
e _streamset - pointer to the containing streamset.
e _previous- pointer to the LFE stream in the previous frame.

. _stream_index - index of the LFE stream.

_Ife_channdl[] - list of channelsin the LFE stream.

. read_decode _Ife_stream() - read an LFE stream from bitstream.

9.7.2 read_decode_Ife_stream

The function read_Ife_decode_stream, shown in Table 9-25, parses and decodes an LFE stream by parsing and
decoding itsincluded LFE channels.
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Table 9-25: read_decode_Ife_stream

Syntax

Reference

/1 Parse an LFE streamfromthe bitstream

/] paraneter[in] frane: pointer to the current frane

/] paraneter[in] streamset: pointer to the containing stream set.

/] paraneter[in] stream.index: index _|fe_streamarray in stream set.
/1 paraneter[out] |fe_channel: PCM output buffers

voi d read_decode_| fe_strean( Frane* franeg,
Streanet* streamnset,
uint stream.i ndex,
float |fe_buffers[]) {

_frane = frane;

_streanset = streanset;
_stream.index = stream.i ndex;
_previous = NULL;
_Ife_channel = |fe_channel;

if (_streanset->_previous) {
StreanfSet* prev_streanset = _stream set-> previous;
_previous = & prev_streamset->_|fe_strean]_stream.i ndex]);

}

uint numlfe_channel s[] = (_stream set-> header).num.|fe_channels;
for (int i=0;1 < numlfe_channel s[_stream.index];i++) {

_Ife_channel[i].read_decode_| fe_channel (_frane, this, _Ife buffers[i],i);

}
}

9.73.2

9.7.3 LFEChannel

9.7.3.1 LFEChannel Data and Methods
An LFEChannél contains the datalisted in Table 9-26.

Table 9-26: LFEChannel

Syntax
struct LFEChannel {
/'l Reference pointers
Frame* _frane,; // pointer to current frane
LFEStreant _stream // pointer to stream
LFEChannel * _previ ous; // pointer to LFEChannel in previous frane
ui nt _channel _i ndex; // index in the LFEChannel array

// derived properties

uint _Ife_node;

fl oat _stepsize;

uint _frane_duration;

uint _deci mated_frame_durati on;

/1 Properties frombitstream
uint _resolution;

ui nt _savings;

ui nt _dbnorm

float _predictor[2];

/1 sanpl e val ues
float _I|fe_decinmated_buffer[];
float _Ife_buffer[];

/1 main nethods
voi d read_decode_| f e_channel (Franme* frane,
LFEStreant |fe_stream
ui nt channel _i ndex,
float[] |fe_buffer); /] bitstream parsing
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Syntax

}

voi d

decode_| fe_channel (); // decoding to output

Parameters

9.7.3.2

_frame - pointer to containing frame.

_stream - pointer to LFEStream.

_previous - pointer to LFEChannel in previous frame.
_channel_index - index of channel in LFEChannel array.

_Ife_mode - the operating mode of the L FEStream decoder. When _is predictive = false, the predictive mode
kLFEPredictMode is prohibited.

_resolution - the default number of quantization levels for the reconstruction of sample values. The allowed
valuesare 8, 10 and 12.

_savings - adjustment of the actual number of quantization levels for the reconstruction of sample values. The
alowed valuesfor _savingsare0, 2, 3 and 4.

_dbnorm - the energy of the reconstructed signal.
_predictor - the two prediction coefficients for LFE sample reconstruction from residuals.

_decimated_frame_duration - the number of decimated and encoded LFE samplesis, and is computed from
frame_duration (division by 64).

_Ife_decimated_buffer - the buffer of absolute sample index values (_Ife_mode != kLFEPredictMode) or
residual samplesindex values (all other modes). Output sample values are computed by inverse quantization
and/or prediction. The valuesin this vector are decimated with respect to output valuesin _Ife_buffer.

_Ife_buffer -the output buffer for the LFE channel, obtained by upsampling of _Ife decimated buffer.
read_|fe channel() - read an LFEChannel from the bitstream.

decode Ife_channel() - decode an LFEChannel.

read_decode_Ife_channel

The function read_decode_|fe_channel, Table 9-27, reads metadata for a single LFE channel. This function ends with
decode_|fe_channel reconstructing PCM values from the data that has been read from the bitstream.

Table 9-27: read_decode_Ife_channel

Syntax Reference

read_| fe_channel (Frane* frane,

const
const
const
const
const

/] pointer to current frame
_frame = frane;

/] pointer to stream

_stream = stream

/1 channel index

_channel _i ndex = channel _i ndex;
/1 PCM buf fer

_|Ife_buffer = Ife_buffer;

LFESt reant stream
ui nt channel _i ndex
float |fe_channel []){

ui nt LFE_DECI MATI ON_FACTOR = 64; /1 decimation factor for the LFE signal
ui nt LFE_ABSOLUTE_THRESHOLD = 45;

ui nt LFE_REDUCED THRESHOLD = 60;

ui nt LFE_RESOLUTI ON_DECREMENT = 4;

float LFE_NORMALI ZED STEPSI ZE = 4. 48;
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Syntax Reference
set(_I fe_buffer,0);
/'l pointer to LFE channel in previous frane
_previous = NULL;
if (stream >_previous) {
_previous = & stream >_previous->_|fe_channel [ _channel _i ndex]);
/1 decinmated frane duration
_frame_duration = _franme->_header.frane_duration;
_decinmated_frame_duration = frane_duration / LFE_DECI MATI ON_FACTOR
read_resol ution() 9.7.3.3.1
read_savings(); 9.7.3.3.2
read_dbnorn(); 9.7.3.3.3
// predicting fromresiduals
if (_savings !'=0) {
read_predictor(); 97334
_resolution -= _savings; 97331
| f e_deci mat ed_channel (); 9.7.3.3.5
_|I fe_node = kLFEPredi ct Mode; 9.7.3.2
}
/1 using non-predicted val ues
el se { 9.7.3.3.5
i f (_dbnorm <= LFE_ABSOLUTE_THRESHOLD) {
read_| fe_deci mat ed_buffer();
_| fe_npde = kLFEAbsol ut eMbde; 9.7.3.2
}
else if (_dbnorm <= LFE_REDUCED THRESHOLD) { 9.7.3.35
_resolution -= LFE_RESOLUTI ON_DECREMENT;
read_| fe_deci mat ed_buffer();
_lI fe_mde = kLFEReducedMbde; 9.7.3.2
el se {
_I fe_npde = kLFESynt heti cMbde;
}
float factor = db_to_linear(_dbnorm * ((1 << _resolution) >> 1); 9.11.35
_stepsize = LFE_NORVALI ZED STEPSI ZE / factor;
decode_| fe_channel (); 9.11.2
}
9.7.3.3  Functions Called by read_Ife_channel
9.7.3.3.1 read_resolution
The function read_resolution reads the quantization resolution from the bitstream.
Table 9-28: read_resolution
Syntax Reference
/1 Read quantization resolution fromthe bitstream
read_resol ution() {
const uint RESCLUTI ON_TABLE[] = {8, 10, 12};
_resolution = RESOLUTI ON_TABLE[ ReadUni form(3)]; 8.2.11
}
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9.7.3.3.2 read_savings

The function read_savings reads the adjustment to resolution value for predictive decoding from the bitstream.

Table 9-29: read_savings

Syntax Reference
/! Read adjustnent to quantization resolution fromthe bitstream

read_savings() {

LFE_SAVI NGS_BI TS = 2;
_savings = ReadU nt (LFE_SAVI NGS_BI TS); 8.2.8
_savings = (_savings == 0) ? 0 : _savings + 1,

}

9.7.3.3.3 read_dbnorm

The function dbnorm reads the lognorm of the decimated L FE channel from the bitstream.

Table 9-30: read_dbnorm

Syntax Reference
// Read the | ognormof the deci mated LFE channel fromthe bitstream

read_dbnorn() {

uint LFE_NORM BI TS = 6;
_dbnorm = ReadUi nt (LFE_NORM BI TS) ; 8.2.8

}

9.7.3.3.4 read_predictor

The function predictor reads the prediction coefficient for predictive decoding from the bitstream.

Table 9-31: read_predictor

Syntax Reference
/1 Read the prediction coefficients fromthe bitstream

read_predictor() {

const uint LFE_PREDI CTI ON_ORDER = 2;
const uint LFE_LAR | NDEX_ALPHABET_SI ZE = 255;

for (int i=0;i<LFE_PREDI CTI ON ORDER; i ++) {

int index = (int) ReadUniforn{LFE_LAR | NDEX ALPHABET_SI ZE); 8.2.11
if (index &) {
_predictor[i] = -PRED CTOR _QUANTI ZATI ON_COEFF[ (i ndex+1)/ 2] ;
el se {
_predictor[i] = +PRED CTOR _QUANTI ZATI ON_CCEFF[ (i ndex+0)/ 2] ;
}
_predictor[0] = -_predictor[0] / (1 + _predictor[1]);
_predictor[1] = -_predictor[1];

9.7.3.3.5 read_lIfe_decimated_buffer

The function read_Ife_decimated buffer() reads sample values (in non-predictive mode) or residual values (in
predictive mode) from the bitstream.
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Table 9-32: read_Ife_decimated_buffer

Syntax Reference
/'l Read sanples or residuals fromthe bitstream

read_| fe_deci mated_buffer() {

/1 Read Col onb k- paraneter
ui nt kparam
uint kparam = ReadUni form(_resol ution); 8.2.11

/1 Col onb decodi ng and Ri ce nappi ng

for (int i=0;i<_decimated_frame_duration;i++) {
ui nt sanple = ReadCol onb(kparam (1U << _resolution)); 8.2.12
_Ife_deci mated_buffer[i] = (sanple & 1) ? -(sanple + 1)/2 : sanple/2;

}

}

9.8 ACE Streams

9.8.1 Stream Data and Methods

A Stream contains the data listed in Table 9-33.

Table 9-33: Stream

Syntax Reference

struct Stream {
Frame* _frane;
StreanBSet* _streanset;
Streant _previous;
ui nt stream.i ndex;
float _streambuffer[][];
uint _total _bits;

BandsConfi g* _config; 10.2.3.1

uint _frane_duration;
bool enabl e_deenphasi s;

ui nt _num stream channel s;
uint _numeffective_bands;
ui nt _num coded_bands;

bool _is_predictive;
bool _is_stereo;

ui nt _codi ng_node;
bool _is_short;

bool _is_highres;

bool _shf_enabl ed;
bool _thf_enabl ed;

/1 effective channels

uint _first_effective_channel;
uint _|ast_effective_channel;
uint _num effective_channels;

// time-frequency structure
ui nt _num band_bl ocks[];

/1 recondti oni ng
uint _reconditoning_level;

/1 Long term synthesis
uint _Its_lag;
float _Its_coefficients[];

/1 Lognorm

LNFP _lognorni][];
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Syntax Reference

LNFP _I ognormwi th_offset[];

/] Bit Allocation

uint _alloc[];

uint _all oc_nodel;

uint _all oc_nodel _paraneter;
uint _alloc_max[];

uint _alloc_mn[];

uint _alloc_delta[];

uint _m n_guaranteed_all oc;

/1 stereo

ui nt _num ns_nono_bands;

uint _stereo_flag[];

uint _full _frame_stereo_coding flag;
uint _Ir_alloc_region_node[];

/1 1 ognorm refinement

uint first_refinement_alloc[];

uint _saved_late_refinenent_alloc[];
uint _late_refinenent_alloc[];

/| deenphasi s
fl oat _deenphasis_prev[];

voi d read_decode_strean( Frane* frane, StreanBet* streanset, uint index, float
buffer[][]);
}

Parameters
. _frame - pointer to the containing frame.
. _streamset - pointer to the containing streamset.

e _previous- pointer to the stream in the previous frame.

. _stream_index - index in the array of streamsin the streamset.

e stream_buffers- buffers holding the decoded PCM samples.

e _config - band configuration, including definition of spectral bands.

. _total_bits - the number of bits available for reading and decoding.

e _frame duration - frame duration in number of samples

. _enable_deemphasis - Boolean flag indicating whether de-emphasis processing is enabled for this stream.
e  _is predictive - is metadata predictively encoded?

e is stereo - if true, this stream contains two channels that are jointly encoded (stereo stream). Otherwise, this
stream contains precisely one channel (mono stream).

. _coding_mode - signalling which channels have spectral data encoded in the bitstream: none, al, left only,
right only.

_first_effective_channel - the (index of the) first channel that is encoded in the bitstream.

_last_effective_channel - the (index of the) last channel that is encoded in the bitstream.

. _num_stream_channels - number of channels in the stream: one for mono, two for stereo.
e _num_effective_channels - number of effective channels.

. _num_effective_bands - number of effective bands, determined by bandwidth.

e _num_coded_bands- number of bands encoded in the bitstream.
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_is short - if true, areduced frequency resolution of 128 spectral linesis used, associated with either 4 or 8
MDCT blocks. If false, the frequency resolution is equal to the frame duration, with asingle MDCT block per
frame. The former isreferred to as a short frame, whereas the latter is referred to as along frame.

e _is highres- if true, the vector quantizer used to quantize and encode bands' spectral shapes operatesin a
higher resolution mode. If false, the quantizer operates in normal resolution mode.

. _thf_enabled - if true, temporal hole filling is recommended.

. _reconditioning_level - This property holds the smoothing level value, used in the assignment of byte quota
to spectral bands.

e _lts lag- thelag for the long term synthesis filter.

. _Its coefficients - thefilter tabs for the long term synthesis filter.

e _lognorm - log 2 of spectral band norms, one value per channel, per band.

e _lognorm_with_offset - log2 of spectral bandnorm offset with mean_lognorm.

. _alloc - bit alocation per band.

e alloc_model - bit allocation model.

. _alloc_max - maximum allocation per band.

e alloc_min - minimum allocation per band that can be used for VQ index coding.

e alloc_delta - differential allocation values.

e _min_guaranteed_alloc - bit allocation guaranteed to each effective band.
e alloc_model_parameter - bit alocation model parameter.

. _unallocated_bits - number of bits not allocated by allocation module.

e _num_ms _mono_bands - number of bands that are midside-mono coded.

e  stereo flag - per band stereo flag.

e full_frame stereo_coding_flag - flagging a single stereo coding decision.

e |r_alloc_region_mode - stereo allocation mode per region.

. _first_refinement_alloc - the number of refinement bits for first lognorm refinement, one value per band.
e saved_late refinement_alloc - the number of bits saved for late lognorm refinement during band

reconstruction, one val ue per band.

e _laterefinement_alloc - the final number of refinement bits for late lognorm refinement, one value per band,
derived from _saved_late refinement_alloc and from the number of unused bits remaining after band
reconstruction.

9.8.2 read_decode _mono_stream

A MonoStream is specific instance of general Stream, with _is_stereo set to false, encoding a single waveform, as
shown in Table 9-34.

Table 9-34: MonoStream

Syntax
struct MonoStream: Stream{ _is_stereo = false; }

Thecall toread_ stream() is shown in Table 9-35.
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Table 9-35: read_decode_mono_stream
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Syntax Reference

/! Parse a nono stream fromthe bitstream
11
// paraneter[in] frane: pointer to current frane
/| paraneter[in] streanset: pointer to containing stream set
/| paraneter[in] stream.index: streamindex in containing stream set
/] paraneter[out] buffer: pointer to buffer array (single buffer only)
voi d read_decode_nono_strean( Frane* franeg,

StreanBSet* stream set,

ui nt stream. ndex,

float buffer[][]) {

read_decode_strean{frane, streanset, stream.index, false, buffer); 984

}

9.8.3 read_decode_stereo_stream

A StereoStream is specific instance of general Stream, with _is stereo set to true, encoding exactly two waveforms, as

shown in Table 9-36.

Table 9-36: StereoStream

Syntax

struct StereoStream: Stream{ _is_stereo = true; }

Thecall toread decode _stream() is shown in Table 9-37.

Table 9-37: read_decode_stereo_stream

Syntax Reference
/| Parse a stereo streamfromthe bitstream
/1
// paraneter[in] frane: pointer to current frane
/'l parameter[in] streamset: pointer to containing stream set
/] paraneter[in] stream.index: streamindex in containing stream set
/! paraneter[out] buffer: pointer to buffer array (two buffer)
voi d read_decode_st ereo_strean( Frane* frane,
StreanBSet* stream set,
ui nt stream. ndex,
float buffer[][]) {
read_decode_strean{frane, streanset, stream.index, true, buffer); 984
}
9.8.4 read_decode_stream
The functionread_decode_stream(), in Table 9-38, reads and decodes a single stream from a bitstream.
Table 9-38: read_decode_stream
Syntax Reference

/] Parse a streamfromthe bitstream

/1

/1 paraneter[in] frane: pointer to current frane

/'l parameter[in] streamset: pointer to containing stream set

/1 parameter[in] stream.index: streamindex in containing stream set
/! paraneter[in] is_stereo: is this a stereo strean?

/] paraneter[out] buffers: pointer to buffer array

read_decode_strean( Frame* frane,
StreanBet * streanset,
ui nt stream. ndex,
bool is_stereo,

ETSI




152 ETSI TS 103 491 V1.1.1 (2017-04)

Syntax Reference

float buffers[][]) {
const uint ALLOC MODEL_PARAMETER DEFAULT = 10;
/1 Reset bitstreambit counter
Bi t sUsed(0); 8.2.3
/'l Reset bitstream capacity
if (_is_stereo) {
_total _bits = (stream set->_header). stereo_stream payl oad_si ze[ _stream i ndex] <<

}
el se {
_total _bits = (stream set->_header).nono_stream payl oad_si ze[ _stream i ndex] << 3;

}

BitsTotal (_total _bits); 8.2.5
// 1s this a stereo strean?
_is_stereo = is_stereo;

/'l set nunber of stream channels
if (is_stereo) {

_num stream channel s 2;

el se {
_num stream channel s = 1;

/1 assign the output PCM channels and initialize
for (int i=0;i<_numstream channels) {

_stream buffers[i] = buffers[i];
set (_streambuffer[i], 0);
set(_lognormwith_offset[i], LOGNORM M NUS_| NFI NI TY);

set(_lognornfi], LOGNORM M NUS_ | NFI NI TY);

// pointer to frame
_frame = frane;
/1 frame duration
_frame_duration = (_frame->_header).frane_duration;
/'l enabl e deenphasis flag
_enabl e_deenphasi s = (frane->_header). enabl e_deenphasi s;
/'l pointer to stream set
_streanset = streanset;
// index to stream
_stream.index = stream.i ndex;
/1 is_predictive
_is_predictive = (_streanset -> _header).is_predictive;
// pointer to streamin previous frame
_previous = NULL;
if (_streanset->_previous) {
if (_is_stereo) {
_previous = & (_streanmset->_previous)._stereo_strean{_stream.index]);
el se {
_previous = & (_streanset->_previous)._npno_strean_stream.index]);

}

// Band configuration

_config = NULL;

if ((_frame->_header).sanpling_rate = 44100) {
_config = & BANDS_CONFI G_44p1KHZ); 10.2.3.2.2

}

if ((_frame->_header).sanpl aing_rate = 48000) {
_config = & BANDS_CONFI G _48KHZ) ; 10.2.3.2.1

/1 number of effective bands
const uint bandw dth_node_table[] = {17, 19, 21, 22};
if (_is_stereo) {
_num ef fective_bands = bandw dt h_npde_t abl e[ st er eo_bandwi dt h_node[ _stream i ndex]];

el se {

_num ef fective_bands = bandwi dt h_npde_t abl e[ nbno_bandwi dt h_nopde[ _stream i ndex] ];
}
_num coded_bands = _num effecti ve_bands;

_all oc_nodel _paraneter = ALLOC MODEL_PARAMETER DEFAULT;
if (_previous & ! _is_predictive) {
_num coded_bands = _previous -> _num coded_bands);

set (_deenphasi s_prev, 0);

read_codi ng_node(); 991
/1 conpute effective channels

conput e_effective_channel s(); 992
/| each effective band is guaranteed a minimumbit allocation (if this is all it gets,
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Syntax Reference
/1 it will be used for |ognormrefinenent).
_mn_guaranteed_alloc = _num effective_channels;

/1 set allocation boundaries, depdendent on
/1 nunber of effective channels
for (uint band = 0; band < NUM ACE_BANDS; band++) {
_alloc_max[band] = _config -> alloc_nmax[band] * _num effective_channels;
if (_is_stereo) {
_alloc_nmax[band] += _config -> bandsi ze[ band];
}

_alloc_m n[band] = max(_num stream channels, _config -> alloc_m n[band]);

/1 read long term synthesis
read_| ong_t erm synt hesi s(); 993
i f (_coding_npbde == kCodi ngOff) { 10.2.2
Il streamis not coded
_all oc_nodel _paraneter = ALLOC MODEL_PARAMETER DEFAULT,;

el se {
/] process if streamis coded
/1 vector quantizer resolution node

read_vqg_resol ution_node(); 9.94
/1 NMDCT node

read_ndct _node(); 9.95
//read SHF reconmendation

read_shf _enabl ed(); 9.9.6

/'l read THF recomendati on
if (_is_short) {

read_t hf _enabl ed(); 9.9.7
/1 Initial primary |ognorm val ues
read_| ognorm primary(); 9.9.8
read_num band_bl ocks(); 9.9.9
read_recondi tioning_level (); 9.9.11
read_al | ocation(); 9.9.12
do_first_l ognormrefinenment(); 9.9.14

// Done with parsing. Decoding starts here.
/1 Reconstruct nornalized spectral bands

read_al | _bands(); 9.10.2.2
/1 Any remaining bits are assigned to | ognorm refinenment

do_l ate_l ognorm refinenent(); 9.9.16

/1 apply | ognorm

appl y_l ognorms(); 9.9.18

// Optionally, apply tenmporal hole fill

do_tenporal _hole fill(); 9.10.7.3

/1 apply inverse | MDCT

/1 note that | MDCT application reconstructs the

/1 time-domain representation of the previous frane.
/1 any additional processing applies to the previous
/'l previous frane.

uint length = _frame_duration; /1 buffer length
uint N curr = _frame_duration; /1 transformsize for current buffer
if (_is_short) {
N curr = frame_duration >>= 3;
}
uint N prev = _frame_duration; ; /1 transform size for previous
buf f er

if (_previous->_is_short) {
N _prev >>= 3;

float curr_vector = _buffers; /1 buffer in current frame

float prev_vector = _previous -> _buffers; /1 buffer in previous frane

do_wi ndowed_i ndct (1 ength, N_prev, N curr, prev_vector, curr_vector); 9.105.2
}

// apply long termsynthesis to previous franme
/1 (current franme still waiting for tine-donain conpletion)
_previous-> do_| ongt erm synt hesi s(_previ ous_buffers, _buffers); 9.10.6.3
/1 apply de-enphasis processing (if enabled) to previous frane
/1 (current frame still waiting for time-domain conpletion)
i f(previous->enabl e_deenphasis) {

_previous -> do_deenphasis(); 9.10.8.2
}

return;
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9.9 Stream Preparation

9.9.1 read_coding_mode

The function read_coding_mode(), shown in Table 9-39, reads the coding mode from the bitstream. When
_coding_mode is equal to kCodingOff no spectral coefficients are encoded in the bitstream.

Table 9-39: read_coding_mode

Syntax Reference
// read codi ng node
uint read_codi ng_node() {
const uint CODI NG MODE_ALPHA = 4;
return ReadUnary( CODI NG MODE_ALPHA) ; 8.2.10
}

9.9.2 compute_effective_channels

The function compute_effective_channels(), shown in Table 9-40, determines the channels that are effectively encoded
in the bitstream.

Table 9-40: compute_effective_channels

Syntax
// Determine the first and last channel that are effectively coded in the bit stream
// depending on the codi ng node and the overall nunber of stream channels.
11

voi d conpute_effective_channel s() {

if (!_is_stereo || _coding_npde == kCodingFull) {
_first_effective_channel = 0;
_last_effective_channel = _num stream channels - 1;
el se {

/1 if the nunber of streamchannels is 2, and the
/1 coding node is either "left only" or "right only"
if ( _coding_nmode == kCodingLeft ) {

/1 only left

_first_effective_channel = 0;
el se {

_first_effective_channel = 1;
_last_effective_channel = _first_effective_channel;

}

}

9.9.3 read_long_term_synthesis

Thefunctionread_long_term_sysnthesis(), shown in Table 9-41, reads the long term synthesis parameters from the
bitstream. If long term synthesis is disabled, the _Its lag value and the three _Its coefficients are all set to zero.

Table 9-41: read_long_term_synthesis

Syntax Reference

voi d read_| ong_termsynthesis() {

const uint LTS LAG ALPHA = 1020;
const uint LTS LAGMN = 3;

const uint LTS LAG MAX = 1022;
const uint LTS FILTER ALPHA = 29;
const uint LTS LAG KPARAM = 4;
const uint LTS LAGLIMT = 127;
const float LTS FILTER CODEBOOK[ 29][ 3]; 10.3.1
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Syntax Reference

const uint LTS LAG DEFAULT = 0;
const float LTS _CCEFFI Cl ENTS DEFAULT = {0.0,0.0,0.0};
_Its_lag = LTS_LAG DEFAULT,;
_Its_coefficients = LTS COEFFI Cl ENTS_DEFAULT;
bool is_predictive = (_streanset->_header).is_predictive; 827
if (Its_enabled) {

bool Its_predictive = ((_previous) &%

((_previous->_Its_lag) > LTS LAG DEFAULT) &&
(is_predictive));
if(!lts_predictive) {

_Its_lag = ReadUi nt (LTS_LAG ALPHA) + LTS LAG M N, 8.2.8
_lIts_coeffients = LTS_FI LTER_CODEBOOK|[ ReadUni f or m( LTS_FI LTER_ALPHA) ] ; 8.2.11
}
el se {
/1l differential |ag
int prev_Its_ lag = _previous->_Its_|ag;

uint kparam = LTS LAG KPARAM
uint al pha = LTS LAG ALPHA;
uint linmt = LTS LAGLIMT;

int diff_Its_|ag = ReadGol onbLi m ted(al pha, kparamlimt); 8.2.13
diff_Its_lag = NegativeR ceMapDecode(diff_lts_lag); 8.3.3
_Its_lag = Modul ar(prev_Its lag + diff_Its_lag, LTS LAGMN, LTS LAG MAX); 8.3.2
/'l coefficients
bool changed = ReadBool (); 8.2.7
i f (changed) {

_Its_coeffients = LTS_FI LTER CODEBOOK[ ReadUni f or m{ LTS_FI LTER _ALPHA) ] ; 8.2.11
el se {

_Its_coeffients = _previous->_|ts_coeffients;

}
}
}

}

9.9.4 read_vq_resolution_mode

The functionread_vq_resolution_mode(), shown in Table 9-42, setsthe _is_highresflag. If the flag is true, the vector
guantizer used to quantize and encode the bands' spectral shapes operates in a higher resolution mode (up to 4 levels of
recursive subdivision, pyramid vectors Ly norm maxK = 256). If the flag is fal se, the vector quantizer operatesin normal
resolution mode (up to 3 levels of recursive subdivision, pyramid vectors L1 norm maxK = 128).

Table 9-42: read_vq_resolution_mode

Syntax

/'l read vq_resol ution_node
voi d read_vg_resol ution_node() {
ui nt H GHRES_MODE_BI T_THRESHOLD = 1360;
if ( _total_bits < H GHRES_MODE_BI T_THRESHOLD* _num ef fective_channels ) {

i s_highres = fal se;

}
el se {

i s_hi ghres = ReadBool ();
}

}

9.9.5 read_mdct_mode

The function read_mdct_mode(), shown in Table 9-43, setsthe _is _short flag as well as the number of MDCT blocks
_hum_mdct_block for the stream. This number is 1 when _is _short equals false, and 8 when _is_short equalstrue.
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Table 9-43: read_mdct_mode

Syntax

/'l read mdct _node

ui nt read_ndct_node() {
ui nt NUM_MDCT_BLOCKS_SHORT = 8;
_is_short = ReadBool ();
_num ndct _bl ock = 1;
if (_is_short) {
num ndct _bl ocks = NUM MDCT_BLOCKS_ SHORT;
}

}

9.9.6 read_shf enabled
The functionread_shf_enabled() in Table 9-44 reads the _shf enabled flag from the bit_stream.

Table 9-44: read_shf_enabled

Syntax Reference
/'l read shf enabled flag
voi d read_shf_enabl ed() {
_shf _enabl ed = ReadBool (); 8.2.7
}

9.9.7 read_thf enabled

The function read_thf_enabled(), in Table 9-45, readsthe _thf_enabled flag from the bit_stream. This functionis only
called when _is_short equalstrue.

Table 9-45: read_thf_enabled

Syntax Reference
/1 read thf enabled flag
voi d read_t hf _enabl ed() {
_thf _enabl ed = ReadBool (); 8.2.7
}

9.9.8 read_lognorm_primary

The function read_lognorm_primary(), in Table 9-46, reads a first approximation of the band lognorm values from the
bitstream.

Table 9-46: read_lognorm_primary

Syntax Reference
/'l read first approxinmation to | ognorm val uesvoid read_|l ognorm prinmary() {
const uint MAX K BOOST = 6;
uint transformindex = _is_short ? 1 : O;
uint sync_index = (_is_predictive) ? 0 : 1;
/1 Initial (residual) values
uint kboost = ReadUnary(MAX K BOOST);

for (uint band=0; band<_num effective_bands; band++) {
Gol onbPar ans gparam =
LOGNORM_GOLOVB_PARAMS] f si ze_i ndex] [t ransf or m i ndex] [ sync_i ndex] [ band] ; 10.4.2
gpar am kparam += kboost ;
for (uint channel =_first_effective_channel;
channel <=l ast _effective_channel; channel ++) {
_lognorm wi t h_of f set [ channel ] [ band] =
Posi ti veR ceMapDecode( ReadGol onbW t hPar ans( gparam ) ;
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Syntax Reference
/'l Reconstructed primary val ues (Fi xedPoint)
LNFP f_predictor = F_PREDI CTOR TABLE[ sync_i ndex] ; 10.4.3
LNFP b_predictor = B_PREDI CTOR TABLE[ sync_i ndex] ; 10.4.4
for (uint band=0; band<_num eff ecti ve_bands; band++) {
f_coefficient = f_predictor[band]; // prediction fromprevious frane
b_coefficient = b_predictor[band]; // prediction from previous band

LNFP pred_residual _f[_num stream channel s];
LNFP prev_band_t ern{ _num stream channel s];
set (pred_residual _f,0);
set (prev_band_term0);
for (uint channel = _first_effective_channel;
channel <= _last_effective_channel; channel ++) {
const LNFP PREV_FRAME_FLOOR = -16.0;
prev_band_ternichannel] += b_coefficient * pred_residual _f[channel];
pred_residual _f[channel] = _lognormwith_of fset[channel][band];
LNFP prev_frame = _previous->_| ognormwi th_of fset[channel][band];
if (prev_frane < PREV_FRAME_FLOOR) ({
prev_frame = PREV_FRAME FLOOR;
}

_lognormw th_of fset[channel ][band] = f_coefficient*prev_frame + prev_band_term +

pred_residual _f[channel];

}
}
transfer_|l ognorns(); 9.9.15.3

}

9.9.9 read_num_band_blocks

The functionread_num_band_blocks(), in Table 9-47, retrieves the number of blocks _num_band_blocks for each of
the spectral bands as encoded in the bitstream.

Table 9-47: read_num_band_blocks

Syntax Reference

/'l read nunber of blocks per band

voi d read_num band_bl ocks () {
const uint index_to_dk_pair[4] ={ 2, 3, 0, 1};
const uint ALPHA WDE = 5;

i nt changes[ NUM ACE_BANDS]; // vector of changes to default |ogs of block nunbers
set (changes, 0); // initially all-zero

/1 read the vector of changes
bool has_changes = ReadBool (); // read flag indicating whether the vector is nonzero 827
if ( has_changes ) {

/1 vector of changes is nonzero: read and decode it

/1 read a pair (diff, k), where diff and k are in {0, 1}

// diff =1 indicates the vector of changes was encoded differentially

// k indicates the encoding used for change values: 0 = unary, 1 = uniform
uint dk = ReadUnary(4); // read a unary-coded index in { 0, 1, 2, 3} 8.2.10
dk = index_to_dk_pair[dk]; // map to a (diff, k) pair
uint diff = dk >> 1; // get M5 bit

uint kK = dk & 1; /1 get LS bit

/'l The vector of changes consists of two parts: the "tail" is its longest all-zero
/1 suffix; the "head" is the remaining prefix. Since the vector is nonzero, the

/1 length of the head is positive. Nonzero change val ues belong in different

/1 al phabets, which nay differ in both size and range depending on whether the

/1 node is "short" or "long", on the band nunber (whether the band is "narrow' or
/1 "wide"), and on whether differential encoding was used.
/1 The appropriate al phabet range will be determ ned in each case.
/1 read the head I ength (head_length-1 is unifornmy coded)
uint head_length = 1 + ReadUniforn(_num effective_bands); 8.2.11
// decode head synbol s
uint numnnarrow bands = _config -> numnarrow bands; // number of "narrow' bands
for ( uint band = 0; band < head_l ength; band++ ) {

bool is_narrow = (band < num narrow bands);

uint alpha = is_narrow ? (ALPHA WDE-1) : ALPHA WDE;, // al phabet size

uint msynb; // mapped change val ue (nonnegative in [O0..al pha) )
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Syntax

Reference

if (k=0) {
// decode a unary-coded symbol
nsynb = ReadUnary(al pha);

}

el se {
// decode a uniform synbol
nsynb = ReadUni f or n{ al pha);

// map to a signed change val ue

changes[ band] = nmap_tf_change(nsynb, ALPHA WDE, is_narrow, diff);
} // loop on band
if (diff ) {

/1 undo differential encoding

undo_di fferential (changes, ALPHA W DE);

}

} // if ( has_changes )

/1 apply changes and convert to nunber of bl ocks

uint base_log = _is_short ? 3 : 0;

for ( uint band=0; band < _num effective_bands; band++ ) {
uint the_|log = base_|l og + changes[band];
_num band_bl ocks[ band] == (1 << the_l og);

}

}

8.2.10

8.2.11

9.9.10.1

9.9.10.2

9.9.10 Functions Supporting read_num_band_blocks

9.9.10.1 map_tf_change

Auxiliary function map_tf_change() maps a decoded unsigned symbol to a signed change value.

Table 9-48: map_tf_change

Syntax

Reference

/1 map_tf_change

int map_tf_change(uint nsynb, uint al pha_base, bool is_narrow, uint diff) {
const int map_short_narronf] ={ 0, -1, -2, -3 };
const int map_short_wde[] ={ 0, 1, -1, -2, -3 };

uint alpha = is_narrow ? (al pha_base-1) : al pha_base; // al phabet size
int synb;
if (diff ==0) {
/1 non-differential
if ( _is_short ) {
if (is_narrow) {
synb = map_short_narrow nsynb];

el se {
synb = nmap_short_w de[ nsynb] ;
}

}

el se {
synb = (int)nmsynb;
}
el se {
/1 differential: further processing may be needed after undoing differentiation
synb = PositiveR ceMap(nsynb);

return synb;

8.3.4

9.9.10.2 undo_differential

The function undo_differential () reverses differentiation in a differentially encoded vector of integers.
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Table 9-49: undo_differential
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Syntax

Reference

/'l undo differentiation

undo_di fferential (int &ec[], uint al pha_base)

{

uint numnarrow bands = _config -> num narrow bands;

enforce_range(vec[0], al pha_base, num narrow bands > 0);
for ( uint band=1; band < _num effective_bands; band++ ) {
vec[ band] = vec[band] + vec[band-1];
enforce_range(vec[band], al pha_base, band < num narrow bands);

}

}

9.9.10.3

9.9.10.3

9.9.10.3 enforce_range

Table 9-50: enforce_range

Syntax

Reference

/'l enforce range

voi d enforce_range(int &val, uint al pha_base, bool is_narrow)
{
const int LONGBLOCK_M N = 0;
const int SHORTBLOCK M N = -3;
uint alpha = is_narrow ? (al pha_base-1) : al pha_base;
int minsynb = _is_short ? SHORTBLOCK_M N : LONGBLOCK_M N;
/1 bring to range [m nsynb, m nsynb+al pha) nodul o al pha
val = Modul ar(val, mnsynb, mnsynb + alpha - 1);

8.3.2

9.9.11 read_conditioning_level

The function read_reconditioning_level() retrieves the reconditioning level from the bitstream.

