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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.
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Introduction

Consumer audio systems and devices are used in a large variety of configurations and a

coustical

environments. For many of these scenarios, the audio reproduction quality can be improved by

appropriate control of content dynamics and loudness.

This document provides a universal dynamic range control tool that supports loudness normalization.
The DRC tool offers a bitrate efficient representation of dynamically compressed versions of an audio

H 1Tl H 1o a1 I 1 loade b= AnVaVal P . e b= 4l I - 1Tl
Slldl. IS IS dLIIITVEU Uy auuuls d IUWTUILL AT DUI\U 1TITLAdUdUd ST CAIIT LU UIT dUUIU DlSllal. I'IICT
hcludes dedicated sections for clipping prevention, ducking, and for generating a fade-in and
b supplement the main dynamic range compression functionality. The DRC effects available at

oo Q. o =

he given playback scenario.

ontrolled equalization tool is provided to compensate for playback scenarios that impact the

QOO =

qualization to compensate the effect of playback level changes on the'spectral balance.

— e~

nvolve the use of a patent.

[

50 and IEC take no position concerning the evidengeg; validity and scope of these patent rights

he holders of these patent rights have assured.ISO and IEC that they are willing to negotiate

h this respect, the statements of the holders of these patent rights are registered with I1SO
hformation may be obtained from thepatent database available at www.iso.org/patents.

Attention is drawn to the possibility that some of the elements of this document may be the s
patent rights other than those_in the patent database. ISO and IEC shall not be held respon
ientifying any or all such patent rights.

T
under reasonable and non-discriminatory tets and conditions with applicants throughout the world.
|
|

DRC tool
fade-out
the DRC

ecoder are generated at the DRC encoder side. At the DRC decoder side, the audio signal'may be played
ack without applying the DRC tool, or an appropriate DRC tool effect is selected and applied hased on

oudness normalization is fully integrated with DRC and peak control to(ayoid clipping. A mletadata-

spectral

alance, such as downmix or DRC. Furthermore, the DRC tool suipports metadata-based loudness

he International Organization for Standardization (ISO) and International Electrotechnical
ommission (IEC) draw attention to the fact that it is claimed that compliance with this document may

licences

and IEC.

ibject of
sible for
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INTERNATIONAL STANDARD ISO/IEC 23003-4:2020(E)

Information technology — MPEG audio technologies —

Part 4:
Dynamic range control

Scope

1

This document specifies technology for loudness and dynamic range control. It.\is applicable
MPEG audio technologies. It offers flexible solutions to efficiently support the' widespread der]
technologies such as loudness normalization and dynamic range compression for various |
scenarios.

Normative references

onstitutes requirements of this document. For dated.references, only the edition cited app

.
The following documents are referred to in the text in such“a way that some or all of their
C
undated references, the latest edition of the referenced document (including any amendments)

IBO/IEC 14496-12, Information technology — Coding of audio-visual objects — Part 12: ISO ba
flle format

IFO/IEC 14496-26:2010, Information technology — Coding of audio-visual objects — Part 2
(Jonformance

[a—

50/IEC 23008-3:2019, Information® technology — High efficiency coding and media del
eterogeneous environments — Part 3: 3D audio

>

50/1EC 23091-3, Informatioh technology — Coding-independent code points — Part 3: Audio

(§'%)

Terms, definitions and mnemonics

3.1 Terms:and definitions

Hor thecpurposes of this document, the terms and definitions given in ISO/IEC 14496-12
following apply.

to most
hand for
blayback

content
lies. For
npplies.

be media

6: Audio

ivery in

and the

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1.1
DRC sequence
series of DRC gain values that can be applied to one or more audio channels

© ISO/IEC 2020 - All rights reserved
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3.1.2
DRC set

defined set of DRC sequences that produce a desired effect if applied to the audio signal

3.1.3
album
collectio

n of audio recordings that are mastered in a consistent way

Note 1 to entry: Traditionally, a collection of songs released on a Compact Disk belongs into this category, for

example.

3.14

conforr]:lance test bitstream

bitstrea

3.1.5

conformpance test case

conform
conform

3.1.6
confor
conditio
function|

3.1.7

confornrance test criteria

one or
for a cer

3.1.8

conformance test sequence

set of a g
file

3.1.9
decode

input pant;ameters that are supplied to an MPEG-D DRC decoder in addition to a conformance test

bitstrea

3.1.10
decode
combing
MPEG-D|

used for testing the conformance of MPEG-D DRC compliant audio decoders

ance test category and a combination of one or more conformance test cenditions for which a
ance test sequence is provided

ance test condition
which applies to properties of a conformance test sequenice in order to test a certain
ality of the MPEG-D DRC decoder

ore conformance test tools and corresponding parameters applied to verify the conformance
tain conformance test sequence

0

onformance test bitstream, a deceder setting, an input audio file and a corresponding referenc

" input parameters

, a decoder interface bitstream and an input audio file

" setting
tion of a decoder interface bitstream and decoder input parameters that are supplied to an
DRC decoder

3.1.11

input DRC set selection parameters

input pa

rameter set for testing of a DRC gain decoder instance

Note 1 to entry: This parameter set is solely used for conformance testing in the context of the DRC gain decoder
conformance test category (DrcGainDec).

3.1.12

reference audio file
decoded counterpart of a conformance test bitstream, a decoder setting and an input audio file

© ISO/IEC 2020 - All rights reserved
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reference DRC set selection parameters
decoded counterpart of a conformance test bitstream and a decoder setting fed to the DRC set selection

process

Note 1 to entry: This parameter set is an intermediate result of an MPEG-D DRC compliant decoder
implementation solely used for conformance testing in the context of the DRC selection process test category

(DrcSelProc).

114
eference file

e L |

3.2 Mnemonics

eference audio file or reference DRC set selection parameters

bslbf bit string, left bit first, where “left” is the order in which bit'strings are writtgn in the
ISO/IEC 14496 series
NOTE Bitstrings are written as a string of 1s and 0s within single quote mprks, for
example '1000 0001". Blanks within a bit string are for ease of reading and have no
significance.

hyte_align() number of bits to fill for byte alignmentatthe offset of n bits:
byte_align(n) = 8 ceil (n/8) - n

uimsbf unsigned integer, most significant bit first

viclbf variable length code, left bit first, where “left” refers to the order in which the
variable length codes are written

Hit(n) a bit string with:n'Bits in the same format as bslbf

unsigned int(n)  an unsigned.integer with n bits in the same format as uimsbf

signed int(n) a signed integer with n bits, most significant bit first

mod modulo operator: (x mod y) = x-y floor (x/y)

siizeof(x) size operator that returns the bit size of a field x

TRUE /FALSE values of Boolean data type, which correspond to numerical 1 and 0, respectjvely

4 Symbols

a; filter coefficient

b band index of DRC filter bank (starting at 0)

b, filter coefficient

deltaTmin smallest permitted DRC gain sample interval in units of the audio sample interval

© ISO/IEC 2020 - All rights reserved
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f. cross-over frequency in Hz

fenorm cross-over frequency expressed as fraction of the audio sample rate

fenorm,s8(S) cross-over frequency of audio decoder sub-band s expressed as fraction of
the audio sample rate

NOTE The cross-over frequency is the upper band edge frequency of the sub-
band

fs audio sample rate in Hz

NOTE Ifanaudio decoder is present, it is the sample rate of the decoded time-
domain audio signal.

Mppc DRC frame size in units of the audio sample interval 1/f;
Nprc maximum permitted number of DRC samples per DRC frame

NOTE Identical to the number of intervals with a duration of deltaTmin per DRC

frame.
Neodec codec frame size in units of the audio sample intetval 1/f;
T ratio of a circle’s circumference to its diameter
s audio decoder sub-band index (starting at 0)
z complex variable of the z-transform

5 Telhnical overview

The technology described in this decument is called the “DRC tool”. It provides efficient control gf
dynamid range, loudness, and clipping based on metadata generated at the encoder. The decoder can
choose fo selectively apply the, metadata to the audio signal to achieve a desired result. Metadata fgr
dynamid range compressiomconsists of encoded time-varying gain values that can be applied to the
audio signal. Hence, the-main blocks of the DRC tool include a DRC gain encoder, a DRC gain decoder, p
DRC gaih modificatien-block, and a DRC gain application block. These blocks are exercised on a frame
by-framg basis during audio processing. In addition to encoded time-varying gain values, the DRC gaih
decoder|can alserteceive parametric DRC metadata for generation of time-varying gain values at the
decoder| Various DRC configurations can be conveyed in a separate bitstream element, such 4s
configurjations for a downmix or combined DRCs. The DRC set selection block decides based on thie
playback scenario and the applicable DRC configurations which DRC gains to apply to the audio signal.
Moreover, the DRC tool supports loudness normalization based on loudness metadata.