Table 9-51: read_reconditioning_level

Syntax

Reference

/1 read reconditioning |evel

read_reconditioning_level () {
recondi tioning_|l evel = ReadUi nt(2);
}

8.2.8

9.9.12 read_ allocation

The function read_allocation() assigns to each band a bit budget, determining the quality of reconstruction for each
band. The parameter _num_coded bands indicates the region of bands that have spectral components encoded in the
bitstream. Bands that have no encoded spectral components are reconstructed based on lognorm values only. Several
models are allowed to compute band allocations: afirst step in read_allocation() isto read the allocation model. Some
allocation models need additional parameters, that are subsequently read from the bitstream.

Table 9-52: read_allocation

Syntax Reference

/'l Retrieve band allocation data fromthe bitstream
void read_al |l ocation() {

/1 initialize adjustnents

set(_alloc_delta,0);

set (_al l oc, 0);

/1 read nunber of coded bands

read_num coded_bands(); 99.13.1

/1 number of bits left for stream
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Syntax Reference

uint remaining_bits = BitsLeft(); 8.2.4
/1 bail if there is nothing there
i f (_num.coded_bands == 0) {
if (remaining_bits >= _numeffective_bands * _nin_guaranteed_alloc) {
for (int i=0;i<_numeffective_bands;i++) {
_alloc[band] = _m n_guaranteed_all oc;
}
}

return;

/'l retrieve nunber of ns_nopno bands

read_num ns_nono_bands(); 9.9.13.7
/Il retrieve stereo flags

read_stereo_flags(); 9.9.13.8
read_al | oc_nodel (); 9.9.13.3

/'l Read allocation nodel data
bool choose_basic = fal se;
switch(_all oc_nodel) {

case kUnsignedDel t aFronBasi c: {

read_al | oc_nodel _paraneter(); 9.9.134
read_al | oc_nodel _delta(); 9.9.13.5
br eak;

}
case kUnsi gnedModi fi edDel t aFr onPri mar yLSQ
case kUnsi gnedDel t aFronPri maryLSQ {

read_al | oc_nodel _paraneter(); 9.9.134
read_al | oc_nodel _delta(); 9.9.13.5
br eak;

}

case kSignedDel taFronPri maryLSQ {
read_al | oc_nodel _paraneter(); 99.13.4
br eak;

case: kSignedDel t aFronPrevi ousFrane: {
/1 this node does not read a nodel parameter fromthe bitstream
/1 the paraneter is set to a default val ue
_all oc_nodel _paraneter = ALLOC MODEL_PARAMETER DEFAULT;
br eak;

case kSi gnedDiff FronfFoundati on: {

choose_basi ¢ = ReadBool (); 8.2.7
i f (choose_basic) {
read_al | oc_nodel _paraneter(); 9.9.134
}
br eak;
}
default: {

abort ("invalid node");

}

uint adj ustment s[NUM_ ACE BAND]; // auxiliary array for internedi ate adjustnents
// Derive bit allocations depending on the node
switch (_alloc_nodel) {
/1 Allocation bits-per-band derived from
/1 unsigned adjustnents to a basic curve.
case: kUnsignedDel t aFronBasic: {
for (uint band = 0; band < num effective_bands; band++) {

adj ust ment s[ band] = all oc_del t a[ band];
}
do_al |l ocati on_nodel (renmi ning_bits, adjustnents, _alloc); 9.9.13.9
br eak;

/1 Allocation bits-per-band derived from | ognorns
case: kUnsi gnedModi fiedDel t aFronPri maryLSQ {

conmput e_adj ust ment s_from | ognorms (adj ustments); 9.9.13.11

for (uint band = 0; band < _num effective_bands; band++) {
i f (adjustnents[band] > numbits_step(band)) { 9.9.13.6
adj ust ment s[ band] -= num bits_step(band); 9.9.13.6

adj ust ment s[ band] += _al | oc_del ta[ band] ;

do_al | ocati on_nodel (remai ning_bits, adjustnents, _alloc); 9.9.13.9
br eak;

/1 Allocation bits-per-band derived from unsigned adjustnents
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Syntax Reference

// to a curve conputed fromprinmary quantized | ognorm val ues
/1 (standard interpretation of adjustnents).
case: kUnsignedDel t aFronPri maryLognorm {
conput e_adj ust ment s_from | ognor n( adj ust nents) ; 99.13.11
for (uint band = 0; band < _num effective_bands; band++) {
adj ust ment s[ band] += al | oc_del t a[ band] ;
i f (adjustnent[band] < 0) {
adj ust ment [ band] = 0;

/1 popul ate allocation vector
do_al | ocati on_nodel (num bits_avail abl e, adjustnents, _alloc); 9.9.13.9
br eak;

/1 Allocation bits-per-band derived from signed adjustnents
/1 to a curve conputed fromprinmary quantized | ognorm val ues
/1 (standard interpretation of adjustments).
case: kSi gnedDel t aFronPri maryLognorm {
uint alloc_ref[ NUM ACE BANDS]; // will store the reference allocations

conput e_adj ust ment s_from | ognor ns( adj ust nents) ; 99.13.11
/'l estimate the code length of the allocation description
uint est_cost = estimate_cost_from adjustments(_num coded_bands, 9.9.13.12

adj ust ment s) ;

/'l construct reference allocation
do_al | ocati on_nodel (num bits_avail abl e-est _cost, adjustnents, alloc_ref); 9.9.13.9
read_al | oc_di ff_steps(_num coded_bands, alloc_ref, _m n_guaranteed_all oc, 9.9.13.13
_num coded_bands, _alloc);

br eak;

/1 Derive allocation bits-per-band
/1l with respect to previous frame
case: kSi gnedDel t aFr onPrevi ousFrane: {
/1 read the allocation vector using the previous frane allocation
/] as reference
ui nt all oc_ref[ NUM ACE_BANDS] ;
uint n_bands_ref, ref_guaranteed_all oc;
if (!_is_predictive) {
set(alloc_ref[], 0);
n_bands_ref = 0;
ref _guaranteed_alloc = 0;

el se {
alloc_ref = _previous->_alloc;
n_bands_ref = _previous->_num coded_bands;
ref _guaranteed_all oc = _previous->_m n_guaranteed_all oc;
read_al l oc_di ff_steps(n_bands_ref, alloc_ref, ref_guaranteed_all oc, 9.9.13.13
_num coded_bands, _alloc);
br eak;

/1 Differentially code allocation bits-per-band with respect
// to a Foundation Curve
case: kSignedDi ffFronfoundation: {
const uint cost_estimate[2] = { 60, 72 };
int zeros[ NUM ACE_BANDS] ;
i nt foundati on[ NUM_ACE_BANDS] ;
/1 get a rough estimate of the cost of the encoding
uint est_cost = cost_estimate[_numeffective_channels - 1];
/| pass zero adjustnents to get basic foundation
set (zeros, 0);
i f (choose_basic) {
do_al | ocati on_nodel (num bits_available - est_cost, zeros, foundation); 9.9.13.9

/1 popul ate allocation vector
conpute_al | oc_from foundati on(choose_basi c, foundation); 99.13.15
br eak;

/1 shoul d never be here
default: { abort("invalid code")); }

}
/1 Conpute first |ognormrefinenent
compute_first_lognormrefinement_alloc(); 9.9.13.16

/1 conpute total allocation

uint total _allocs = 0;

for (uint band = 0; band < _num effective_bands; band++) {
total _allocs += _alloc[bnd];
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}

Syntax Reference
total _allocs += _numeffective_channels * _first_refinenment_alloc[bnd];
/1 record unallocated bits
_unal l ocated_bits = BitsTotal () - total _allocs; 8.25

9.9.13 Functions use by read_allocation

9.9.13.1 read_num_coded_bands

The function read_num_coded_bands() reads the number of coded bands. If no bands are coded, the function

read_allocation returns immediately.

Table 9-53: read_num_coded_bands

Syntax Reference
/1 read the nunber of coded bands (>= 0, <= _num effective_bands)
voi d read_num coded_bands() {
const uint CODED BANDS GOLOVB_KPARAM = 0;
const uint CODED BANDS GOLOMBS LIMT = 7;
Col onbPar ans gpar ans;
gpar ans. al pha = _num effective_bands + 1;
gpar anms. kparam = CODED_BANDS_GOLOVB_KPARAM
gparams.limt = CODED BANDS GOLOVBS LIMT;
int prev_noncoded = _numeffective_bands - _previous->_num coded_bands;
i nt num noncoded_bands = read_num bands(gparans, prev_noncoded); 9.9.13.2
_num coded_bands = _num effective_bands - num noncoded_bands;
}
9.9.13.2 read_num_bands
The function read_num_bands() reads the cardinality of a sequence of bands.
Table 9-54: read_num_bands
Syntax Reference
/1 read a cardinality of sequence of bands
ui nt read_num bands(Gol onbPar ans gparans, uint prev_num bands) {
if (!_is_predictive) {
num bands = ReadUni f or n{ gpar ans. al pha) ; 8.2.11
el se {
int mapped_residual = (int) ReadGol ombWt hPar ans(gpar ans); 8.2.14
int residual = NegativeMapRi ce(napped_residual); 8.3.3
resi dual += prev_num bands;
num bands = (ui nt) Mdul ar (residual, 0, gparans.al pha-1); 8.3.2

}

return num bands;

9.9.13.3 read_allocation_model

The function read_allocation_model () reads the allocation model from the bitstream.
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Table 9-55: read_alloc_mode

Syntax Reference
/'l Read the allocation nodel fromthe bitstream
void read_all oc_mode() {
const uint BI T_ALLOCATI ON_SI GNALLI NG MODE_ALPHA = 6;
_al l oc_nodel = ReadUni f or m{ Bl T_ALLOCATI ON_SI GNALLI NG_MODE_ALPHA) ; 8.2.11
}
9.9.13.4 read_alloc_model_parameter
The functionread_alloc_model _parameter() reads the allocation model parameter from the bitstream.
Table 9-56: read_alloc_model_parameter
Syntax Reference
voi d read_al | oc_nodel _paraneter() {
const uint ALLOC MODEL_PARAM ALPHA = 11;
if (!_is_predictive) {
_all oc_nodel _paraneter = ReadUnary( ALLOC _MODEL_PARAM ALPHA) ; 8.2.10
}
el se {
uint prev_alloc_nodel _paraneter = _previous->_alloc_nodel _paraneter;
uint diff_alloc_nodel _paranmeter = ReadUnifornm ALLOC MODEL_PARAM ALPHA) ; 8.2.11
_all oc_nodel _paraneter = DecodeCent er Map( ALLOC_MODEL_PARAM ALPHA, 8.35
prev_al | oc_nodel _paraneter,
di ff_all oc_nodel _paraneter);
}
}
9.9.13.5 read_alloc_model_delta

The functionread_alloc_model_delta() reads the adjustment to areference bit allocation. The reference allocation is
computed from previous and/or current stream data. The encoding of adjustments depends on the allocation model.

Table 9-57: read_alloc_model_delta

Syntax

Reference

/'l read adjustnents to reference nodel (nodel dependent)
voi d read_all oc_nodel _delta() {

uint head_length = 0;
int steps = 0;
set(_alloc_delta[], 0); // clear the vector of deltas
switch (_alloc_nodel) {
case kUnsi gnedDel t aFr onBasi c:
case kUnsi gnedModi fi edDel t aFr onPri mar yLSQ
/1 read unsigned val ues
head_| engt h = ReadUni f or n{_num ef fecti ve_bands+1);
br eak;
case kUnsi gnedDel t aFr onPri mar yLSQ
/1 read unsigned val ues (zero preferred)
bool all_zero = ReadBool ();
if (lall_zero) {
head_| engt h = ReadUni for n{ _num ef f ecti ve_bands) + 1,

el se {
head_| ength = 0;
}

br eak;
defaul t:
abort("invalid node");

8.2.11

8.2.7
8.2.11
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Syntax Reference
for (uint band=0; band<head_I engt h; band++) {
st eps = ReadUnary(num st eps_band(band) +1); 8.2.11
if ((steps > 0) & (_alloc_nodel == kSignedDeltaFronPrimaryLSQ) {
bool sign = ReadBool (); 827
if (sign) {
steps = -steps;
}
_alloc_delta[band] = steps * numbits_step(band); 9.9.13.6
}
}

9.9.13.6 num_bits_step

The function num_bits_step() computes the number of bits per quantization step as a function of the band index.

Table 9-58: num_bits_step

Syntax

uint numbits_step(uint band) {
uint numbits = O;

const uint ADJUSTMENT_STEP_SMVALL_VALUE = 6;
const uint ADJUSTMENT_STEP _LARGE THRESH = 48;
const uint ADJUSTMENT_STEP_LARGE SCALE FACTOR = 8;

uint numbins = _numeffective_channels * _config->bandsi ze[ band];

/1 piecew se |inear
uint numbits = O;

// small num bins
i f (num.bins < ADJUSTMENT_STEP_SMALL_VALUE) {
num bits = num bi ns;
/1 medi um num bi ns
} else if (numbins < ADJUSTMENT_STEP_LARGE THRESH) {
numbits = ADJUSTMENT_STEP_SMVALL_VALUE;
/1 large num bins
} else {
numbits = numbins / ADJUSTMENT_STEP_LARGE_SCALE_FACTOR;
}

return numbits;

9.9.13.7 read_num_ms_mono_bands

The function read_num_ms_mono_bands() reads the number of midside-mono bands. A band is called midside-mono
when only the mid or side band is encoded, and the other band is set to zero. The highest bands in a stereo stream could

be encoded as midside-mono.

Table 9-59: read_num_ms_mono_bands

Syntax

Reference

/1 retrieve the nunber of ns_nono bands.
voi d read_num ns_nono_bands() {

const uint M5_BANDS GOLOVB_KPARAM
const uint M5 _BANDS GOLOMBS LIM T

0;
7,

Col onbPar ans gpar ans;

gparamns. al pha = _num ef fecti ve_bands;

gpar anms. kparam = M5_BANDS_BANDS GOLOVB_KPARAM
gparans.linmt = MS_BANDS_GOLOMBS_LIMT;

int prev_ns_npno_bands = _previous->_num ns_nono_bands;
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Syntax Reference
_num_ns_nono_bands = read_num bands(gparans, prev_nsnono_bands); 9.9.13.2

9.9.13.8 read_stereo_flags

The function read_stereo_flags() reads stereo information from the bitstream, specifying the stereo coding mode for
each of the coded bandsin the stream.

Table 9-60: read_stereo_flags

Syntax Reference
// read stereo flags fromthe bitstream
void read_stereo_flags() {
const uint LONREG ON_THRESHOLD = 4; /1 Nunber of bands in first region
const uint M D _REG ON_THRESHOLD = 12; /1 Nunmber of bands in first and

/1 second region.
uint LR_STEREO NUM BANDS PER FREQ REG ON[ 3] = {4, 8, _numeffective_bands-12};

/1 bail out if not stereo
if (!_is_stereo) {
return;

}

ui nt num_non_ns_nono_bands = _num effective_bands - _num ns_nono_bands;

/1 set the high bands to midside nono
for (uint band = num non_ns_nono_bands; band<_num ef f ecti ve_bands; band++) {
_stereo_flag[band] = kStereoM dSi deMono;

}

/! Read additional flags if both channels are coded
i f (_coding_npde == kCodi ngFul ) {

bool has_lr_stereo = fal se;

/1 full frame stereo flag
_ful'l _frane_stereo_codi ng_flag = ReadBool (); 827

/1 decision for full frane
bool frame_ms_fl ag;

if (_full _frane_stereo_coding_flag) {

frame_ms_flag = ReadBool (); 827
for (int band=0; band<num ns_st er eo_bands; band++) {

_stereo_flag[band] = frane_ns_flag ? kStereoM dSide : kStereolLeftRi ght;

if (!frame_ns_flag) {
has_|r_stereo = true;

}

el se {
for (int band=0; band<num ns_st er eo_bands; band++) {
bool band_ns_flag = ReadBool ();
_stereo_flag[band] = band_ns_flag ? kStereoM dSide : kStereolLeftRi ght;
if (!'band_ns_flag) {
has_|r_stereo = true;
}
}
}

/1 LR allocation regions

uint numlr_alloc_regions;

if (num_non_ns_nono_bands == 0) {
num | r_all oc_regi ons =0;

el se {
num | r_alloc_regions = conpute_regi on(num non_ns_nono_bands - 1) + 1; 9.10.35.2
}
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Syntax Reference
/1 1f LR may appear, read stereo allocation per region
if (has_lr_stereo) {

bool all_5050 = ReadBool ();
if (all_5050) {
for (uint region = 0; region < numlr_alloc_regions;region++) {
_lIr_alloc_regi on_node[region] = kLr StereoAl | ocati on5050;
}
}
el se {
uint band = 0;
for (uint region = 0; region < _numlr_alloc_regions;regi on++) {
bool region_includes_|r_stereo_band = fal se;
for (uint j = 0; j < LR _STEREO NUM BANDS_PER FREQ REG ON[i]; j++) {
if (_stereo_flag(band) == kStereolLeftRight)
regi on_includes_|r_stereo_band = true;
band++;

if (region_includes_|Ir_stereo_band) {
uint mode = ReadUint(1);

if (node) {
node = ReadUint(2) + 1;
}
_Ir_alloc_region_node[region] = node;

9.9.13.9 do_allocation_model

The function do_allocation_model() iteratively searches over the allocation model space until the target alocation is
met. The actual model calculations are done by the sub-function do_allocation_model_step. The function returns the
number of total number of allocated bits.

Table 9-61: do_allocation_model

Syntax Reference
/1 iteratively search the allocation nodel space until
/1 a target bit budget is net.
/1 paraneter[in] numavailable_bits: target bit budget

[/ parameter[in] adjustnments: per-band adjustnents to apply to basic curve
/'l parameter[out] alloc_out: conputed al l ocation

/1] return: total nunber of bits allocated.

/1

/1 The search is over a space of basic allocation curves that, when added to the
/1 (curve of) adjustnents results in an output allocation curve.

uint do_allocation_nodel (uint numavailable_bits, int adjustments[], uint
&alloc_out[]) {

const BAFP ALLOCATI ON_CURVE_SEARCH RANGE = 8.0
const uint ALLOCATI ON_CURVE_SEARCH RANGE LOG = 13;

BAFP | ow = O;
BAFP hi gh = ALLOCATI ON_CURVE_SEARCH_ RANGE;

for (uint i = 0; i < ALLOCATI ON_ CURVE_SEARCH RANGE LOG i ++){
BAFP mid = (low + high)/2;
uint numallocated_bits = do_allocation_nodel _step(m d, adjustnents, alloc_out); 9.9.13.10
if (num.allocated_bits > num avail able_bits) {
high = m d;
}
el se {
| ow = m d;
}
}

return do_al |l ocation_npdel _step(num avail able_bits, |ow, adjustnents, alloc_out);
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9.9.13.10 do_allocation_model_step

The function do_allocation_model_step() computes a per-band bit alocation given a bit allocation for the first bin, a set
of adjustment values (read or computed earlier) and an alocation model parameter (read earlier from the bitstream).
The function returns the total number of bitsin the allocation.

Table 9-62: do_allocation_model_step

Syntax
// conpute a bit allocation per band for all bands, given a
/1 bit allocation for the first bin, and a vector of adjustnents.

/1 paraneter[in] first_bin_bits: nunber of bits allocated to first bin
[/ parameter[in] adjustnments: adj ustments to nodel .

// paraneter[out] alloc_out: the computed all ocation

/] return: total nunber of bits allocated.

uint do_all ocation_nodel _step(BAFP first_bin_bits, int adjustnents[], uint &lloc_out[])

const BAFP BAFACTOR] 21] = {

0. 080078125, 0.087890625, 0.095703125, 0.103515625,
0.111328125, 0.119140625, 0.126953125, 0.134765625,
0. 142578125, 0.150390625, 0.158203125, 0.166015625,
0.173828125, 0.181640625, 0.189453125, 0.197265625,
0. 205078125, 0.212890625, 0.220703125, 0.228515625,
0. 236328125

}s

const uint H GH _BANDS THRESHOLD = 19;

const uint H GH_BANDS_CORRECTION = 1;

/1 Initialize allocation

set(alloc_out[], 0); // start with a clean allocation vector

/1 Conpute base allocations
for (uint band = 0; band < _num coded_bands; band++) {

/1 band size
uint num band_bins = _config->bandsi ze[ band] ;

/1 Per bin allocations

BAFP bits_per_bin = first_bin_bits;

bits_per_bin -= band * BAFACTOR] _al | oc_nodel _paraneter];

bits_per_bin -= (band > H GH BANDS THRESHOLD) ? HI GH BANDS_CORRECTI ON : O0;
bits_per_bin = max(bits_per_bin,0);

/'l Per band allocations

BAFP bits_per_band = num band_bins * _num stream channels * bits_per_bin;
bits_per_band += (first_bin_bits > 0) ? adjustnents[band] : O;

bi t s_per_band max(_m n_guar ant eed_al | oc, bits_per_band);

bi ts_per_band m n(_al |l oc_nmax[ band], bits_per_band);

/1 Assigning to allocation array

al l oc_out[band] = bits_per_band;
}
/1 Find last band with allocation | eq than m ni num
int |ast_coded_band = -1;

for (int band = _numcoded_bands - 1; band >= 0; band--) {
if (alloc_out[band] >= _alloc_mi n[band]) {
| ast _coded_band = band;
br eak;
}
}

// Al bands up to the |ast_coded_band get at |east the m nimumusable for VQ
for (int band = | ast_coded_band; band >= 0; band--) {

al | oc_out[band] = max(alloc_out[band], _alloc_m n[band]);

}

/1 Al bands after |ast coded band just get the guaranteed m ni mum

for (int band = | ast_coded_band + 1; band < _num coded_bands; band++) {
al l oc_out[band] = _m n_guaranteed_all oc;

}

/1 Conpute total bit allocation
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Syntax

uint allocated_bits = O;

for (band = 0; band < _num effective_bands;
all ocated_bits += all oc_out[band];

}

// Return total bit consunption
return allocated_bits;

band++) {

9.9.13.11 compute_adjustments_from_lognorms

The function compute_adjustments_from_lognorms() computes adjustments from primary lognorm values. This

function depends on the unmasked value levels computed by the function compute_unmasked_|evels.

Table 9-63: compute_adjustments_from_lognorms

Syntax Reference
/1 conpute adjustnments from quantized prinmary | ognorm val ues
11
/| paraneter[out] adjustnents: adjustnent val ues
voi d conpute_adjustments_from.| ognornms (uint &adjustnents[]) {
LNFP unnasked_| evel s| NUM_ACE_BANDS] ;
// conpute unnasked | evel s
conput e_unnmasked_| evel s(unmasked_| evel s);
/1 total adjustnent expenditure
int adjust_total = O;
for (uint band = 0; band < _num effective_bands; band++) {
int num band_bi ns = num stream channels * _confi g->bandsi ze[ band] ;
int numbits_adjust = unnasked_| evel [band] * num band_bi ns;
num bits_adjust = min(numbits_adjust, _alloc_max[band]);
adj ust ment s[ band] = num bi ts_adj ust;
adj ust _total += num bits_adjust;
}
/1 Total for stream
uint total _bits = BitsTotal (); 8.2.5
/1 cap adjustnents to <= half total available bits
const uint ACE_NUM ESTI MATE_NONVQ BI TS = 60;
int cap = max((total _bits - ACE_NUM ESTI MATE_NONVQ BITS)/ 2, 0);
if ( adjust_total > cap ) {
/1 pro-rate each adjustnent to guarantee the total is below the cap
for ( uint band=0; band < _num effective_bands; band++ ) {
if (adjustments[band] > 0 )
adj ust ment s[ band] = (adjustnments[band] * cap)/adjust_total;
}
}
}
}

9.9.13.12 estimate_cost_from_adjustments

The function estimate_cost_from_adjustments() estimates length of encoding from a vector of unsigned adjustments.
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Table 9-64: estimate_cost_from_adjustments

cost += 1;
if ( adjustnents[band] > 0 ) {

cost += (adjustnents[band] + stepsize/?2)/stepsize;
}

}

return cost;

}

Syntax Reference
/1 estimate cost froma vector of adjustnents
uint estinate_cost_fromadjustnents(uint n_bands, uint adjustnents[])
{
uint cost = 0;
for ( uint band=0; band < n_bands; band++ ) {
uint stepsize = numbits_step(band); 9.9.13.6

9.9.13.13 read_alloc_diff _steps

The functionread_alloc_diff_steps() computes the band allocation for the current frame as a differential with respect to
areference alocation. Quantized residual values are read from the bitstream and added to the values of the reference

alocation.

Table 9-65: read_alloc_diff_steps

// get the upper bound on the allocation
int amax = al | oc_nax[ band];
/1 tentative value; nay be out of bounds
int allocation = ref + stepsize * delta;
// clanmp to [0, amax]
if (alloc <0)

al l ocation = 0;
else if ( alloc > amax )

al | ocati on = amax;
/] store the allocation
al l oc[ band] = allocation;

/1 the decoding reconstructed the allocations with the guaranteed bits
// renmoved; restore them

Syntax Reference
/1 Compute current frame bit allocation by applying adjustnents to a reference
// bit allocation. Adjustrments are decoded as quantized deltas;
/1 they are unquantized and added to the reference allocation.
void read_al l oc_diff_steps (uint n_bands_ref, uint alloc_ref[],
uint ref_guaranteed_all oc,
uint n_bands, uint &alloc[]) {
/1 arrays to hold the possible range of delta for each band
int delta_m n[ NUM_ACE_BANDS], delta_max[ NUM_ACE_BANDS] ;
/] arrays to hold allocation references and maxi ma with guaranteed bits renoved
uint alloc_refl] NUM_ ACE BANDS], all ocs_max[ NUM_ACE_BANDS] ;
/1 copy the reference allocation and allocation nmaxi ma after renoving
/1 the bits guaranteed to each bands
renove_guaranteed_bits(alloc_ref, alloc_refl, alloc_max, ref_guaranteed_alloc); 09.13.14.1
/] conpute the range of delta for each band, and the range of
/'l the Col onb paraneter kparam
uint k_al pha, kparam
conpute_del ta_al phabets(alloc_refl, alloc_nax, delta _mn, delta_max, k_al pha); 09.13.14.2
/'l read the Col omb paraneter kparam
kparam = ReadUnary(k_al pha); 8.2.10
/1 read a value of delta for each band
for ( uint band=0; band < _num coded_bands; band++ ) {
int al pha = delta_nax[band] - delta_m n[band] + 1;
int d_mn = delta_m n[band];
/1 read an unsigned, Gol omb-encoded, mapped delta val ue
ui nt udelta = ReadCol onb(kparam al pha); 8.2.12
/1 unmap it
udel ta = DecodeCent er Map(al pha, (uint)(-d_mn), udelta); 8.35
delta = (int)udelta + d_mn; // undo a shift by d_mn done at the encoder
/1 get the reference allocation
int ref = (band < n_bands_ref) ? alloc_refl[band] : O;
/1 get the quantization step size
int stepsize = numbits_step(band); 9.9.13.6
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Syntax Reference
restore_guaranteed_bits(n_bands, alloc); 9.9.13.14.3

}

9.9.13.14 Functions Supporting read_alloc_diff _steps

9.9.13.14.1 remove_guaranteed_bits

This function removes the bits guaranteed to each band from a reference allocation and the vector of allocation maxima.

Table 9-66: remove_guaranteed_bits

Syntax

/'l copy reference allocation and nax allocations to new vectors after renoving
/1 the bits guaranteed to each band

voi d renpove_guaranteed_bits(uint alloc_ref[], uint &lloc_refl[], uint &alloc_max[],
uint ref_guaranteed_all oc)

for ( uint band=0; band < _num effective_bands; band++ ) {
if ( alloc_ref[band] >= ref_guaranteed_alloc ) {
alloc_refl[band] = alloc_ref[bnd] - ref_guaranteed_all oc;

el se {
alloc_refl[band] = 0;

alloc_max = _alloc_max[band] - _m n_guaranteed_all oc;

9.9.13.14.2 compute_delta_alphabets

compute_delta_alphabets() will compute the ranges of possible values of deltafor each band, and the range of the
Golomb parameter k that will be used to decode the deltas.

A side effect of this function is that it may modify the reference vector alloc_ref.

Table 9-67: compute_delta_alphabets

Syntax Reference
voi d conmput e_del ta_al phabets(uint &alloc_ref[], uint alloc_nmax[],
int &elta_mn[], int &elta_max[], uint &k_al pha)
{
set(delta_mn[], 0);
set (delta_max[], 0);

ui nt nbands_ref =
int max_al pha = 0;
for ( uint band = 0; band < _num coded_bands; band++ ) {
int ref = (band < nbands_ref) ? alloc_ref[band] : O;
int amax = al |l oc_max[ band];
if (ref >amax ) {
ref = anax;

_is_predictive ? _previous->_numcoded_bands : O;

alloc_ref[band] = ref;
}
/1 get allocation quantization step for this band
int stepsize = numbits_step(band); 9.9.13.6
_delta_max[ band] = (amax - ref + stepsize - 1)/stepsize;
_delta_min[band] = (ref + stepsize - 1)/stepsize,
al pha = _delta_max[band] - _delta_m n[band] + 1;

if ( alpha > nmax_al pha ) {
max_al pha = al pha;

}

}
k_al pha = NunBits(max_al pha-1); 8.3.1

}
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9.9.13.14.3restore_guaranteed_bits

This function restores guaranteed bits to the bit alocation vector.

Table 9-68: restore_guaranteed_bits

Syntax

/1 retore guaranteed bits to the bit allocation vector
voi d restore_guaranteed_bits(uint n_bands, uint &alloc[])

for ( uint band=0; band < n_bands; band++ ) {
alloc [band] += _m n_guaranteed_all oc;

}

}

9.9.13.15 compute_alloc_from_foundation
The function compute_alloc_from_foundation() computes the band alocation for the current frame as a differential with

respect to afoundation curve. Residual values are read from the bitstream and added to the values of the foundation
curve (with modular correction).

Table 9-69: compute_alloc_from_foundation

Syntax Reference
/1 conpute current allocations as a differential with respect to
// a foundation curve.

voi d compute_al |l oc_from foundati on (bool choose_basic, uint foundation[]) {

const uint MAX BA QUANT_LEVEL = 6;
uint alloc_quant[];

/1 read quantization |evel
uint quant_| evel = ReadUnary(MAX BA QUANT_LEVEL+1); 8.2.10
/!l set _alloc to zero
set(_alloc, 0);

/1 determ ne Col omb k- paraneter range
uint al pha = 0;
for (uint band=0; band<_num coded_bands; band++) {
al pha_quant [ band] = (_al |l oc_max[ band}>>quant _| evel ) + 1;
i f (al pha_quant[band] > al pha) {
al pha = al pha_quant[band];

}
}
/1 read Col onb k- paraneter
uint kparam = ReadUni f or n{ al pha) ; 8.2.11

/1 read deltas and popul ate all oc
i f (choose_basic) {
/1 predict from foundation
for (uint band = 0;band < _num coded_band; band++) {

int delta = ReadGol onb(al pha_quant [ band], kpar an; 8.2.12
delta = NegativeRi ceMapDecode(delta); 8.3.3
prev_alloc = foundation[band] / (1lu << quant_|evel);
_alloc[band] = Modul ar(prev_alloc + delta, 0, al pha_gant[band]-1) << 8.3.2
quant _| evel ;
}
el se {

/1 predict fromzero
for (uint band 0; band < _num coded_band; band++) {
_all oc[ band] ReadCol onb( al pha_quant [ band] , kpar am ; 8.2.12
_alloc[band] *= (1lu << quant_|evel);
}
}

011

}
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9.9.13.16 compute_first_lognorm_refinement_alloc

The function compute _first_lognorm _refinement_alloc(), shown in Table 9-70, computes the per-band budget for
lognorm refinement.

Table 9-70: compute_first_lognorm_refinement_alloc

Syntax Reference
/1 The function conmpute_first_l ognormrefinement_alloc conputes
// the budget for |ognormrefinenment, one val ue per band.

uint conpute_first_lognormrefinement_alloc() {

const uint MAX_REFI NEMENT_ALLCC = 8;
uint carryover = 0;

uint bandsi ze[] = _config->bandsi ze;
uint refinement_delta[] = _config->_refinenent_delta;

for (uint band = 0; band < _num coded_bands; band++) {

int L = _config->bandsi ze[ band];
int band_al | ocation = _all oc[band];
int band_al l ocati on_max = _al | oc_nmax[ band];

int total _bits = band_all ocation + carryover;
band_al l ocation = min(total _bits, band_all ocati on_nax);
uint remainder = total _bits - band_allocation;

BAFP num bi ns = L*_num stream channel s;
BAFP tentative_refinement = band_allocation + num bins*_refinenment_del ta[ band];

/1 Boost small val ues
tentative_refinement = adjust_refinement(tentative_refinenment, num bins, band); 99.13.17.1

/1 sem -final refinenment
int refinenent = tentative_refinenent + numbins/2) / numbins;

/1 O anp
if (refinement < 0) {
refinenent = 0;

if (refinement * _num stream channels > band_al |l ocation) {
refinement = band_allocation / _num stream channels;

}
if (refinement > MAX_REFI NEMENT_ALLOC) {
refinement = MAX_REFI NEMENT_ALLCC,

}

/1 Refinement allocation
_first_refinenent_alloc[band] = refinenent;
_alloc[band] -= refinenent;

/! Remaining bits
if (remainder > 0) {
uint wi sh = MAX_REFI NEMENT_ALLOC - refinenent;
uint increase = mn(w sh, renmai nder/ num stream channel s);
_first_refinenent_alloc[band] += increase;
remai nder -= increase*_num stream channel s;
}
/1 Carryover
carryover = remainder;

}

/1 Al bits for uncoded bands go to | ognormrefinenent.

for (uint band = _num coded_bands; band < _num effective_bands; band++) {
/1 _alloc[band] evenly distributed
/1 (alloc_band] %renainder == 0 i s guarant eed)
_first_refinenent_alloc[band] = _alloc[band] / _num stream channels;
_alloc[band] = 0;

}

/1l return

return carryover;
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9.9.13.17 Function Used by compute_first_lognorm_refinement_alloc

9.9.13.17.1 adjust_refinement

The function adjust_refinement() adjustsinitial refinements.

Table 9-71: adjust_refinements

Syntax Reference
/1 the function adjust_refinenents adjusts initial refinenents.

// paraneter[in] tentative: initial estinmate for refinenent
[/ parameter[in] numbins: nunmber of bins in band

/1 paraneter[in] band: band index.

//return: adjusted refinenent.

LNFP adj ust _refinenents(LNFP tentative, uint numbins, uint band) {
LNFP adjusted = tentati ve;
if (tentative < 3 * num.bins) {
int boost_multiplier = 1;
if (tentative < 2* num.bins) {
boost _multiplier = 2;
}
LNFP boost = LOGNORM REFI NEMENT_BOOST_TABLE[ band] *boost _nul ti plier; 10.4.5

adj usted += boost*boost_rmultiplier;

}

return adj usted,

}

9.9.14 do_first_lognorm_refinement

The function do_first_lognorm_refinement() shown in Table 9-72 applies afirst lognorm refinement, using refinement
values read from the bitstream, and controlled by _refinement_alloc.