A typical system for loudness and dynamic range control in the time domain is shown in Figure 1. A
more complex system including downmixer and peak limiter is shown in Figure 2. The decoder part of
the DRC tool is driven by metadata that efficiently represents the DRC gain samples and parameters for
interpolation. The gain samples can be updated as fast as necessary to accurately represent gain
changes down to at least 1 ms update intervals. In the following, the decoder part of the DRC tool is
referred to as “DRC decoder”, which includes everything except the audio decoder and associated
bitstream de-multiplexing.

4 © ISO/IEC 2020 - All rights reserved
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i DRC/Loudness Request [Properties of Desired DRC i
; Album Mode ;
=Target Loudness Decoder Parameters
Boost/Compress Factor
Static DRC v I [DRC Characteristic
_ Bitstream- |_ _M_et_aciaza_’ DRC Set | —
% De- uniDrcConfig() | Selection 1 2
c Multiplexer |loudnessinfoSet() s
S . Selected DRC Sets S
= Dynamic DRC v 3
B Metadata »| DRCGain DRC Gain 8
2. 1 Fmmm==- > e >
! Bitstream uniDrcGaing | Decoder Modifications =
& > == £
s 8 3 3 P
g :E, z Dynamiically
Encoded Decoded o Con;\pr:-ssed
Audio Audio Audio ‘k "\ udio
------- Decoder ’@’ »@/ >
Figure 1 — Block diagram of a typical system with audio decoder and DRC tool modulges to
achieve loudness normalization (LN) and dynamic range control
- Properties of Desired DRC -
! DRC/Loudness Request Album Mode !
! Decoder Pargmeters ;
: Target Loudness :
Target Layout
Static DRC v
A Bitstream- |_ _M_et_aciasa_’ DRC Set _
E De- uniDrcConfig) | Selection g
] Multiplexer |loudnessinfoSet() ©
I P . Selected DRC Sets selected S
¢ Dynamic DRC 2 DMX Matrix ¥
9 Metadata > DRC Gain 1 8
£ m===—- 1
§ Bitstream uniDrcGain( | Decoder < ° B
..... c X =2 o
& % = ‘T = £ ©
- 3 V] % [UNa) S i K
g5 Y E = © Dynamically
Encoded Decoded | O E 0% = a Comrre;sed
Audio [ Audio Audio 5 ] .4 Peak Apdio
A N el ownmixer Limiter i
i Decoder TD or SD i
Figure 2 — Block diagram of a more complex system including downmixer and peak limiter
(TD = time-domain, SD = subband-domain)
The DRC toel‘provides support for loudness equalization, sometimes called “loudness compensation”,
that can bejapplied to compensate for the effect of the playback level on the spectral balance.|For this
pgurpose,time-varying loudness information can be recovered from DRC gain sequences to dynamically
control the compensation module. While the compensation module is out of scope, the jnterface
i 3 hiclh £ +hal | Y 3 L 14 L Liad
COCITUCS ITIT VvilItIl 11 Cqucu\,_y I ClllsCD LITC TUUUIITSS TITIITUTITIAatIvUIl S1ITUUIU UT ayyucu.

A flexible tool for generic metadata-controlled equalization is provided. The tool can be used to reach
the desired spectral balance of the reproduced audio signal depending on a wide variety of playback
scenarios, such as downmix, DRC, or playback room size. It can operate in the sub-band domain of an
audio decoder and in the time domain.

The DRC tool is specified in Clause 6. The tool may be subject to profiles and levels that shall be in
accordance with Annex . The bitstream field decoding of the DRC tool shall be in accordance with
Annex A. If an interface for external parameter control of the DRC tool is used, it shall conform to
Annex B.
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6 DRC decoder

6.1 DRC decoder configuration

6.1.1 Overview

The DRC configuration information can be received in-stream using the static payloads uniDrcConfig()
and loudnessInfoSet() described below, or it can be delivered by a higher layer, such as in ISO/IEC
14496-12 (see Table 1). The basic decoding process of the static information is virtually the same. The
differenge consists mainly in a few syntax changes and reduced field sizes to increase the bit ra
efficiendy of the in-stream configuration. The syntax of the in-stream static payload is given in 7.3.|T
associatpd metadata encoding is given in A.6. The static DRC payload is evaluated once at the beginni

of the decoding process and it is monitored subsequently. For static DRC payload changes duri
playback, see 6.12.

Table 1 — Overview of configuration (setup) and separate metadata track in-ISO/IEC 14496-12

Sample entry Setup Track reference Sample format
code (in sample entry)
Audio As specified for the DRClInstructions box "adrc" referring.to the As specified for the
tracK audio codecin use | using negative values for metadata tracks audio codec in use
(unchanged) drcLocation carrying gain values (unchanged)
Metadqta "unid" (none) (none) Each sample is a
track uniDrcGain() payload

The statjc payload is divided into several logical blocks:

¢hannelLayout();

downmixInstructions(), downmixInstructionsV1();

drcCoefficientsBasic(), drcCoefficientsUniDrc(), drcCoefficientsUniDrcV1();
drclnstructionsBasic(), dr¢InstructionUniDrc(), drcInstructionUniDrcV1();
loudnessinfo(), loudnessinfoV1();

drcCoefficientsRarametricDrc();

parametticDrcInstructions();

l|ouqulnstructions();

eqCoefficients();

eqInstructions().

Except for the channelLayout(), drcCoefficientsParametricDrc(), and eqCoefficients(), multiple
instances of a logical block can appear. The DRC decoder combines the information of the matching
instances of the logical blocks for a given playback scenario. Matching instances are found by matching
several identifiers (labels) contained in the blocks.
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From the static payload, the decoder can also extract information about the effect of a particular DRC
and various associated loudness information, if present. If multiple DRCs are available, this information
can be used to select a particular DRC based on target criteria for dynamics and loudness (see 6.3)

uniDrcConfig() contains all blocks except for the loudnessinfo() blocks which are bundled in
loudnessinfoSet(). The last part of the uniDrcConfig() payload can include future extension payloads. In
the event that a uniDrcConfigExtType value is received that is not equal to UNIDRCCONFEXT_TERM, the
DRC tool parser shall read and discard the bits (otherBit) of the extension payload. Similarly, the last
art of the loudnessinfoSet() payload can include future extension pavloads. In the event that a
budnessinfoSetExtType value is received that is not equal to UNIDRCLOUDEXT_TERM, theIDRC tool
arser shall read and discard the bits (otherBit) of the extension payload. Each extensiod paylpad type
h uniDrcConfig() or loudnessInfoSet() shall not appear more than once in the bitstream if n¢t stated
therwise. An extension payload of type UNIDRCCONFEXT_V1 shall preceed an exténsion payload of
ype UNIDRCCONFEXT_PARAM_DRC in the bitstream if both payloads\-“are present. For
50/IEC 14496-12, configuration extension payloads are provided according to, Fable 76.

— i ) e S~ m

he top level fields of uniDrcConfig() include the audio sample rate, which,is a fundamental pgrameter
br the decoding process (if not present, the audio sample rate is inherited from the employed audio
odec). Moreover, the top level fields of uniDrcConfig() include the-tumber of instances of ea¢h of the
pgical blocks, except for the channelLayout() block which appears only once. The top level [fields of
budnessinfoSet() only include the number of loudnessinfo()%blocks. The logical blocks are des¢ribed in
he following.

~ — — A =

€.1.2 Description of logical blocks

.1.2.1 channelLayout()

6

The channelLayout() block includes the channél count of the audio signal in the base layout. It may also
include the base layout unless it is specified elsewhere. For use cases where the base audjo signal
represents objects or other audio content, the base channel count represents the total number of base
content channels. The base chaphel”count value shall serve as the value of baseChannelCpunt for
parsing the downmixInstructions(), downmixInstructionsV1(), drcInstructionsUniDrc(),
drcInstructionsUniDrcV1() and eqlnstructions() payloads as specified in Clause 7.

.1.2.2 downmixInstructions() and downmixInstructionsV1()

his block includes.a‘unique non-zero downmix identifier (downmixId) that can be used extefnally to
efer to this downmix. The targetChannelCount specifies the number of channels after downmixing to
he target layout. It may also contain downmix coefficients, unless they are specified elsewhere| For use
pses whete ‘the base audio signal represents objects or other audio content, the downmixId can be used
b refer<to a specific target channel configuration of a present rendering engine. In cortrast to
ownmixInstructions(), the downmixInstructionsV1() payload includes an offset for all downmix

efficients and the coefficient dp(‘nding does not dpppnd on the ILFE channel assignment. The
downmixInstructions() box for ISO/IEC 14496-12 contains the corresponding metadata of either one of
the in-stream payloads as indicated by the version parameter of the box.

QO Q. o O o = 1 N

6.1.2.3 drcCoefficientsBasic(), drcCoefficientsUniDrc(), and drcCoefficientsUniDrcV1()

A drcCoefficients block describes all available DRC gain sequences in one location. The block can have
the basic format or the uniDrc format. The basic format, drcCoefficientsBasic(), contains a subset of
information included in drcCoefficientsUniDrc() that can be used to describe DRCs other than the ones
specified in this document. drcCoefficientsUniDrc() contains for each sequence several indicators on
how it is encoded, the time resolution, time alignment, the number of DRC sub-bands and
corresponding crossover frequencies and DRC characteristics. The crossover frequencies shall increase
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with increasing band index. Alternatively, explicit indices in a decoder sub-band domain can be
specified for the assignment of DRC sub-bands. The sub-band indices shall also increase with increasing
band index. If the DRC gains are applied in the time-domain by using the multi-band DRC filter bank
specified in 6.4.12, explicit index signalling is not allowed. The index of the DRC characteristic indicates
which compression characteristic was used to produce the gain sequence. The DRC location describes
where these gain sequences can be found in the bitstream. The DRC gain sequences in that location are
inherently enumerated according to their order of appearance starting with 1.

The DRC location field encoding depends on the audio codec. A codec specification may include thij
specificgtion, and use values 1 to 4 to refer to codec-specific locations as indicated in Table 2..(Fg
examplg, for AAC (ISO/IEC 14496-3), the codec-specific values of the DRC location field are encoded 4
shown in Table 3.

W

wn =

Table 2 — Encoding of drcLocation for in-stream payload

drcLocation n Payload

Reserved

Location 1 (Codec-specific use)

Location 2 (Codec-specific use)

Location 3 (Codec-specific use)

Bl W I N eR O

Location 4 (Codec-specific use)

n>4 reserved

Table 3 — Codec-specific encodingof drcLocation for MPEG-4 Audio

drcLocation n Payload
1 uniDr¢() (defined in Clause 7)
2 dyn_rng_sgn[i] / dyn_rng_ctl[i] in dynamic_range_info()

(defined in ISO/IEC 14496-3:2009 subpart 4)

3 compression_value in MPEG4_ancillary_data()
(defined in ISO/IEC 14496-3:2009/AMD 4:2013)

4 reserved

The DR( frame siZe'can optionally be specified. It shall be provided if the DRC frame size deviates from
the defaplt sizésspecified in 6.4.2. If not specified, the default frame size is used.

The in-gtream drcCoefficient syntax is given in Table 65, Table 67 and Table 68. The syntax for th|e
corresponding block for ISO/TEC 14496-12 (ISO base media file format) is shown in Table 66 and
Table 69. The corresponding blocks carry essentially the same information. Values that are identically
included in both blocks are coded the same way except for drcLocation.

In ISO base media file format (see ISO/IEC 14496-12), for each codec that can be carried in MP4 files
and that also carries DRC information, there is a specific definition of how the location is coded, using
the DRC location field (see Table 4). A negative value of DRC_location indicates that a DRC payload is in
an associated meta-data track. That track is the n-th linked via a track reference of type "adrc" (audio
DRC) from the audio track, where n = abs(DRC_location), and the sample-entry type in the meta-data
track indicates in which format the coefficients are stored. Table 3 defines the specific entries of the
drcLocation field for AAC. Some example use cases are discussed in C.10.
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If the uniDrc() payload is stored in a separate track in the ISO base media file format
(ISO/IEC 14496-12), then the track is a metadata track with the sample entry identifier "unid" (uniDrc),
with no required boxes added to the sample entry. The time synchronization with the linked audio track
is the same as if the payload was in-stream.

Table 4 — Encoding of drcLocation for ISO/IEC 14496-12

drcLocation n Payload

m<0 DRCU payload located i [ni]-th linked meta-data track
0 reserved

1 Location 1 (Codec-specific use)

2 Location 2 (Codec-specific use)

3 Location 3 (Codec-specific use)

4 Location 4 (Codec-specific use)

n>4 reserved

he drcCoefficientsUniDrcV1() payload is defined in Table 68. It contains the same informfation as
rcCoefficientsUniDrc() except for the assignment of DRC gain sequences to gain sets and the joptional
pecification of a number of parametric DRC characteristics. The drcCoefficientsUniDrc() |payload
ssigns gain sequences in order of transmission. In,contrast, the drcCoefficientsUniDrcV1()|payload
haps a gain sequence by index to gainSets. The latter permits to refer to the same gain sequence for
hultiple DRC bands which is not possible when using drcCoefficientsUniDrc(]. If a
rcCoefficientsUniDrcV1() payload is present, any drcCoefficientsUniDrc() payload for the same
hcation is ignored.

= Q. 0 3 0 w»n Qb -

—

he drcCoefficientsUniDrcV1() payload-can also include information about dynamic equalizatign filters
if the field shapingFiltersPresent==1."There can be a number of filters that are indexed in prder of
appearance. The DRC sets defined in drclnstructionsUniDrcV1() can refer to specific filters using their
hdices (see 6.4.11).

—-

.1.2.4 drcInstructionsBasic(), drcInstructionsUniDrc(), and drcInstructionsUniDrcV1()

6
A drcinstructions, bloek includes information about one specific DRC set that can be applied to 4chieve a
desired effect.(This block can have the basic format or the uniDrc format. The basic| format,
drcInstructionsBasic(), contains a subset of information included in drcInstructionsUniDrc() that can be
used to describe DRCs other than the ones specified in this document. The information included in
drcInstructionsUniDrc() consists mainly of pre-defined description elements such as the DRC get effect
and’the DRC gain sequences that are applied. The drcSetEffect field contains several effect bits jas listed
a - . ,, ATSEANZ RICSS OLNC A,‘l! CCl N0 ClLIC . ,,' dld RCSetiS
ignored in the DRC set selection (see 6.3). Each drclnstructions block carries a unique non-zero
identifier drcSetld. A downmixld is included to indicate if this DRC set applies to a certain downmix with
this identifier. A downmixld of zero indicates that the DRC set is applied to the base layout. A downmixId
of 0x7F indicates that the DRC set can be applied before or after the downmix. Since such a DRC can be
applied to any downmix, it has only one channel group including all channels. If a “Ducking” bit is set in
the drcSetEffect field, the DRC set is applied before any downmix specified by the downmix ID, i.e. the
DRC set is always applied to the base layout and the downmix is generated thereafter. The downmixid
0x7F is not permitted for a ducking DRC set. In all other cases, the DRC set is applied to the channel
configuration indicated by the downmixlId.

able A4 \Y/ ple b an b
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The drclnstructionsUniDrcV1() payload is defined in Table 73. Compared to the
drclnstructionsUniDrc() payload, it contains the same information plus several enhancements.
However, the downmixIDs that appear in the two payloads are interpreted differently. For
drclnstructionsUniDrcV1(), the downmixID indicates which downmix configuration is permitted in
combination with this DRC, but it does not specify whether the DRC is applied to the downmix or the
base layout. This is controlled by the drcApplyToDownmix flag instead.