Table 9-72: do_first_lognorm_refinement

Syntax Reference

/1 apply a first | ognormrefinenment

/1

/1 paraneter[out] refinenent_bits: refinenent bit values as read from bitstream
void do_first_lognormrefinenment() {

uint refinement_bits[][];

/1 read refinement values from bitstream
for (uint band=0;band < _num effective_bands; band++) {

uint nbits = _first_refinenment_all oc[band];
for (uint channel = _first_effective_channel;

channel < _last_effective_channel;
channel ++) {

refi nenent _bi t s[ channel [ band] = ReadUi nt (nbi ts); 8.2.8
}
}
/'l apply refinenments
do_l ognormrefinenment (_first_refinement_alloc, refinement_bits, NULL); 9.9.15.1
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9.9.15 Functions Supporting do_first_lognorm_refinement

9.9.15.1 do_lognorm_refinement

The function do_lognorm_refinement() applies alognorm refinement, and increases the precision of band energies. This
function is called twice: the first time after completion of bit allocation computations (first refinement, clause 9.9.14),
the second time after completion of band decoding (late refinement, clause 9.9.15.3).

Table 9-73: do_lognorm_refinement

}

Syntax Reference
/'l apply a | ognorm refinenent
/1
/] paraneter[in] refinement_alloc: the nunber refinenent bits per band
Il parameter[in] refinement_bits: the refinement value per channel per band
/1 parameter[in] refinement_level: the refinement |evels

voi d do_| ognorm refinement (uint refinenment_alloc

I,
)

for (uint band = 0; band < _num effective_bands; band++) {

[]
uint refinement_bits[][
uint refinenment_level[]

uint numbits = refinenent_all oc[band];
uint level = refinement_level ? refinenment_level[band] : O;

for (uint channel = _first_effective_channel;
channel < _|ast_effective_channel;
channel ++) {

if (numbits > 0) {
bits = refinenent_bits[channel][band];

LNFP correction = conpute_refinenent_correction(numbits, bits, level); 99.15.2
_lognormwi t h_of fset[ channel ][ band] += correction;

}
}
}
/1 renmove offsets fromlognorm
transfer_|l ognorns(); 9.9.15.3

9.9.15.2 compute_refinement_correction

The function compute_refinement_correction() computes the refinement correction given a number of bitsand a

refinement level.
Table 9-74: compute_refinement_correction
Syntax
/1 conpute a refinenent correction
11
[/ paraneter[in] nbit: number of bits
/1 paraneter[in] bits: bit val ues
/1 paraneter[in] level: level of correction

11

LNFP conput e_refinenent _correction(uint nbits, uint bits, uint level) {

return: refinenent val ue

LNFP hal f _| evel 1.0/ (1 << (level +1));
LNFP refi nenment LNFP(2*bits+1) / (1 << (nbits+l evel +1));
refinenent -= half_level;

return refinenent;
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9.9.15.3 transfer_lognorms

The function transfer_lognorms() copies the matrix _lognorm_with_offset to the matrix _lognorm, removing the offsets
introduced at encoding time.

Table 9-75: transfer_lognorms

Syntax

/1 remove | ognorm of f sets.
/1

transfer_l ognorns() {

for (uint channel =_first_effective_channel;
channel <= _last_effective_channel;
channel ++) {

for (uint band=0; band<_num effective_bands; band++) {

LNFP of fset = _confi g->l ognorm of f set [ band] ;
if (offset == LOGNORM M NUS_I NFI NI TY) {
_lognorni channel ] [ band = LOGNORM M NUS_I NFI NI TY;

el se {
_lognornfchannel ][ band] = _Iognormw th_of fset[channel][band] + offset;

9.9.16 do_late lognorm_refinement

The function do_late_lognorm_refinement(), shown in Table 9-76 applies a late lognorm refinement, using refinement
values read from the bitstream, and controlled by _late refinement_alloc. Thislate refinement is applied after
processing of all bands.

Table 9-76: do_late_lognorm_refinement

Syntax Reference

/1 apply a late | ognormrefinenment
/1

/1 paraneter[out] refinenent_bits: refinenent bit values as read from bitstream
void do_late_| ognormrefinenent() {
conpute_l ate_| ognormrefinenment_alloc(); 9917.1

uint late refinement_bits[][];

/1 read refinenent values from bitstream
for (uint band=0;band < _num effective_bands; band++) {

uint nbits = _late_refinenent_all oc[band];

for (uint channel = _first_effective_channel;
channel < _last_effective_channel;
channel ++) {

| at e_refinenent _bits[channel [ band] = ReadUi nt (nbits);

}
}
[/ aply refinenents
do_l ognormrefinenent(_|l ate_refinenment_all oc, 9.9.15.1

late_refinenent _bits, _first_refinenent_alloc);

}
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9.9.17 Function Supporting do_late_lognorm_refinement

9.9.17.1 compute_late_lognorm_refinement_alloc

The function compute_late lognorm_refinement_alloc(), shown in Table 9-77, computes the bit allocations for afinal
lognorm refinement. This function uses data from the first refinement allocations, and from bits possibly saved for late

refinement during band reconstruction.

Table 9-77: compute_late_lognorm_refinement_alloc

remai ning_bits = _num effective_channel s*(remai ni ng_bits/_num effective_channel s);
set(_late_refinement_alloc, 0);
/1 transfer late refinement bits saved during band reconstruction

for ( uint band=0; band < _num effective_bands; band++ ) {
if ( _first_refinenent_alloc[band] < MAX_REFI NEMENT_ALLCC ) {

uint bits = _saved_l ate_refinenment_all oc[band];

_late_refinenent_alloc[band] = bits;

remai ning_bits -= bits * numeffective_channels; // bits are no |onger
avai |l abl e

}
}

uint prev_remaining_bits = 0;
uint rounds = 0;
while (remaining_bits & (rounds < 2 || prev_remaining_bits !=remaining_bits) ) {

prev_renai ning_bits = remaining_bits;
for ( uint band=0; (band < _num effective_bands) && remai ning _bits; band++ ) {

int nbits = _first_refinenent_alloc[band] + _late_refinenment_all oc[band];
if ( nbits < MAX_REFI NEMENT_ALLCC &&
(rounds>0 || _saved_late_refinenent_alloc[band] ==0) ) {

/1 skip if band already got the max possible refinement bits or, in the
/1 first round, if the band got "saved" l|late refinenents during reconstruction
_late_refinenent _al | oc[ band] ++;
remai ning_bits -= num eff_channels;
}
rounds ++;
Yy /1 for
} /1 while

}

Syntax Reference
/1 conpute late | ognormrefinenent allocations
voi d conpute_l ate_|l ognormrefinement _alloc() {
const uint MAX_REFI NEMENT_ALLCC = 8;
uint remaining_bits = BitsLeft(); 8.2.4

9.9.18 apply_lognorms

The function apply_lognorms() in Table 9-78 restores band spectral power valuesfor all channelsand all bands.
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Table 9-78: apply_lognorms

Syntax

/'l restore spectral band energies
/1

appl y_l ognorns() {

for ( uint channel =0; channel < _num__stream channel s; channel ++ ) {
for ( uint band=0; band < _num effective_bands; band++ ) {

float band_norm
LNFP | ognorm = _| ognor ni channel ] [ band] ;
if (lognorm == LOGNORM M NUS_I NFI NI TY) {
band_norm = 0;
el se {
band_norm = pow 2.0, (fl oat) | ognorm;
}

uint band_start = _config->band_boundari es[ band];
uint band_end = _confi g->band_boundari es[ band+1] ;
for (index = band_start; index < band_end; band++) {

_stream buf f ers[ channel ][ band] *= band_norm
}
}
}
}

9.10 Decoding Algorithms

9.10.1 Band Reconstruction

The functions in this clause reconstruct the frequency domain representation of ACE streams. The top level function
read_all bands() sequentially reads al the coded band for a given stream from the bitstream, adjusting the number of
bits available for reading each band depending on the number of bits that have been spent on previous bands. For stereo
bands, the method of stereo decoding (leftright or midside) is established prior to reading and reconstructing from
bitstream data. At the lowest level, band data are retrieved from the bitstream using the function

read_one _band_mono(), reading a single band for a single channel from the bitstream.

9.10.2 Functions to Perform Band Reconstruction

9.10.2.1 Band Reconstruction Constants and Definitions

Table 9-79 contains alist of constants and definitionsis shared by all band reconstruction modules.

Table 9-79: Band Reconstruction Constants and Definitions

Syntax Reference
const uint UNALLOC UNI FORM THRESHOLD = 4; /1 Threshold for fractional
/1 forwarding
const RBFP FRAC BALANCE FOR_NEXT_BAND = RBFP::Fraction(7,5); // 7/32: Fraction for 8.4.1
/'l forwarding unspent bits 8.4.2

9.10.2.2 read_all_bands

The functionread_all_bands(), shown in Table 9-80, reads the frequency domain data for a mono (one channel) or
stereo (two channels) stream. Ultimately this function resolves to multiple callsto read_one_band_mono().
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Table 9-80: read_all_bands

Syntax Reference

/'l reconstruct band data fromthe bitstream

uint read_all _bands () {

uint unallocated_bits = _unallocated_bits;

set (_saved_late_refinenent_alloc, 0); // clear late refinements

uint remaining_bits = BitsLeft(); 8.2.4
float ndct_channel [][] = _stream buffers;

uint numbefore_bits = BitsUsed(); 823

/1 As band are processed, the variable 'running_balance' will neasure the

/1 difference between the bits originally allocated to the bands

/] processed so far, and the bits actually spent on those bands.

/'l A positive balance neans |less bits were spent that were originally

/1 allocated; the positive balance becones available to the bands that renain

/1 to process. Conversely, a negative balance neans that nore bits were

/1 spent than originally allocated; bands that renain to process wll have

/1 less bits available than originally.

/1 The initial value of running_bal ance is the nunber of bits fromthe original
/1 bit budget for the streamthat were not specifically allocated to any band.

int running_bal ance = unal |l ocated_bits;
int total _|ate_refinement_saved = 0; // total bits saved for late refinement

for (uint band=0; band<num effective_bands; band++) {

uint bits_used
remai ning_bits

Bi t sUsed(); 8.2.3
_total _bits - bits_used - total | ate_refinenent_saved;

uint allocated_bits = 0;

if (band < num coded_bands) {
/1 Get the part of running_balance that will be allocated to this band,
/1 depending on distance to the | ast coded band. Notice that this
/1 quantity may be negative, if the running bal ance is negative.

int running_bal ance_current =
di stribute_runni ng_bal ance(runni ng_bal ance, _num coded_bands - band); 9.10.2.31

/] Determine the actual allocation to the current band by adding

/1 the part of the running bal ance conputed above to the original

/1 bit allocation. However, the allocation nay never exceed

/1 the remaining bit budget for the streamas given in renaining_bits.

al l ocated_bits
al | ocated_bits

}

uint stereo_coding_type = read_stereo_codi ng_type(band); 9.10.3.3

m n(remai ning_bits, _alloc[band] + running_bal ance_current);
max(0, allocated_bhits);

uint |ocal _bits_spent = 0;
switch(stereo_coding_type) {
case kBandSt ereoCodi ngLeftRi ght: {
/] read a leftright encoded band
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Syntax Reference

local _bits_spent = read_one_band_l eftri ght (band, 90.10.3.4
al | ocated_bits,
remai ning_bhits,
mdct _channel )

br eak;

}
case kBandSt er eoCodi ngM dSi de:
case kBandSt er eoCodi ngM dSi deMbno: {
/1 read a m dside encoded band (nono or stereo)
| ocal _bits_spent = read_one_band_ni dsi de(band, 9.10.3.6
al | ocated_bits,
remai ning_bits,
mdct _channel ) ;

br eak;

case kBandSt er eoCodi nghbno: {
/1l read a nobno band
| ocal _bits_spent = read_one_band_nono(band, 9.10.2.3.2
al | ocated_bits,
remai ning_bits,
ndct _channel [0]);
br eak;

}
default: {
abort("invalid stereo_coding_type");

} I/ switch(stereo_coding_type)

/1 bits consuned by this band
int bits_used = BitsUsed() - bits_used; 823
/1 band surplus (or deficit if negative)

int band_surplus = alloc[band] - bits_used; // difference from budget
/] update running bal ance

runni ng_bal ance += band_sur pl us;

int bits_unused = allocated_bits - bits_used;

int ref_bits = save for_late_refinenment(bits_unused, running_bal ance, band); 9.10.2.3.3

Il returned ref_bits is per channel, nultiply by nunber of channels
runni ng_bal ance -= ref_bits * _numeffective_channels;
total _|ate_refinement_saved += ref_bits * _numeffective_channels;

} /1 for (uint band=0; band<num effecti ve_bands; band++)

return BitsUsed() - numbefore_bits; 823

}

9.10.2.3 Functions Supporting read_all_bands

9.10.2.3.1 distribute_running_balance

The function distribute_running_balance() redistributes bits that have not been spent on the current band to future
bands.

Table 9-81: distribute_running_balance

Syntax
/1 Redistribute unspent bits to future bands.
11
// paraneter[in] running_bal ance: current surplus / deficit
/1 paraneter[in] dist_to_end: distance to |ast band
/1 return: updated running_bal ance

int distribute_running_bal ance(int running_bal ance, uint dist_to_end) {

if ( dist_to_end > UNALLOC UNI FORM THRESHOLD) {

int sign = 1,
if ( running_balance < 0 ) {

sign = -1;

runni ng_bal ance = -runni ng_bal ance;
}

RBFP curr_bal ance_fp = FRAC _BALANCE _FOR _NEXT_BAND*r unni ng_bal ance;
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Syntax

int curr_balance = (int) curr_bal ance_fp;
if ( sign <0)

curr_bal ance = -curr_bal ance;
return curr_bal ance;

else {
/1 divide bal ance by nunber of bands renmining to process
return runni ng_bal ance / (int) dist_to_end);

9.10.2.3.2 read_one_band_mono

The function read_one_band_mono(), in Table 9-82, reads a single band of MDCT coefficients from an ACE bitstream.

Table 9-82: read_one_band_mono

Syntax Reference
ui nt read_one_band_nono(ui nt band,
uint allocated_bits, uint remaining_bits,
float vector[]) {
uint band_start = _config->band_boundari es[ band];
uint band_end = _confi g->band_boundari es[ band+1] ;
ui nt band_size = _confi g->bandsi ze[ band] ;
uint local _bits_spent = 0;
uint current_depth = 0;
vector = vector + band_start;
| ocal _bits_spent += read_split_vector(allocated_bits, 9.10.4.3
remai ning_bhits,
band_si ze,
_num band_bl ocks,
current_depth,
1.0,
vector);
reshape_band(_frane_durati on, 9.10.5.4

band_start, band_end,
_num band_bl ocks, _num ndct_bl ocks,
vector);

return | ocal _bits_spent;

9.10.2.3.3 save for_late refinement

The function save for_late refinement() saves, if conditions are met, bits that were allocated to but not used by the

current band for late refinement of the band lognorm.

Table 9-83: save for_late_refinement

Syntax

/1 Save unused bits for late refinenent

/1

/] paraneter[in] bits_unused: bits allocated to but not used by current band
/1 parameter[in] running_balance: current surplus / deficit

/1 paraneter[in] band: index of current band

/1 return: nunber of bits saved, per channel, for late refinenent

/1 of current band | ognorm

int save_for_late_refinenent(int bits_unused, int running_balance, uint band) {

int bits = 0;
if ( _is_highres && bits_unused>0 && runni ng_bal ance >= _num effective_channels )
{
bits = 1;
}
_saved_l ate_refinenent_all oc[band] = bits;
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Syntax

return bits;

}

9.10.3 Stereo

9.10.3.1 Stereo Overview

The functionsin this clause handle the stereo aspects of ACE stream. The function read_stereo_coding_type()
establishes the stereo coding type for a given band, whereas the functionsread_one_band_leftright() and
read_one_band_midside() read and reconstruct a leftright stereo representation from aleftright or midside encoded
frequency band. Auxiliary functions are used to determine the bit allocations assigned to the stereo elementsin the
bitstream.

9.10.3.2 Stereo Constants and Definitions

Table 9-84 lists the constants and definitions is shared by all stereo modules.

Table 9-84: Stereo Constants and Definitions

Syntax
const uint kBandSt er eoCodi nghbno = 0; /1 Mono, single channel
const uint kBandStereoCodi ngM dSi deMono = 1; // Stereo, single channel encoded
const uint kBandStereoCodi ngLeft R ght = 2; /] Stereo, leftright representation
const uint kBandStereoCodi ngM dSi de = 3; /] Stereo, midside representation
const uint kLrStereoAllocation5050 = 0; /1 50/50 bit distribution
const uint kLrStereoAllocation6040 = 1; /1 60/40 bit distribution
const uint kLrStereoAllocation4060 = 2; /1 40/ 60 bit distribution
const uint KLrStereoAl location7525 = 3; /1 75125 bit distribution
const uint kLrStereoAllocation2575 = 4; /1 25/75 bit distribution

const uint M N_DI FFERENCE FOR_REBALANCI NG = 3; // Threshold for rebal anci ng

const uint LR _ALLOC NUM MODES = 5; /1 Number of allocation nodes
const uint LR _ALLOC NUM PARAMS = 3; /1 Number of allocation parans
const uint LR _ALLOC NUM REG ONS = 3; /1 Nurmber of allocation regions
const uint LONREG ON_THRESHOLD = 4; /1 Number of bands in first region
const uint M D _REG ON_THRESHOLD = 12; /1 Number of bands in first and

/] second region.

const uint LR _ALLOC PARAMS[ LR _ALLOC NUM MODES] [ LR_ALLOC NUM PARAMS] =
{
/'l These paraneters are used to calculate the percentage L/R allocations as:
/1 (table[*][0] * bit_budget + table[*][2]) / table[*][1]
{ 1u, 2u, 1u}, /1 50/50 split node
6u, 10u, 5u }, /1 60/40 split node
, /1 40/ 60 split node

{ 6u, 10u, 5u}
{ 3u, 4u, 2u} /1 75/25 split node
{ 3u, 4u, 2u} /1 25/75 split node

b

9.10.3.3 read_stereo_coding_type

read_stereo_coding_type(), shown in Table 9-85, establishes the stereo coding type for the current band.

Table 9-85: read_stereo_coding_type

Syntax

/] Establishes the stereo coding type for the current band.
/1

/1 paraneter[in] band: current band index.

Il return: stereo coding type of the current band

ui nt read_stereo_codi ng_type(uint band) {
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Syntax

if (lis_stereo) {
stereo_codi ng_type = kBandSt er eoCodi nghbno;

el se {
stereo_codi ng_type = _stereo_fl ag[ band];

}

return stereo_coding_type;

9.10.3.4 read_one_band_leftright

The function read_one _band_leftright(), shown in Table 9-86, reads a frequency band of aleftright encoded stereo

stream. The actual bitstream reading is handled by the function read_one_band_mono().

Table 9-86: read_one_band_leftright

Syntax Reference
/'l Read one band of a leftright encoded stereo stream
/1
/] paraneter[in] band: index of frequency band
[/ paraneter[in] allocated_bits: allocated bits for reading stereo band
/] paraneter[in] renaining_bits: renamining bits for reading stereo stream
/] paraneter[out] vector: reconstructed stereo band (2 coefficient arrays)
/'l return: the nunber of bits spent in reconstructing the stereo band
uint read_one_band_l eft_right(uint band,
uint allocated_bits,
uint remaining_bits,
float vector[][]) {
ui nt all oc_channel 0;
ui nt all oc_channel 1;
uint local _bits_spent = 0;
/1 compute bit allocations
conpute_l eftright_all ocati ons(band, 9.10.35.1
al | ocated_bits,
al | oc_channel 0,
al | oc_channel 1) ;
Il read | eft channel
| ocal _bits_spent = read_one_band_nono(band, 9.10.2.3.2
al | oc_channel 0,
remai ni ng_bits,
vector[0]);
/1 read right channel
remai ni ng_bits -= local _bits_spent;
| ocal _bits_spent = read_one_band_nono(band, 9.10.2.3.2

al | oc_channel 1,
remai ning_bhits,
vector[1]);

return | ocal _bits_spent;

9.10.3.5 Functions Called from read_one_band_left_right

9.10.3.5.1 compute_leftright_allocations

The function compute_leftright_allocations() distributes the bits available for aleftright encoded stereo stream over the
left and right channel. When the left or the right channel is signaled to be silent, all bits will be alocated to the

remaining channel.
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Table 9-87: compute_leftright_allocations

Syntax Reference
/1 Distribute allocated bits over left and right channel.

/1 paraneter[in] band: index of band

/] paraneter[in] allocated_bits: bit allocation for band
/] paraneter[out] bits_|: bits allocated to | eft channel
/] paraneter[out] bits_r: bits allocated to right channel.

voi d conpute_l eftright_allocations(uint band,
uint allocated_bits,
uint &its_I,
uint &its_r) {

/1 handl e silent right channel
if (coding_npde == kCodi ngLeft) {

bits_ | = allocated_bits;
bits_r = 0;
return;

}

/1 handl e silent |left channel
i f (coding_npde == kCodi ngRi ght) {

bits_| = 0;
bits_r = allocated_bits;
return;

/'l conmpute the nobde for the band
uint node = _Ir_alloc_regi on_node[ conpute_regi on(band)]; 9.10.3.5.2

/1 conpute the fornula paraneters

uint factor = LR ALLOC PARAMS[ node] [ 0] ;

ui nt denomi nator = LR ALLOC PARAMS[ node] [ 1] ;

uint rounding_offset = LR ALLOC RATO PARAMS] node] [ 2] ;

/] Determ ne whether L or R should get the larger percentage of bits
bool | arger_percentage_for_I;
if (node == kLr StereoAl | ocati on5050) {

if (lognornf0][band] >= |ognorni1][band])

| arger _percentage_for_| = true;
el se
| arger _percentage_for_| = fal se;
else if (nmode == kLrStereoAl | ocati on6040 ||
nmode == kLr St ereoAl |l ocation7525) {
| arger _percentage_for_| = true;
el se {
| arger _percentage_for_| = false;

}

/1l Allocate bits
if (larger_percentage for_ 1) {

bits | = (factor * allocated_bits + rounding offset) / denom nator;
bits_2 = allocated_bits - bits_I;

} else {
bits r = (factor * allocated_bits + rounding offset) / denom nator;
bits_ | = allocated_bits - bits_r;

9.10.3.5.2 compute_region

The function compute_region() computes the leftright allocation region associated with a frequency band.

Table 9-88: compute_region

Syntax

/1 Compute region associated with a band.

/1

/| paraneter[in] band: frequency band.

/1 return: region associated with band (in {0,1,2})
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Syntax

ui nt conpute_region(uint band) {

if (band < LOWREG ON_THRESHOLD) {
return O;

}
else if (band < M D _REJ ON_THRESHOLD) {
return 1;

el se {
return 2;
}

}

9.10.3.6 read_one_band_midside

The function read_one_band_midside() reads a frequency band of a midside encoded stereo stream. The actual
bitstream reading is handled by the function read_one_band_mono().

Table 9-89: read_one_band_midside

Syntax Reference

/! Read one band of a m dside encoded stereo stream

/| paraneter[in] band: index of frequency band

/Il paraneter[in] allocated_bits: allocated bits for reading stereo band

/] paranmeter[in] renmaining_bits: renaining bits for reading stereo stream
/] paraneter[in] int_beta_ array: bit allocation partitioning data (beta)
/] paraneter[out] vector: reconstructed stereo band (2 coefficient arrays)
/1 return: the nunber of bits spent in reconstructing the stereo band

uint read_one_band_mi dsi de(ui nt band,
uint allocated_bits,
uint remaining_bits,
int int_beta_array,
float vector[2][]) {

uint N = _config->bandsi ze(band);
LNFP | ogN = _confi g->l og_band_si ze[ band] ;

float normm norms;
uint bits_m bits_s;
bool is_final;

al | ocated_bits = min(allocated_bits, remaining_bits);

uint beta_bits = conpute_split_paraneters(allocated_bits, 9.10.4.4.2
remai ni ng_bits,
N, N, [ ogNt1l,

bits_m bits_s,

normm norms,
is_final,
int_beta_array + band);

uint |ocal _bits_spent = beta_bits;
if (bits_m>= bits_s) {

/1 Read mid channel
| ocal _bits_spent += read_one_band_nono(band, bits_mremining_bits, vector[0]); 9.10.2.3.2

/'l Rebal ance all ocation

uint bit_difference = bits_m- |ocal _bits_spent;

if ((bit_difference > M N_BI T_DI FFERENCE_FOR REBALANCING) && (!is_final)) ) {
bits_s += bit_difference - M N_BlI T_D FFERENCE_FOR_REBALANC! NG

}

/'l read side channel

I ocal _bits_spent += read_one_band_nono(band, bits_s, remaining_bits,vector[1]); 9.10.2.3.2
el se {

/1l Read side channel
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Syntax Reference

I ocal _bits_spent += read_one_band_nono(band, bits_s,remaining_bits,vector[1]); 9.10.2.3.2

/'l Rebal ance all ocation

uint bit_difference = bits_s - |ocal _bits_spent;

if ((bit_difference > M N_BI T_DI FFERENCE_FOR REBALANCI NG) && (lis_final)) ) {

bits_m+= bit_difference - M N_BI T_Dl FFERENCE_FOR_REBALANCI NG,

}

/'l Read mid channel

| ocal _bits_spent += read_one_band_nono(band, bits_mrenaining_bits,vector[0]); 9.10.2.3.2
}
/1 Transformto leftright
m dside_to_|l eftright(band,normm norms, vector); 9.10.3.7

/1 Return nunber of bits spent
return | ocal _bits_spent;

9.10.3.7 midside_to_leftright

The function midside_to_leftright() transforms the midside representation of a stereo signal to aleftright representation

of astereo channel.

Table 9-90: midside_to_leftright

Syntax

Reference

/1 Transform midside representation to leftright representation.

/1 paraneter[in] band: the index of the frequency band

/'l paraneter[in] normm the L2-norm of the mid-channel

/] paraneter[in] norms: the L2-norm of the side-channel

/] paraneter[in/out] vector: the pair of coefficient arrays to be transforned.

void midside_to_leftright(uint band,
float normm
float norms,
float vector[2][]) {

uint band_start = _config->band_boundari es[ band];
uint band_end = _confi g->band_boundari es[ band+1] ;
uint band_size = _config->band_si ze[ band] ;

for (int n=band_start;n<band_end; n++) {
float m= normntvector[0][n];
float s = norms*vector[1][n];
vector[O][n] = m
vector[1][n] = s;

}

nor mal i ze(band_si ze, 1. 0, vect or [ 0] +band_start);
normal i ze(band_si ze, 1. 0, vector [ 1] +band_start);

9.10.4.9.7
9.10.4.9.7

9.10.4 Vector Quantization (VQ)

9.10.4.1 Overview of VQ

The functionsin this clause and sub-clauses specify how frequency domain coefficients are read from the bitstream. At
the lowest level the function read_nonsplit_vector() reads a segment of data from the bitstream given an index for an
unsigned pyramid code, and a sequence of sign bits. At the top-level the function read_split_vector() recursively splits,

until is able to call the function read_nonsplit_vector().

9.10.4.2 VQ Constants and Definitions

Thelist of constants and definitions shown in Table 9-91 is shared by all vector quantization modules.
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Table 9-91: VQ Constants and Definitions

Syntax
const uint M N_BIT_DI FFERENCE_FOR_REBALANCI NG = 3; // Threshold for rebal anci ng
const uint LOG MAXI MUM QUANTI ZATI ON_LEVEL = 8; // Log of maximum quanti zation
/1 level
const ui nt MAXI MUM_QUANTI ZATI ON_LEVEL = 256; /1 Maxi mum quanti zation | evel

// for partitioning paraneter
/1 of recursive split

const uint MAX DEPTH LOWRES = 3; /1 Max depth of recursion in
/1 normal resolution. The max
// depth is increased by one
// when _is_highres is true.

9.10.4.3 read_split_vector

The function read_split_vector(), shown in Table 9-92, recursively reads a band of MDCT coefficients from the
bitstream. The input parameter gain specifies the gain to be applied after reconstruction. This parameter is set to 1 at the
top level. The depth parameter depth isto be set to 0 at the top level. The value of num_blocksis to be provided as

num_band_blocks, as determined by read num_band_blocks.

Table 9-92: read_split_vector

Syntax

Reference

/'l Recursively read a set of band coefficients fromthe bitstream

/1 paraneter[in] allocated_bits: the nunber of bits allocated to this vector

/] paraneter[in] renmaining_bits: the total nunber of available bits for this stream
/] paraneter[in] length: the length of this vector

/] paraneter[in] numbl ocks: the nunber of tinme slots in this vector

/1 paraneter[in] current_depth: the depth of the recursion

/] paraneter[in] gain: the gain to be applied to the reconstructed vector

/] paraneter[out] vector: the reconstructed vector

void read_split_vector(uint allocated_bits,
uint remaining_bits,
ui nt N,
ui nt num_bl ocks,
ui nt current_depth,
float gain,
float vector[]) {

uint local _bits_spent = 0;
int allocated_bits = min(allocated_bits, renmaining_bits);
if (is_split_required(allocated bits, N, current_depth)) {

/1 Split the vector in two hal ves

int partition_depth = current_depth + 1;

uint N1 = (N + 1) > 1;

uint N2 = N- N_1;

float vector_1[] vector;

float vector_2[] vector + N_1;

int partition_numblocks = (numblocks + 1) >> 1;
float norm1, norm2;

LBFP I ogN = _config->log_el enentary_band_size - current_depth;

bool is_final;

uint beta bits = conpute_split_paraneters(allocated_bits,
remai ning_hits,
N, | ogN,
norm1, norm2,
bits_1, bits_2,
is_final);

int remaining_bits -= beta_bits;

al l ocated_bits -= beta_bits;

/'l Recursive calls.
/1 Decode the half with nost allocated bits first.
/1 1f some of the allocated bits are not used,
/1 reassign themto the second half.
if (bits_1 >= bits_2) {
| ocal _bits_spent = read_split_vector(bits_1,

9.10.4.4.1

9.10.4.4.2

9.10.4.3
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Syntax Reference

remai ning_bits,

N 1,

partition_num bl ocks,
partition_depth,

gain * norm1,

vector_1);
remai ning_bits -= |l ocal _bits_spent;
uint bit_difference = bits_1 - local _bits_spent;

if ((bit_difference > M N_BI T_DI FFERENCE_FOR REBALANCING && (!is_final)) ) {
bits 2 += bit_difference - M N _BI T_Dl FFERENCE_FOR_REBALANCI NG,

}

ui nt aux_bits_spent;

aux_bits_spent = read_split_vector(bits_2, 9.10.4.3
remai ning_bhits,
N_2,

partition_num bl ocks,
partition_depth,
gain * norm2,
vector_2);

| ocal _bits_spent += aux_bits_spent;

}
el se {
| ocal _bits_spent = read_split_vector(bits_2, 9.10.4.3
remai ning_bits,
N_2,
partition_num bl ocks,
partition_depth,
gain * normalized_norm 2,
vector_2);
remai ni ng_bits -= local _bits_spent;
uint bit_difference = bits_2 - |ocal _bits_spent;

if ((bit_difference > M N Bl T_DI FFERENCE_FOR REBALANCING) && (lis_final) ) {
bits_1 += bit_difference - MN_BI T_D FFERENCE_FOR REBALANCI NG

ui nt aux_bits_spent;

aux_bits_spent = read_split_vector(bits_1, 9.10.4.3
remai ni ng_bits,
N 1,

partition_num bl ocks,
partition_depth,
gain * normalized_norm1,
vector_1);

| ocal _bits_spent += aux_bits_spent;

| ocal _bits_spent += beta_bits;

/1 no split
el se {
| ocal _bits_spent = read_nonsplit_vector(allocated_bits, remaining_bits, 9.10.4.5
N, num bl ocks, gain, vector[]);
/1l return

return | ocal _bits_spent;

9.10.4.4 Functions Supporting read_split_vector

9.10.4.4.1 is_split_required
Thefunctionis_split_required() indicates whether or not the segment being read needs to be read in parts.
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Table 9-93: is_split_required

Syntax Reference
/1 Determ ne whether or not a recursive split is required.

// paraneter[in] allocated_bits: the bits available for reading band coefficients
/1 paraneter[in] N the length of the vector to be read

/1 paraneter[in] depth: the recursive depth of the recursive split

/] return: whether or not a split is required

bool is_split_required(uint allocated_bits, uint N, uint depth) {
uint max_depth = MAX DEPTH LOARES + _is_highres ? 1 : 0;
if ((depth > max_depth) || (N < 4)) {
return fal se;

el se {
return bits > MAX_BITS_FOR N[ N-2]; 10.7.2
}

9.10.4.4.2 compute_split_parameters

The function compute_split_parameters() computes the bit assignments and norm values for vector that is read as two
segments from a bitstream. Values are computed for the first and second segment. This function is also used by the
stereo module, determining the bit alocations for left and right channels.

Table 9-94: compute_split_parameters

Syntax Reference
/1 Compute bit allocations and norms for first and second segnment in a split.

/1 paraneter[in] allocated_bits: the nunber of bits allocated

/1 paraneter[in] renmining_bits: the total nunber of bits available

[l parameter[in] N the length of the vector to be retrieved

/] paraneter[in] |logN a fixedpoint approxi mation to | og2(N)

/1 paraneter[out] bitsl: nunber of bits to be assigned to left segnent
/1 paraneter[out] bits2: nunber of bits to be assigned to right segnent
/] paraneter[out] nornl: normfor the left segnent

// paraneter[out] nornR: normfor the right segnent

/1 paraneter[out] is_final: true if one of the segnents has zero norm

uint conpute_split_paraneters(uint allocated_bits,
uint remaining_bits,
uint N,
LBFP | ogN,
uint &bitsl,
uint &bits2,
fl oat &nornt,
float &norng,
bool & s_final) {

uint quantization_|level = conpute_quant_level (allocated_bits, N, 10ogN); 90.10.4.43
uint local _bits_spent = BitsUsed();
uint index = ReadUniforn(quantization_|evel +1); 8.2.11
| ocal _bits_spent = BitsUsed() - |ocal _bits_spent 823
allocated_bits -= local _bits_spent;

int int_beta;
if ( index <= quantization_level/2 ) {
int_beta = BETA DEQUANT_TABLE[ quanti zation_|l evel /2 - 1][index]; 10.7.5

el se {
int_beta =
- BETA_DEQUANT_TABLE[ quanti zation_l evel /2 - 1][quantization_| evel / 2-i ndex];

}

if (index == 0) {
nor m. 0;
nor n2
bitsl
bits2 its;
if_final = true;

1

0;

0.
1.
0;
b

else if (index == quantization_|level) {
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Syntax Reference
nornl = 1;
norn2 = 0;
bitsl = bits;
bits2 = 0;
is_final = true;

/1 quantization_|level guaranteed to be even
el se {

/1 fixedpoint beta in (-1 ..+1)
BQFP fp_beta = (BQFP(int_beta) / quantization_|level) - 0.5;

/1 fixedpoint delta
BQFP fp_delta = -(N-1)*fp_beta;

/1 beta and delta
float beta = (float) fp_beta;
int delta = Round(fp_delta);

/1 conpute norm val ues

float beta_term= pow(2.0,2.0*beta); // 2"(2*beta)
nor ml. sqrt(beta_term/ (1.0 + beta_term);
norng = sqrt(1.0 / (1.0 + beta_term);

/1 conpute bit allocations
int bitsl = min(bits, (bits - delta + 1) / 2);
if (bitsl < 0) bitsl = 0;
int bits2 = bits - bitsl;

/1 final flag
is_final = fal se;

return | ocal _bits_spent;

}

9.10.4.4.3 compute_quant_level

The function compute_quant_level () computes the quantization level of thelog ratio of the norms of the left and right
half a partitioned vector as encoded in the bitstream. The computed quantization level depends on the number of bits
available and the length of the vector to be partitioned.