The enhanced metadata of drclnstructionsUniDrcV1() compared to drclnstructionsUniDrc() includes
referen . . o : otic i
referenged, the corresponding DRC gain values shall be mapped to the target characteristic unless(t
host system overrides the target characteristic as specified in Table 17. If dynamic equalization(filters
are referenced, they shall be applied when the corresponding DRC set is selected and when this.feature
is supporrted by the decoder implementation (see 6.4.11).

A secondl DRC set may be specified for certain configurations. These configurations include cases wherg,
for example, one DRC set is used for dynamic range compression and the other for clipping preventiop
(“Clipping” bit is set); or, for example, one DRC set is applied before and the otherafter the downmix. Ip
those cases, the first DRC set contains a non-zero field dependsOnDrcSet that has the value of the
drcSetld| of the second DRC set it depends on. The declared DRC set effects’of the first DRC set do nqt
take intp account the effects of the second DRC set. If the second DRG-set is not designed to be used
without|combining it with another DRC set, the nolndependentUse flag shall be set to 1. In that case, thie
DRC set{can only be used in combination with another DRC set’as/indicated by the dependsOnDrcSqt
field of the other set that is combined with it.

[}

If a secdnd DRC is specified by the dependsOnDrcSet field @f a drcInstructionsUniDrcV1() payload, th
combingd DRCs cannot be applied if the DRC decoder-downmix configuration does not match any
downmixID in any of the two corresponding drclnstructionsUniDrcV1() payloads. These downmi
configurjations may include the output of the base layout without downmix, which is specified by
downmixID==0. Otherwise, the combined DRC is.compatible with the downmix.

[

A DRC gain set is a set of DRC gain sequences, where the sequences are assigned to the bands of a mult
band DRC. For a single band DRC, the gain set contains just one gain sequence. Usually, each audi
channel|is assigned to a DRC gainset. A collection of channels assigned to the same DRC gain set i
called “dhannel group”. The assignment of a DRC gain set to a channel group is done in the order of fir
appearapce of the set indexhen iterating through all channels (see also Table 15). A DRC gain sg
index bgGainSetIndex==0 indicates that the assigned channel will be passed through by the DRC tod
without|processing unless’ otherwise noted. Therefore, bsGainSetindex is effectively 1-based, whered
the corresponding indieés (gainSetindex) are zero-based.

N — ~+ =+ »nn O

If subsequent channels are assigned the same gain set index, the field repeatGainSetCount indicates how
many channels-will have the same gain set not including the first.

The drclocation field is used in the same wav as the drclocation field in the drcCaoefficients (cpp 612 '21_
Certain entries of the drcLocation field allow adding drcinstructions information to gain sequences
defined elsewhere. Some use cases are discussed in C.10.

The field limiterPeakTarget declares the peak target level used by the encoder-side DRC, if applicable.
For example, if a limiter is used to generate the DRC gain sequence, it is configured to control the audio
sample magnitude to not exceed this peak target level. limiterPeakTarget is represented in dBFS and
encoded according to Table A.40.

If limiterPeakTarget is present, and the only drcSetEffect is “clipping prevention”, the gain sequence is to
be shifted by the negative sum of loudnessNormalizationGainDb and limiterPeakTarget if the negative
sum is greater than 0. Afterwards, the gain sequence is saturated at the threshold of 0 dB so that only
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negative gains (dB) occur. With this mechanism, it is possible to send gains for clipping prevention in
expectation of a high loudnessNormalizationGainDb. If loudnessNormalizationGainDb is lower than
expected, the gains are applied only as far as needed, and the dynamic range can be kept as high as
possible.

If gainScalingPresent==1, the gain scaling coefficients shall be applied to the channel group. If
gainOffsetPresent == 1, the gain offset value shall be applied to the channel group as shown in Table 17.
Similarly, if duckingScalingPresent == 1, the scaling factor shall be applied to the associated ducking gain
sequence for that channel group

The in-stream drclnstructions syntax is given in Table 70, Table 72 and Table 73. The syntax for the
corresponding block for ISO/IEC 14496-12 is shown in Table 71 and Table 74. The' corregponding
hlocks carry essentially the same information. Values that are identically included. ivboth blpcks are
cpded the same way except for drcLocation. Further information on the coding of drcLocation iy defined
in 6.1.2.3.

.1.2.5 loudnessInfo() and loudnessinfoV1()

identifier indicate which configuration the information applies to:Hence, this block can be agsociated
bith the audio signal without DRC and without downmix, or with any specific DRC and/or downmix
applied. If a DRC with a dependent DRC set is applied, the loudness information describes the qutput of
the combined DRCs. A loudnessinfo() block can either represent an individual content item or the entire
album. Typically, all content items of an album include identical album loudnessInfo() blocks.

6
A loudnessInfo() block includes loudness and peak information. A(downmix identifier and |[DRC set
i
V

[

[ downmixld is zero, then loudnessinfo() applies“to the base layout. If the drcSetld is zdro, then
pudnessinfo() applies to the audio signal .without DRC processing. If drcSetld is 0x3F, then
budnessinfo() applies to any DRC processingdncluding no DRC.

[EE——

The fields samplePeakLevel and truePeakLéevel represent the level of the maximum sample magmnitude in
dBFS and the True Peak in dBTP, respectively, of the associated audio content before or after audio
encoding as defined in Reference([4]. The measurementSystem field includes standardized systems and
gthers (see Table A.50). System 3 is defined as ITU-RBS.1770-4 with pre-processing. The pre-
grocessing is a high-pass filter that models the typical limited frequency response of portable device
lpudspeakers. System 4 (is)defined as “User”. It means that the corresponding methodValue reflects a
(pubjective) user preference. System 5 is defined as “Expert/Panel”. It means that the corredponding
methodValue represents a (subjective) expert or panel preference.

The methodDegfinition field according to Table A.49 specifies how the methodValue is deriyed. The
mixing leyvel(is compatible with “mixlevel” in ATSC A/52[1]. It indicates the absolute acoust]c sound
pgressure-level of an individual channel during the final audio mixing session. The peak mixing level is
the /coustic level of a sine wave in a single channel whose peaks reach 100 percent in the PCM
representation. The absolute SPL value is typically measured by means of pink noise with an RMS value
of =20 or -30 dB with respect to the peak RMS sine wave level. The value of mixing level is not typically
used within the DRC tool, but may be used by other parts of the audio reproduction system.

The room type field is compatible with “roomtyp” in ATSC A/52[11. It indicates the type and calibration
of the mixing room used for the final audio mixing session. The value of roomtyp is not typically used by
the DRC tool, but may be used by other parts of the audio reproduction system.

The loudnessinfoSet() payload contains all loudnessinfo() blocks. The in-stream syntax of
loudnessinfoSet() is given in Table 58. For the ISO base media file format, the slightly different syntax of
“LoudnessBox” is used as defined in ISO/IEC 14496-12.
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6.1.2.6 loudEqInstructions()

The loudEqInstructions() payload includes information relevant for the loudness equalization support.
Each instance of this payload defines a set of loudness equalizer metadata and which combinations of
downmix, DRC, and EQ it can be applied to. The metadata includes references to the corresponding DRC
gain sequences and associated parameters needed to derive the acoustic level data. A typical way of
generation and use of the metadata is given in D.2.10.

6.1.3 Derivation of peak and loudness values

The lou
decoder
absent,

Some ot

dnessinfo() blocks provide optional values that describe loudness and peak. Several~-DR[C
processes depend on these values, hence, when the loudness information is partially orsentire
fallback values are used as shown in Table 5. For peak values, a default value shallbe use

her values can be drawn from the loudnessinfo() block of the base layout.