Table 9-95: compute_quant_level

Syntax

/1 Conpute partitioning

/! paraneter[in] bits: the nunber of bits available
/1 paraneter[in] N the length of the vector

/1 parameter[in] |ogN: an approximtion to | og2(N)

uint conpute_quant_level (uint bits, uint N, LBFP |l ogN) {

LBFP fp_bits = bits;

LBFP exponent _0 = (fp_bits + ((logN2)-1) * (N1)) / (N1);

LBFP exponent _1 = b - 2;

LBFP exponent = (exponent_0 < exponent_1) ? exponent_O : exponent_1;

if (exponent < 0.5) {
return 1,

}
else if (exponent > LOG MAXI MUM QUANTI ZATI ON_LEVEL) {
return MAXI MUM_QUANTI ZATI ON_LEVEL;

}
el se {
uint res = exp(exponent);
return (res + 1) & even_nask;
}
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9.10.4.5 read_nonsplit_vector

The function read_nonsplit_vector() reads a segment from of vector of aband of MDCT coefficients from the bitstream
and sets the retrieved vector a specified gain value gain. The number of time slots num_blocks (corresponding to
num_band_blocks) is provided to allow appropriate reconditioning of vectors encoded with very few pulses.

Table 9-96: read_nonsplit_vector

Syntax Reference

// paranmeter[in] N length of vector

/Il paraneter[in] numbl ocks: nunber of blocks in vector
[/ parameter[in] gain: specified gain for output vector
/] paraneter[out] vector: output vector

/1l return: the nunber of bits read fromthe bitstream

uint read_nonsplit_vector(uint allocated_bits, uint remaining_bits,
uint N, uint numblocks, float gain, float vector[]) {

uint |ocal _bits_spent = BitsUsed(); 8.2.3
/1 Conpute K val ue

uint K= get_best_k for_n(allocated_bits, remaining _bits, N); 9.10.4.9.4
/1 get al phabet size

uint al pha = pyram d(N, K); 9.10.4.9.3
/] retrieve index

ui nt index = ReadUni forn(al pha); 8.2.11
/] construct absol ute val ues

make_unsi gned_pyr ami d_vect or (i ndex, N, K, vect or); 9.10.4.6

Il retrieve signs
uint mask_| ength = hamm ng(N, vector); // pyram d properties guarantee 9.10.4.9.6
/1 mask_l ength <= 32
uint mask = 0;
for (int i=0;i<mask_| ength;i++) {
mask= (mask << 1) | ReadBit(); 823
}

/1 apply signs
for (int i=N1;i>=0;i--) {
if (vector[i] !'=10) {
if (mask&l) {
vector[i] *= -1,
}
mask >> 1;
}
}

/1 recondition
recondi ti on(N, K, num bl ocks, _reconditioning_|evel,vector); 9.104.71

/'l spectral hole fill
do_spectral _hole_fill (N, K vector); 9.10.4.8

/1 normalize
normal i ze(N, gai n, vector); 9.10.4.9.7
/1 return the nunber of bits read

return BitsUsed() - local _bits_spent; 8.2.3

9.10.4.6 make_unsigned_pyramid_vector

The function make_unsigned_pyramid_vector() reconstructs an element from an unsigned pyramid code with
parameters N and K given an index value index.
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Table 9-97: make_unsigned_pyramid_vector

Syntax

Reference

/'l Reconstructs an el enent from an unsigned pyram d code

/] paraneter[in] index: the index value of the pulse vector
// paraneter[in] N the N paraneter of the pyram d code

/'l paraneter[in] K the K value of the pyram d code

/] paraneter[out] vector: the reconstructed pul se vector.

voi d make_unsi gned_pyram d_vector (uint index, uint N, uint K float vector[]) {

// assert index is valid
assert (index < pyram d(N, K));

/] recursively construct vector
if (N==1) {

vector[0] = K

return;

}
else if (K==0)) {
set(vector, 0, N);
return;
}
el se {
for(int j = K-1; j >=0; j--) {
if (index >= pyram d(N,j)) {
br eak;

}

/1 set first value
v[0] = K- j - 1,

/] set paraneters for recursion
index -= pyram d(N,j);

/'l recurse
make_unsi gned_pyram d_vector (i ndex, N-1,j +1, vect or +1) ;

9.10.4.9.3

9.10.4.9.3

9.10.4.7 Reconditioning

9.10.4.7.1 recondition

The function recondition() reconditions a raw pulse vector to mitigate for non-sparse original vectors that are being
reconstructed with only afew pulses. Reconditioning is applied separately for each of the time dots (specified by
num_blocks) in the vector. The input parameter reconditioning_level specifiesto what degree reconditioning should be

applied and is read from the bitstream.

Table 9-98: recondition

Syntax

Reference

/1 paraneter[in] N vector length

/] paraneter[in] K nunber of pul ses

// paraneter[in] num bl ocks: nunber of blocks (time slots)

/1 paraneter[in] reconditioning: recondition level (O..3)

/| paraneter[in/out] vector: vector that is being reconditioned

void recondition(uint N
uint K,
ui nt num bl ocks,
uint reconditioning_level,
float vector[]) {

const float RECONDI TI ONI NG EXPO_FACTCR 1
const float RECONDI TI ONI NG_EXPO_FACTCR 2

non
ow
~N o
PR

const uint kReconditioninglLevel Of
const uint kReconditioninglLevel Low
const uint kReconditioningLevel Medi um = 2;
const uint kReconditioninglLevel H gh = 3;

0;
1;
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Syntax Reference
const float RECONDI TI ONI NG TABLE[] = {0, 0.36, 0.47, 0.75};
if ((2*K >= num bl ocks) ||
(recondi tioning_l evel == kReconditioningLevel Of) || (K ==10)) {

return;

}

float matrix[][];
uint num sanpl es_bl ock = N/ num bl ocks;

float sigma = exp(RECONDI TI ONI NG_EXPO FACTOR 1 *
pow( ((float) K/ (float) N), RECONDI TI ONI NG EXPO _FACTOR 2)
RECONDI Tl ONI NG_TABLE [reconditioning_|level]);

ui nt num segnents;
ui nt num sanpl es_segnent ;

num segnents = num sanpl es_bl ock / 4;

num sanpl es_segnent = 4;

num sanpl es_| eft = num sanpl es_bl ock % 4;
make_matri x_4(signma, matrix); 9.104.7.2

if (numsegnents > 0)
for (int bl k=0; bl k<num bl ocks; bl k++) {

if (numsanples_left '=0) {
/1 Loop over the segnents
for (int seg = 0; seg < numsegnents; seg++) {
int index = blk * num sanpl es_bl ock + seg * num sanpl es_segnent;
apply_matrix(matrix, num sanpl es_segnent, vector + index); 9.10.4.7.3

/[l flip to get sequence forward again
flip_vector(numsanpl es_bl ock, vector + blk * num sanpl es_bl ock); 9.10.4.7.4

}

/1 Loop over the segnents

for (int seg = 0; seg < num segnents; seg++) {
int index = blk * num sanpl es_bl ock + seg * num sanpl es_segnent;
apply_matrix(matrix, num sanpl es_segnent, vector + index); 9.10.4.7.3

// de-interleave (in-place)
int index = blk * num sanpl es_bl ock;
i nterl eave_vect or (num sanpl es_bl ock, num sanpl es_segnent, vector + index); 9.10.4.7.5

9.10.4.7.2 make_matrix_4

The function make_matrix_4() creates a reconditioning 4x4 matrix parameterized by a control sigma.

Table 9-99: make_matrix_4

Syntax

/| paraneter[in] sigma: reconditioning control paraneter
/] paraneter[out] matrix: reconditioning matrix

void make_matrix_4(float sigma, float matrix[][]) {

const float Pl_4
const float Pl_2

atan(1.0);
acos(0.0);

float a = cos(signa * PI_4);
float b = sin(sigma * Pl_4);
float ¢ = sin(sigma * Pl_2);

float div = sqrt(a*ra + 2*b*b + c*c);

matri x[ 0] [ O]
matri x[ 0] [ 1]

+a [/ div;
-b / div;
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Syntax
matrix[0][2] = +b / div;
matrix[0][3] = -d / div;
matri x[1][0] = +b / div;
matrix[1][1] = +a / div
matrix[1][2] = +d / div;
matrix[1][3] = +b / div;
matrix[2][0] = -b [/ div;
matrix[2][1] = -d [/ div;
matrix[2][2] = +a / div;
matrix[2][3] = +b / div;
matrix[3][0] = +d / div;
matrix[3][1] = -b / div;
matrix[3][2] = -b / div;
matrix[3][3] = +a / div

9.10.4.7.3 apply_matrix

The function apply_matrix() applies a specified reconditioning matrix to a specified segment.

Table 9-100: apply_matrix

Syntax

/] paraneter[in] matrix: reconditioning matrix
/] paraneter[in] matrix_size: matrix dinmension (size)
/] paraneter[in/out] vector: vector to which reconditioning is applied

void apply_matrix(float matrix[][], uint matrix_size, float vector[]) {
float output[];
for (int m=0; m< matrix_size; m+) {
output[nm = 0;
for (int n =0; n < matrix_size; n++) {

output[m += matrix[m[n] * vector[n];

}

for (int m=0; m< matrix_size; mt+) {
vector[n] = output[ni;

9.10.4.7.4 flip_vector

The function flip_vector () reverses the entries in a specified vector.

Table 9-101: flip_vector

Syntax

/] paraneter[in] length: length of the vector
/] paraneter[in/out] vector: vector to be flipped

void flip_vector(uint length, float vector[]) {

for (int i =0; i < length; i++) {
float swap = vector[i];
vector[i] = vector[length-i-1];
vector[l ength-i-1] = swap;
}
}
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9.10.4.7.5 interleave_vector

The function interleave _vector () interleaves a vector modeled as matrix transpose.

Table 9-102: interleave_vector
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Syntax

/] paraneter[in] length: length of the vector
/] paraneter[in/out] vector: vector to be interleaved.

void interleave_vector(uint length, uint size, float vector[]) {

uint numrows = size;
uint numcols = length / size;

float output[];
for (int m=0; m< numrows; m+) {

for (int n =0; n _numcols; n++) {
out put [ mFnum col s+n] = vector[n*num.rows+nj;

}

for (int m=0; m< length; m+) {
vector[n] = output[ni;

9.10.4.8 Spectral Hole Fill

9.10.4.8.1 Overview of Spectral Hole Fill

Spectral Hole Fill injects non-zero energy when no bits are available for vector quantization. The encoder indicates to
the decoder using the _shf_enabled flag whether or not spectrall holefilling is appropriate. The method of Spectral Hole
Filling is not normative. For the reader's convenience a simple method is described in the pseudo-code below, but actual
implementation of an ACE decoder may choose different methods for energy injections.

9.10.4.8.2 do_spectral_hole _fill (informative)

The function do_spectral_hole fill(uint N, uint K, float vector[]) injects energy in an al-zero coefficient buffer. Asthis
function is followed by normalization, the amount of energy injected isirrelevant, aslong asit is non-zero.

Table 9-103: do_spectral_hole_fill

Syntax Reference
/1 Inject energy in coefficient buffer
/1
/1 paraneter[in] N nunber of sanples
/| paraneter[in] L: the K value of the pyram d code
/] paraneter[in/out] vector: the sanple buffer
voi d_do_spectral _hole_fill(uint N, uint K float vector[]) {
/1 bail if any pul ses
if (K!'=0) {
return;
}
for (int i=0;i<Ni++) {
vector [i] = randomsign(); 9.10.7.4
}
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9.10.4.9 Auxiliary functions

9.10.4.9.1 factorial

Table 9-104: factorial

Syntax Reference

/] paraneter[in] n: input value
[/ return: factorial(n) = n*(n-1)*...*1.

uint factorial (uint n) {

if (n==0) {
return 1;

el se {
return n*factorial (n-1);

}

}

9.10.4.9.2 choose

Table 9-105: choose

Syntax Reference

/] paraneter[in] n: input value

/] paraneter[in] k: input value

Il return: the nunber of ways k el enents can be chosen froma set of k elenents
uint choose(uint n, uint k) {

return factorial(n) / ( factorial(k)* factorial(n-k));

}

9.10.4.9.3 pyramid

An unsigned pyramid code with parameters N and K is the set of vectors of length N with non-negative integer entries
such that the sum of entriesis equal to K. The function pyramid() computes the number of elementsin an unsigned
pyramid code.

Table 9-106: pyramid

Syntax Reference
/] paraneter[in] n:
uint pyramd(uint N, uint K) {
return choose(Nt+K-1, K) ; 9.10.4.9.2
}

9.10.4.9.4 get_best _k_for_n

The function get_best_k for(uint N, uint allocated _bits) computes the best value of K such that the signed pyramid
(N,K) fits within the allocated budget.

Table 9-107: get_best_k_for_n

Syntax Reference

/'l conpute the optimal value of K such that signed pyramd with paranmeters (N, K)
/'l satisfies the bit budget

/1

/1 parameter[in] N length of segment

/] paraneter[in] allocated_bits: nunber of bits allocated for segnent retrieval
/1 return: the optimal value K
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Syntax Reference

int get_best_k_for_n(uint allocated_bits, uint remaining_bits, uint N) {

const uint MAXI MMM K = 256;

const uint MAXI MUM K LOARES = MAXIMUM K / 2;

const uint NUM I NDEX BITS = 32;

const uint NUM DI MENSI ONS W TH_MAX_K = 4;

const uint NUM DI MENSI ONS W TH MAX_K_LOARES = 5;

const ui nt MAXI MUM WORST_CASE_EXCESS = 8;

const uint M N MU BITS_FOR_LI NEAR_EXCESS_BOUNDI NG = 6;
const uint MAXI MUM_N_FOR LI NEAR_EXCESS BOUNDI NG = 7;

const uint A COEFFI Cl ENT_FOR_LI NEAR_EXCESS BOUNDI NG = 78;
const uint B_COEFFI Cl ENT_FOR_LI NEAR_EXCESS BOUNDI NG = 993;
const uint FlI XED PO NT_RESCLUTI ON = 9;

const uint FIXED PO NT_ROUNDI NG = 1 << (FI XED_PO NT_RESOLUTI ON - 1);

const uint MAX BI TS_FOR N LOARES[] = {10, 17, 23, 29, 35};
typedef Fi xedPoi nt <FI XED_PO NT_RESOLUTI ON> NKFP;

/1 do not spend nore than avail abl e
al l ocated_bits = min(allocated_bits, remaining_bits);

/1 stop when insufficient nunber of bits
if (allocated_bits < 2) {
return O;

}

/'l upperbound K

uint maxK = max_k_for_n(N); 9.10.4.9.5

if (!_is_highres & (maxK > MAXI MUM K_LOARES)) {
maxK = MAXI MUM K_LOWRES;

}

/1 upper bound nunber of bits

int max_bits;

if (!_is_highres & N < NUM DI MENSI ONS_W TH_MAX_K_LOARES + 2) {
max_bits = MAX_BI TS_FOR_N_LOARES[ N- 2] ;

}
else if (N < NUMDI MENSI ONS WTH MAX K + 2) {

max_bits = MAX_BITS FOR N[ N 2]; 10.7.2
el se {
max_bits = NUM_INDEX BI TS + min(N, maxK);

}
al l ocated_bits = min(allocated_bits, max_bits);

/] estimte K
uint ¢l = K_ESTI MATI ON_CCEFFI Cl ENTS[ N-2] [ 1] ; 10.7.4

NKFP f p_exponent (al | ocated_bits);
fp_exponent /= (N-1);

I/l Split integer and fractional parts of the exponent.
int int_exponent = intpart(fp_exponent);
f p_exponent . dat a(fracpart (fp_exponent));

/l Calculate the termcl * 2"{exp_frac}*2"fi xed_poi nt _resol ution,
/'l where exp_frac is the fractional part of bits / (N- 1).

/1 Here the factor 2°fixed_point_resolution cones fromthe

/'l fixed point representation of cl.

NKFP fp_exp_factor = exp2(fp_exponent);

NKFP fp_exp_term = fp_exp_factor * c1;

/1 Multiply the nunber resulting fromthe conputati on above
/1 by 2"{exp_int - fixed_point_resolution},
/1l where exp_int is the integer part of bits / (N- 1),
/1 which was |eft appart,
/1 and 27{-fixed_point_resol ution} cancels the factor
/1 2~fixed_point_resolution comng fromthe
/1 fixed point representation of cl in tha conputation above.
int exponent _difference = int_exponent - fixed_point_resolution;
if (exponent_difference >= 0)
fp_exp_term <<= exponent _di fference;
el se
fp_exp_term >>= -exponent _difference;
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Syntax Reference

/1 Subtract the termcO and round to nearest integer
NKFP fp_cO;

fp_cO0. dat a( coef f s->c0);

NKFP fp_k = fp_exp_term- fp_cO;

int K= round(fp_k);

if (K<1) {
K=1;

else if (K> maxK){
K = maxK;

int gap = bits_hard_limt - bits;
/1 1f there exists a risk of surpassing
/'l the paraneter bits_hard_limt...
if (gap < MAXI MUM WORST_CASE_EXCESS) {
bool may_exceed_gap = true;
if (allocated_bits >= M N MUM BI TS_FOR_LI NEAR_EXCESS_BOUNDI NG {
/1 In this case, the nmaxi mum possi bl e difference between
/1 the code lenth of an encoding of a vector s and bits,
/'l is upper-bounded by a linear function a * bits + b
int excess_upper_bound =
(A_CCEFFI Cl ENT_FOR_LI NEAR_EXCESS _BOUNDI NG * bits +
B_COEFFI Cl ENT_FOR_LI NEAR_EXCESS_BOUNDI NG + FI XED_PO NT_ROUNDI NG) >>
FI XED_PO NT_RESOLUTI ON;
if (gap > excess_upper_bound) {
may_exceed_gap = fal se;
}

else if (N <= maxi mum N for_linear_excess_bounding) {
/1 In this case, the maxi mum possible difference between
/1 the code lenth of an encoding of a vector s and bits,
/'l anmong all vectors in S(N, K), 2 <= N < 8§,
/1 is upper-bounded by a linear function (N- 1) / 2
int excess_upper_bound = (N - 1) / 2;
if (gap > excess_upper_bound) {
may_exceed_gap = fal se;
}

}
/1 |f there exists still a risk of surpassing
if (may_exceed_gap) {

int bits_for_signs = (N<K) ? N: K

if (bits_for_signs >= remaining_bits) {
/1 Recall that bits_hard_limt >= 2 by a condition checked above
K= bits_hard_|imt - 1;
bits_for_signs = K;

int bits_for_index = remaining_bits - bits_for_signs;

/1 if bits_for_index >= NUM_| NDEX_BI TS,
/'l then there is no risk of surpassing renaining_bits
/] otherwi se ...
if (bits_for_index < NUMINDEX BITS) {
uint bit_mask = Oxffffffff;
bit_mask >>= NUM_INDEX BITS - bits_for_index;

/1 bit_mask_conpl ement has zeros in the

/1 bits_for_index |ess significant bits and ones in
/1 the renmining nost significant bits.

uint bit_mask_conpl emrent = ~bit_mask;

/'l Decrenment K until the representation of an index in an enuneration of

Il S(N,K) fits in bit_mask_conpl enent.

/1 Wiile K> N, the nmaxi mum nunber of bits for signs renains unchanged because

/1 mn{N K} is N Once Kreaches N (eventually fromthe begining),

/1 then each tinme K is decrenented, the maxi mum nunber of bits for signs

I/ is also decrenented, so an extra bit for the encoding of the index is

/1 onbtained and the bit_mask_conpl enment is shifted one position

while (K> N & ((pyram d(N, K)-1) & bit_nask_conpl enent)) { 9.10.4.9.3
K--;

}
while (K> 0 & ((pyram d(N, K)-1) & bit_mask_conpl enent)) { 9.10.4.9.3
K--3
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Syntax Reference
bi t _mask_conpl enent <<= 1,
}
}
}

}

return K;
}
9.10.4.9.5 max_k_for_n
The function max_k_for_n(uint n) computes the maximum value for k such that pyramid(n,k) fitsin 32 bits.

Table 9-108: max_k_for_n
Syntax Reference

/'l Conpute value for K such pyramid(N K) fits in 32 bits
11
/] paraneter[in] n: length of segnent to be decoded
[l return: the nmaxi numvalue of k for given n.
int max_k_for_n(uint n) {

if ((n<1) || (n> MAX_BAND SIZE) { 10.7.1

return -1;

}

return MAX_K FOR N[ n-1]; 10.7.3
}

9.10.4.9.6 hamming

The function hamming() computes the number of non-zero elementsin a vector.

Table 9-109: hamming

Syntax

/] paraneter[in] N vector length
/] paraneter[in] vector: input vector
/1 return: nunber of non-zero entries

uint hamm ng(uint N, int vector[]) {
uint length = 0;
for (int i=0;i<Ni++) {
if (vector[i] !'=0) {

| engt h++;

}

return | ength;

9.10.4.9.7 normalize

The function normalize() normalizes a vector vector to specified gain value gain.

Table 9-110: normalize

Syntax

/] paraneter[in]: length of vector
/] paraneter[in]: gain of the vector after nornalization
/] paraneter[in/out]: vector to be nornalized to specified gain

void normalize(uint N, float gain, float vector[]) {

ETSI




199 ETSI TS 103 491 V1.1.1 (2017-04)

Syntax

float L2norm = O;
for (int i=0;i<Ni++) {
L2norm += vector[i]*vector[i];

}
L2norm = sqrt(L2norn;
float factor = gain / L2norm

for (int i=0;i<Ni++) {
vector[i] *= factor;

9.10.5 Frequency Transforms

9.10.5.1 Overview of Frequency Transforms

The spectral coefficients recovered from the bitstream are converted to time-domain samples using an overlapped
inverse MDCT transform, implemented as a block DCT4 transform followed by phase-shifted window transform. The
DCT4 transform operates directly on the band data as a single block transform, applied to the whole band (asingle
1024-DCT4 transform [long]) or as a sequence of smaller transforms (8 128-DCT4 transforms [short]). The DCT4
transform is followed by a window transform, implementing a windowed overlap-add. This windowing operation will
complete the transformation of the previous frame to the time-domain; the current frame will have the second part of the
last transform block incomplete, until the next frame is available. This part of the processing chain is responsible for the
1-frame coding delay of the ACE decoder.

9.10.5.2 do_windowed_imdct

The windowed IMDCT function operates on a previous and current vector. After completion, the previous vector is
ready for further processing, whereas the current vector will only be ready when the next frame has become available.
This delay resultsin a one frame delay for the ACE codec output.

The function do_windowed_imdct() implements the inverse windowed IMDCT is shownin Table 9-111.

Table 9-111: do_windowed_imdct

Syntax Reference

/1 comput e wi ndowed i ndct

/1

/| paraneter[in] |ength: common | ength of previous and current vector
[/ parameter[in] N_prev: transformsize for previous vector

/] parameter[in] N.curr: transformsize for current vector

/] paraneter[in/out]: previous vector with sanple val ues

/] paraneter[in/out]: current vector with sanple val ues

voi d do_wi ndowed_i ndct (ui nt | ength,
uint N_prev,
uint N_curr,
float prev_vector[],
float curr_vector[]) {

ui nt prev_w ndow ];
uint curr_w ndow];

uint K= mn(N_prev,N curr);

make_w ndow( N_prev, K, prev_w ndow) ; 9.10.5.3.1

make_wi ndow( N_curr, K, curr_w ndow) ; 9.10.5.3.1

do_mul tiple_idct4(N cur, length, curr_vector); 9.10.5.3.2

do_mul ti pe_wi ndowm N_curr, | engt h, prev_w ndow, curr_w ndow, prev_vector, curr_vector); 9.10.5.3.4
}
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9.10.5.3 Functions Supporting do_windowed_imdct

9.10.5.3.1 make_window
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The function make_window() populates a window array window according to parameters N and K, where the former is
the length of the half-window window and the latter is the size of the transition region from O to 1.

Table 9-112: make_window

Syntax

/'l paraneter[in] N size of half-w ndow

/] paraneter[out] window array holding the hal f-w ndow val ues

/1 assunption: K <= N
/1 assunption: N, K are even

voi d make_wi ndow(uint N, uint K float window]) {

uint NK2 = (NK)/2;
const float Pl_2 = acos(0);

for (int k=0; k<N_K_2; k++) {
wi ndow{ k] = O;
wi ndow[ N-k-1] = 1;

}

for (k=0; k<K; k++) {
float W= sin(Pl_2*(k+0.5)/K);
wi ndow N_2] = sin(Pl_2*WW;

[l parameter[in] K size of transition region: (N-K)/2 boundary values at the |eft
I/ are set to 0, and on the right are set to 1.

9.10.5.3.2 do_multiple_idct4

The do_multiple_idct4() function applies the DCT4 transform to contiguous blocks within a vector vector.

Table 9-113: do_multiple_idct4

Syntax

Reference

/'l paraneter[in] N the size of the DCT4 transform

[/ paranmeter[in] length: the length of the input vector
/] paraneter[in/out]: the vector to be transforned.

[/ assunption: Nis a power of 2.

void do_nul tiple_idct4(uint N, uint length, float vector[]) {
uint numblocks = length / N
for (int blk = 0; bl ock<num bl ocks; bl k++) {
do_singl e_i dt c4(N, vect or +bl k*N) ;

}
}

9.10.5.3.3

9.10.5.3.3 do_single _idct4

The do_single idct4() function applies the DCT4 transform to an input vector vector. The DCT4 transform is a building

block of the MDCT transform.

Table 9-114: do_single_idct4

Syntax

/'l paraneter[in] N the size of the DCT4 transform
/] paraneter[in/out]: the vector to transforned.
/] assunption: Nis a power of 2.

void do_single_idct4(uint N, float vector[]) {
const float Pl_4 = atan(1.0);
float scratch_vector[];
for (int nmeO; meN, me+) {
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Syntax
ovector[m = 0;
for (int n=0;n<N n++) {
ovector[n] -=sqrt(2/N * cos((Pl_4/N)*(2*m+l)*(2*n+1)) * vector[size-1-n];

for (int meO; NN, m++) {
vector[n] = ovector[ni;

10.5.3.4 do_multiple_window

The function do_multiple_window() applies a windowing with prev_window to the boundary between prev_vector and
curr_vector and with curr_window to the non-boundary samples of curr_vector.

Table 9-115: do_multiple_window

Syntax Reference
Il parameter[in] N the number of sanples (size) of the half-w ndow
/1l parameter[in] length: the (common)length of prev_vector and curr_vector
/! paraneter[in] prev_w ndow the sanple values of the hal f-w ndow
11 applied to the boundary between prev_vector
I and curr_vector
/1 paraneter[in] curr_wi ndow. the sanple values of the half-w ndow
11 applied to the non-boundary sanples of curr_vector
/| paraneter[in/out] prev_vector: the previous vector in the processing chain
/1 paraneter[in/out] curr_vector: the current vector in the processing chain
voi d do_mul ti pl e_wi ndow(ui nt N,
uint |ength,
float prev_w ndow],
float curr_wi ndow],
float prev_vector,
float curr_vector) {
float vector[];
uint N2 = N2;
/1l copy fromtail of prev_vector
for (int n=0; n<N 2;n++) {
vector[n] = prev_vector[length-N_2+n];
/1 copy fromcurr_vector
for (int n=0;n<N, n++) {
vector[ N_2+n] = curr_vector[n];
}
uint numblocks = length / N
do_si ngl e_i wi ndow( N, | engt h, prev_wi ndow, vect or);
for (int blk=1; bl k<num bl ocks; bl k++) {
do_si ngl e_wi ndow( N, | engt h, curr_w ndow, vect or +bl k*N) ; 9.10.5.35

}

}

/1 copy to tail of prev_vector
for (int n=0; n<N 2;n++) {
prev_vector[length-N 2+n] = vector[n];

/] copy to curr_vector

for (int n=0;n<N;, n++) {
curr_vector[n] = vector[N 2+n];

}

9.10.5.3.5 do_single_window

The do_single_window() function applies the half-window window to the vector vector. After application, the left half
of vector has been transformed corresponding to the mirrored version of window (i.e. the falling part of a complete
window) and the right half of vector has been transformed to window as the left half of the a complete window.
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Table 9-116: do_single_window

Syntax
/'l paraneter[in]N the nunber of sanples (size) of the half-w ndow
/] paraneter[in]w ndow. the sanple values of the rising left half-w ndow
/] paranmeter[in/out] vector: the vector to which windowing is applied

voi d do_single_wi ndow(uint N, float window], float vector[]) {

for (int n=0;n<N 2;n++) {
float vO;
float vi;
v0 = +wi ndow[ N-n-1] *vector[n] - wi ndow n]*vector[ N-n-1];
vl = +wi ndow n] *vector[n] + wi ndow N-n-1]*vector[N-n-1];
vector[n] = vO;
vector[ N-n-1] = vi;

9.10.5.4 Band Reshaping

The function reshape_band() reshapes the time-frequency representation of a vector vector from an original number of
time slots old_num_blocks to a new number of time slots new_num_blocks. The in/out vector holds the values for a
given frequency band, with start bin band_start (included) and end bin band_end (excluded). The start and end values
arerelative to afrequency transform with size frame_duration.

Table 9-117: reshape_band

Syntax Reference

voi d reshape_band(uint frane_duration,
uint band_start,
ui nt band_end,
ui nt ol d_num bl ocks,
ui nt new_num bl ocks,
float vector[]) {

ui nt num bl ocks = ol d_num bl ocks;

uint actual _band_start = band_start / num bl ocks;

uint actual band_end = band_end / num bl ocks;

ui nt num sanpl es_band_bl ock = actual _band_end - actual _band_start;
ui nt num sanpl es_bl ock = frame_duration / num bl ocks;

/1 "fake" frame (zero padding to prevent a transient on startup)
float frame[];
set (frane, 0);

/1 insert bands in "fake" frame and convert frane to tinme donain
for (uint blk=0; blk < num bl ocks; bl k++) {

float band_bl ock = vector + bl k*num sanpl es_band_bl ock;
float block = frane + bl k* num sanpl es_bl ock;

/1 insert band in band_bl ock
for (uint n=0; n<<num sanpl es_band_bl ock; n++) {
bl ock[ actual _band_start+n] = band_bl ock[n];

}
}
Il convert frane fully to time donain
do_nul ti pl e_haar (num sanpl es_bl ock, frane_durati on, frame); 9.10.5.5

num bl ocks = new_num bl ocks;

uint actual _band_start = band_start / num bl ocks;

uint actual band_end = band_end / num bl ocks;

ui nt num sanpl es_band_bl ock = actual _band_end - actual _band_start;
ui nt num sanpl es_bl ock = frame_duration / num bl ocks;

/1 convert frane to frequency donain
do_nul ti pl e_haar (num sanpl es_bl ock, franme_durati on, frane); 9.10.5.5

/1 extract bands from "fake" frane
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Syntax

Reference

for (uint blk=0; blk < numbl ocks; bl k++) {

float band_bl ock = vector + bl k*num sanpl es_band_bl ock;
float block = frane + bl k* num sanpl es_bl ock;

/1 insert band in band_bl ock

for (uint n=0; n<<num sanpl es_band_bl ock; n++) {
band_bl ock[ n] = bl ock[actual _band_start+n];

}

}
}

9.10.5.5 Haar Transform

9.10.5.5.1 Overview of Haar Transform

The Haar transform used is the sequentially ordered Haar transform used for reconstruction from time-frequency

reshaping in the ACE encoder.

9.10.5.5.2 do_multiple_haar

The do_multiple_haar() function applies the Haar transform to contiguous blocks within a vector vector.

Table 9-118: do_multiple_haar

Syntax Reference
/] paraneter[in] N the size of the Harr transform
[/ paranmeter[in] length: the length of the input vector
/] paraneter[in/out]: the vector to transforned.
/] assunption: Nis a power of 2.
void do_nultiple_haar(uint N, uint length, float vector[]) {
uint numblocks = length / N
for (int blk = 0; bl ock<num bl ocks; bl k++) {
do_si ngl e_haar (N, vect or +bl k*N) ; 9.10.5.5.3
}
}
9.10.5.5.3 do_single haar
The do_single_haar() function applies the Haar transform to an input vector vector.
Table 9-119: do_single_haar
Syntax Reference
/] paraneter[in] N the size of the Haar transform
// paraneter[in/out]: the vector to be transforned.
/1 assunmption: Nis a power of 2.
voi d do_single_haar(N, float vector[]) {
float scratch_vector[];
for (int meO; meN; mH+) {
ovector[m = 0;
for (int n=0;n<N;, n++) {
ovector[n] = haar_coefficient(N, mn) *vector[n]; 9.1055.4

}

for (int meO; meN; mH+) {
vector[m = ovector[m / sqrt(N);

}
for (int meO; meN; mH+) {
vector[m = ovector[ni;
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Syntax Reference

9.10.5.5.4 haar_coefficient

The function haar_coefficient() computes the index for pair (m,n) the corresponding entry (either -1 or +1) in the Haar
transform. The final result is normalized by afactor sgrt(N).

Table 9-120: haar_coefficient

Syntax
/] paraneter[in] N the size of the sequentially ordered transform
/] paraneter[in] m row index
// paraneter[in] n: colum index
[/l return: the entry for index pair(mn)

/1 assunption: Nis a power of 2.
float haar_coefficient(uint N, uint m uint n) {
uint M= 10g2(N);

m=m& (N- 1);
=n & (N- 1);
float sum =0;
for (int k=0; k<M k++) {
sum += ((rn>>k)*(l"|>>(M-1—k)))&1,

}
for (int k=1; k<M k++) {
sum += ((nP>k) *(n>>(MK))) &1;

return (sum&l) ? -1 : 1;

9.10.6 Long Term Synthesis (LTS)

9.10.6.1 Overview of LTS

The long term synthesis module restores ‘ predictable’ signal components that have been removed as a preprocessing
step at encoding time. The missing signal components are restored using 1 024 samples previously decoded. A current
buffer of samplesisrestored by time-varying IIR filtering.

9.10.6.2 LTS Constants and Definitions

Thelist of constants and definitions shared by all LTS modulesis shownin Table 9-121.

Table 9-121: LTS constants

Syntax

Il Pi
const float Pl_2 = acos(0);

/1 Length of history buffer
const uint LTS PREDI CTI ON_RANGE = 1024;

/1 Length of transition w ndow
const uint W NDOW TRANSI TI ON = 102;

/1 Threshol ds for w ndow deci sion
const float W NDOW THRSH LOW = 0. 25;
const float W NDOW THRSH M D = 0. 50;

/1 W ndow shape paraneters

const float W NDOWALPHA LOWN= 1.75;
const float W NDOWALPHA M D = 2.00;
const float W NDOW ALPHA HGH = 2. 50;

ETSI



205 ETSI TS 103 491 V1.1.1 (2017-04)

9.10.6.3 do_longterm_synthesis

The function do_longterm_synthesis(), shown in Table 9-122, is the top level function for long term synthesis.

Table 9-122: do_longterm_synthesis

Syntax

Reference

/'l Apply Long Term Synthesis to buffer of tine sanples in current frane.
/1

/] paraneter[in] pcnl: the corresponding buffer of tine sanples in the
I/ previous frame

[/ paranmeter[in/out] pcnD: a buffer of tine sanples in the current frane.

do_l ongterm synt hesi s(float pcn2[], float pcml[], float pcnD[]) {

/1 prediction filter lag for previous and current frane
uint curr_lag = _Its_|lag;
uint prev_lag = _previous->_|ts_|ag;

/1 filter coefficients for previous and current frane
float curr_gains[] = _Its_coefficients;
float prev_gains[] = _previous->_coefficients;

/'l concatenate buffers and point to the position of the current frane
float Its_buffer[];

Its_buffer += LTS PREDI CTlI ON_RANGE;

I ts_nmake_buffer(pcn2, pcnl, pcnD, Its_buffer);

/1 set windows for current and previous franes
float curr_wi ndow[], prev_w ndowf];
set (curr_wi ndow, 1, frane_duration);
set (prev_wi ndow, O, frane_duration);
Its_set_wi ndows(prev_|lag, curr_|ag,
prev_gai ns, curr_gai ns,
prev_wi ndow, curr_w ndow) ;

/1 update copy of current frane from previous sanples
Its_restore(prev_lag, curr_|ag,

prev_gai ns, curr_gains,

prev_wi ndow, curr_wi ndow,

I'ts_buffer);

/1 copy result to current buffer
for (int i=0;i< frame_duration;int) {
pcmO[i] = Its_buffer[i];

9.10.6.4.1

9.10.6.4.2

9.10.6.4.3

9.10.6.4 Functions Supporting do_longterm_synthesis

9.10.6.4.1 Its_make_buffer

The function Its_make_buffer() concatenates the current buffer of samples with the corresponding buffer of one or two

previous frames.