Table 5 — Default and fallback values of loudnessInfo

1

Value Default 1st fallback: use value from 2nd fallback: use value from
loudnessInfo() of base layout loudnessInfo() of the base
with same DRCsetld layout without DRC

truePeakLevel 0.0 No No

sampleReakLevel 0.0 No No

progranmLoudness Undefined Yes Yes

anchorlfoudness Undefined Yes Yes

loudnessRange Undefined No No

Maximum loudness Undefined No No

range

Maximuym momentary Undefined No No

loudnesfs

Maximum short-term Undefined No No

loudnesfs

Short-tdrm loudness Undefined No No

Mixing level Undefined Yes Yes

Room type Undefined Yes Yes

The appllicable_loudnessinfo() structure for determination of programLoudness and anchorLoudness i
ned, as~specified in Table 6. The final loudness metadata value is extracted based on the

determi

selectiorll steps specified in 6.10.2.

[72)

Table 6 — Determination of applicable loudnessInfo() structure for selection of
programLoudness or anchorLoudness for a specific DRC set

getApplicableLoudnessInfoStructure(drcSetld, downmixIldRequested) {
/* default value */
loudnessInfo = getLoudnessInfoStructure(drcSetld, downmixIdRequested);
/* fallback values */

if (loudnessInfo == NULL) {
loudnessInfo = getLoudnessInfoStructure(drcSetld, 0x7F);

} else if (loudnessInfo == NULL) {

12
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loudnessinfo = getLoudnessInfoStructure(0x3F, downmixldRequested);
} else if (loudnessInfo == NULL) {
loudnessInfo = getLoudnessInfoStructure(0, downmixldRequested);
} else if (loudnessInfo == NULL) {
loudnessinfo = getLoudnessInfoStructure(0x3F, 0x7F);
} else if (loudnessInfo == NULL) {
loudnessinfo = getLoudnessInfoStructure(0, 0x7F);
} else if (loudnessInfo == NULL) {

loudnessiInfo = getLoudnessInfoStructure(drcSetld, 0);
} else if (loudnessInfo == NULL) {

loudnessinfo = getLoudnessInfoStructure(0x3F, 0);
} else if (loudnessInfo == NULL) {

loudnessinfo = getLoudnessInfoStructure(0, 0);

}

return loudnessInfo;

getLoudnessInfoStructure(drcSetld, downmixId) {
if (useAlbumMode == 1) count = loudnessIinfoAlbumCount;
else count = loudnessInfoCount;
for (i=0; i<count; i++) {
if (loudnessInfo[i]->drcSetld == drcSetld) && (loudnessInfo[i}:zdownmixld == downmixId) {
for (j=0; j<loudnessInfo[i]->measurmentCount; j++) {
if ((loudnessInfo[i]->measure[j]->methodDefinition==1)||(loudnessInfo[i]->measure[j]->methodDefinitio

return loudnessInfo[i];

h==2)) {

Table 7 — Determination of signalPeakLevel for a specific DRC set

}
}
}
}
return NULL;
}

The signalPeakLevel-of-a DRC set is determined as specified in Table 7, where peak related metadata
gntries are selected‘dependent on their availability and dependent on the drcSetld, and the re¢quested
downmixld. 1f-no’ explicit peak information is available, signalPeakLevel is estimated from downmix
coefficients ‘and others. The estimates based on downmix coefficients hold for passive downmikers and
rhight holdfor specific active downmixers.

getSignalPeakLevelForDrcSet (drcSetld, downmixIdRequested) {

dmxId = downmixIldRequested;

if truePeakLevellsPresent(drcSetld, dmxId) {
signalPeakLevel = getTruePeakLevel(drcSetld, dmxId);

} else if samplePeakLevellsPresent(drcSetld, dmxId) {
signalPeakLevel = getSamplePeakLevel(drcSetld, dmxId);

} else if truePeakLevellsPresent(0x3F, dmxId) {
signalPeakLevel = getTruePeakLevel(0x3F, dmxId);

} else if samplePeakLevellsPresent(0x3F, dmxId) {
signalPeakLevel = getSamplePeakLevel(0x3F, dmxId);

© ISO/IEC 2020 - All rights reserved
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} else if limiterPeakTargetlsPresent(drcSetld, dmxId) {
signalPeakLevel = getLimiterPeakTarget(drcSetld, dmxId);
} else if (dmxId != 0) {
signalPeakLevelTmp = 0.0;
downmixPeakLevelLinear = 0.0;
if downmixCoefficientsArePresent(dmxId) {

for (i=0; i<targetChannelCount; i++) {

downmixPeakLevelLinearTmp = 0.0;

%]

v

%)

%]

wn

if trpePeakLevellsPresent(drcSetld, 0) {

ignalPeakLevel Tmp = getTruePeakLevel(drcSetld, 0);

} else if samplePeakLevellsPresent(drcSetld, 0) {
ipnalPeakLevelTmp = getSamplePeakLevel(drcSetld, 0);
} elde if truePeakLevellsPresent(0x3F, 0) {
ipnalPeakLevelTmp = getTruePeakLevel(0x3F, 0);

} else if samplePeakLevellsPresent(0x3F, 0) {
ignalPeakLevel Tmp = getSamplePeakLevel(0x3F, 0);

} else if limiterPeakTargetlsPresent(drcSetld, 0) {
ipnalPeakLevelTmp = getLimiterPeakTarget(drcSetld, 07;

for (j=0; j<baseChannelCount; j++) {

downmixPeakLevelLinearTmp += pow(10.0, getDownmixCoefficient(dmxld, i, j)/20.0);
}
if (downmixPeakLevelLinear < downmixPeakLevelLinearTmp) {

downmixPeakLevelLinear = downmixPeakLevelLinearTmp;

}
signplPeakLevel = signalPeakLevelTmp + 20.0*log10(downmixPeakLevelLinear);
} else
signplPeakLevel = 0.0; /* worst cage estimate */
}
return|signalPeakLevel
}
Table 7| includes functions to check the availability and to retrieve peak-related information froq
loudnessInfo() and\a-drcInstructions block which can have the basic or uniDrc format. Table 8 showj
pseudo |code forvsome of the functions for the truePeakLevel and limiterPeakTarget based o

downmiiInstructions(), drclnstructionsUniDrc(), and loudnessinfo() payloads. The functions shall b

adapted

aceordingly for the downmixInstructionsV1(), drclnstructionsUniDrcV1(), or loudnessInfoV1

n
S
n
e
)

payloads, 1f present. The functions for samplePeakLevel can be implemented by replacing truePeakLevel
with samplePeakLevel.

Table 8 — Pseudo code for functions referenced in Table 7

for (i=

if

truePeakLevellsPresent(drcSetld, downmixId) {
if (useAlbumMode == 1) count = loudnessinfoAlbumCount;

else count = loudnessInfoCount;

0; i<count; i++) {

if (loudnessInfo[i]->drcSetld == drcSetld) && (loudnessInfo[i]->downmixld == downmixId) {

(loudnessInfo[i]->truePeakLevelPresent) return TRUE;

14
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}
return FALSE;

getTruePeakLevel(drcSetld, downmixId) {
if (useAlbumMode == 1) count = loudnessInfoAlbumCount;

else count = loudnessInfoCount;

for (i=0; i<count; i++) {
if (loudnessInfo[i]->drcSetld == drcSetld) && (loudnessinfo[i]->downmixld == downmixId) {
if (loudnessInfo[i]->truePeakLevelPresent) {

return (loudnessInfo[i]->truePeakLevel);

}

return error;

limiterPeakTargetlsPresent(drcSetld, downmixId) {
for (i=0; i<drcInstructionsCount; i++) {
if (drcInstructions[i]->drcSetld == drcSetld) &&
((drcInstructions[i]->downmixld == downmixId) ||
(drcInstructions[i]->downmixld == 0x7F)) {

if (drcInstructions|i]->limiterPeakTargetPresent) return TRUE;

}
return FALSE;

oetlimiterPeakTarget(drcSetld, downmixId) {
for (i=0; i<drcInstructionsCount;i++) {
if (drcInstructions[i]->dr¢Setld == drcSetld) &&
((drcInstructions|i]->downmixld == downmixId) ||
(drcInstructions]i]->downmixld == 0x7F)) {
if (drcInstructions[i]->limiterPeakTargetPresent)) {

returh(drcinstructions[i]->limiterPeakTarget);

}

return error;

}

downmixCoefficientsArePresent(downmixId) {
for (i=0; i<downmixInstructionsCount; i++) {
if (downmixInstructions[i]->downmixld == downmixId) {

if (downmixInstructions[i]->downmixCoefficientsPresent) return TRUE;

}
return FALSE;
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getDownmixCoefficient(downmixld, outChan, inChan) {
for (i=0; ixdownmixInstructionsCount; i++) {
if (downmixInstructions[i]->downmixId == downmixId) {
if (downmixInstructions[i]->downmixCoefficientsPresent) {
return (downmixInstructions[i]->downmixCoefficient[outChan][inChan]);
}

}
}

return|error;

6.2 Dynamic DRC gain payload

The dynlamic gain sequences for all DRCs are received in-stream or via a metadata track using the
uniDrcGpin() syntax given in Table 55. Each access unit contains gain sequences fof the duration gf
drcFrameSize samples that are decoded according to 6.4.5.

The lasf| part of the uniDrcGain() can include future extension payloads.~If a uniDrcGainExtType 1
received that is different from UNIDRCGAINEXT_TERM, the extension payload (otherBit) shall be rea
and discprded.

= n

When gpin values are stored in a separate meta-data track undef the sample entry code "unid" a
describgd in 6.1.2.3, each sample is a uniDrcGain() padded with\0 to 7 trailing zero bits to the next byt
boundary.

D wn

6.3 DRC set selection

6.3.1 Overview

[72)

A bitstrgam can carry multiple DRCs for varieus purposes. At the decoder, the DRC set that best matche
the requirements for the given playback scenario is selected. The selection process is performed i
three stdges:

-

[

1. A pre-selection that discards al DRC sets that are not applicable because they do not match a targe
channel configuration, dovnot support the decoder target loudness, or have more clipping tha
requiested (see 6.3.2).

=]

2. A mpin selection process based on requested DRC set features (see 6.3.3).

3. Afinpal selection that picks a single DRC set if multiple DRC sets are applicable (see 6.3.4).

The most rélevant metadata for the selection process is summarized in Table 9. The bit fields of ﬂ—ﬁ
drcSetEffectfield are described in detail in Table A.45. All parameters that can be supplied by the host
control loudness normalization and dynamic range compression are summarized in Table A.102 and
Table A.103, respectively.

If the DRC tool is configured to support equalization (EQ) according to 6.8, the selection process
includes the EQ-related metadata and the final selection also considers requests for specific EQ, such as
EQ dependent on the playback room size. Otherwise, the preselection discards all DRC sets that require
EQ, i.e. which have a value of requiresEq==1.

DRC sets with only a “Fade” or “Ducking” effect are automatically selected by the decoder without using
the three-stage selection process. DRC sets with other features can be requested by using DRC decoder
settings as described below.
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The pool of DRC sets that is subject to the three-stage selection process comprises not only the DRC sets
defined in the bitstream (except for “Fade” and “Ducking”) but also virtual DRC sets generated in the
DRC tool. The virtual DRC sets are placeholders for the cases where no compression is applied to the
audio signal, hence their drcSetEffect bits are zero and they correspond to the DRC effect request
“None”.

Since the DRC set selection is driven by requests, DRC processing shall not be applied if it is not
requested. More specifically, dynamic range compression shall not be applied if there is no

carresponding request, ie. dynamicRangeControllnterfacePresent == (0 (see Annex B); loudness
normalization shall not be applied if it is not requested, i.e. loudnessNormalizationInterfacePrégent ==
(kee Annex B).
(lonceptually it is possible to integrate other DRC sets specified by the drclnstructionsBagic() and
drcCoefficientsBasic() syntax in the selection process. However, this is out of scopéyand not part of this
document.
Table 9 — Most relevant metadata for DRC selection. at the decoder
Field Type
drcinstructionsUniDrc->downmixId Identifier
drcinstructionsUniDrc->limiterPeakTarget Value
drcinstructionsUniDrc->drcSetEffect Bit field
drcinstructionsUniDrc->nolndependentUse Flag
drcinstructionsUniDrc->drcSetTargetLoudnessValueUpper/-Lower Value
loudnessInfo->truePeakLevel Value
loudnessinfo->samplePeakLevel Value
loudnessInfo->program loudness Value
loudnessinfo->anchor loudness Value
loudnessInfo->maximum short-term loudness Value
loudnessinfo->maximum maomentary loudness Value
loudnessinfo->maximunyloudness range Value
drcCoefficientsUniDrc->drcCharacteristic[sequence][band] Index
drcCoefficientsniDrc->bandCount[sequence] Value
6.3.2 Pre-selection based on Signal Properties and Decoder Configuration
32-1-Overview

The pre-selection selects all DRC sets that fulfill all requirements listed in Table 10. All available DRC
sets are analysed in the given order of steps. If no DRC set is selected, no DRC can be applied except for
fading or ducking.

Table 10 — Requirements for DRC pre-selection

# Requirement Applicability Comment

downmixld of DRC set matches | If a downmixld is requested. See 6.3.2.2.1.
the requested downmixId.
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# Requirement Applicability Comment

2 | Output channel layout of DRC If a target channel layout is See 6.3.2.2.1.
set matches the requested requested.
layout.

3 | Channel count of DRC set If a target channel count is See 6.3.2.2.1.
matches the requested channel | requested.
count.

4 | The DRC setis nota “Fade-" or | Always. DRC sets with “Fade” or
“Dycking-" only DRC set. “Ducking” effect are

selected automatically,
They are not subject to this
selection process:

5 | The number of DRC bands is Always. DRC sets that exceed the
sugported. numberof supported DRC

bandsdare discarded. For
time*domain DRC, the
maximum is four bands.

6 | Independent use of DRC set is If the DRC set is not used in DRC sets with a
permitted. combination with another DRC nolndependentUse flag

set. value of 1 can only be used
in combination with a
second DRC set.

7 | DR( sets that require EQ are For all If EQ is not supported, DRC
only permitted if EQ is drcInstructionsUniDrcV1() sets with requiresEq==1
sugported. payloads. are discarded.

8 | The range of the target If See 6.3.2.2.2.
loudness specified for a DRC set | drcSétTargetLoudnessPresent==1
haq to include the requested ahd no explicit peak information
dedoder target loudness. is available for that DRC set.

9 | Clipping is minimized. Except for DRC sets which were See 6.3.2.2.3.

already selected in pre-selection
step #8.

NOTE Pre-selection steps #8 and #9 are interpreted as pre-selection steps #7 and #8 in the first edition of this

documeint (ISO/IEC 23003-4:2015). Pre-selection step #7 related to EQ support is first available with the

second ¢dition of this"document (ISO/IEC 23003-4:2019).

6.3.2.2 Petailed description of pre-selection steps

6.3.2.2.1 Pre-selection based on downmix ID, channel layout, or channel count (#1,2,3)

Requests for downmix IDs, target channel layout, or target channel count are supported. Only one of
these requests will be used based on the following priority:

1.

2.

3.

18

downmix ID(s)
target channel layout

target channel count
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If no downmix ID is requested, the request(s) will be mapped to one or more matching downmixIds that
are used in the pre-selection process as defined in the following.

If a target channel layout is requested but a downmix ID is not requested, the channel layout is mapped
to downmix IDs with a matching layout. If only a target channel count is requested, it is mapped to
downmix IDs with a matching target channel count. If no matching downmix IDs can be found, no DRC
set can be applied except for fading or ducking.

If no request is present, a downmixld of 0x0 (base layout) will be used for the pre-selection.

DRC set is selected if the requested downmix ID (or the downmix ID, which was generated from a
ifferent kind of request) matches one of the defined downmixId values of the DRC set. BR€ sets which
efine a downmixld of 0x0 or 0x7F automatically pass the pre-selection #1,2,3.

downmix ID list contains all downmix IDs to be used for pre-selection as described in the previous
steps. The pre-selection for these requests is done by selecting all DRC sets) that have onle of the
ownmixlds of the list or a downmixId of 0x0 or 0x7F. A requested downmixld of 0x7F is medningless
nd therefore not permitted.