Table 9-123: Its_make_buffer

Syntax

/1 Concatenate three input buffers in a single buffer.

/] paraneter[in] pcnR: sanple array corresponding to twi ce previous franme
/1 paraneter[in] pcnl: sanple array corresponding to previous frane

/! paraneter[in] pcnD: sanple array for current frane

/1 paraneter[out] Its_buffer: concatenated buffer

void | ts_make_buffer(float pcn2[], float pcml[], float pcnD[], float Its_buffer)

for (int i=0;i< frame_duration;int) {
Its_buffer[i] = pcnD[i];
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Syntax

}

for (int i=0;(i<frame_duration) &&
(frame_duration <= (i + LTS PREDI CTI ON_RANGE));i ++) {
Its_buffer[i-frame_duraration] = pcmil[i];

}

for (int i=0;(i<frame_duration) &&
(2*frame_duration <= (i + LTS_PREDI CTI ON_RANGE)) ;i ++) {
Its_buffer[i-2*frane_duraration] = pcnR[i];

}

}

9.10.6.4.2 Its_set windows
The function Its_set_windows() creates the fade-in / fade-out windows for transitioning from the set of prediction

parameters corresponding to the previous frame to the set of parameters for the current frame. The windows are
constant O (previous frame) or 1 (current frame) except in the transition region of size WINDOW_TRANSI TION.

Table 9-124: Its_set_windows

Syntax

/Il Create fade-in / fade-out w ndows

/1 parameter[in] prev_lag: filter lag for previous frane.

/1 paraneter[in] curr_lag: filter lag for current frane.

/| paraneter[in] prev_gains: filter coefficients for previous frane.
/] paraneter[in] curr_gains: filter coefficients for current frane.
/] paraneter[in/out] prev_w ndow fade-out w ndow for previous frane.
/1 paraneter[in/out] curr_wi ndow fade-in wi ndow for current frane.

void Its_set_w ndows(prev_lag, curr_|ag,
prev_gai ns, curr_gains,
prev_wi ndow, cur_wi ndow) {

float diff_gain = abs(curr_gains[0] - prev_gains[0]);
float al pha = W NDOW ALPHA M D;

if (prev_lag == curr_lag) {
if (gain_diff < WNDOWNTHRSH LON {
al pha = W NDOW ALPHA_LOW

}
else if (gain_diff < WNDOWTHRSH M D) {
al pha = W NDOW ALPHA M D;

}
el se {

al pha = W NDOW ALPHA HGH;
}

}

for (int i=0;i<W NDON TRANSI TI ON;i ++) {
float wi ndow value = sin(Pl_2 * (i+0.5) / W NDOW TRANSI TION);
wi ndow_val ue = pow(w ndow_val ue, al pha);
prev_wi ndowfi] = 1 - wi ndow val ue;
curr_windowi] = w ndow val ue;
}
}

9.10.6.4.3 Its_restore

The function Its_restore() adds the missing components to an array of samples that have been removed at encoding
time.
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Table 9-125: Its_restore

Syntax
/'l restore mssing conponents by long term synthesis

/1 parameter[in] prev_lag: filter lag for previous frane.

/1 paraneter[in] curr_lag: filter lag for current frane.

/| paraneter[in] prev_gains: filter coefficients for previous frane.
/] paraneter[in] curr_gains: filter coefficients for current frane.
/] paraneter[in] prev_w ndow fade-out w ndow for previous frane.

/1 paraneter[in] curr_wi ndow fade-in wi ndow for current frane.

/1 paraneter[in/out] Its_buffer: sanple array to be restored.

void Its_restore(float prev_lag, float curr_lag,
float prev_gains[],float curr_gains[],
float prev_wi ndow],float curr_w ndow|],
float Its_buffer[]) {

for (int i=0;i<frame_duration;i++) {

Its_buffer[i] += prev_.windowi] * (lIts_buffer[prev_lag-2] + Its_buffer[prev_|lag+2]) *
prev_gai ns[ 2];
Its_buffer[i] += prev_windowi] * (lIts_buffer[prev_lag-1] + Its_buffer[prev_|lag+l]) *
prev_gains[1];
Its_buffer[i] += prev_windowi] * Its_buffer[prev_lag] * prev_gains[O0];
Its_buffer[i] += curr_windowi] * (lIts_buffer[curr_lag-2] + Its_buffer[curr_lag+2]) *
curr_gains[2];
Its_buffer[i] += curr_windowi] * (Its_buffer[curr_lag-1] + Its_buffer[curr_lag+l]) *
curr_gains[1];
Its_buffer[i] += curr_windowi] * Its_buffer[curr_lag] * curr_gains[O0];
}
}

9.10.7 Temporal Hole Fill (informative)

9.10.7.1 Overview of Temporal Hole Filling

Tempora Hole Filling (THF) is an optiona part of ACE Stream decoding and applies only in case of a short transform
(i.e. 8 MDCT blocks within aframe). Tempora Hole Filling is any process that injects energy in all-zero bands of an
MDCT block, in combination with rescaling the modified band to the original norm. The encoder indicates to the
decoder using the _thf_enabled flag whether or not temporal holefilling is appropriate. The _thf_enabled flag, when set
to true, indicates that an insufficient number of bits were available to encode all MDCT blocks.

The energy injection method is not normative. A decoder is free to choose any method for energy injection, aslong as
the modified band is rescaled to its original norm. The pseudo-code below provides an example of temporal hole filling.
9.10.7.2 do_temporal_hole_fill (informative)

The function do_temporal _hole_fill(), in Table 9-126, runs over al effective channels and all effective bands and
applies temporal holefilling. This function only has effect when temporal hole filling is enabled and only applies when
_is shortistrue.

Table 9-126: do_temporal_hole_fill

Syntax Reference

/1 Tenporal Hole Filling
/1 Apply tenmporal hole filling across all channel s and bands

float do_tenporal _hole_fill() {
for (channel =_first_effective_channel;channel <_| ast_effective_channel ; channel ++) {
for (uint band=0; band<_num effective_bands; band++) {
do_band_t enporal _hol e_fill (channel, band); 9.10.7.3
}

}

}
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9.10.7.3 do_band_temporal_hole_fill (informative)

The function do_band_temporal_hole fill() in Table 9-127 injects energy into an all-zero band of a short MDCT block.

Table 9-127: do_band_temporal_hole_fill

Syntax Reference

/1 Tenporal hole filling (THF)

/1 Signal energy is inserted in all-zero bl ocks.
/1 This processing only applies to short franes.
/1

/'l paraneter[in/out] buffer: buffer with

voi d do_band_tenporal _hole_fill (uint channel, uint band) {

g

const uint num bl ocks ;
128;

const uint block_size

float norm = pow 2.0, _I| ognornfchannel][band]);

uint numsanpl es = _config->bandsi ze[ band] ;
uint numchannels = _num effective_channel s;
float band_buffer[] = _stream buffer[channel] + _config->band_boundari es[ band];

float bits_per_bin = (float) _alloc[band] / (numsanples * numchannels);
float factor = powm(2,-2.0 * bits_per_bin);

if (_is_short & _thf_enabled) {

float block_buffer[] = band_buffer;
for (int block = 0; block < 8; block++) {
if (is_zero_block(block_buffer,128)) {
for (int n=0;n < bl ock_size;n++) {
bl ock_buffer[n] = randomsign() * norm* factor / sqrt(numsanples); 9.10.7.4
}

}
bl ock_buffer += 128;

nor mal i ze( num sanpl es, nor m band_buffer); 9.10.4.9.7

}

9.10.7.4 random_sign

The function random_sign(), shown in Table 9-128, draws with equal probability between the values -1 and +1.

Table 9-128: random_sign

Syntax Reference

/1 random equal probability drawing of -1 and +1
int randomsign() {
bool result = -1;
float value = Rand(0.0, 2.0); 8.3.6
if (value >= 1.0) {

result = +1;
}

return result;
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9.10.8 Deemphasis

9.10.8.1 Overview of Deemphasis

A final step in the decoding process boosts lower frequencies and attenuates higher frequencies, compensating for the
inverse pre-processing step in the encoding process. The deemphasis filter isimplemented as a one-tap 1R filter. The
filter state is maintained in the _deemphasis prev variable.

9.10.8.2 do_deemphasis

The function de_demphasis() shown in Table 9-129,applies a demphasis filter to all output streams of an ACE stream
decoder.

Table 9-129: do_deemphasis

Syntax Reference
/| Deenphasis filtering over all channels
/1 updating state for the next frane.
voi d do_denphasis() {
for (int channel = 0 ; channel < _num stream channels; channel ++) {
float prev = 0;
if (_previous) {
prev = _previous->_deenphasi s_prev[ channel ];
_deenphasi s_prev[channel] = do_channel _deenphasi s(prev, _stream buffer[channel]); 9.10.8.3.1
}
}

9.10.8.3 Function Called by do_deemphasis

9.10.8.3.1 do_channel_deemphasis

The function do_channel_deemphasis(float prev, float buffer[]) operates on a single channel, boosting lower
frequencies and attenuating higher frequencies.

Table 9-130: do_channel_deemphasis

Syntax

/| Deenphasis filtering for one channel

/'l Low frequency boost / high frequency attenuation filtering
/1 (+16.5dB @ 100Hz, 0dB @ 8. 65kHz, -5dB @ 20kHz)

/1 paraneter[in] prev: filter state
/1 paraneter[in/out] buffer: sanple buffer
/] return: filter state

float do_channel _deenphasi s(float prev, float buffer[]) {
const float DEEMPHASI S_CCOEFFI Cl ENT = 0. 85;

for (int n=0; n < _frame_size; n++) {
buffer[n] += prey;
prev = DEEMPHASI S_COEFFI CI ENT * buffer[n];
}

return prev;
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9.11 LFE Decoding

9.11.1 Overview of LFE Decoding

An LFE channel isreconstructed in two steps:
1) reconstruction of adecimated representation; and
2)  upsampling to full sampling frequency.

Reconstruction optionally involvesinsertion of synthetic noise. An informative example for random noise generationis
included for compl eteness.

All functionsin this clause have access to all the member variables of the relevant LFE channel instance.

9.11.2 LFE Constants and Definition

Table 9-131: LFE Constants

LFE Constants and DefinitionSyntax

const uint kLFEAbsol uteMde = O; /1 LFE sanples at full resolution

const uint kLFEPredictMde = 1; /'l LFE sanples as residuals

const uint kLFEReducedMode = 2; /1 LFE sanpels as reduced resol ution
/1 residuals

const uint kLFESyntheticMde = 3; /'l LFE sanpl es as synthetic noise

const uint LFE_| NTERPOLATI ON_FACTOR
const uint LFE | NTERP_FI LTER LENGTH

64; /1 LFE interpolation factor
1024; // Length of LFE interpolation filter

9.11.3 decode_lIfe_channel

decode_Ife_channel(), shown in Table 9-132 reconstructs an LFE channel in two steps. In the first step a subsampled
version of the LFE channel is reconstructed from the data read from the bitstream, either predictively
(KLFEPredictMode) or absolutely (kLFEAbsoluteMode, kLFEReducedMode). If the Ife_mode is given as
KLFESyntheticMode, the subsampled value may optionally synthetically constructed. The method of generating
synthetic noise is not normative, with an informative example given in clause 9.11.4.3. In a second step, the subsampled
channel is upsampled to the full sampling frequency.

Table 9-132: decode_Ife_channel

Syntax Reference
/1 Reconstruct LFE channel
decode_| fe_channel () {
if (_Ife_node == kPredictMde) {
I fe_predict(); 9.11.3.1
}
else if ((_lfe_node == kAbsol uteMde) || (I|fe_npde == kReducedMode)) }
| fe_reconstruct(); 9.11.3.2
el se {
| fe_synt hesi ze(); 9.11.3.3

/1 extend previous LFE deci mated channel on the right
float prev_|fe_deci mated_channel [] = previous-> _|fe_deci nated_channel ;
for (int i=0;i<_decimated_franme_duration;i++) {

prev_| fe_deci mat ed_channel [ _deci mated_franme_duration+i] = _|fe_deci mated_channel [i];
}
/'l upsanpl e previous deci nated channel
previ ous->| fe_upsanpl e(); 9.11.34
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9.11.4 Functions Supporting decode_Ife_channel

9.11.4.1 Ife_predict

The function Ife_predict() reconstructs the L FE decimated channel from the residual sample values and prediction
coefficients that have been read from the bitstream.

Table 9-133 Ife_predict

Syntax
/! Reconstruct the LFE deci mated channel in predictive node

I fe_predict() {

_I fe_deci mated_channel [-1] = previous->_|fe_deci mated_channel [ _deci mated_franme_duration-1];
_I fe_deci nat ed_channel [-2] = previous->_| fe_deci nat ed_channel [ _deci nat ed_frane_durati on-2];

for (int i=0;i<_decinmated_frame_duration;i++) {

_Ife_decinated_channel [i] = _Ife_deci nated_channel [i]*_stepsize +
_Ife_predictor[0]* _Ife_decinated_channel [i-1] +
_Ife_predictor[1]* _Ife_deci mated_channel [i-2];

9.11.4.2 Ife_reconstruct

The function Ife_reconstruct() reconstructs the L FE decimated channel from the quantized sample values that have been
read from the bitstream.

Table 9-134: Ife_reconstruct

Syntax
/'l Reconstruct LFE decinated channel from quantized sanpl e val ues

| fe_reconstruct () {
for (int i=0;i<_decimated_frame_duration;i++) {

_Ife_decimated_channel [i] = _Ife_deci mated_channel [i]*_stepsi ze;

}

}

9.11.4.3 Ife_synthesize (informative)

The function Ife_synthesize() inserts synthetic noise of the appropriate power as determined by the value of db_norm.
Various methods of pseudo-random noise generation may be used here.

Table 9-135: Ife_synthesize

Syntax Reference

/'l 1nject synthetic noise
| fe_synthesize() {
const float LFE_NORM FACTOR = 1.73;
for (int i=0;i<_decinmated_frame_duration;i++) {

_Ife_decimated_channel [i] = Rand(-1.0,1.0) * LFE_NORM FACTOR 9.11.45
/db_to_linear(db_norn;

}
}
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9.11.4.4 Ife_upsample

The function Ife_upsample() interpolates the LFE decimated channel to full frame duration. Thisfunction is called from
the next (future) frame after extending the LFE decimated channel with current decimated sample values.

Table 9-136: : Ife_upsample

Syntax Reference
/1 Interpolation of LFE decimated channel to full frame duration

| fe_upsanmple() {
uint filter_history = LFE_INTERP_FI LTER LENGTH / LFE_I NTERPOLATI ON_FACTOR;

/1 Loop over interpolation blocks
for (int n=0;n<_deci mated_frame_duration; n++) {

/1 Loop over sanples in interpolation block
for (int i=0; i<LFE_INTERPOLATI ON_FACTOR; k++ ) {

/1 Loop over filter coefficients

_I fe_channel [ n*LFE_I NTERPOLATI ON_FACTCOR+k] = O0;

for (k=0; k < filter_history ; k++) {
float coeff = | NTERPOLATI ON FI LTER TABLE[i +k* LFE_| NTERPOLATI ON_FACTOR] ; 10.8.1
float sanple = _|fe_decimated_channel[n + filter_history - 1 - Kk];
_I fe_channel [ n*LFE_I NTERPOLATI ON_FACTOR+i | += coef f*sanpl e;

}

}
}
}

9.11.45 db_to_linear

The function db_to_linear(int n) converts ainteger dB value to alinear (floating point) scalar.

Table 9-137: db_to_linear

Syntax
/1 Converting integer dB to |inear
Il
/!l paraneter[in] n: input value
/1 return 107 (val/ 10)
float db_to_linear(int n) {
float crt2[] = {1.0, 1.25992107, 1.58740103};

int prem=(n %3 + 3) %3;
int exp = (n - prem / 3;

return | dexp(crt2[preni, exp);

10 Tables and Constants

10.1 Overview

This clause contains constants and |ook-up tables used by the ACE bitstream extraction and decoding algorithms.
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System Constants and Tables

Basic Constants

Table 10-1: System Constants

Syntax

const uint NUM ACE_BANDS = 22;

/1 Nunber of spectral bands

10.2.2 Coding Modes

Table 10-2: Coding Modes

Syntax

const
const
const
const

ui nt
ui nt
ui nt
ui nt

kCodi ngFul | = 0;
kCodi ngOFf =1
kCodi ngLeft = 2;
kCodi ngRi ght = 3;

10.2.3 BandsConfig

10.2.3.1  Structure BandsConfig

The BandsConfig datatype defines the basic aspects of spectral representation.

Table 10-3: BandsConfig

Syntax

struct BandsConfig {

const ui nt num bands; /1 nunber of bands

const uint index_|argest_band; /1 index of the |argest band

const uint num_narrow_bands; /1 nunber of nininal size bands

const band_boundari es[ NUM_ACE_BANDS+1] ; /1 band boundari es

const LBFP | og_band_si ze[ NUM_ACE_BANDS] ; /1 1og2 of the band size

const LNFP | ognor m of f set [ NUM_ACE_BANDS] /1 an offset on | ognorns used in | ognorm prediction

const uint alloc_max[ NUM_ACE_BANDS] ; /1 max bit allocations for bands

const uint alloc_m n[ NUM_ACE_BANDS] ; /1 min bit allocations for bands

const LNFP refinement _del ta[ NUM_ ACE_BANDS]; // adjustment per band used in refinenent allocation
}
Parameters

num_bands - Number of spectral bands

index_largest_band - Band with the largest number of spectral lines

band_boundaries - Start index for band

band_size - Band size

log_band_size - Log band size

lognorm_offset - Bitstream encoding lognorm offset

alloc_max - Maximum bit alocation per band

refinement_delta - Initial lognorm refinement values
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10.2.3.2 Bands Configuration Tables

10.2.3.2.1 bands_config_48khz

Table 10-4 lists the configuration tables for 48 KHz.

Table 10-4: bands_config_48khz

Syntax

const BandsConfi g BANDS _CONFl G 48KHZ = {

}

/1 num bands
22
/1 index_| argest _band
21
/1 num_narrow_bands
8
/1 band_boundari es

0, 8, 16, 24, 32, 40, 48, 56, 64, 80, 96, 112, 144
176, 208, 240, 288, 336, 416, 512, 672, 848, 1024

1,
/'l bandsi ze
{
8 8, 8 8, 8 8, 8 8, 16, 16, 16, 32, 32, 32, 32, 48, 48, 80, 96, 160, 176, 176
}
/'l 1o0g_band_size
{

3. 00000000, 3.00000000, 3.00000000, 3.00000000, 3.00000000, 3.00000000, 3.00000000
3. 00000000, 4.00000000, 4.00000000, 4.00000000, 5.00000000, 5.00000000, 5.00000000
5. 00000000, 5.56250000, 5.56250000, 6.31250000, 6.56250000, 7.31250000, 7.43750000
7.43750000

},

/1 1 ognorm of f set

{
8. 8554687500, 8.7666015625, 8.3984375000, 8.0214843750
7.8046875000, 7.5625000000, 7.4238281250, 7.3964843750
7.8808593750, 7.7509765625, 7.6406250000, 8.1269531250
7.9189453125, 7.7216796875, 7.5195312500, 7.7041015625
7.5351562500, 7.7236328125, 7.5419921875, 7.3388671875
6. 4667968750, 5.6230468750

1,

/1 alloc_max

{

68, 68, 68, 68, 68, 68, 68, 68, 136, 136, 136, 272, 272, 272, 272, 384
384, 592, 608, 608, 640, 640
}

/’alloc_nin
2, 2, 2,2, 2,2, 2, 2,3, 3 3,6, 6, 6, 6, 8 8, 14, 17, 28, 30, 30

/
{
b
/1 refinement_delta
{
-1.12500000, -1.12500000, -1.12500000, -1.12500000, -1.12500000, -1.12500000, -1.12500000
-1. 12500000, -0.62500000, -0.62500000, -0.62500000, -0.12500000, -0.12500000, -0.12500000
-0.12500000, +0.12500000, +0.12500000, +0.50000000, +0.62500000, +1.00000000, +1.06250000
+1. 06250000

}

10.2.3.2.2 bands_config_44plkhz
Table 10-5 lists the configuration tables for 44,1 KHz.

Table 10-5: bands_config_44plkhz

Syntax

const BandsConfig BANDS_CONFI G 44P1KHZ = {

/1 num bands

22

/1 index_| argest _band
20
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Syntax
/1 num_narrow_bands
6
/1 band_boundari es
0, 8, 16, 24, 32, 40, 48, 64, 80, 96, 112, 128
160, 192, 224, 272, 320, 368, 448, 560, 720, 928, 1024
},
/'l bandsi ze
{
8 8, 8 8, 8 8, 16, 16, 16, 16, 16, 32, 32, 32, 48, 48, 48, 80, 112, 160, 208, 96
}
/1 1 og_band_size
{
3. 00000000, 3.00000000, 3.00000000, 3.00000000, 3.00000000, 3.00000000, 3.00000000
4.00000000, 4.00000000, 5.00000000, 5.00000000, 5.00000000, 5.00000000, 5.00000000
5. 56250000, 5.56250000, 5.56250000, 6.31250000, 6.81250000, 7.31250000, 7.68750000
6. 56250000
1,
/1 1ognorm of f set
{
8. 8554687500, 8.7666015625, 8.3984375000, 8.0214843750
7.8046875000, 7.5625000000, 7.4238281250, 7.3964843750
7.8808593750, 7.7509765625, 7.6406250000, 8.1269531250
7.9189453125, 7.7216796875, 7.5195312500, 7.7041015625
7.5351562500, 7.7236328125, 7.5419921875, 7.3388671875
6. 4667968750, 5.6230468750
},
/1 alloc_nax
{
68, 68, 68, 68, 68, 68, 136, 136, 136, 136, 136, 272, 272, 272, 408, 384
384, 592, 708, 608, 756, 348
/1 alloc_nmin
2, 2, 2,2, 2,2, 3 3, 3, 3, 3 6, 6, 6, 8 8, 8 14, 19, 28, 36, 17
b
/1 refinement_delta
{
-1. 12500000, -1.12500000, -1.12500000, -1.12500000, -1.12500000, -1.12500000, -0.62500000
-0. 62500000, -0.62500000, -0.62500000, -0.62500000, -0.12500000, -0.12500000, -0.12500000
+0. 12500000, +0.12500000, +0.12500000, +0.50000000, +0.75000000, +1.00000000, +1.18750000
+0. 62500000
}
}
10.3 Long Term Synthesis Constants and Tables

Table 10-6: LTS Filter Codebook

Syntax

/1 LTS_FI LTER_CODEBOCOK

float LTS_FI LTER CODEBOOK] 29] 3]

{

{0, 0, 0},

{0. 064995, 0. 040695, 0. 020557},
{0.079613, 0. 047869, 0. 006069},
{0. 115744, 0. 029569, 0. 004913},
{0. 15375, 0. 01125, 0. 005625},
{0.097493, 0. 061043, 0. 030836},
{0. 119419, 0.071803, 0. 009104},
{0.173616, 0. 044353, 0. 007369},
{0. 230625, 0.016875, 0. 008437},
{0. 12999, 0. 08139, 0. 041115},
{0. 159225, 0. 095737, 0.012139},
{0.231487, 0. 059138, 0. 009825},
{0. 3075, 0. 0225, 0.01125},
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Syntax
{0. 162487, 0.101737, 0. 051393},
{0.199031, 0.119672, 0. 015173},
{0. 289359, 0. 073922, 0. 012281},
{0. 384375, 0. 028125, 0. 014062},
{0. 194985, 0. 122085, 0. 061672},
{0. 238838, 0. 143606, 0. 018208},
{0.347231, 0. 088706, 0. 014737},
{0.46125, 0. 03375, 0. 016875},
{0.227482, 0. 142432, 0. 071951},
{0. 278644, 0. 167541, 0. 021243},
{0. 405103, 0. 103491, 0. 017194},
{0.538125, 0. 039375, 0. 019687},
{0. 25998, 0. 16278, 0. 082229},
{0. 31845, 0. 191475, 0. 024278},
{0. 462975, 0.118275, 0. 01965},
{0. 615, 0. 045, 0. 0225}
}
10.4  Lognorm Tables and Constants
10.4.1 Lognorm Basic Constants
Table 10-7: Lognorm Constants
Syntax
const LNFP LOGNORM M NUS | NFINITY = -32;
Table 10-8: Lognorm Golomb Parameters
Syntax
static const Col onbCodeParans gol onb_parans_64_0_15 = { 64, 0, 15};
static const Gol onbCodeParans gol onb_parans_64_1_31 = { 64, 1, 31};
static const Gol ombCodeParans gol onb_parans_64_2_31 = { 64, 2, 31};
static const Col ombCodeParans gol onb_paranms_64_3_31 = { 64, 3, 31};
ui nt NUM PRED_SETS = 2;
ui nt  NUM_TRANSFORMS = 2;

/1 predictive frane

{ /I predictive franme, |ong
&gol omb_params_64_1_31,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_par anms_64_0_15,
&gol onmb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_par ans_64_0_15,

predictive frane,

~_———
~-

&gol onb_parans_64_1_31,
&gol onb_par ans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol omb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_paranms_64_0_15,
&gol onb_parans_64_0_15,
H

non_predictive frame

b,
11
{

const Gol onbCodePar ams LOGNORM GOLOVBS_PARAMS] NUM_PRED_SETS] [ NUM_TRANSFORVS] [ NUM_ACE_BANDS] =

transform

&gol onb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_par anms_64_0_15,
&gol onb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,

short transform

&gol onb_par anms_64_0_15,
&gol onb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_paranms_64_0_15,

&gol onb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_par anms_64_0_15,
&gol onmb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,

&gol onmb_par anms_64_0_15,
&gol onmb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
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Syntax

/1 non_predictive frang,

{
&gol onb_parans_64_2_31,
&gol onb_parans_64_0_15,
&gol onb_paranms_64_0_15,
&gol onb_paranms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_paranms_64_0_15,
&gol onb_par anms_64_0_15,

non_predictive frane,

_~————
~-

&gol onmb_par anms_64_3_31,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onmb_par anms_64_0_15,
&gol onb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_par ans_64_0_15,

long transform

&gol onb_parans_64_1_31,
&gol onb_parans_64_0_15,
&gol onb_paranms_64_0_15,
&gol onb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_par anms_64_0_15,

short transform

&gol onmb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_par anms_64_0_15,
&gol onb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,

&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_paranms_64_0_15,
&gol onb_paranms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_paranms_64_0_15,

&gol onmb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_par anms_64_0_15,
&gol onmb_par anms_64_0_15,
&gol onb_parans_64_0_15,
&gol onb_parans_64_0_15,

10.4.3 F_PREDICTOR_TABLE

Table 10-9: F Predictor Table

Syntax

ui nt const NUM PRED SETS

{

/] predictive frane

{

~————
~ -

non_predictive frane

= 2;

const LNFP F_PREDI CTOR TABLE[ NUM PRED_SETS] [ NUM ACE_BANDS] =

0. 5996093750, 0.5800781250, 0.5654296875
0.5371093750, 0.5253906250, 0.5146484375
0. 5000000000, 0.5000000000, 0.5000000000
0. 5000000000, 0.5000000000, 0.5000000000
0. 5000000000, 0.5000000000, 0.5000000000
0. 5000000000, 0.5000000000

0. 0000000000, 0.0000000000, 0.0000000000
0. 0000000000, 0.0000000000, 0.0000000000
0. 0000000000, 0.0000000000, 0.0000000000
0. 0000000000, 0.0000000000, 0.0000000000
0. 0000000000, 0.0000000000, 0.0000000000
0. 0000000000, 0.0000000000

0. 5498046875,
0.5048828125,
0. 5000000000,
0. 5000000000,
0. 5000000000,

0. 0000000000,
0. 0000000000,
0. 0000000000,
0. 0000000000,
0. 0000000000,
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10.4.4 B_PREDICTOR_TABLE

Table 10-10: B Predictor Table

Syntax
ui nt const NUM PRED SETS = 2
const LNFP B_PREDI CTOR_TABLE[ NUM PRED_SETS] [ NUM _ACE_BANDS] =
/'l predictive frane
{
0. 0000000000, 1.0000000000, 0.7500000000, 0.5000000000
0. 5000000000, 0.4501953125, 0.4003906250, 0.4003906250
0. 3496093750, 0.5000000000, 0.5000000000, 0.5000000000
0. 5996093750, 0.5996093750, 0.5996093750, 0.5996093750
0. 5996093750, 0.5996093750, 0.7001953125, 0.7500000000
0. 7998046875, 0.7998046875
1,
/'l non_predictive frane
{
0. 0000000000, 0.9248046875, 0.9501953125, 0.7001953125
0. 7001953125, 0.5996093750, 0.5000000000, 0.5000000000
0. 4501953125, 0.5996093750, 0.6250000000, 0.6250000000
0. 7753906250, 0.7998046875, 0.7998046875, 0.7998046875
0. 7998046875, 0.8251953125, 0.9248046875, 1.0000000000
1. 0000000000, 1.0000000000
},
}s

1045 LOGNORM_REFINEMENT_BOOST_TABLE

Table 10-11: Lognorm Refinement Boost Table

Syntax

LNFP LOGNORM_REFI NEMENT_BOOST_TABLE[ NUM_ACE_BANDS] =

0. 375000, 0.375000, 0.375000, 0.375000, 0.375000, 0.375000, 0.375000, 0.375000, 0.500000
0. 500000, 0.500000, 0.625000, 0.625000, 0.625000, 0.625000, 0O.679688, 0.734375, 0.789063
0. 843750, 0.898438, 0.937500, 0.937500

}

10.5 Stereo Constants and Tables

10.5.1 Stereo coding modes

Table 10-12: Stereo Coding Modes

Syntax

/'l Stereo coding nodes

const uint kStereoMno = 0

const uint kStereoM dSi deMono
const uint kStereoLeftRi ght =
const uint kStereoM dSide = 3

= 1;
2;
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10.5.2 Stereo allocation modes

Table 10-13: Stereo Allocation Modes

Syntax

/1 Stereo allocation nodes

const uint KkLrStereoAllocation5050
const uint KkLrStereoAllocation6040
const uint kLrStereoAl | ocati on4060
const uint kLrStereoAl |l ocation7525
const uint KkLrStereoAllocation2575

/1 50/50 bit distribution
/1 60/40 bit distribution
/1 40/60 bit distribution
/1 75/25 bit distribution
/1 25/ 75 bit distribution

([N TRRTRNTINT
hrodMRO

10.6 Bit Allocation Constants and Tables

10.6.1 Bit Allocation Models

Table 10-14: Bit Allocation Models

Syntax

/1 bit allocations are increnentally adjusted fromval ues derived
/Il fromthe primary lognorns, with a standard interpretation

/1 of adjustnent val ues.

const uint kUnsi gnedDel t aFronPri maryLSQ = O;

/1 bit allocations are derived as (non-negative)
/1 nodifications to a bit allocation nodel
const uint kUnsignedDel taFronBasic = 1;

// bit allocations are increnentally adjusted

/1 fromvalues derived fromthe prinary |ognorns, with a special
/1 interpretation of adjustnent val ues

const uint kUnsi gnedModi fi edDel t aFronPri maryLSQ = 2;

/1 bit allocations are adjusted fromval ues derived fromthe prinary
/1 lognorms, with a standard interpretation of adjustnent val ues
const uint kSignedDel taFronPri maryLSQ = 3;

/1 bit allocations are adjusted fromvalues in a previous franme
const uint kSi gnedDel t aFr onPr evi ousFrame = 4;

/1 bit allocation are differentially encoded with respect
// to zero or a bit allocation nodel
const ui nt kSignedDiffFronFoundati on = 5;

10.7  Vector Quantizer Constants and Tables

10.7.1 Vector Quantizer Basic Constants

Table 10-15: Stereo Allocation Modes

Syntax

/1l VQ constants

cont uint MAX BAND SI ZE = 208;
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10.7.2 MAX_BITS_FOR_N

Table 10-16: Max Bits for N
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Syntax

/1 entries for

const
{
11,
41,
41,
40,
39,
40,
39,
37,
38,
39,
35,
36,
37,
38,
38,
33,
34,
34,
35,
35,
35,
36,
36,
36,
37,
37,

N=0 and N=1 are omtted,

first entry is for

uint MAX_BI TS FOR N[ MAX BAND SI ZE - 1] =

19,
41,
41,
41,
40,
40,
39,
37,
38,
39,
36,
36,
37,
38,
38,
33,
34,
34,
35,
35,
35,
36,
36,
36,
37,
37,

26,
41,
42,
41,
40,
40,
40,
37,
38,
39,
36,
36,
37,
38,
38,
33,
34,
34,
35,
35,
35,
36,
36,
36,
37,
37,

33,
41,
41,
40,
41,
37,
40,
37,
38,
39,
36,
36,
37,
38,
38,
34,
34,
34,
35,
35,
36,
36,
36,
36,
37,
37,

38,
42,
41,
41,
39,
37,
40,
37,
39,
35,
36,
37,
37,
38,
38,
34,
34,
34,
35,
35,
36,
36,
36,
37,
37,
37,

39,
42,
41,
41,
39,
37,
40,
38,
39,
35,
36,
37,
37,
38,
33,
34,
34,
34,
35,
35,
36,
36,
36,
37,
37,
37,

40,
42,
41,
41,
39,
38,
40,
38,
39,
35,
36,
37,
37,
38,
33,
34,
34,
35,
35,
35,
36,
36,
36,
37,
37,
37

40,
42,
41,
39,
39,
38,
37,
38,
39,
35,
36,
37,
37,
38,
33,
34,
34,
35,
35,
35,
36,
36,
36,
37,
37,

N=2.