.3.2.2.2 Pre-selection based on drcSetTargetLoudness (#8)

6

This pre-selection step addresses only DRC sets for which drcSetTargetLoudnessPresent equals|one and
for which no explicit peak information is available. From theyDRC sets which match this criterjon, only
those are selected whose range defined by drcTargétLoudnessValueUpper/-Lower includes the
requested decoder target loudness (targetLoudness)¢ Ayrange check shall include the upper bpundary
vialue and exclude the lower boundary value. Pre-selection step #9 is omitted for DRC sets selected in
this step. Explicit peak information for a specifie*DRC set is available if at least one of the fpllowing
results is TRUE:

—+ truePeakLevellsPresent(drcSetld, downmixIdRequested)

- samplePeakLevellsPresent(dreSetld, downmixIdRequested)

- limiterPeakTargetlsPresent(drcSetld, downmixIdOfDrcSet)

.3.2.2.3 Pre-selection.based on output peak level (#9)

his pre-selection.step addresses the problem that can arise if due to loudness normalization or
ownmixing the.maximum peak value exceeds full scale. Two mechanisms can be used fo avoid
lipping, a DRE-set that reduces or eliminates clipping and/or a peak limiter. DRC sets resulting in too
igh peak-values at the output possibly need to be discarded. The peak value of the output [signal is
omputed-as

O oo Q9 —1 o

outputPeaklLevel = signalPeakLevel + loudnessNormalizationGainDb

where
signalPeakLevel is the peak value of the signal in dBFS according to Table 7;
loudnessNormalizationGainDb is the scaling factor for the loudness normalization in dB.
NOTE The loudnessNormalizationGainDb can be specific for each DRC set if individual loudnessInfo() blocks

are present for each DRC set.

All DRC sets are discarded whose outputPeakLevel exceeds outputPeakLevelMax. The recommended
value of outputPeakLevelMax is 0 dBFS when no peak limiter is applied after the DRC tool. If a peak
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limiter is subsequently applied, it is recommended to set outputPeakLevelMax to the maximum peak
value the peak limiter can handle without introducing severe and audible distortions. By default, the
DRC tool assumes that no peak limiter will be applied. The default value for outputPeakLevelMax is 0
dBFS. If a peak limiter is applied (peakLimiterPresent==1), the default value for outputPeakLevelMax is
6 dBFS.

If no DRC set was selected so far (including the pre-selection in step #8), select the DRC sets for which
drcSetTargetLoudnessPresent equals one and whose range defined by drcTargetLoudnessValueUpper/-
Lower i
requirerpent of clipping prevention needs to be relaxed until at least one DRC set is selected. Thereforne,
the DRC|sets with the lowest outputPeakLevel are selected. In addition, the DRC sets are selected Wwho
outputPeaklLevel does not exceed the lowest outputPeakLevel by more than 1.0 dB.

At this point, the output signal can have audible distortions, either due to clipping or because a pea
limiter is applied at too high levels. This is mitigated by lowering the output leve€lresulting in a
intentional deviation from the target loudness. The parameter loudnessDeviationMax (Which is 63 dB bl
default)|limits the gain reduction that is applied to reduce the distortions (e.g. loudnessDeviationMax ¢
3 dB permits a gain adjustment of -3 dB).

-

=)

6.3.3 Sellection based on requests

6.3.3.1 QOverview

In the fgllowing, the selected DRC sets are matched with requested features that can describe certaip
aspects pf a DRC set. The features are organized in an orderedlist that is given to the DRC decoder. O
or more|features can be requested (see also Annex E). A(feature can be requested multiple times. T
decoder| will search the available DRC sets to find the best match according to the following rules.
Table 17 lists DRC features that are supported for the"DRC search.

Table 11 — Requestable features of DRC sets

Index DRC feature Comment
0 “Effect type” Specifies the type of DRC effect
1 “Dynamic range” Specifies the dynamic range, see Table 13
2 “DRC characteristic” Specifies the DRC characteristic at the encoder

The decpder works through the feature list item-by-item starting from the first. Conceptually, it takg
for each item the\selected DRC sets and selects only those that match the requested feature. T
followinF specifies the selection rules for each requested feature in detail. If no features are requested,

[77)

the selection ‘process is performed as if the effect type feature with effect type “None” has bee
request¢d-ds described in the following section. If that request does not succeed, another featu
request attempt is issued using the “General” effect type with the fallback effect types “Night”, “Noisy”,
“Limited”, “LowLevel”.

6.3.3.2 Sub-selection by requesting an effect type feature

The effect type as specified by the field drcSetEffect in Table A.45 describes the result of applying the
DRC set. For DRC sets that carry a non-zero entry in the dependsOnDrcSet field, the valid effect types for
the combination of both sets are obtained from the effect types of both sets (the depending DRC set and
the one with a corresponding dependsOnDrcSet value).
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Table 12 lists all effect types that can be requested. One effect type can be requested at a time. Requests
for effect types can be repeated multiple times with different effect types. From the DRC sets selected so
far, all DRC sets that match the requested effect type are selected.

An effect type request is ignored if none of the selected DRC sets match. Consequently, the sub-selection
process proceeds with the results of the previous request, if applicable; otherwise the results of the pre-
selection are used.

The list of requested effect types contains the desired effect types. Additionally, fallback effect types can
follow the desired effect types. The fallback effect types are specified to allow selecting a DRC-s¢t even if
IRC sets with the desired effect types are not available.

After a request sequence of desired effect types, the sub-selection ends if one or moere” DRC|sets are
selected and any fallback requests are ignored. Otherwise, the sub-selection continties with the fallback
effects. In that case, the sub-selection ends if one or more matching DRC sets haye)been selected during
the processing of fallback requests and the remaining fallback requests are ignored.

—

he requests can be specified as a list of requested effect types together with an index of [the first
hllback request in the list. If, for example, only one single desired effect type is specified, the|fallback
equests start at position 2. More detailed explanations are given innAnnex E.

=~ =

Table 12 — Requestable DRC effect types and<short names for reference

Index drcSetEffect Short name Description

0 None “None” A DRC set that has no dynamic compression, for ingtance
“Clipping”, or applying no DRC set for compression|

1 Late night “Night” For quiet environment, listening at low level, avoidling to
disturb others.

2 Noisy environment “Noisy Optimized to get the best experience in noisy
environments, for instance by amplifying soft sectipns.

3 Limited playback range “Limited” Reduced dynamic range to improve quality on playpack
devices with limited dynamic range.

4 Low playback level “LowLevel” Listening at a low playback level.

5 Dialog enhancément “Dialog” The main effect is a more prominent dialogue within the
content.

6 General compression “General” A DRC effect that reduces the dynamic range and is

applicable to multiple playback scenarios.

7 Dynamic expansion “Expand” Dynamics enhancement.

8 Artistic effect “Artistic” To create an artistic sound effect.

6.3.3.3 Sub-selection by requesting a “Dynamic Range” value

The decoder can receive a request for a single Dynamic Range measurement value or value range. The
measurement is based on one of those provided in Table 13. If a value is specified, all DRC sets are
selected with the closest matching value of the feature. If a range is specified, all DRC sets are selected
whose feature value is within that range.

» o«

Each of the measurement values for “short-term loudness”, “momentary loudness”, and “top of loudness
range” can be given for multiple measurement systems. Permitted measurement systems include EBU
R128 and BS.1771-1. The first system shall be selected when searching the available values in order of

© ISO/IEC 2020 - All rights reserved 21


https://standardsiso.com/api/?name=02df253e309747ca0f66e5061799e8e3

ISO/IEC 23003-4:2020(E)

increasing measurement system index (see Table A.50) including all reserved indices for future
updates, i.e. if a reserved index is found, it shall be interpreted as a valid measurement system.