10.7.3 MAX_K_FOR_N

Table 10-17: Max K for N

Syntax

/1 Maxi mum val ue of K such that pyram d(N K) fits in 32 bit.

const uint MAX_K_FOR_N MAX_BAND_SI ZE] =

256, 256, 256, 256, 256, 217, 117, 76, 55,
43, 36, 31, 27, 24, 22, 20, 19, 17,
16, 16, 15, 14, 14, 13, 13, 12, 12,
12, 11, 11, 11, 11, 10, 10, 10, 10,
10, 9, 9, 9, 9, 9, 9, 9, 8,

8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 7, 7, 7, 7, 7, 7, 7,
7, 7, 7, 7, 7, 7, 7, 7, 7,
7, 7, 7, 7, 7, 6, 6, 6, 6,
6, 6, 6, 6, 6, 6, 6, 6, 6,
6, 6, 6, 6, 6, 6, 6, 6, 6,
6, 6, 6, 6, 6, 6, 6, 6, 6,
6, 6, 6, 6, 6, 6, 6, 6, 6,
6, 5, 5, 5, 5, 5, 5, 5 5,
5, 5, 5, 5, 5, 5, 5, 5 5,
5, 5, 5, 5, 5, 5, 5, 5 5,
5, 5, 5, 5, 5, 5, 5, 5 5,
5, 5, 5, 5, 5, 5, 5, 5 5,
5, 5, 5, 5, 5, 5, 5, 5 5,
5, 5, 5, 5, 5, 5, 5, 5 5,
5, 5, 5, 5, 5, 5, 5, 5 5
5, 5, 5, 5, 5, 5, 5, 5 5,
5, 5, 5, 5, 5, 5, 5, 5 5,
5

——
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10.7.4 K_ESTIMATION_COEFFICIENTS

Table 10-18: K Estimation Coefficients

Syntax

/1 K-estimation coefficients.

const uint K_ESTI MATI ON_COEFFI Cl ENTS[] = {
{411, 128}, {733, 255}, {671, 367}, {726, 471},
{597, 571}, {243, 656}, {118, 751}, {520, 887},
{679, 1007}, {831, 1121}, {1044, 1251}, {1166, 1370},
{1329, 1493}, {1458, 1623}, {1637, 1762}, {1761, 1861},
{1973, 2012}, {2205, 2187}, {2297, 2292}, {2331, 2391},
{2584, 2557}, {2658, 2647}, {2809, 2792}, {2956, 2915},
{3121, 3063}, {3147, 3125}, {3234, 3225}, {3523, 3441},
{3526, 3484}, {3691, 3638}, {3762, 3714}, {3949, 3862},
{4186, 4060}, {4207, 4111}, {4357, 4241}, {4477, 4366},
{4511, 4424}, {4731, 4623}, {4693, 4626}, {4894, 4785},
{4946, 4860}, {5011, 4942}, {5104, 5049}, {5407, 5293},
{5380, 5283}, {5384, 5303}, {5586, 5492}, {5724, 5620},
{5904, 5791}, {6039, 5928}, {5851, 5801}, {6103, 6022},
{6147, 6082}, {6267, 6207}, {6465, 6389}, {6502, 6436},
{6454, 6410}, {6639, 6578}, {6794, 6712}, {6804, 6756},
{6853, 6808}, {6966, 6923}, {7315, 7214}, {7701, 7516},
{7578, 7451}, {7777, 7639}, {7913, 7778}, {7965, 7834},
{7965, 7854}, {8034, 7925}, {8185, 8055}, {8377, 8232},
{8354, 8222}, {8403, 8290}, {8503, 8394}, {8746, 8619},
{8963, 8818}, {8844, 8735}, {8976, 8875}, {8976, 8875},
{9099, 9000}, {8857, 8792}, {9099, 9021}, {9254, 9165},
{9469, 9357}, {9200, 9165}, {9485, 9420}, {9604, 9532},
{9820, 9736}, {10104, 9983}, {10451, 10284}, {10317, 10179},
{10083, 9985}, {10139, 10057}, {10139, 10057}, {10506, 10393},
{10339, 10273}, {10547, 10457}, {10696, 10597}, {10962, 10853},
{10962, 10853}, {11011, 10921}, {11166, 11079}, {11164, 11089},
{11327, 11243}, {11638, 11526}, {11460, 11382}, {11139, 11101},
{11622, 11548}, {11622, 11548}, {11622, 11548}, {12181, 12067},
{11967, 11904}, {11605, 11597}, {12047, 11991}, {12206, 12144},
{12047, 11991}, {11777, 11754}, {11777, 11754}, {12285, 12227},
{12068, 12048}, {12068, 12048}, {12267, 12243}, {12840, 12778},
{12840, 12778}, {12840, 12778}, {13045, 12947}, {13766, 13580},
{13686, 13580}, {13686, 13580}, {13686, 13580}, {13686, 13580},
{14588, 14424}, {14588, 14424}, {14871, 14701}, {14871, 14701},
{14604, 14477}, {15388, 15212}, {15388, 15212}, {14604, 14477},
{14835, 14714}, {14835, 14714}, {15753, 15573}, {15753, 15573},
{14503, 14424}, {14503, 14424}, {14214, 14178}, {14596, 14555},
{15412, 15323}, {15412, 15323}, {15412, 15323}, {15412, 15323},
{15412, 15323}, {15412, 15323}, {16622, 16478}, {16622, 16478},
{16622, 16478}, {16239, 16147}, {16239, 16147}, {16239, 16147},
{16239, 16147}, {17216, 17071}, {17216, 17071}, {17613, 17461},
{16525, 16478}, {15570, 15573}, {16525, 16478}, {16525, 16478},
{16525, 16478}, {16525, 16478}, {16145, 16147}, {16145, 16147},
{16145, 16147}, {16393, 16400}, {17511, 17461}, {17511, 17461},
{17511, 17461}, {17511, 17461}, {17511, 17461}, {17861, 17762},
{17861, 17762}, {17511, 17461}, {18687, 18579}, {18687, 18579},
{18687, 18579}, {18687, 18579}, {18687, 18579}, {18687, 18579},
{18687, 18579}, {18687, 18579}, {18687, 18579}, {18687, 18579},
{19324, 19260}, {19324, 19260}, {19324, 19260}, {19324, 19260},
{19324, 19260}, {17408, 17461}, {18976, 18960}, {18976, 18960},
{18976, 18960}, {18976, 18960}, {18976, 18960}, {18976, 18960},
{19403, 19386}, {19403, 19386}, {19403, 19386}};

10.7.5 BETA_DEQUANT_TABLE

Table 10-19: Beta Dequantization Table

Syntax

const uint MAX QUANT_LEVEL = 256;

i nt BETA_DEQUANT_TABLE[ MAX_QUANT_LEVEL/ 2] [ MAX_QUANT_LEVEL+1] =

/1 The entry corresponding to a given pair (quantization_level, index) is found
/1 in BETA_DEQUANT_TABLE[ quanti zati on_| evel /2-1][index] if

/] index <= quantization_|level/2; otherwise, it is obtained as
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Syntax

- BETA_DEQUANT_TABLE[ quanti zati on_| evel / 2-1] [ quanti zati on_| evel / 2-i ndex] .

/1 Assunption:

{ /'l quanti
- 32767,
b
{ I/ quanti
- 32767,
b
{ /Il quanti
- 32767,
I
{ /Il quanti
- 32767,
H
{ Il quanti
- 32767,
{ Il quanti
- 32767,
b
{ /Il quanti
- 32767,
b
{ /1 quanti
- 32767,
0
b
{ Il quanti
- 32767,
-522,
b
{ /Il quanti
- 32767,
- 951,
b
{ /1 quanti
- 32767,
- 1305,
b
{ /Il quanti
- 32767,
- 1659,
b
{ /Il quanti
- 32767,
-1947,
b
{ /Il quanti
- 32767,
- 2190,
I
{ /Il quanti
- 32767,
-2411,
H
{ /Il quanti
- 32767,
-2611,
b
{ /Il quanti
- 32767,
- 2796,
- 279,
b
{ /Il quanti
- 32767,
-2990,
-522,
H
{ Il quanti
- 32767,
- 3163,
- 746,
H
{ /Il quanti
- 32767,

zation_l evel =

quanti zation_| evel

0
zation_l evel =
-2611, 0
zation_| evel =
-3862, -1659,
zation_|l evel =
-4769, -2611,
zation_l evel =
-5397, -3311,
zation_l evel =
-5954, -3862,
zation_| evel =
-6398, -4319,
zation_| evel =
-6839, -4769,
zation_l evel =
-7125, -5121,

0
zation_l evel =
-7494, -5397,
- 466, 0
zation_l evel =
-7746, -5693,
- 858, -429,
zation_| evel =
-8006, -5954,
-1194, - 783,
zation_| evel =
-8278, -6166,
-1504, -1100,
zation_| evel =
-8419, -6398,
-1792, -1394,
zation_|l evel =
-8568, -6566,
-2035, -1659,
zation_| evel =
-8886, -6839,
-2257, -1903,
zation_| evel =
-8886, -6883,
-2434, -2102,

0
zation_| evel =
-9061, -7125,
-2611, -2279,
- 261, 0
zation_l evel =
-9249, -7370,
-2769, -2456,
- 485, -242,

2

4

6

8
-1194,

10
- 2035,

12
-2611,

14
-3104,

16
- 3528,

18
- 3862,

20
-4196,

22
-4490,

24
-4769,
-391,

26
- 4965,
- 727,

28
- 5229,
-1007,

30
- 5397,
-1283,

32
-5632,
-1549,

34
-5756,
-1770,

36
-5954,
-1969,

38
- 6094,
- 2146,
0

zation_| evel = 40

- 9452,

- 7494,

-6242,

is always even.

- 783,

-1394,

-1903,

- 2279,

-2611,

- 2906,

-3191,

- 3433,

- 3657,

- 335,

- 3862,
- 634,

-4082,
- 895,

-4237,
-1119,

- 4402,
- 1349,

-4581,
-1549,

-4769,
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Syntax
-3311, -2935, -2611, -2323, -2035, -1748, -1460, -1194
- 951, -708, - 466, -223, 0
{ // quantization_|level= 42
-32767, -9452, -7619, -6398, -5571, -4913, -4319, -3862
-3464, -3104, -2769, -2456, -2190, -1925, -1659, -1394
-1119, - 895, -671, - 447, - 223, 0
{ I/ quantization_|evel = 44
-32767, -9678, -7746, -6566, -5693, -5017, -4490, -4006
-3591, -3250, -2906, -2611, -2345, -2080, -1836, -1571
-1305, -1082, - 858, - 634, -429, - 205, 0
b
{ Il quantization_|evel = 46
-32767, -9678, -7874, -6652, -5820, -5175, -4627, -4157
-3723, -3370, -3047, -2742, -2478, -2234, -1991, -1748
-1482, -1239, -1026, - 820, - 615, - 410, - 205, 0
{ Il quantization_|evel = 48
-32767, -9926, -8006, -6839, -5954, -5284, -4769, -4278
-3862, -3528, -3191, -2879, -2611, -2367, -2124, -1903
-1659, -1416, -1194, - 988, - 783, -597, - 391, -186
0
Iy
{ Il quantization_|evel =50
-32767, -9926, -8139, -6883, -6094, -5397, -4862, -4402
-4006, -3623, -3311, -3018, -2742, -2478, -2257, -2035
-1814, -1571, -1349, -1138, - 951, - 746, - 559, -373
-186, 0
{ // quantization_|level= 52
-32767, -10206, -8278, -7004, -6166, -5512, -4965, -4534
-4120, -3757, -3433, -3133, -2851, -2611, -2389, -2168
-1947, -1726, -1504, -1283, -1100, -914, -727, -541
- 354, -167, 0
Iy
{ /! quantization_|evel =54
-32767, -10206, -8419, -7125, -6317, -5632, -5121, -4627
-4237, -3862, -3559, -3250, -2990, -2715, -2500, -2279
-2080, -1858, -1659, -1438, -1239, -1044, - 876, - 690
-522, - 335, -167, 0
{ // quantization_|level= 56
-32767, -10206, -8419, -7248, -6398, -5756, -5229, -4769
-4319, -3969, -3657, -3370, -3104, -2851, -2611, -2389
-2190, -1991, -1792, -1593, -1394, -1194, -1007, -839
-671, - 503, - 335, -167, 0
b
{ Il quantization_|evel = 58
-32767, -10527, -8568, -7370, -6479, -5820, -5340, -4862
-4446, -4082, -3757, -3464, -3220, -2963, -2715, -2500
-2301, -2102, -1925, -1726, -1526, -1327, ~-1138, -970
- 820, - 652, - 485, -317, - 149, 0
{ // quantization_|level= 60
-32767, -10527, -8568, -7494, -6566, -5954, -5397, -4965
-4534, -4196, -3862, -3591, -3311, -3076, -2824, -2611
-2411, -2212, -2035, -1836, -1659, -1460, -1283, -1100
- 951, - 783, - 634, - 466, -317, - 149, 0
},
{ // quantization_|level= 62
-32767, -10527, -8723, -7619, -6652, -6022, -5512, -5069
-4627, -4278, -3969, -3690, -3402, -3163, -2935, -2715
-2500, -2323, -2146, -1969, -1770, -1593, -1416, -1239
- 1063, -914, - 764, - 615, - 447, - 298, - 149, 0
{ Il quantization_|evel = 64
-32767, -10892, -8886, -7746, -6839, -6166, -5632, -5175
-4769, -4402, -4082, -3792, -3528, -3281, -3047, -2824
-2611, -2434, -2257, -2080, -1903, -1726, -1549, -1372
-1194, -1044, - 895, - 746, -597, -447, -298, -149
}
{ // quantization_|level= 66
-32767, -10892, -8886, -7746, -6763, -6242, -5693, -5229
-4812, -4490, -4157, -3862, -3591, -3370, -3133, -2906
-2688, -2522, -2345, -2168, -1991, -1836, -1659, -1482
-1305, -1156, -1007, - 858, - 708, -578, -429, -279
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Syntax
-130, 0
}
{ // quantization_|level= 68
-32767, -10892, -8886, -7874, -6883, -6317, -5756, -5340
-4913, -4581, -4237, -3969, -3690, -3464, -3220, -3018
-2796, -2611, -2434, -2257, -2102, -1925, -1770, ~-1593
-1438, -1261, -1119, -970, - 839, - 690, - 559, -410
- 279, -130, 0
b
{ Il quantization_|level= 70
-32767, -10892, -9061, -8006, -7004, -6398, -5885, -5397
-5017, -4671, -4319, -4043, -3792, -3528, -3311, -3104
-2879, -2688, -2522, -2367, -2190, -2035, -1880, -1703
-1549, -1394, -1217, -1082, - 951, -802, -671, -541
- 391, - 261, -130, 0
b
{ Il quantization_|evel= 72
-32767, -10892, -9061, -8006, -7125, -6479, -5954, -5512
-5121, -4769, -4402, -4120, -3862, -3623, -3402, -3191
-2990, -2796, -2611, -2434, -2279, -2124, -1969, -1814
-1659, -1504, -1349, -1194, -1044, -914, - 783, - 652
-522, - 391, - 261, - 130, 0
b
{ Il quantization_|level= 74
-32767, -11324, -9249, -8139, -7248, -6566, -6022, -5571
-5175, -4812, -4490, -4196, -3932, -3723, -3495, -3281
-3076, -2879, -2688, -2522, -2367, -2212, -2057, -1903
-1748, -1615, -1460, -1305, -1156, -1026, - 895, -764
- 634, -503, -373, -242, -111, 0
{ // quantization_|level= 76
-32767, -11324, -9249, -8139, -7370, -6652, -6094, -5632
-5284, -4913, -4581, -4278, -4043, -3792, -3559, -3341
-3163, -2963, -2769, -2611, -2456, -2301, -2146, -2013
-1858, -1703, -1549, -1416, -1261, -1119, - 988, -876
- 746, - 615, - 485, -373, -242, -111, 0
{ // quantization_|level= 78
-32767, -11324, -9249, -8278, -7370, -6745, -6166, -5756
-5340, -4965, -4671, -4361, -4120, -3862, -3657, -3433
-3220, -3047, -2851, -2688, -2522, -2389, -2234, -2102
-1947, -1792, -1659, -1504, -1372, -1217, -1100, -970
- 839, -727, -597, - 485, - 354, -242, -111, 0
b
{ Il quantization_|level =80
-32767, -11324, -9452, -8278, -7494, -6839, -6242, -5820
-5397, -5069, -4769, -4446, -4196, -3932, -3723, -3528
-3311, -3133, -2935, -2769, -2611, -2456, -2323, -2168
-2035, -1903, -1748, -1615, -1460, -1327, -1194, -1063
-951, - 820, - 708, -597, - 466, - 354, - 223, -111
0
{ Il quantization_|evel = 82
-32767, -11324, -9452, -8419, -7619, -6763, -6317, -5885
-5512, -5121, -4812, -4534, -4278, -4006, -3792, -3591
-3402, -3191, -3018, -2851, -2688, -2522, -2389, -2257
-2124, -1969, -1836, -1703, -1571, -1416, -1283, -1156
-1044, -914, -802, - 690, -578, - 447, - 335, -223
-111, 0
b
{ // quantization_|evel= 84
-32767, -11324, -9452, -8419, -7619, -6883, -6398, -5954
-5571, -5229, -4913, -4581, -4319, -4082, -3862, -3657
-3464, -3281, -3104, -2935, -2769, -2611, -2456, -2323
-2190, -2057, -1925, -1792, -1659, -1526, -1394, -1261
-1119, -1007, - 895, - 783, -671, - 559, - 447, -335
- 223, -111, 0
{ // quantization_|level= 86
-32767, -11819, -9678, -8568, -7746, -7004, -6479, -6022
-5632, -5284, -4965, -4671, -4402, -4157, -3932, -3723
-3528, -3341, -3163, -2990, -2824, -2661, -2544, -2411
-2279, -2146, -2013, -1880, -1748, -1615, -1482, -1349
-1217, -1100, - 988, - 876, - 764, - 652, -541, -429
- 317, - 205, - 93, 0
b
{ // quantization_|evel = 88
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Syntax
-32767, -11819, -9678, -8568, -7746, -7004, -6566, -6094
-5693, -5340, -5017, -4769, -4490, -4237, -4006, -3792
-3591, -3433, -3250, -3076, -2906, -2742, -2611, -2478
-2345, -2212, -2080, -1947, -1836, -1703, -1571, -1438
-1305, -1194, -1082, - 970, - 858, - 746, -634, -541
-429, - 317, - 205, -93, 0
H
{ // quantization_level= 90
-32767, -11819, -9678, -8568, -7874, -7125, -6566, -6166
-5756, -5397, -5121, -4812, -4534, -4319, -4082, -3862
-3657, -3495, -3311, -3133, -2990, -2824, -2661, -2544
-2411, -2279, -2168, -2035, -1903, -1792, -1659, -1526
-1394, -1283, -1156, -1044, - 951, - 839, -727, -634
-522, -410, - 317, - 205, -93, 0
{ Il quantization_|evel =92
-32767, -11819, -9678, -8723, -7874, -7248, -6652, -6242
-5820, -5453, -5175, -4862, -4627, -4361, -4157, -3932
-3723, -3559, -3370, -3220, -3047, -2906, -2742, -2611
-2478, -2345, -2234, -2102, -1991, -1858, -1748, -1615
-1482, -1372, -1239, -1138, -1026, -932, - 820, -708
- 615, -503, -410, -298, - 205, -93, 0
b
{ Il quantization_|evel= 94
-32767, -11819, -9926, -8723, -8006, -7248, -6745, -6242
-5885, -5512, -5229, -4965, -4671, -4446, -4196, -4006
-3792, -3623, -3433, -3281, -3133, -2963, -2824, -2661
-2544, -2411, -2301, -2168, -2057, -1947, -1814, -1703
-1571, -1460, -1327, -1217, -1100, -1007, -914, - 802
-708, -597, -503, -391, -298, -186, -93, 0
H
{ /! quantization_|evel = 96
-32767, -11819, -9926, -8886, -8006, ~-7370, -6839, -6317
-5954, -5632, -5284, -5017, -4769, -4490, -4278, -4082
-3862, -3690, -3528, -3341, -3191, -3047, -2879, -2742
-2611, -2478, -2367, -2257, -2124, -2013, -1903, -1770
-1659, -1549, -1416, -1305, -1194, -1082, - 988, -895
- 783, - 690, -597, - 485, -391, -298, -186, -93,
0
b
{ // quantization_|level= 98
-32767, -11819, -9926, -8886, -8139, -7370, -6763, -6398
-6022, -5632, -5340, -5069, -4812, -4581, -4319, -4120
-3932, -3757, -3559, -3402, -3250, -3104, -2963, -2796
-2661, -2544, -2434, -2301, -2190, -2080, -1969, -1858
-1726, -1615, -1504, -1394, -1261, -1156, -1063, -970
- 876, - 764, -671, -578, - 485, -373, - 279, -186
-93, 0
b
{ Il quantization_|evel =100
-32767, -11819, -9926, -8886, -8139, -7494, -6883, -6479
-6094, -5693, -5397, -5121, -4862, -4627, -4402, -4196
-4006, -3792, -3623, -3464, -3311, -3163, -3018, -2879
-2742, -2611, -2478, -2367, -2257, -2146, -2035, -1925
-1814, -1703, -1571, -1460, -1349, -1239, -1138, -1044
- 951, - 858, - 746, - 652, - 559, - 466, - 373, -279
- 186, -93, 0
b
{ Il quantization_|evel =102
-32767, -11819, -9926, -8886, -8139, -7494, -6883, -6479
-6094, -5756, -5453, -5175, -4913, -4671, -4446, -4237
-4043, -3862, -3690, -3528, -3370, -3220, -3076, -2935
-2796, -2661, -2544, -2434, -2323, -2212, -2102, -1991
-1880, -1770, -1659, -1549, -1438, -1327, -1217, -1119
-1026, - 932, - 839, - 746, - 652, - 559, - 466, -373
- 279, -186, -93, 0
b
{ Il quantization_|evel =104
-32767, -12403, -10206, -9061, -8278, -7619, -7004, -6566
-6166, -5820, -5512, -5229, -4965, -4769, -4534, -4319
-4120, -3932, -3757, -3591, -3433, -3281, -3133, -2990
-2851, -2715, -2611, -2500, -2389, -2279, -2168, -2057
-1947, -1836, -1726, -1615, -1504, -1394, -1283, -1194
-1100, -1007, -914, - 820, - 727, - 634, - 541, - 447
- 354, - 261, -167, -74, 0

}
{

’// quanti zati on_| evel =106
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Syntax
-32767, -12403, -10206, -9061, -8278, -7619, -7125, -6652
-6242, -5885, -5571, -5284, -5069, -4812, -4581, -4361
-4157, -3969, -3827, -3657, -3495, -3341, -3191, -3047
-2935, -2796, -2661, -2544, -2434, -2323, -2234, -2124
-2013, -1903, -1792, -1681, -1593, -1482, -1372, -1261
-1156, -1063, - 988, - 895, -802, - 708, - 615, -522
- 447, - 354, - 261, -167, -74, 0
{ Il quantization_|evel =108
-32767, -12403, -10206, -9061, -8419, -7746, -7125, -6652
-6317, -5954, -5632, -5340, -5121, -4862, -4627, -4402
-4237, -4043, -3862, -3690, -3559, -3402, -3250, -3104
-2990, -2851, -2715, -2611, -2500, -2389, -2279, -2190
-2080, -1969, -1858, -1770, -1659, -1549, -1438, -1349
-1239, -1138, -1044, - 970, - 876, - 783, - 690, -615
-522, -429, - 335, - 261, -167, -74, 0
b
{ Il quantization_|evel =110
-32767, -12403, -10206, -9249, -8419, -7746, -7248, -6745
-6317, -6022, -5693, -5397, -5175, -4913, -4671, -4490
-4278, -4082, -3932, -3757, -3591, -3464, -3311, -3163
-3047, -2906, -2769, -2661, -2544, -2456, -2345, -2234
-2146, -2035, -1925, -1836, -1726, -1615, -1526, -1416
-1305, -1217, -1119, -1026, - 951, - 858, - 764, -690
-597, -503, - 429, - 335, -242, -167, -74, 0
b
{ Il quantization_|evel =112
-32767, -12403, -10206, -9249, -8419, -7874, -7248, -6839
-6398, -6022, -5756, -5453, -5229, -4965, -4769, -4534
-4319, -4157, -3969, -3827, -3657, -3528, -3370, -3220
-3104, -2963, -2851, -2715, -2611, -2500, -2389, -2301
-2190, -2102, -1991, -1903, -1792, -1681, -1593, -1482
-1394, -1283, -1194, -1100, -1007, -932, - 839, - 764
-671, -597, - 503, - 410, - 335, -242, -167, -74
0
Iy
{ /! quantization_|evel =114
-32767, -12403, -10527, -9249, -8568, -7874, -7370, -6763
-6479, -6094, -5820, -5512, -5284, -5017, -4812, -4581
-4402, -4196, -4043, -3862, -3723, -3559, -3433, -3281
-3163, -3018, -2906, -2769, -2661, -2544, -2456, -2345
-2257, -2146, -2057, -1947, -1858, -1748, -1659, -1549
-1460, -1349, -1261, -1156, -1082, - 988, -914, -820
- 746, - 652, -578, - 485, - 410, -317, -242, -149
-74, 0
{ // quantization_|level =116
-32767, -12403, -10527, -9249, -8568, -7874, -7370, -6883
-6479, -6166, -5820, -5571, -5340, -5069, -4862, -4627
-4446, -4237, -4082, -3932, -3757, -3623, -3464, -3341
-3220, -3076, -2963, -2824, -2715, -2611, -2500, -2411
-2301, -2212, -2102, -2013, -1925, -1814, -1726, -1615
-1526, -1438, -1327, -1239, -1138, -1063, - 970, -895
- 820, -727, - 652, - 559, - 485, - 410, - 317, -242
- 149, -74, 0
{ I/ quantization_|evel =118
-32767, -12403, -10527, -9249, -8568, -8006, -7370, -6883
-6566, -6166, -5885, -5632, -5340, -5121, -4913, -4671
-4490, -4319, -4120, -3969, -3827, -3657, -3528, -3402
-3250, -3133, -3018, -2879, -2769, -2661, -2544, -2456
-2367, -2257, -2168, -2080, -1969, -1880, -1792, -1681
-1593, -1504, -1394, -1305, -1217, -1119, -1044, -970
- 876, -802, -727, - 634, - 559, - 485, -391, -317
-242, - 149, -74, 0
{ Il quantization_|evel =120
-32767, -12403, -10527, -9452, -8568, -8006, -7494, -7004
-6566, -6242, -5954, -5693, -5397, -5175, -4965, -4769
-4534, -4361, -4196, -4006, -3862, -3723, -3591, -3433
-3311, -3191, -3076, -2935, -2824, -2715, -2611, -2500
-2411, -2323, -2212, -2124, -2035, -1947, -1836, -1748
-1659, -1571, -1460, -1372, -1283, -1194, -1100, -1026
- 951, - 858, - 783, - 708, - 634, -541, - 466, -391
- 317, - 223, - 149, -74, 0

}

{ Il quantization_|evel =122

ETSI




227 ETSI TS 103 491 V1.1.1 (2017-04)
Syntax
-32767, -12403, -10527, -9452, -8723, -8139, -7494, -7004
-6652, -6317, -6022, -5693, -5453, -5229, -5017, -4812
-4581, -4402, -4237, -4082, -3932, -3757, -3623, -3495
-3370, -3250, -3104, -2990, -2879, -2769, -2661, -2544
- 2456, -2367, -2279, -2190, -2080, -1991, -1903, -1814
-1726, -1615, -1526, -1438, -1349, -1261, -1156, -1082
-1007, -932, - 858, - 764, - 690, - 615, -541, - 466
- 373, - 298, - 223, - 149, -74, 0
b
{ /Il quantization_|evel =124
-32767, -12403, -10527, -9452, -8723, -8139, -7619, -7125
-6652, -6317, -6022, -5756, -5512, -5284, -5069, -4862
-4627, -4446, -4278, -4120, -3969, -3827, -3690, -3559
-3402, -3281, -3163, -3047, -2935, -2824, -2715, -2611
-2500, -2411, -2323, -2234, -2146, -2057, -1969, -1858
-1770, -1681, -1593, -1504, -1416, -1327, -1239, -1138
- 1063, - 988, -914, - 839, - 764, - 690, - 615, -522
- 447, - 373, - 298, - 223, - 149, -74, 0
b
{ Il quantization_|evel =126
-32767, -12403, -10527, -9452, -8723, -8139, -7619, -7125
-6745, -6398, -6094, -5820, -5571, -5340, -5121, -4913
-4671, -4490, -4319, -4157, -4006, -3862, -3723, -3591
-3464, -3341, -3220, -3104, -2990, -2879, -2769, -2661
-2544, -2456, -2367, -2279, -2190, -2102, -2013, -1925
-1836, -1748, -1659, -1571, -1482, -1394, -1305, -1217
-1119, -1044, - 970, - 895, - 820, - 746, -671, -597
-522, - 447, - 373, - 298, - 223, - 149, -74, 0
b
{ // quantization_|evel =128
-32767, -13114, -10892, -9678, -8886, -8278, -7746, -7248
-6839, -6479, -6166, -5885, -5632, -5397, -5175, -4965
-4769, -4581, -4402, -4237, -4082, -3932, -3792, -3657
-3528, -3402, -3281, -3163, -3047, -2935, -2824, -2715
-2611, -2522, -2434, -2345, -2257, -2168, -2080, -1991
-1903, -1814, -1726, -1637, -1549, -1460, -1372, -1283
-1194, -1119, -1044, - 970, - 895, - 820, - 746, -671
-597, -522, - 447, - 373, - 298, - 223, - 149, -74,
0
b
{ /! quantization_|evel =130
-32767, -13114, -10892, -9678, -8886, -8278, -7746, -7248
-6763, -6479, -6166, -5885, -5632, -5397, -5175, -4965
-4762, -4627, -4446, -4278, -4120, -3969, -3827, -3690
-3559, -3433, -3311, -3191, -3076, -2963, -2851, -2742
-2635, -2566, -2478, -2389, -2301, -2212, -2124, -2035
-1947, -1858, -1770, -1681, -1593, -1504, -1416, -1327
-1239, -117v5, -1100, -1026, -951, - 876, - 802, -727
-652, -578, -503, -429, - 354, - 279, - 205, -130
- 55, 0
{ // quantization_|evel =132
-32767, -13114, -10892, -9678, -8886, -8278, -7746, -7248
-6763, -6566, -6242, -5954, -5693, -5453, -5229, -5017
-4812, -4671, -4490, -4319, -4157, -4006, -3862, ~-3723
-3591, -3495, -3370, -3250, -3133, -3018, -2906, -2796
-2688, -2611, -2522, -2434, -2345, -2257, -2168, -2080
-1991, -1903, -1836, -1748, -1659, -1571, -1482, -1394
-1305, -1217, -1156, -1082, -1007, -932, - 858, -783
- 708, - 634, -578, - 503, -429, - 354, - 279, - 205
- 130, - 55, 0
b
{ // quantization_|evel =134
-32767, -13114, -10892, -9678, -8886, -8278, -7874, -7370
-6883, -6566, -6242, -5954, -5756, -5512, -5284, -5069
-4862, -4719, -4534, -4361, -4196, -4043, -3897, -3792
-3657, -3528, -3402, -3281, -3191, -3076, -2963, -2851
-2742, -2635, -2566, -2478, -2389, -2301, -2212, -2124
-2057, -1969, -1880, -1792, -1703, -1637, -1549, -1460
-1372, -1283, -1195, -1138, -1063, - 988, -914, -839
- 783, -708, - 634, - 559, - 485, - 410, - 354, -279
- 205, -130, - 55, 0
{ // quantization_|evel =136
-32767, -13114, -10892, -9678, -8886, -8419, -7874, -7370
-6883, -6652, -6317, -6022, -5756, -5571, -5340, -5121
-4913, -4769, -4581, -4402, -4237, -4082, -3969, -3827

ETSI




228 ETSI TS 103 491 V1.1.1 (2017-04)
Syntax
-3690, -3559, -3464, -3341, -3220, -3104, -3018, -2906
-2796, -2688, -2611, -2522, -2434, -2345, -2257, -2190
-2102, -2013, -1925, -1858, -1770, -1681, -1593, -1526
-1438, -1349, -1261, -1194, -1119, -1044, - 970, -895
- 839, - 764, - 690, - 615, - 559, - 485, - 410, -335
- 279, - 205, -130, - 55, 0
H
{ // quantization_|evel =138
-32767, -13114, -10892, -9678, -9061, -8419, -7874, -7494
-7004, -6652, -6317, -6094, -5820, -5571, -5397, -5175
-4965, -4762, -4627, -4446, -4278, -4157, -4006, -3862
-3723, -3623, -3495, -3370, -3281, -3163, -3047, -2935
-2851, -2742, -2635, -2566, -2478, -2389, -2323, -2234
-2146, -2057, -1991, -1903, -1814, -1748, -1659, -1571
-1482, -1416, -1327, -1239, -1175, -1100, -1026, -951
- 895, - 820, - 746, - 690, - 615, -541, - 466, -410
- 335, - 261, - 205, - 130, - 55, 0
{ Il quantization_|evel =140
-32767, -13114, -10892, -9926, -9061, -8419, -8006, -7494
-7004, -6745, -6398, -6094, -5885, -5632, -5397, -5229
-5017, -4812, -4671, -4490, -4319, -4196, -4043, -3897
-3792, -3657, -3528, -3433, -3311, -3191, -3104, -2990
-2879, -2796, -2688, -2611, -2522, -2434, -2367, -2279
-2190, -2124, -2035, -1947, -1880, -1792, -1703, -1637
-1549, -1460, -1394, -1305, -1217, -1156, -1082, -1007
- 951, - 876, -802, - 746, -671, -597, -541, - 466
- 391, - 335, - 261, -186, -130 - 55, 0
b
{ // quantization_|evel =142
-32767, -13114, -10892, -9926, -9061, -8419, -8006, -7494
-7125, -6745, -6398, -6166, -5885, -5693, -5453, -5229
-5069, -4862, -4719, -4534, -4361, -4237, -4082, -3969
-3827, -3690, -3591, -3464, -3370, -3250, -3133, -3047
-2935, -2851, -2742, -2635, -2566, -2478, -2389, -2323
-2234, -2168, -2080, -1991, -1925, -1836, -1770, -1681
-1593, -1526, -1438, -1372, -1283, -1195, -1138, -1063
-1007, - 932, - 858, -802, -727, -671, -597, -522
- 466, - 391, - 335, - 261, - 186, - 130, - 55, 0
b
{ Il quantization_|evel =144
-32767, -13114, -10892, -9926, -9061, -8568, -8006, -7619
-7125, -6839, -6479, -6166, -5954, -5693, -5512, -5284,
-5121, -4913, -4769, -4581, -4402, -4278, -4120, -4006,
-3862, -3757, -3623, -3528, -3402, -3281, -3191, -3076,
-2990, -2879, -2796, -2688, -2611, -2522, -2434, -2367
-2279, -2212, -2124, -2057, -1969, -1903, -1814, -1726
-1659, -1571, -1504, -1416, -1349, -1261, -1194, -1119
-1044, - 988, -914, - 858, - 783, -727, - 652, -597
-522, - 447, - 391, -317, - 261, - 186, -130, - 55,
0
{ Il quantization_|evel =146
-32767, -13114, -10892, -9926, -9061, -8568, -8006, -7619
-7125, -6763, -6479, -6242, -5954, -5756, -5512, -5340
-5121, -4965, -4762, -4627, -4446, -4319, -4157, -4043
-3897, -3792, -3657, -3559, -3433, -3341, -3220, -3133
-3018, -2935, -2824, -2742, -2635, -2566, -2478, -2411
-2323, -2257, -2168, -2102, -2013, -1947, -1858, -1792
-1703, -1637, -1549, -1482, -1394, -1327, -1239, -1175
-1100, -1044, - 970, -914, - 839, - 783, - 708, - 652
-578, -522, - 447, - 391, - 317, - 261, - 186, -130
- 55, 0
b
{ Il quantization_| evel =148
-32767, -13114, -11324, -9926, -9249, -8568, -8139, -7619
-7248, -6763, -6566, -6242, -6022, -5820, -5571, -5397
-5175, -5017, -4812, -4671, -4490, -4361, -4196, -4082
-3932, -3827, -3723, -3591, -3495, -3370, -3281, -3163
-3076, -2963, -2879, -2769, -2688, -2611, -2522, -2456
-2367, -2301, -2212, -2146, -2057, -1991, -1903, -1836
-1748, -1681, -1615, -1526, -1460, -1372, -1305, -1217
-1156, -1082, -1026, -951, - 895, - 820, - 764, -708
- 634, -578, - 503, - 447, - 373, - 317, -242, -186
-111, - 55, 0
b
{ // quantization_|evel =150

ETSI




229 ETSI TS 103 491 V1.1.1 (2017-04)

Syntax

-32767, -13114, -11324, -9926, -9249,
-7248, -6883, -6566, -6317, -6094,
-5229, -5017, -4862, -4719, -4534,
-4006, -3862, -3757, -3623, -3528,
-3104, -3018, -2906, -2824, -2742,
-2411, -2345, -2257, -2190, -2102,
-1814, -1726, -1659, -1571, -1504,

-1195, -1138, -1082, -1007, - 951,
- 690, - 634, - 559, - 503, - 429,
- 186, -111, -55, 0

{ // quantization_|evel =152
-32767, -13114, -11324, -9926, -9249,
-7370, -6883, -6652, -6317, -6094,
-5284, -5069, -4913, -4769, -4581,
-4043, -3897, -3792, -3690, -3559,
-3163, -3047, -2963, -2879, -2769,
- 2456, -2367, -2301, -2234, -2146,
-1858, -1770, -1703, -1637, -1549,

-1261, -1194, -1119, -1063, - 988,
- 746, - 690, - 615, - 559, - 485,
-242, -186, - 111, -55, 0

b
{ Il quantization_|evel =154
-32767, -13114, -11324, -10206, -9249,
-7370, -7004, -6652, -6398, -6166,
-5284, -5121, -4965, -4762, -4627,
-4082, -3932, -3827, -3723, -3591,
-3191, -3104, -2990, -2906, -2824,
-2500, -2411, -2345, -2279, -2190,
-1903, -1836, -1748, -1681, -1615,
-1305, -1239, -1175, -1100, -1044,
- 802, - 727, -671, - 615, -541,
- 298, -242, - 167, -111, - 55,

{ /! quantization_|evel =156

-32767, -13114, -11324, -10206, -9249,
-7370, -7004, -6745, -6398, -6166,
-5340, -5175, -4965, -4812, -4671,
-4120, -3969, -3862, -3757, -3657,
-3220, -3133, -3047, -2963, -2851,
-2522, -2456, -2389, -2301, -2234,
-1947, -1880, -1792, -1726, -1659,
-1372, -1283, -1217, -1156, -1100,
- 839, - 783, -727, -671, -597,

- 354, - 298, -242, - 167, -111,

{ /1 quantization_|evel =158
-32767, -13114, -11324, -10206, -9452,
-7494, -7004, -6745, -6479, -6242,
-5397, -5175, -5017, -4862, -4719,
-4157, -4006, -3897, -3792, -3690,
-3281, -3191, -3076, -2990, -2906,
-2566, -2500, -2411, -2345, -2279,
-1991, -1925, -1836, -1770, -1703,
-1416, -1349, -1283, -1195, -1138,
- 895, - 839, - 783, - 708, - 652,
- 410, - 354, - 298, - 223, -167,
b

{ Il quantization_|evel =160
-32767, -13114, -11324, -10206, -9452,
-7494, -7125, -6839, -6479, -6242,
-5397, -5229, -5069, -4913, -4769,
-4196, -4082, -3932, -3827, -3723,
-3311, -3220, -3133, -3047, -2935,
-2611, -2522, -2456, -2389, -2323,
-2035, -1969, -1903, -1814, -1748,
-1460, -1394, -1327, -1261, -1194,
-951, - 895, - 820, - 764, - 708,
- 466, - 410, - 354, - 298, - 223,

0

}
{ // quantization_|evel =162
-32767, -13114, -11324, -10206, -9452,
-7494, -7125, -6763, -6566, -6317,
-5453, -5284, -5121, -4913, -4762,
-4237, -4082, -3969, -3862, -3757,

-8568, -8139, -7746,
-5820, -5632, -5397,
-4402, -4237, -4120,
-3433, -3311, -3220,
-2635, -2566, -2478,
-2035, -1947, -1880,
-1438, -1349, -1283,

- 876, - 820, - 746,

- 373, - 317, -242,

-8723, -8139, -7746,
-5885, -5632, -5453,
-4446, -4278, -4157,
-3464, -3341, -3250,
-2688, -2611, -2522,
-2080, -2013, -1925,
-1482, -1416, -1327,

-932, - 876, -802,

-429, -373, -298,

-8723, -8278, -7746,
-5885, -5693, -5512,
-4490, -4319, -4196,
-3495, -3402, -3281,
-2715, -2635, -2566,
-2124, -2057, -1969,
-1526, -1460, -1394,

- 988, -914, - 858,
- 485, -429, - 354,
0

-8723, -8278, -7874,
-5954, -5756, -5512,
-4534, -4361, -4237,
-3528, -3433, -3341,
-2769, -2688, -2611,
-2168, -2102, -2013,
-1593, -1504, -1438,

-1026, - 970, -914,
-541, - 485, -410,
-55, 0

-8723, -8278, -7874,
-5954, -5756, -5571,
-4534, -4402, -4278,
-3591, -3464, -3370,
-2824, -2715, -2635,
-2212, -2124, -2057,
-1637, -1571, -1482,

-1082, -1026, - 951,
- 597, -541, - 466,
-111, -55, 0

-8886, -8278, -7874,
-6022, -5820, -5632,
-4581, -4446, -4319,
-3623, -3528, -3402,
-2851, -2769, -2688,
-2257, -2168, -2102,
-1681, -1615, -1549,
-1119, -1063, -1007,

- 652, -597, -522,

-167, -111, -55,

-8886, -8419, -7874,
-6022, -5820, -5632,
-4627, -4490, -4361,
-3657, -3559, -3464,

ETSI




230 ETSI TS 103 491 V1.1.1 (2017-04)
Syntax
-3341, -3250, -3163, -3076, -2990, -2906, -2796, -2715
-2635, -2566, -2500, -2434, -2345, -2279, -2212, -2146
-2080, -2013, -1925, -1858, -1792, -1726, -1659, -1593
-1526, -1438, -1372, -1305, -1239, -1175, -1119, -1044
- 988, -932, - 876, - 820, - 764, - 690, - 634, -578
-522, - 466, - 410, - 335, - 279, - 223, -167, -111
- 55, 0
{ I/ quantization_|evel =164
-32767, -13114, -11324, -10206, -9452, -8886, -8419, -8006
-7619, -7125, -6763, -6566, -6317, -6094, -5885, -5693
-5512, -5284, -5121, -4965, -4812, -4671, -4534, -4402
-4278, -4120, -4006, -3897, -3792, -3690, -3591, -3495
-3402, -3281, -3191, -3104, -3018, -2935, -2851, -2769
-2688, -2611, -2522, -2456, -2389, -2323, -2257, -2190
-2124, -2057, -1969, -1903, -1836, -1770, -1703, -1637
-1571, -1504, -1416, -1349, -1283, -1217, -1156, -1100
-1044, - 988, -914, - 858, -802, - 746, - 690, -634
-578, -522, - 447, - 391, - 335, - 279, - 223, -167
-111, - 55, 0
b
{ Il quantization_|evel =166
-32767, -13114, -11324, -10206, -9452, -8886, -8419, -8006
-7619, -7248, -6883, -6652, -6317, -6094, -5885, -5693
-5512, -5340, -5175, -5017, -4862, -4719, -4581, -4446
-4278, -4157, -4043, -3932, -3827, -3723, -3623, -3528
-3433, -3341, -3250, -3163, -3047, -2963, -2879, -2796
-2715, -2635, -2566, -2500, -2434, -2367, -2301, -2234
-2146, -2080, -2013, -1947, -1880, -1814, -1748, -1681
-1615, -1549, -1482, -1416, -1327, -1261, -1195, -1138
-1082, -1026, - 970, -914, - 858, -802, - 746, -690
-615, - 559, -503, - 447, - 391, - 335, -279, -223
-167, -111, - 55, 0
{ // quantization_|evel =168
-32767, -13114, -11324, -10206, -9452, -8886, -8419, -8006
-7619, -7248, -6883, -6652, -6398, -6166, -5954, -5756
-5571, -5397, -5229, -5069, -4913, -4769, -4581, -4446
-4319, -4196, -4082, -3969, -3862, -3757, -3657, -3559
- 3464, -3370, -3281, -3191, -3104, -3018, -2935, -2851
-2769, -2688, -2611, -2522, -2456, -2389, -2323, -2257
-2190, -2124, -2057, -1991, -1925, -1858, -1792, -1726
-1659, -1593, -1526, -1460, -1394, -1327, -1261, -1194
-1119, -1063, -1007, - 951, - 895, - 839, - 783, -727
-671, - 615, - 559, -503, - 447, - 391, - 335, -279
- 223, -167, -111, - 55, 0
{ /1 quantization_|evel =170
-32767, -13114, -11324, -10206, -9452, -8886, -8419, -8006
-7619, -7248, -6883, -6652, -6398, -6166, -5954, -5756
-5571, -5397, -5229, -5069, -4913, -4762, -4627, -4490
-4361, -4237, -4120, -4006, -3897, -3792, -3690, -3591
-3495, -3402, -3311, -3220, -3133, -3047, -2963, -2879
-2796, -2715, -2635, -2566, -2500, -2434, -2367, -2301
-2234, -2168, -2102, -2035, -1969, -1903, -1836, -1770
-1703, -1637, -1571, -1504, -1438, -1372, -1305, ~-1239
-1175, -1119, -1063, -1007, - 951, - 895, - 839, -783
-727, -671, - 615, - 559, - 503, - 447, - 391, -335
- 279, - 223, -167, -111, - 55, 0
},
{ // quantization_|evel =172
-32767, -13948, -11819, -10527, -9678, -9061, -8568, -8139
-7746, -7370, -7004, -6745, -6479, -6242, -6022, -5820
-5632, -5453, -5284, -5121, -4965, -4812, -4671, -4534
-4402, -4278, -4157, -4043, -3932, -3827, -3723, -3623
-3528, -3433, -3341, -3250, -3163, -3076, -2990, -2906
-2824, -2742, -2661, -2611, -2544, -2478, -2411, -2345
-2279, -2212, -2146, -2080, -2013, -1947, -1880, -1814
-1748, -1681, -1615, -1549, -1482, -1416, -1349, -1283
-1217, -1156, -1100, -1044, - 988, -932, - 876, -820
- 764, -708, - 652, -597, -541, - 485, -429, -373
- 317, - 261, - 205, - 149, -93, - 37, 0
{ // quantization_|evel =174
-32767, -13948, -11819, -10527, -9678, -9061, -8568, -8139
-7746, -7370, -7004, -6745, -6479, -6242, -6022, -5820
-5632, -5453, -5340, -5175, -5017, -4862, -4719, -4581

ETSI




231 ETSI TS 103 491 V1.1.1 (2017-04)
Syntax
-4446, -4319, -4196, -4082, -3969, -3862, -3757, -3657
-3559, -3464, -3370, -3311, -3220, -3133, -3047, -2963
-2879, -2796, -2715, -2635, -2566, -2500, -2434, -2367
-2301, -2234, -2168, -2102, -2035, -1991, -1925, -1858
-1792, -1726, -1659, -1593, -1526, -1460, -1394, -1327
-1261, -1195, -1138, -1082, -1026, - 970, -932, -876
- 820, - 764, - 708, - 652, -597, -541, - 485, -429
- 373, - 317, - 261, - 205, - 149, - 93, - 37, 0
b
{ /Il quantization_|evel =176
-32767, -13948, -11819, -10527, -9678, -9061, -8568, -8139
-7746, -7370, -7004, -6839, -6566, -6317, -6094, -5885
-5693, -5512, -5340, -5175, -5017, -4862, -4769, -4627
-4490, -4361, -4237, -4120, -4006, -3897, -3792, -3690
-3591, -3528, -3433, -3341, -3250, -3163, -3076, -2990
-2906, -2824, -2742, -2661, -2611, -2544, -2478, -2411
-2345, -2279, -2212, -2146, -2080, -2013, -1947, -1903
-1836, -1770, -1703, -1637, -1571, -1504, -1438, -1372
-1305, -1239, -1194, -1138, -1082, -1026, -970, -914
- 858, -802, - 746, - 690, - 634, -597, -541, -485
-429, - 373, - 317, - 261, - 205, - 149, - 93, - 37,
0
},
{ Il quantization_|evel =178
-32767, -13948, -11819, -10527, -9678, -9061, -8568, -8139
-7746, -7494, -7125, -6763, -6566, -6317, -6094, -5885
-5693, -5571, -5397, -5229, -5069, -4913, -4762, -4627
-4490, -4402, -4278, -4157, -4043, -3932, -3827, -3723
-3623, -3559, -3464, -3370, -3281, -3191, -3104, -3018
-2935, -2879, -2796, -2715, -2635, -2566, -2500, -2434
-2367, -2323, -2257, -2190, -2124, -2057, -1991, -1925
-1858, -1814, -1748, -1681, -1615, -1549, -1482, -1416
-1349, -1305, -1239, -1175, -1119, -1063, -1007, -951
- 895, - 858, -802, - 746, - 690, - 634, -578, -522
- 466, - 429, - 373, - 317, - 261, - 205, - 149, - 93,
- 37, 0
{ // quantization_|evel =180
-32767, -13948, -11819, -10527, -9678, -9061, -8568, -8278
-7874, -7494, -7125, -6763, -6566, -6398, -6166, -5954
-5756, -5571, -5397, -5229, -5121, -4965, -4812, -4671
-4534, -4402, -4319, -4196, -4082, -3969, -3862, -3757
-3657, -3591, -3495, -3402, -3311, -3220, -3133, -3076
-2990, -2906, -2824, -2742, -2661, -2611, -2544, -2478
-2411, -2345, -2279, -2212, -2168, -2102, -2035, -1969
-1903, -1836, -1792, -1726, -1659, -1593, -1526, -1460
-1394, -1349, -1283, -1217, -1156, -1100, -1044, -1007
-951, - 895, - 839, - 783, -727, -671, - 634, -578
-522, - 466, - 410, - 354, -317, - 261, - 205, -149
-93, - 37, 0
{ // quantization_|evel =182
-32767, -13948, -11819, -10527, -9678, -9061, -8723, -8278
-7874, -7494, -7125, -6883, -6652, -6398, -6166, -5954
-5756, -5632, -5453, -5284, -5121, -4965, -4862, -4719
-4581, -4446, -4319, -4237, -4120, -4006, -3897, -3792
-3690, -3623, -3528, -3433, -3341, -3250, -3191, -3104
-3018, -2935, -2851, -2796, -2715, -2635, -2566, -2500
-2434, -2389, -2323, -2257, -2190, -2124, -2080, -2013
-1947, -1880, -1814, -1770, -1703, -1637, -1571, -1504
-1438, -1394, -1327, -1261, -1195, -1138, -1100, -1044
- 988, -932, - 876, - 839, - 783, -727, -671, -615
- 559, -522, - 466, -410, - 354, -298, - 261, -205
- 149, -93, - 37, 0
b
{ I/ quantization_| evel =184
-32767, -13948, -11819, -10527, -9678, -9249, -8723, -8278
-7874, -7494, -7248, -6883, -6652, -6398, -6242, -6022
-5820, -5632, -5453, -5340, -5175, -5017, -4862, -4769
-4627, -4490, -4361, -4237, -4157, -4043, -3932, -3827
-3723, -3657, -3559, -3464, -3370, -3311, -3220, -3133
-3047, -2963, -2906, -2824, -2742, -2661, -2611, -2544
-2478, -2411, -2345, -2301, -2234, -2168, -2102, -2035
-1991, -1925, -1858, -1792, -1748, -1681, -1615, -1549
-1482, -1438, -1372, -1305, -1239, -1194, -1138, -1082
-1026, - 970, -932, - 876, - 820, - 764, -708, -671
- 615, - 559, - 503, - 466, -410, - 354, - 298, - 242

ETSI




232 ETSI TS 103 491 V1.1.1 (2017-04)
Syntax
- 205, - 149, -93, - 37, 0
}
{ // quantization_|evel =186
-32767, -13948, -11819, -10527, -9678, -9249, -8723, -8278
-7874, -7619, -7248, -6883, -6652, -6479, -6242, -6022
-5820, -5693, -5512, -5340, -5175, -5069, -4913, -4762
-4627, -4534, -4402, -4278, -4157, -4082, -3969, -3862
-3757, -3690, -3591, -3495, -3402, -3341, -3250, -3163
-3076, -3018, -2935, -2851, -2769, -2715, -2635, -2566
-2500, -2456, -2389, -2323, -2257, -2212, -2146, -2080
-2013, -1969, -1903, -1836, -1770, -1726, -1659, -1593
-1526, -1482, -1416, -1349, -1283, -1239, -1175, -1119
-1063, -1026, - 970, -914, - 858, - 820, - 764, -708
- 652, - 615, - 559, - 503, - 447, -410, - 354, -298
-242, - 205, - 149, -93, - 37, 0
b
{ Il quantization_|evel =188
-32767, -13948, -11819, -10527, -9926, -9249, -8723, -8278
-8006, -7619, -7248, -7004, -6745, -6479, -6242, -6094
-5885, -5693, -5512, -5397, -5229, -5069, -4965, -4812
-4671, -4534, -4446, -4319, -4196, -4120, -4006, -3897
-3792, -3723, -3623, -3528, -3433, -3370, -3281, -3191
-3133, -3047, -2963, -2879, -2824, -2742, -2661, -2611
-2544, -2478, -2411, -2367, -2301, -2234, -2168, -2124
-2057, -1991, -1947, -1880, -1814, -1748, -1703, -1637
-1571, -1504, -1460, -1394, -1327, -1283, -1217, -1156
-1100, -1063, -1007, - 951, -914, - 858, -802, -746
- 708, - 652, -597, -541, -503, - 447, -391, -354
- 298, -242, - 186, -149, -93, - 37, 0
{ // quantization_|evel =190
-32767, -13948, -11819, -10527, -9926, -9249, -8723, -8419
-8006, -7619, -7370, -7004, -6745, -6479, -6317, -6094
-5885, -5756, -5571, -5397, -5284, -5121, -4965, -4862
-4719, -4581, -4446, -4361, -4237, -4120, -4043, -3932
-3827, -3757, -3657, -3559, -3464, -3402, -3311, -3220
-3163, -3076, -2990, -2935, -2851, -2769, -2715, -2635
-2566, -2500, -2456, -2389, -2323, -2279, -2212, -2146
-2102, -2035, -1969, -1925, -1858, -1792, -1726, -1681
-1615, -1549, -1504, -1438, -1372, -1327, -1261, -1195
-1138, -1100, -1044, - 988, - 951, - 895, - 839, -802
- 746, - 690, - 652, - 597, - 541, - 485, -447, -391
- 335, - 298, -242, - 186, - 149, - 93, - 37, 0
b
{ Il quantization_|evel =192
-32767, -13948, -11819, -10892, -9926, -9249, -8886, -8419
-8006, ~-7746, -7370, -7004, -6839, -6566, -6317, -6166
-5954, -5756, -5632, -5453, -5284, -5175, -5017, -4862
-4769, -4627, -4490, -4402, -4278, -4157, -4082, -3969
-3862, -3792, -3690, -3591, -3528, -3433, -3341, -3281
-3191, -3104, -3047, -2963, -2879, -2824, -2742, -2661
-2611, -2544, -2478, -2434, -2367, -2301, -2257, -2190
-2124, -2080, -2013, -1947, -1903, -1836, -1770, -1726
-1659, -1593, -1549, -1482, -1416, -1372, -1305, -1239
-1194, -1138, -1082, -1044, - 988, -932, - 895, -839
- 783, - 746, - 690, - 634, -597, -541, - 485, - 447
- 391, - 335, - 298, -242, - 186, - 149, -93, - 37,
0
b
{ Il quantization_|evel =194
-32767, -13948, -11819, -10892, -9926, -9249, -8886, -8419
-8006, -7746, -7370, -7004, -6763, -6566, -6398, -6166
-5954, -5820, -5632, -5453, -5340, -5175, -5017, -4913
-4762, -4671, -4534, -4402, -4319, -4196, -4082, -4006
-3897, -3792, -3723, -3623, -3528, -3464, -3370, -3311
-3220, -3133, -3076, -2990, -2906, -2851, -2769, -2688
-2635, -2566, -2522, -2456, -2389, -2345, -2279, -2212
-2168, -2102, -2035, -1991, -1925, -1880, -1814, -1748
-1703, -1637, -1571, -1526, -1460, -1394, -1349, -1283
-1217, -1175, -1119, -1082, -1026, - 970, -932, -876
- 820, - 783, -727, -671, - 634, -578, -541, -485
- 429, -391, - 335, - 279, -242, - 186, -130, -93,
- 37, 0
H
{ // quantization_|evel =196
-32767, -13948, -11819, -10892, -9926, -9249, -8886, -8419
-8139, -7746, -7370, -7125, -6763, -6652, -6398, -6166

ETSI




233 ETSI TS 103 491 V1.1.1 (2017-04)

Syntax
-6022, -5820, -5632, -5512, -5340, -5229, -5069, -4913
-4812, -4671, -4581, -4446, -4319, -4237, -4120, -4043
-3932, -3827, -3757, -3657, -3559, -3495, -3402, -3341
-3250, -3163, -3104, -3018, -2963, -2879, -2796, -2742
-2661, -2611, -2544, -2478, -2434, -2367, -2301, -2257
-2190, -2146, -2080, -2013, -1969, -1903, -1858, ~-1792
-1726, -1681, -1615, -1549, -1504, -1438, -1394, -1327
-1261, -1217, -1156, -1119, -1063, -1007, - 970, -914
- 876, - 820, - 764, -727, -671, - 615, -578, -522
- 485, -429, -373, - 335, - 279, -242, - 186, -130
- 93, - 37, 0
I
{ Il quantization_|evel =198
-32767, -13948, -11819, -10892, -9926, -9452, -8886, -8419
-8139, -7746, -7494, -7125, -6763, -6652, -6398, -6242
-6022, -5885, -5693, -5512, -5397, -5229, -5121, -4965
-4812, -4719, -4581, -4490, -4361, -4278, -4157, -4043
-3969, -3862, -3792, -3690, -3591, -3528, -3433, -3370
-3281, -3191, -3133, -3047, -2990, -2906, -2851, -2769
-2688, -2635, -2566, -2522, -2456, -2389, -2345, -2279
-2234, -2168, -2124, -2057, -1991, -1947, -1880, -1836
-1770, -1703, -1659, -1593, -1549, -1482, -1416, -1372
-1305, -1261, -1195, -1156, -1100, -1044, -1007, -951
-914, - 858, -802, -764, -708, -671, - 615, -578
-522, - 466, -429, - 373, - 335, - 279, - 223, -186
- 130, - 93, - 37, 0
b
{ /1 quantization_|evel =200
-32767, -13948, -11819, -10892, -9926, -9452, -8886, -8568
-8139, -7746, -7494, -7125, -6883, -6652, -6479, -6242
-6094, -5885, -5693, -5571, -5397, -5284, -5121, -5017
-4862, -4769, -4627, -4490, -4402, -4278, -4196, -4082
-4006, -3897, -3792, -3723, -3623, -3559, -3464, -3402
-3311, -3250, -3163, -3076, -3018, -2935, -2879, -2796
-2742, -2661, -2611, -2544, -2478, -2434, -2367, -2323
-2257, -2212, -2146, -2080, -2035, -1969, -1925, -1858
-1814, -1748, -1703, -1637, -1571, -1526, -1460, -1416
-1349, -1305, -1239, -1194, -1138, -1082, -1044, -988
-951, - 895, - 858, -802, - 746, - 708, - 652, -615
- 559, -522, - 466, -429, -373, -317, - 279, -223
-186, -130, -93, - 37, 0
{ // quantization_|evel =202
-32767, -13948, -11819, -10892, -9926, -9452, -8886, -8568
-8139, -7874, -7494, -7248, -6883, -6745, -6479, -6242
-6094, -5885, -5756, -5571, -5453, -5284, -5175, -5017
-4913, -4762, -4671, -4534, -4446, -4319, -4196, -4120
-4006, -3932, -3827, -3757, -3657, -3591, -3495, -3433
-3341, -3281, -3191, -3133, -3047, -2963, -2906, -2824
-2769, -2688, -2635, -2566, -2522, -2456, -2411, -2345
-2301, -2234, -2168, -2124, -2057, -2013, -1947, -1903
-1836, -1792, -1726, -1681, -1615, -1571, -1504, -1460
-1394, -1327, -1283, -1217, -1175, -1119, -1082, -1026
- 988, -932, - 895, - 839, -802, - 746, - 708, - 652
-597, - 559, - 503, - 466, -410, - 373, -317, -279
- 223, - 186, -130, - 93, - 37, 0
b
{ // quantization_| evel =204
-32767, -13948, -11819, -10892, -9926, -9452, -8886, -8568
-8139, -7874, -7494, -7248, -6883, -6745, -6479, -6317
-6094, -5954, -5756, -5632, -5453, -5340, -5175, -5069
-4913, -4812, -4671, -4581, -4446, -4361, -4237, -4157
-4043, -3969, -3862, -3792, -3690, -3623, -3528, -3464
-3370, -3311, -3220, ~-3163, -3076, -3018, -2935, -2879
-2796, -2742, -2661, -2611, -2544, -2478, -2434, -2367
-2323, -2257, -2212, -2146, -2102, -2035, -1991, -1925
-1880, -1814, -1770, -1703, -1659, -1593, -1549, -1482
-1438, -1372, -1327, -1261, -1217, -1156, -1119, -1063
-1026, - 970, -932, - 876, - 839, - 783, - 746, -690
- 652, -597, - 559, - 503, - 466, - 410, - 373, -317
- 279, - 223, -186, -130, -93, - 37, 0
b
{ // quantization_|evel =206
-32767, -13948, -12403, -10892, -10206, -9452, -9061, -8568
-8278, -7874, -7619, -7248, -7004, -6745, -6566, -6317
-6166, -5954, -5820, -5632, -5512, -5340, -5229, -5069
-4965, -4812, -4719, -4581, -4490, -4361, -4278, -4157

ETSI




234

ETSI TS 103 491 V1.1.1 (2017-04)

Syntax
-4082, -3969, -3897, -3827, -3723, -3657, -3559, -3495
-3402, -3341, -3250, -3191, -3104, -3047, -2963, -2906
-2824, -2769, -2688, -2635, -2566, -2522, -2456, -2411
-2345, -2301, -2234, -2190, -2124, -2080, -2013, -1969
-1903, -1858, -1792, -1748, -1681, -1637, -1593, -1526
-1482, -1416, -1372, -1305, -1261, -1195, -1156, -1100
-1063, -1007, -970, -914, - 876, - 820, - 783, -727
- 690, - 634, -597, -541, - 503, - 447, - 410, -354
- 317, - 261, - 223, - 167, - 130, -74, -37, 0
b
{ // quantization_|evel =208
-32767, -13948, -12403, -10892, -10206, -9452, -9061, -8568
-8278, -7874, -7619, -7248, -7004, -6839, -6566, -6398
-6166, -6022, -5820, -5693, -5512, -5397, -5229, -5121
-4965, -4862, -4769, -4627, -4534, -4402, -4319, -4196
-4120, -4006, -3932, -3827, -3757, -3657, -3591, -3528
-3433, -3370, -3281, -3220, -3133, -3076, -2990, -2935
-2851, -2796, -2715, -2661, -2611, -2544, -2500, -2434
-2389, -2323, -2279, -2212, -2168, -2102, -2057, -1991
-1947, -1903, -1836, -1792, -1726, -1681, -1615, -1571
-1504, -1460, -1394, -1349, -1283, -1239, -1194, -1138
-1100, -1044, -1007, - 951, -914, - 858, - 820, - 764
- 727, -671, - 634, -597, -541, - 503, - 447, -410
- 354, - 317, - 261, - 223, - 167, - 130, -74, -37
0
b
{ Il quantization_| evel =210
-32767, -13948, -12403, -10892, -10206, -9452, -9061, -8568
-8278, -8006, -7619, -7370, -7004, -6763, -6566, -6398
-6166, -6022, -5885, -5693, -5571, -5397, -5284, -5121
-5017, -4913, -4762, -4671, -4534, -4446, -4319, -4237
-4120, -4043, -3969, -3862, -3792, -3690, -3623, -3528
-3464, -3402, -3311, -3250, -3163, -3104, -3018, -2963
-2879, -2824, -2769, -2688, -2635, -2566, -2522, -2456
-2411, -2367, -2301, -2257, -2190, -2146, -2080, -2035
-1969, -1925, -1880, -1814, -1770, -1703, -1659, -1593
-1549, -1504, -1438, -1394, -1327, -1283, -1217, -1175
-1119, -1082, -1044, - 988, -951, - 895, - 858, -802
- 764, - 727, -671, - 634, - 578, - 541, - 485, - 447
- 391, - 354, - 317, - 261, - 223, - 167, - 130, -74
- 37, 0
{ // quantization_|evel =212
-32767, -13948, -12403, -10892, -10206, -9452, -9061, -8723
-8278, -8006, -7619, -7370, -7125, -6763, -6652, -6398
-6242, -6022, -5885, -5756, -5571, -5453, -5284, -5175
-5069, -4913, -4812, -4671, -4581, -4446, -4361, -4278
-4157, -4082, -3969, -3897, -3827, -3723, -3657, -3559
-3495, -3402, -3341, -3281, -3191, -3133, -3047, -2990
-2935, -2851, -2796, -2715, -2661, -2611, -2544, -2500
-2434, -2389, -2323, -2279, -2234, -2168, -2124, -2057
-2013, -1969, -1903, -1858, -1792, -1748, -1681, -1637
-1593, -1526, -1482, -1416, -1372, -1327, -1261, -1217
-1156, -1119, -1063, -1026, - 988, -932, - 895, -839
-802, - 764, - 708, -671, - 615, -578, -522, -485
- 447, -391, - 354, - 298, - 261, - 223, -167, -130
-74, - 37, 0
b
{ Il quantization_|evel =214
-32767, -13948, -12403, -10892, -10206, -9678, -9061, -8723
-8278, -8006, -7746, -7370, -7125, -6763, -6652, -6479
-6242, -6094, -5885, -5756, -5632, -5453, -5340, -5175
-5069, -4965, -4812, -4719, -4627, -4490, -4402, -4278
-4196, -4120, -4006, -3932, -3827, -3757, -3690, -3591
-3528, -3433, -3370, -3311, -3220, -3163, -3076, -3018
-2963, -2879, -2824, -2742, -2688, -2635, -2566, -2522
-2478, -2411, -2367, -2301, -2257, -2212, -2146, -2102
-2035, -1991, -1947, -1880, -1836, -1770, -1726, -1681
-1615, -1571, -1504, -1460, -1416, -1349, -1305, -1239
-1195, -1156, -1100, -1063, -1026, - 970, -932, -876
- 839, -802, - 746, - 708, - 652, -615, -578, -522
- 485, - 429, - 391, - 354, - 298, - 261, - 205, -167
- 130, -74, - 37, 0
H
{ // quantization_|evel =216
-32767, -13948, -12403, -10892, -10206, -9678, -9061, -8723
-8419, -8006, -7746, -7370, -7125, -6883, -6652, -6479

ETSI




235 ETSI TS 103 491 V1.1.1 (2017-04)

Syntax

-6317, -6094, -5954, -5756, -5632, -5512, -5340, -5229
-5121, -4965, -4862, -4769, -4627, -4534, -4402, -4319
-4237, -4120, -4043, -3969, -3862, -3792, -3690, -3623
-3559, -3464, -3402, -3341, -3250, -3191, -3104, -3047
-2990, -2906, -2851, -2796, -2715, -2661, -2611, -2544
-2500, -2434, -2389, -2345, -2279, -2234, -2190, -2124
-2080, -2013, -1969, -1925, -1858, -1814, -1770, -1703
-1659, -1593, -1549, -1504, -1438, -1394, -1349, -1283
-1239, -1194, -1138, -1100, -1044, -1007, - 970, -914

- 876, - 839, - 783, - 746, - 690, - 652, - 615, - 559
-522, - 485, -429, -391, - 335, -298, - 261, -205
-167, -130, -74, -37, 0

H

{ Il quantization_|evel =218
-32767, -13948, -12403, -10892, -10206, -9678, -9061, -8723
-8419, -8006, -7746, -7494, -7125, -6883, -6745, -6479
-6317, -6166, -5954, -5820, -5693, -5512, -5397, -5229
-5121, -5017, -4862, -4762, -4671, -4534, -4446, -4361
-4237, -4157, -4082, -3969, -3897, -3827, -3723, -3657
-3591, -3495, -3433, -3370, -3281, -3220, -3133, -3076
-3018, -2935, -2879, -2824, -2742, -2688, -2635, -2566
-2522, -2478, -2411, -2367, -2323, -2257, -2212, -2168
-2102, -2057, -1991, -1947, -1903, -1836, -1792, -1748
-1681, -1637, -1593, -1526, -1482, -1438, -1372, -1327

-1283, -1217, -1175, -1138, -1082, -1044, -1007, -951
- 914, - 858, - 820, - 783, -727, - 690, - 652, -597
- 559, -522, - 466, -429, -391, - 335, -298, -261
- 205, -167, -130, -74, -37, 0

}

{ // quantization_|evel =220
-32767, -13948, -12403, -11324, -10206, -9678, -9249, -8723
-8419, -8139, -7746, -7494, -7248, -6883, -6745, -6566
-6317, -6166, -6022, -5820, -5693, -5571, -5397, -5284
-5175, -5017, -4913, -4812, -4671, -4581, -4490, -4361
-4278, -4196, -4082, -4006, -3932, -3827, -3757, -3690
-3591, -3528, -3464, -3370, -3311, -3250, -3163, -3104
-3047, -2963, -2906, -2851, -2769, -2715, -2661, -2611
-2544, -2500, -2456, -2389, -2345, -2301, -2234, -2190
-2146, -2080, -2035, -1991, -1925, -1880, -1836, -1770
-1726, -1681, -1615, -1571, -1526, -1460, -1416, -1372

-1305, ~-1261, -1217, -1156, -1119, -1082, -1026, -988
- 951, - 895, - 858, - 820, - 764, -727, - 690, -634
-597, - 559, -503, - 466, -429, -373, - 335, -298
- 242, - 205, - 167, -111, -74, -37, 0

b

{ // quantization_|evel =222
-32767, -13948, -12403, -11324, -10206, -9678, -9249, -8723
-8419, -8139, -7746, -7494, -7248, -7004, -6745, -6566
-6398, -6166, -6022, -5885, -5693, -5571, -5453, -5284
-5175, -5069, -4965, -4812, -4719, -4627, -4490, -4402
-4319, -4196, -4120, -4043, -3932, -3862, -3792, -3723
-3623, -3559, -3495, -3402, -3341, -3281, -3191, -3133
-3076, -2990, -2935, -2879, -2824, -2742, -2688, -2635
-2566, -2522, -2478, -2411, -2367, -2323, -2279, -2212
-2168, -2124, -2057, -2013, -1969, -1903, -1858, -1814
-1748, -1703, -1659, -1615, -1549, -1504, -1460, -1394
-1349, -1305, -1239, -1195, -1156, -1100, -1063, -1026

- 988, - 932, - 895, - 858, - 802, - 764, - 727, -671
- 634, -597, -541, -503, - 466, -429, -373, -335
-298, -242, - 205, -167, -111, -74, -37, 0

h

{ Il quantization_| evel =224
-32767, -13948, -12403, -11324, -10206, -9678, -9249, -8886
-8419, -8139, -7874, -7494, -7248, -7004, -6839, -6566
-6398, -6242, -6022, -5885, -5756, -5632, -5453, -5340
-5229, -5069, -4965, -4862, -4769, -4627, -4534, -4446
-4319, -4237, -4157, -4082, -3969, -3897, -3827, -3723
-3657, -3591, -3528, -3433, -3370, -3311, -3220, -3163
-3104, -3047, -2963, -2906, -2851, -2769, -2715, -2661
-2611, -2544, -2500, -2456, -2389, -2345, -2301, -2257
-2190, -2146, -2102, -2035, -1991, -1947, -1903, -1836
-1792, -1748, -1681, -1637, -1593, -1549, -1482, -1438
-1394, -1327, -1283, -1239, -1194, -1138, -1100, -1063

-1007, - 970, -932, - 895, - 839, -802, - 764, -708
-671, - 634, -597, -541, -503, - 466, -410, -373
- 335, -298, -242, - 205, -167, -111, -74, -37
0

ETSI




236 ETSI TS 103 491 V1.1.1 (2017-04)
Syntax
}
{ Il quantization_|evel =226
-32767, -13948, -12403, -11324, -10206, -9678, -9249, -8886
-8419, -8139, -7874, -7619, -7248, -7004, -6763, -6652
-6398, -6242, -6094, -5885, -5756, -5632, -5512, -5340
-5229, -5121, -5017, -4862, -4762, -4671, -4581, -4446
-4361, -4278, -4157, -4082, -4006, -3932, -3827, -3757
-3690, -3623, -3528, -3464, -3402, -3341, -3250, -3191
-3133, -3047, -2990, -2935, -2879, -2796, -2742, -2688
-2635, -2566, -2522, -2478, -2434, -2367, -2323, -2279
-2234, -2168, -2124, -2080, -2013, -1969, -1925, -1880
-1814, -1770, -1726, -1681, -1615, -1571, -1526, -1482
- 1416, -1372, -1327, -1261, -1217, -1175, -1138, -1082
-1044, -1007, - 970, -914, - 876, - 839, - 802, - 746
-708, -671, - 615, -578, -541, -503, -447, -410
-373, - 335, - 279, -242, - 205, - 167, -111, -74,
- 37, 0
{ Il quantization_|evel =228
-32767, -13948, -12403, -11324, -10527, -9678, -9249, -8886
-8568, -8139, -7874, -7619, -7370, -7004, -6763, -6652
-6479, -6242, -6094, -5954, -5820, -5632, -5512, -5397
-5284, -5121, -5017, -4913, -4812, -4671, -4581, -4490
-4402, -4278, -4196, -4120, -4043, -3932, -3862, -3792
-3723, -3623, -3559, -3495, -3433, -3341, -3281, -3220
-3163, -3076, -3018, -2963, -2906, -2824, -2769, -2715
-2661, -2611, -2544, -2500, -2456, -2411, -2345, -2301
-2257, -2212, -2146, -2102, -2057, -2013, -1947, -1903
-1858, -1814, -1748, -1703, -1659, -1615, -1549, -1504
-1460, -1416, -1349, -1305, -1261, -1217, -1156, -1119
-1082, -1044, - 988, - 951, -914, - 876, - 820, -783
- 746, - 708, - 652, -615, -578, -541, - 485, - 447
-410, - 373, - 317, - 279, -242, - 205, - 149, -111
-74, -37, 0
{ /! quantization_|evel =230
-32767, -13948, -12403, -11324, -10527, -9678, -9249, -8886
-8568, -8139, -7874, -7619, -7370, -7125, -6763, -6652
-6479, -6317, -6094, -5954, -5820, -5693, -5571, -5397
-5284, -5175, -5069, -4913, -4812, -4719, -4627, -4490
-4402, -4319, -4237, -4157, -4043, -3969, -3897, -3827
-3723, -3657, -3591, -3528, -3464, -3370, -3311, -3250
-3191, -3104, -3047, -2990, -2935, -2879, -2796, -2742
-2688, -2635, -2566, -2522, -2478, -2434, -2367, -2323
-2279, -2234, -2190, -2124, -2080, -2035, -1991, -1925
-1880, -1836, -1792, -1748, -1681, -1637, -1593, -1549
-1482, -1438, -1394, -1349, -1305, -1239, -1195, -1156
-1119, -1063, -1026, -988, -951, - 895, - 858, -820
- 783, - 746, - 690, -652, - 615, - 578, -522, - 485
- 447, -410, - 373, - 317, - 279, -242, - 205, - 149
-111, -74, - 37, 0
{ Il quantization_| evel =232
-32767, -13948, -12403, -11324, -10527, -9678, -9249, -8886
-8568, -8278, -7874, -7619, -7370, -7125, -6883, -6652
-6479, -6317, -6166, -6022, -5820, -5693, -5571, -5453
-5340, -5175, -5069, -4965, -4862, -4769, -4627, -4534
-4446, -4361, -4237, -4157, -4082, -4006, -3932, -3827
-3757, -3690, -3623, -3559, -3464, -3402, -3341, -3281
-3220, -3133, -3076, -3018, -2963, -2906, -2824, -2769
-2715, -2661, -2611, -2544, -2500, -2456, -2411, -2345
-2301, -2257, -2212, -2168, -2102, -2057, -2013, -1969
-1925, -1858, -1814, -1770, -1726, -1681, -1615, -1571
-1526, -1482, -1438, -1372, -1327, -1283, -1239, -1194
-1138, -1100, -1063, -1026, - 970, - 932, - 895, -858
- 820, - 764, -727, - 690, - 652, - 615, - 559, -522
- 485, - 447, -410, - 354, - 317, - 279, -242, - 205
- 149, - 111, -74, - 37, 0
H
{ // quantization_|evel =234
-32767, -13948, -12403, -11324, -10527, -9926, -9249, -8886
-8568, -8278, -8006, -7619, -7370, -7125, -6883, -6745
-6479, -6317, -6166, -6022, -5885, -5756, -5571, -5453
-5340, -5229, -5121, -4965, -4862, -4762, -4671, -4581
-4446, -4361, -4278, -4196, -4120, -4043, -3932, -3862
-3792, -3723, -3657, -3559, -3495, -3433, -3370, -3311
-3220, -3163, -3104, -3047, -2990, -2935, -2851, -2796

ETSI




237 ETSI TS 103 491 V1.1.1 (2017-04)

Syntax

-2742, -2688, -2635, -2566, -2522, -2478, -2434, -2389
-2323, -2279, -2234, -2190, -2146, -2102, -2035, -1991
-1947, -1903, -1858, -1792, -1748, -1703, -1659, -1615
-1549, -1504, -1460, -1416, -1372, -1327, -1261, -1217

-1175, -1138, -1100, -1044, -1007, - 970, - 932, - 895
- 839, - 802, - 764, - 727, - 690, - 652, - 597, - 559
-522, - 485, -447, -391, - 354, -317, -279, -242
-186, - 149, -111, -74, -37, 0

I

{ /Il quantization_|evel =236
-32767, -13948, -12403, -11324, -10527, -9926, -9249, -8886
-8568, -8278, -8006, -7746, -7370, -7125, -6883, -6745
-6566, -6398, -6166, -6022, -5885, -5756, -5632, -5512
-5340, -5229, -5121, -5017, -4913, -4812, -4671, -4581
-4490, -4402, -4319, -4237, -4120, -4043, -3969, -3897
-3827, -3757, -3657, -3591, -3528, -3464, -3402, -3341
-3250, -3191, -3133, -3076, -3018, -2963, -2879, -2824
-2769, -2715, -2661, -2611, -2544, -2500, -2456, -2411
-2367, -2301, -2257, -2212, -2168, -2124, -2080, -2013
-1969, -1925, -1880, -1836, -1792, -1726, -1681, -1637
-1593, -1549, -1504, -1438, -1394, -1349, -1305, -1261

-1217, -1156, -1119, -1082, -1044, -1007, - 970, -914
- 876, - 839, -802, - 764, -727, -671, - 634, -597
- 559, -522, - 485, -429, -391, - 354, -317, -279
-242, -186, - 149, -111, -74, -37, 0

H

{ Il quantization_| evel =238
-32767, -13948, -12403, -11324, -10527, -9926, -9452, -8886
-8568, -8278, -8006, -7746, -7494, -7248, -6883, -6745
-6566, -6398, -6242, -6094, -5885, -5756, -5632, -5512
-5397, -5284, -5175, -5017, -4913, -4812, -4719, -4627
-4534, -4446, -4319, -4237, -4157, -4082, -4006, -3932
-3827, -3757, -3690, -3623, -3559, -3495, -3433, -3341
-3281, -3220, -3163, -3104, -3047, -2963, -2906, -2851
-2796, -2742, -2688, -2635, -2566, -2522, -2478, -2434
-2389, -2345, -2301, -2234, -2190, -2146, -2102, -2057
-2013, -1947, -1903, -1858, -1814, -1770, -1726, -1681
-1615, -1571, -1526, -1482, -1438, -1394, -1327, -1283

-1239, -1195, -1156, -1119, -1082, -1026, - 988, -951
-914, - 876, - 839, -802, - 746, -708, -671, -634
-597, - 559, -503, - 466, -429, -391, - 354, -317
- 279, - 223, - 186, - 149, -111, -74, -37, 0

b

{ Il quantization_| evel =240
-32767, -13948, -12403, -11324, -10527, -9926, -9452, -9061
-8568, -8278, -8006, -7746, -7494, -7248, -7004, -6839
-6566, -6398, -6242, -6094, -5954, -5820, -5693, -5512
-5397, -5284, -5175, -5069, -4965, -4862, -4769, -4627
-4534, -4446, -4361, -4278, -4196, -4120, -4006, -3932
-3862, -3792, -3723, -3657, -3591, -3528, -3433, -3370
-3311, -3250, -3191, -3133, -3076, -2990, -2935, -2879
-2824, -2769, -2715, -2661, -2611, -2544, -2500, -2456
-2411, -2367, -2323, -2279, -2212, -2168, -2124, -2080
-2035, -1991, -1947, -1903, -1836, -1792, -1748, -1703
-1659, -1615, -1571, -1504, -1460, -1416, -1372, -1327

-1283, -1239, -1194, -1138, -1100, -1063, -1026, -988
- 951, -914, - 858, - 820, - 783, - 746, - 708, -671
- 634, - 597, -541, - 503, - 466, - 429, - 391, - 354
-317, - 261, -223, -186, - 149, -111, -74, -37
0

h

{ Il quantization_| evel =242
-32767, -13948, -12403, -11324, -10527, -9926, -9452, -9061
-8723, -8278, -8006, -7746, -7494, -7248, -7004, -6763
-6652, -6479, -6242, -6094, -5954, -5820, -5693, -5571
-5453, -5340, -5175, -5069, -4965, -4862, -4762, -4671
-4581, -4490, -4402, -4278, -4196, -4120, -4043, -3969
-3897, -3827, -3757, -3690, -3591, -3528, -3464, -3402
-3341, -3281, -3220, -3163, -3076, -3018, -2963, -2906
-2851, -2796, -2742, -2688, -2635, -2566, -2522, -2478
-2434, -2389, -2345, -2301, -2257, -2212, -2146, -2102
-2057, -2013, -1969, -1925, -1880, -1836, -1770, -1726
-1681, -1637, -1593, -1549, -1504, -1460, -1416, -1349
-1305, -1261, -1217, -1175, -1138, -1100, -1063, -1026

-970, -932, - 895, - 858, - 820, - 783, - 746, -708
- 652, - 615, -578, -541, -503, - 466, -429, -391
- 354, - 298, - 261, -223, - 186, -149, -111, -74

ETSI




238

ETSI TS 103 491 V1.1.1 (2017-04)

Syntax
- 37, 0
}
{ // quantization_|evel =244
-32767, -13948, -12403, -11324, -10527, -9926, -9452, -9061
-8723, -8419, -8139, -7746, -7494, -7248, -7004, -6763
-6652, -6479, -6317, -6166, -6022, -5820, -5693, -5571
-5453, -5340, -5229, -5121, -5017, -4913, -4812, -4671
-4581, -4490, -4402, -4319, -4237, -4157, -4082, -4006
-3932, -3827, -3757, -3690, -3623, -3559, -3495, -3433
-3370, -3311, -3250, -3163, -3104, -3047, -2990, -2935
-2879, -2824, -2769, -2715, -2661, -2611, -2544, -2500
-2456, -2411, -2367, -2323, -2279, -2234, -2190, -2146
-2080, -2035, -1991, -1947, -1903, -1858, -1814, -1770
-1726, -1681, -1615, -1571, -1526, -1482, -1438, -1394
-1349, -1305, -1261, -1217, -1156, -1119, -1082, -1044
-1007, -970, -932, - 895, - 858, - 820, - 764, -727
- 690, - 652, - 615, - 578, - 541, - 503, - 466, -429
- 373, - 335, - 298, - 261, - 223, - 186, - 149, -111
-74, - 37, 0
}
{ Il quantization_| evel =246
-32767, -13948, -12403, -11324, -10527, -9926, -9452, -9061
-8723, -8419, -8139, -7874, -7619, -7248, -7004, -6763
-6652, -6479, -6317, -6166, -6022, -5885, -5756, -5632
-5512, -5340, -5229, -5121, -5017, -4913, -4812, -4719
-4627, -4534, -4446, -4361, -4278, -4157, -4082, -4006
-3932, -3862, -3792, -3723, -3657, -3591, -3528, -3464
-3402, -3341, -3250, -3191, -3133, -3076, -3018, -2963
-2906, -2851, -2796, -2742, -2688, -2635, -2566, -2522
-2478, -2434, -2389, -2345, -2301, -2257, -2212, -2168
-2124, -2080, -2013, -1969, -1925, -1880, -1836, -1792
-1748, -1703, -1659, -1615, -1571, -1526, -1482, -1416
-1372, -1327, -1283, -1239, -1195, -1156, -1119, -1082
-1044, -1007, - 970, -914, - 876, - 839, -802, -764
- 727, - 690, - 652, - 615, - 578, - 541, - 503, - 447
- 410, - 373, - 335, - 298, - 261, - 223, - 186, -149
-111, -74, -37, 0
b
{ // quantization_|evel =248
-32767, -13948, -12403, -11324, -10527, -9926, -9452, -9061
-8723, -8419, -8139, -7874, -7619, -7370, -7125, -6883
-6652, -6479, -6317, -6166, -6022, -5885, -5756, -5632
-5512, -5397, -5284, -5175, -5069, -4965, -4862, -4769
-4627, -4534, -4446, -4361, -4278, -4196, -4120, -4043
-3969, -3897, -3827, -3757, -3690, -3623, -3559, -3464
-3402, -3341, -3281, -3220, -3163, -3104, -3047, -2990
-2935, -2879, -2824, -2769, -2715, -2661, -2611, -2544
-2500, -2456, -2411, -2367, -2323, -2279, -2234, -2190
-2146, -2102, -2057, -2013, -1969, -1925, -1858, -1814
-1770, -1726, -1681, -1637, -1593, -1549, -1504, -1460
-1416, -1372, -1327, -1283, -1239, -1194, -1138, -1100
-1063, -1026, - 988, - 951, -914, - 876, - 839, -802
- 764, -727, - 690, -652, - 615, - 559, -522, - 485
- 447, -410, -373, - 335, - 298, - 261, - 223, -186
- 149, -111, -74, - 37, 0
{ Il quantization_| evel =250
-32767, -13948, -12403, -11324, -10527, -9926, -9452, -9061
-8723, -8419, -8139, -7874, -7619, -7370, -7125, -6883
-6745, -6566, -6398, -6242, -6094, -5885, -5756, -5632
-5512, -5397, -5284, -5175, -5069, -4965, -4862, -4762
-4671, -4581, -4490, -4402, -4319, -4237, -4157, -4082
-4006, -3932, -3827, -3757, -3690, -3623, -3559, -3495
-3433, -3370, -3311, -3250, -3191, -3133, -3076, -3018
-2963, -2906, -2851, -2796, -2742, -2688, -2635, -2566
-2522, -2478, -2434, -2389, -2345, -2301, -2257, -2212
-2168, -2124, -2080, -2035, -1991, -1947, -1903, -1858
-1814, -17v70, -1726, -1681, -1615, -1571, -1526, -1482
-1438, -1394, -1349, -1305, -1261, -1217, -1175, -1138
-1100, -1063, -1026, - 988, - 951, -914, - 876, -839
- 802, - 746, - 708, - 671, - 634, - 597, - 559, -522
- 485, - 447, - 410, - 373, - 335, - 298, - 261, -223
- 186, - 149, - 111, -74, -37, 0
b
{ // quantization_|evel =252
-32767, -13948, -12403, -11324, -10527, -9926, -9452, -9061
-8723, -8419, -8139, -7874, -7619, -7370, -7125, -6883
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-6745, -6566, -6398, -6242, -6094, -5954, -5820, -5693
-5571, -5453, -5340, -5229, -5121, -5017, -4913, -4812
-4671, -4581, -4490, -4402, -4319, -4237, -4157, -4082
-4006, -3932, -3862, -3792, -3723, -3657, -3591, -3528
-3464, -3402, -3341, -3281, -3220, -3163, -3104, -3047
-2990, -2935, -2879, -2824, -2769, -2715, -2661, -2611
-2544, -2500, -2456, -2411, -2367, -2323, -2279, -2234
-2190, -2146, -2102, -2057, -2013, -1969, -1925, -1880
-1836, -1792, -1748, -1703, -1659, -1615, -1571, -1526
-1482, -1438, -1394, -1349, -1305, -1261, -1217, -1156

-1119, -1082, -1044, -1007, - 970, -932, - 895, - 858,
- 820, - 783, - 746, -708, -671, - 634, -597, - 559,
-522, - 485, -447, -410, - 373, - 335, - 298, - 261,
-223, - 186, - 149, -111, -74, -37, 0

{ Il quantization_|evel =254
-32767, -13948, -12403, -11324, -10527, -9926, -9452, -9061,
-8723, -8419, -8139, -7874, -7619, -7370, -7125, -6883,
-6745, -6566, -6398, -6242, -6094, -5954, -5820, -5693
-5571, -5453, -5340, -5229, -5121, -5017, -4913, -4812
-4719, -4627, -4534, -4446, -4361, -4278, -4196, -4120,
-4043, -3969, -3897, -3827, -3757, -3690, -3623, -3559
-3495, -3433, -3370, -3311, -3250, -3191, -3133, -3076
-3018, -2963, -2906, -2851, -2796, -2742, -2688, -2635
-2566, -2522, -2478, -2434, -2389, -2345, -2301, -2257
-2212, -2168, -2124, -2080, -2035, -1991, -1947, -1903
-1858, -1814, -1770, -1726, -1681, -1637, -1593, -1549,
-1504, -1460, -1416, -1372, -1327, -1283, -1239, -1195,

-1156, -1119, -1082, -1044, -1007, - 970, -932, - 895,
- 858, - 820, - 783, - 746, -708, -671, - 634, -597,
- 559, -522, - 485, -447, -410, -373, - 335, - 298,
- 261, -223, -186, - 149, -111, -74, -37, 0

{ // quantization_|evel =256
-32767, -14975, -13114, -11819, -10892, -10206, -9678, -9249
-8886, -8568, -8278, -8006, -7746, -7494, -7248, -7004
-6839, -6652, -6479, -6317, -6166, -6022, -5885, -5756
-5632, -5512, -5397, -5284, -5175, -5069, -4965, -4862
-4769, -4671, -4581, -4490, -4402, -4319, -4237, -4157,
-4082, -4006, -3932, -3862, -3792, -3723, -3657, -3591
-3528, -3464, -3402, -3341, -3281, -3220, -3163, -3104
-3047, -2990, -2935, -2879, -2824, -2769, -2715, -2661
-2611, -2566, -2522, -2478, -2434, -2389, -2345, -2301
-2257, -2212, -2168, -2124, -2080, -2035, -1991, -1947,
-1903, -1858, -1814, -1770, -1726, -1681, -1637, -1593,
-1549, -1504, -1460, -1416, -1372 -1327, -1283, -1239,

-1194, -1156, -1119, -1082, -1044, -1007, - 970, -932,
- 895, - 858, - 820, - 783, - 746, - 708, -671, - 634,
- 597, - 559, -522, - 485, - 447, -410, - 373, - 335,
- 298, - 261, - 223, - 186, - 149, -111, -74, -37,
0

10.8 LFE Constants and Tables

10.8.1 INTERPOLATION_FILTER_TABLE

Table 10-20: Interpolation_filter_table

Syntax

/1 | NTERPOLATI ON_FI LTER TABLE

const float | NTERPOLATI ON_FILTER TABLE[512] =
{
. 6688190671960729e- 06, -
.1714805409316167e- 07,
. 0253352563411658e- 06,
. 2598483758806519e- 06,
. 6132637942232894e- 06,
. 0831629464210362e- 06,

. 2122179843474751e- 06,
. 3845793823653087e- 07,
. 0899559063179447e- 06,
. 3646463863111340e- 06,
. 7569576446242116e- 06,
. 2658055516042330e- 06,

.1138652731199750e- 07,
. 7469236870201287e- 07,
. 1682163371228939e- 06,
. 4824785834825131e- 06,
. 9135722869284538e- 06,
. 4616332884507404e- 06,
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. 6706968169870636€- 06,
. 3796338381524599e- 06,
. 2157353330332455e- 06,
. 1859984978769941e- 06,
. 2974548966859240e- 06,
. 5593491811818040e- 06,
. 9795502522425741e- 06,
. 0566989135619957e- 05,
.2330271498912223e- 05,
.4277168644804541e- 05,
. 6415679667583737e- 05,
. 8752914565542560e- 05,
. 1294910856083009e- 05,
.4047089198200457e- 05,

7013661006796472e- 05,

. 0197840572287782e- 05,
. 3601091175026309e- 05,
. 7223458934655719e- 05,
. 1063558043649501e- 05,
. 5117958585403426e- 05,
. 9381578012749514e- 05,
. 3847131552608536e- 05,
. 8505003103095183e- 05,
. 3343457754588188e- 05,
. 8348280541511100e- 05,
. 3502857990486413e- 05,
. 8787938345954299e- 05,
.4181534990273395e- 05,
. 9659094374458298e- 05,
.5193038785288723e- 05,
. 0075324879311350e- 04,
. 0630674131339569e- 04,
.1181758786720628e- 04,
. 1724729778918734e- 04,
. 2255463462643886e- 04,
. 2769571483538231e- 04,
. 3262422228279416e- 04,
. 3729128043902213e- 04,
. 4164604452180301e- 04,
. 4563533673147788e- 04,
. 4920437256871959e- 04,
. 5229664795540548e- 04,
. 5485402050488298e- 04,
. 5681745072309989e- 04,
. 5812709431327305e- 04,
. 5872248696176537e- 04,
. 5854353548214008e- 04,
. 5752977106348918e- 04,
. 5562172212664030e- 04,
. 5276055554290255e- 04,
. 4888967788330163e- 04,
. 4395443928341502e- 04,
. 3790181586353258e- 04,
. 3068226508614370e- 04,
. 2225035802755358e- 04,
. 1256262793827424e- 04,
. 0158267451769181e- 04,
. 9275995660029753e- 05,
. 5615943562724576e- 05,
. 0580545629428425e- 05,
. 4154607940022520e- 05,
. 6329795677957754e- 05,
. 1052004105248739e- 06,
. 3511531999358918e- 05,
. 5499063577323677e- 05,
. 8859483152660485e- 05,
. 3523849656844251e- 05,
. 0946790215014821e- 04,
. 3664126571117472e- 04,
. 6497938389191483e- 04,
. 9440878948530710e- 04,
. 2484654470799256e- 04,
.5619971736427435e- 04,
. 8836495536267839e- 04,
. 2122712852716145e- 04,
. 5466162507653842e- 04,
. 8853203397227771e- 04,
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. 8934494368696893e- 06,
. 6442037192188824e- 06,
. 5238197617090697e- 06,
. 5403682850554226e- 06,
. 7009556102210311e- 06,
. 0147509082905680e- 06,
. 4896696473813119e- 06,
. 1134832685332424e- 05,
. 2958471998907036e- 05,
. 4968377641429583e- 05,
. 7172323907407854e- 05,
. 9577237028484926e- 05,
. 2188705119782307e- 05,
. 5011934949357709e- 05,
. 8050733623375222e- 05,
. 1307886551968384e- 05,
. 4784249756599108e- 05,
. 8479436456339605e- 05,
. 2391419809834134e- 05,
. 6516239425583343e- 05,
. 0848065717988151e- 05,
. 5378921001939289e- 05,
. 0098385520831817e- 05,
. 4994025872993263e- 05,
. 0050735592570059e- 05,
. 5251076490795917e- 05,
. 0574903277559485e- 05,
. 5999375592861176e- 05,
. 1498901618546232e- 05,
. 7045089143355231e- 05,
. 0260685578135060e- 04,
. 0815028504143460e- 04,
.1363847818155884e- 04,
.1903212609217097e- 04,
. 2428905075321346e- 04,
. 2936454234373416e- 04,
. 3421141376835909e- 04,
. 3878013882552919e- 04,
.4301907871914579e- 04,
. 4687448344910634e- 04,
. 5029092440281441e- 04,
.5321145395723988e- 04,
. 5557744937712029e- 04,
. 5732963140961532e- 04,
. 5840789951634669e- 04,
. 5875185961929694e- 04,
. 5830132829031433e- 04,
. 5699605671554452e- 04,
. 5477669868628959e- 04,
. 5158524881694383e- 04,
. 4736559984986311e- 04,
. 4206362473728903e- 04,
. 3562725784888846e- 04,
. 2800852670344541e- 04,
.1916265557040345e- 04,
. 0904785128965059e- 04,
. 7629213184046896e- 05,
. 4874397309115824e- 05,
. 0757829115750611e- 05,
. 5260301033096958e- 05,
. 8368638489213868e- 05,
. 0076949589750306e- 05,
. 8692241041181390e- 07,
-2.
. 3139852298822455e- 05,
. 6936657264134473e- 05,
.2031744727342783e- 05,
. 1839208160353217e- 04,
. 4596134017531295e- 04,
. 7467184589147706e- 04,
. 0444707202473057e- 04,
. 3520092750030068e- 04,
. 6683665938218476e- 04,
. 9924751942454107e- 04,
. 3231487404765007e- 04,
. 6591035052959168e- 04,
. 9989404776117580e- 04,

0696269830824493e- 05,
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. 1295914472637661e- 06,
. 9227377476977048e- 06,
. 8472191746119172e- 06,
.9107137383656799e- 06,
.1215063276937743e- 06,
. 4880394769821444e- 06,
.0018676183886637e- 05,
.1722441104686407e- 05,
. 3607303145803741e- 05,
. 5681133666344951e- 05,
. 7951336940336764e- 05,
. 0424498987198162e- 05,
. 3106042880478436e- 05,
. 6000743656026869e- 05,
.9112115044919322e- 05,
. 2442291550630757e- 05,
.5991713357821593e- 05,
. 9759518821844634e- 05,
. 3742940163446270e- 05,
. 7937540234090846e- 05,
. 2336719765934383e- 05,
. 6931695578744350e- 05,
.1711379951898522e- 05,
. 6662494568011009e- 05,
.1769158888016551e- 05,
. 7013045485229843e- 05,
. 2373073409184539e- 05,
. 7825576676625838e- 05,
. 3343926417056679e- 05,
. 8898903458584137e- 05,
. 0445845991190383e- 04,
. 0998770862185373e- 04,
. 1544889687842718e- 04,
. 2080177235364789e- 04,
. 2600331032450214e- 04,
. 3100799190071533e- 04,
. 3576773406174083e- 04,
. 4023240331349397e- 04,
. 4434952127328769e- 04,
. 4806485598055409e- 04,
. 5132240085515293e- 04,
. 5406462732511206e- 04,
. 5623266648984377e- 04,
. 5776695302520839e- 04,
. 5860711030349814e- 04,
. 5869295612744606e- 04,
.5796413361383131e- 04,
. 5636078394313819e- 04,
. 5382365711394345e- 04,
. 5029559755114561e- 04,
.4572113885280883e- 04,
. 4004666552047570e- 04,

3322129840391030e- 04,

. 2519844430540240e- 04,
. 1593384839402250e- 04,
. 0538834904399469e- 04,
. 3526948756359295e- 05,
. 0321035385967532e- 05,
. 5746229461680400e- 05,
. 9785091494469531e- 05,
. 2427047897601202e- 05,
. 3668666396794861e- 05,
. 4856695914500870e- 06,
. 8022794532350482e- 05,
. 0927179823178587e- 05,
.5158388871681900e- 05,
.0068041116125003e- 04,
. 2745067353257640e- 04,
. 5540829079751731e- 04,
. 8448256087038749e- 04,
. 1459395083182485e- 04,
. 4565320254653692e- 04,
. 7755986349580505e- 04,
. 1020309973454619e- 04,
. 4346140547654647e- 04,
. 7720226888196702e- 04,
.1128272560662753e- 04,
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-4.2269228058227558e- 04, -4.3411664149667394e-04, -4.4554988479862792e-04
-4.5698581460158516e- 04, -4.6841804293440003e-04, -4.7984019532145935e-04
-4.9124582888784819e- 04, -5.0262829436669408e- 04, -5.1398077680173734e-04
-5.2529640389896166e- 04, -5.3656823220735454e- 04, -5.4778917335388357e-04
-5.5895200129910041e- 04, -5.7004938513818197e-04, -5.8107389523457743e- 04,
-5.9201806846455437e- 04, -6.0287430830400569e- 04, -6.1363494811268813e- 04,
-6.2429214550797278e- 04, -6.3483799930820961e- 04, -6.4526459059212435e-04
-6.5556380345782941e- 04, -6.6572753703446081e-04, -6.7574760503497674e-04
-6.8561566112126352e- 04, -6.9532330596543590e- 04, -7.0486213284649065e- 04,
-7.1422365673939957e- 04, -7.2339928960864057e-04, -7.3238040884536688e- 04,
-7.4115837528616663e- 04, -7.4972446318269197e-04, -7.5806986064742312e-04
-7.6618573588285049e- 04, -7.7406320435754095e- 04, -7.8169339347783622e-04
-7.8906736510879992e- 04, -7.9617615542074062e-04, -8.0301075755773328e- 04,
-8.0956213407429919¢e- 04, -8.1582131263904518e-04, -8.2177923064644153e- 04,
-8.2742681510307719e- 04, -8.3275502877523417e-04, -8.3775481852983908e- 04
-8.4241712842907980e- 04, -8.4673294771058958e- 04, -8.5069328643105392e-04
- 8.5428912409305803e- 04, -8.5751144688439400e- 04, -8.6035132142028240e- 04,
- 8.6279985628620907e- 04, -8.6484815122332042e- 04, -8.6648738428143305e- 04,
-8.6770875537008324e- 04, -8.6850353727354755e-04, -8.6886304947703780e-04
-8.6877866155300179e- 04, -8.6824183378681429e-04, -8.6724407520960339%e- 04
-8.6577703278012776e- 04, -8.6383239621168958e- 04, -8.6140189784679726e-04
-8.5847739792044883e- 04, -8.5505088300202674e-04, -8.5111442169139582e-04
-8.4666018077612112e- 04, -8.4168046127913732e-04, -8.3616767372544562e- 04,
-8.3011431587853596e- 04, -8.2351304510212321e-04, -8.1635669104741760e-04
-8.0863813626249476e- 04, -8.0035043782472474e-04, -7.9148680681414684e-04
-7.8204062014736295e- 04, -7.7200543479467735e-04, -7.6137492841046102e-04
-7.5014296026209161e- 04, -7.3830352669097842e-04, -7.2585083833671634e-04
-7.1277929244321729e- 04, -6.9908342999516315e-04, -6.8475799470934726e-04
-6.6979797128239856e- 04, -6.5419852630086242e- 04, -6.3795497464263335e- 04
-6.2106285379004867e- 04, -6.0351797218691900e- 04, -5.8531632581443002e- 04
- 5. 6645409651035318e- 04, -5.4692777744775678e-04, -5.2673398772119350e- 04,
-5.0586958185528438e- 04, -4.8433170393021729%e-04, -4.6211771891801920e- 04
-4.3922526949416137e-04, -4.1565218824039752e-04, -3.9139657490660677e-04
- 3.6645677733409068e- 04, -3.4083142688227594e-04, -3.1451942595675032e- 04
-2.8751988195637720e- 04, -2.5983213969352567e- 04, -2.3145587956040074e-04
-2.0239110098150279e- 04, -1.7263801481475107e-04, -1.4219706272351735e- 04,
-1.1106905976869218e- 04, -7.9255114437390851e-05, -4.6756428794342506e- 05
-1.3574655438833959e- 05, .0288291724904981e- 05, . 4830269258308692e- 05
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. 0048727428332497e- 05,
. 9973398053336265e- 04,
. 1539110495974303e- 04,
. 3690544158500697e- 04,
. 6413862801125818e- 04,
. 9692776244935232e- 04,
. 3508654972483691e- 04,
. 7840557905124153e- 04,
. 1266506247002157e- 03,
. 2795639906937010e- 03,
. 4368685759627497e- 03,
. 5982597863054481e- 03,
. 7634184241372914e- 03,
. 9319998259463909e- 03,
. 1036415038267328e- 03,
. 2779629585090748e- 03,
. 4545662243975730e- 03,
. 6330373983874888e- 03,
. 8129485953089428e- 03,
. 9938548051192350e- 03,
. 1753091405863601e- 03,
. 3568404021611827e- 03,
. 5379814890697425e- 03,
. 7182525949373008e- 03,
. 8971680646459539e- 03,
. 0742408987959871e- 03,
. 2489829784871100e- 03,
. 4209062798019599e- 03,
. 5895249082956134e- 03,
. 7543563811806751e- 03,
. 9149253917405364e- 03,
. 0707637895068295e- 03,
. 2214139713394952e- 03,
. 3664296844896020e- 03,
. 5053779001124530e- 03,
. 6378412823975214e- 03,
. 7634191148330646e- 03,
. 8817291553337550e- 03,
. 9924097379417804e- 03,

OO RARRERDIMEDIMDRMWWWWWWNNNNNRPRERPERPRPRPRPPRPONORAWONEDN

. 2594090861898591e- 04,
. 3762797041540178e- 04,
. 5525140053549768e- 04,
. 7868870633069229e- 04,
. 0779304328350550e- 04,
. 4239389313257977e- 04,
. 8229725079657490e- 04,
. 0272855480938778e- 03,
.1771163228858168e- 03,
. 3315253067303957e- 03,
. 4902272854200910e- 03,
. 6529115426441514e- 03,
. 8192496307660915e- 03,
. 9888920947001743e- 03,
. 1614702098034927e- 03,
. 3365972996386847e- 03,
. 5138699432796399e- 03,
. 6928693512188202e- 03,
. 8731632078845791e- 03,
. 0543022319813487e- 03,
. 2358338636813743e- 03,
. 4172875818357408e- 03,
.5981924641822886e- 03,
. 7780657349016935e- 03,
. 9564210658774683e- 03,
.1327712216039239e- 03,
. 3066280810148258e- 03,
. 4775035956643337e- 03,
. 6449131521389452e- 03,
. 8083762873203191e- 03,
. 9674199648710796e- 03,
. 1215792350425655e- 03,
. 2704002450961089e- 03,
.4134408483963517e- 03,
. 5502730735109383e- 03,
. 6804848805461893e- 03,
. 8036816301094392e- 03,
. 9194876622768906e- 03,
. 0275483657287370e- 03,

OO0 RARDMBEMDIMDREADRNWOWWWWWNNNNNNRPERPRPRPRPPONOGWNEO

. 6250375569340248e- 04,
. 7618177152581591e- 04,
. 9575786130966400e- 04,
. 2110179574842272e- 04,
. 5205849006757437e- 04,
. 8844946348206239e- 04,
. 3007314424508388e- 04,
.0767037571103636e- 03,
. 2280908435787032e- 03,
. 3839639562836941e- 03,
. 5440281208183094e- 03,
. 7079686038501977e- 03,
. 8754477643797584e- 03,
. 0461106917061276e- 03,
. 2195822790479279e- 03,
. 3954701678854792e- 03,
. 5733656277462879e- 03,
. 7528440441556348e- 03,
. 9334690448814317e- 03,
.1147928893109017e- 03,
. 2963500180074414e- 03,
.4776738889887126e- 03,
. 6582888373027575e- 03,
. 8377102001669831e- 03,
.0154513646048079e- 03,
.1910245975328555e- 03,
. 3639418103482708e- 03,
. 5337157849602181e- 03,
. 6998628335777502e- 03,
. 8619050747417229e- 03,
. 0193717669871421e- 03,
.1718015194193905e- 03,
. 3187441828982263e- 03,
. 4597620599348912e- 03,
. 5944324792275863e- 03,
. 7223488792450955e- 03,
. 8431227790947853e- 03,
. 9563854108178084e- 03,
. 0617892122536302e- 03,
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[N NN N NeoleNerle) e le))

. 0951205162044202e- 03,
. 1895443737827955e- 03,
. 2753884405690793e- 03,
. 3523857048689786e- 03,
. 4202958921424653e- 03,
.4789062055311672e- 03,
. 5280328067088608e- 03,
. 5675212522800447e- 03,
.5972471138082169e- 03,
.6171167464533403e- 03,
. 6270672735935518e- 03,

[oNo N NN e le)Neler e el

. 1275308709657144e- 03,
.2191260867996909e- 03,
. 3020495918311541e- 03,
. 3760432029354008e- 03,
. 4408756544770867e- 03,
.4963437467322376e- 03,
. 5422733010129224e- 03,
. 5785198767057086e- 03,
. 6049691875606064e- 03,
. 6215379058877505e- 03,
. 6281735388554848e- 03

[oNo N NN Nele) o lerle)l

. 1590091213768764e- 03,
. 2477440744167735e- 03,
. 3277183059215810e- 03,
. 3986825698880961e- 03,
.4604146929444937e- 03,
.5127211761957550e- 03,
. 5554376525278762e- 03,
. 5884296569655894e- 03,
.6115931864430648e- 03,
.6248551411808229e- 03,
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