The program loudness values used in Table 13 shall be based on the following measurement systems

(see Table A.50):
1. RMS_C
2. RMS_B
3. RM§_A
4. BS.1770-4
If multigle values are given, choose the first available using the order of the list.
Table 13 — Requestable dynamic range measurement values
Index || Label Dynamic range measurement Comment
0 StA “Short-term loudness peak to Max. short-term loudness\minus program loudness
average” (see 6.10.2)
1 MtA “Momentary loudness peak to Max. momentaryJouidness minus program loudness
average” (see 6.10.2)
2 TtA “Top of loudness range to average” | Top of loudness range minus program loudness
(see 6.10;2)
6.3.3.4 $ub-selection by requesting a “DRC charaéteristic”
From thp selected DRC sets, all sets are selected with the closest DRC characteristic index according to ja
matching order. If different DRC characteristics are used within the same DRC set, only the DRLC
charactqristic indices are taken that are in the matching order list. The remaining ones are ignored. If np
DRC set|is found for the matching order of the requested DRC characteristic in Table 14, this selectiop
step is ignored.
Table)14 — Matching order for DRC characteristic
Requested DRC characteristic
1 2 3 4 |5 6 7 |8 9 10 11 cc>11
first 1 |2 [3 |4 |5 |6 |7 |8 9 |10 11 c
MatchiTg order second 2 |3 |4 |5 (6 [5 |9 |10 7 |8 10 -
third . 1 12 (3 lq [ |_ |. N q -

6.3.4 Final selection

This clause uses the term “multiple DRC sets” for DRC sets that are independent of each other and do
not include ducking or fading effects.

If the DRC tool is configured to support EQ and if there are still multiple DRC sets selected, select the
ones that can be combined with an EQ of the requested "EQ purpose” (see B.3.7.2). If no DRC set can be
selected, select the ones that can be combined with an EQ of the default "EQ purpose". If still no DRC set
can be selected, ignore this step.

22
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If there are still multiple DRC sets selected, select the ones that result in an output peak value of 0.0 or
less. If no such DRC set is found, from the ones selected, select the DRC sets that exceed the threshold by
the minimum amount. DRC sets selected in pre-selection step #8 are assumed to have an output peak
value of 0.0 or less.

If there are still multiple DRC sets selected, select the ones that exactly match the requested downmixId.

If there are still multiple DRC sets selected, select the ones with the minimum number of effect types
where the effect bit for “General” is ignored. The reason for ignoring the effect bit “General” is that
gtherwise DRC sets without “General” would be unjustifiably preferred.

el

F there are still multiple DRC sets selected, discard any DRC set that was selected in the\pre-gelection
tep dealing with drcSetTargetLoudness. If all selected DRC sets are discarded in this. step, select the
RC set with the smallest drcSetTargetLoudnessValueUpper instead.

= W

If there are still multiple DRC sets selected, select the DRC sets for which drcSetTargetLoudnegsPresent
gquals one and whose range defined by drcSetTargetLoudnessValueUpper/-Lower includes the
requested decoder target loudness. If multiple DRC sets are selectedj¢select the DRC set with the
simallest drcSetTargetLoudnessValueUpper.

If there are still multiple DRC sets selected, select the DRC sets with the largest peak value. The output
pgeak value also depends on the modifications of the gains as déscribed in 6.4.6.

[l

F there are still multiple DRC sets selected, choose the onéwith the largest drcSetld.

@1}

.3.5 Applying multiple DRC sets

Ih the following cases, multiple DRC sets are applied simultaneously. First, if the DRC set selected in
g.3.4 carries a non-zero entry in the dependsOnDrcSet field, the depending DRC set is applied fogether
with the selected one. Second, if a DRC set with “Fade” or “Ducking” effect was automatically selected, it
i$ applied simultaneously with the DRC"set selected in 6.3.4. Thus, if the DRC set selected in 6.8.4 has a
rlon-zero dependsOnDrcSet value, a-total of three DRC sets are applied, which is the maximum|number
permitted. If all three DRC sets are) applied to the same layout (downmixId), the DRC set referpnced in
the dependsOnDrcSet field shall be applied first, the DRC set selected in 6.3.4 shall be applied thlereafter,
and the DRC set with “Fad€™or “Ducking” effect shall be applied last. If none of the applied DRC|sets is a
parametric DRC (see 6.6),.the DRC set with “Fade” or “Ducking” can alternatively be processed first. If
dnly two DRC sets are\applied to the same layout (downmixId), the same order applies. If a DRC|set with
“Fade” effect andcanother DRC set with “Ducking” effect were both automatically selected, the|DRC set
with “Fade” effect is ignored. A DRC set with “Fade” effect shall be applied after the downmik, iff present,
if any of thesapplied DRC sets is a parametric DRC.

4.3.6 Album mode

When the playback system is in album mode, i.e. successive songs of an album are played back,|{the DRC
selection should be applied first using all DRCs in the loudnessInfo blocks for albums. These blocks may
contain drcSetlds that point to matching DRCs. Only if there is no match with any DRC in a loudnessInfo
block for albums, the selection should proceed to apply the logic described in 6.3.2 to all available DRCs.

In album mode, any “Fade” DRC is not applied. If not in album mode, if an applicable “Fade” DRC exists,
it shall be applied. The “Fade” DRC can be applied simultaneously with any other DRC except "Ducking”.

6.3.7 Ducking

The base layout and each specific downmix with a unique downmixId can have a maximum of one DRC
set with a ducking effect. During configuration, the decoder scans all available DRC sets for the active
downmix to identify the applicable DRC set for ducking if present. If ducking DRC sets are both defined
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for the base layout and the active downmix, select the one that exactly matches the active downmix. If a
ducking DRC set is identified and the associated overlaid audio signal is active, the ducking gain
sequence is automatically applied to all channels except those that are members of the channel group
associated with the ducking DRC set (drcSetEffect=="Duck other”) or alternatively to all channels that
are members of the channel group associated with the ducking DRC set (drcSetEffect=="Duck self”). The
overlaid audio is defined to be active if at least one non-zero downmix coefficient is applied to it.

Ducking is always applied before any downmix, i.e to the base layout. Hence, the DRC channel groups
for the__ducking process refer to the hase layout. The downmixIld of the correspondin

drclnstructionsUniDrc() indicates how to generate the downmix after the ducking was applied.

A duckipg DRC set with downmixld 0x0 (baseLayout) is automatically applied independert]of the
requestéd downmixld. It is therefore recommended to define ducking DRC sets with downmixId 0xD
only for[specific use cases, where the ducking DRC set should be always applied when DRC processing is
enabled

6.3.8 Precedence

If a bitsfream contains the described DRC metadata and other DRC metadata such as MPEG light o
heavy cpmpression, the described metadata will take precedence unless\the decoder is instructed t
apply the other DRC metadata.

o =

6.4 Time domain DRC application

6.4.1 Overview

The DR( gain can be applied to the time-domain audiotsignal or to the sub-band signals of the audi
decoder| The following text first includes a full description of the time-domain DRC. Subsequently, th|
necessary modifications of the time-domain DRC are‘described to achieve DRC in sub-bands.

[CE=]

Since thle encoder provides only sparsely sampled gain values, the decoder applies interpolation t
achieve @ smooth gain transition between.the samples (see also Annex D for DRC gain generation an
encoding). The sample rate of the interpolated gain is the audio sample rate. Each gain sequence can b
configured to use either linear interpolation or spline interpolation. For linear interpolation, th
interpolpted values of one segmentbetween two subsequent gain samples (nodes) are derived from th
two gain samples at both ends of the segment. For spline interpolation, they are additionally derive
from thpir slope (derivative). Hence, when transitioning from one segment to the next, the firg
derivatiye is continuous.a9both segments have the same slope at the transition point.

~+ == ( (d O == O

jon

For applications ofitlie DRC tool in tandem with an audio codec, the following parameters are provide
to adjust the DRE frame size and time resolution so that codec and DRC processing can be done mog
efficient]y in terms of complexity and delay. The parameters are:

(i

— DR( frame size in units of the audio sample interval

— deltaTmin in units of the audio sample interval
— delay mode.
These parameters have default values, but an audio codec specification may override the defaults.

6.4.2 Framing

The DRC gain information is organized in DRC frames. Each DRC frame contains DRC data to generate
the DRC gain for the duration of a DRC frame. The DRC frame duration is constant for a given audio item
and it is a multiple of the audio sample interval. DRC frames do not overlap.
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In practice, whenever suitable, the DRC frame size Mpg. is recommended to correspond to the same

duration as the codec’s frame size to minimize delay and complexity. This is the default setting for
frame sizes of 1 ms and more. For audio formats with a frame size below 1 ms, as is typically the case
for PCM, the default DRC frame size is 32 deltaTmin as defined in Formula (1). The default frame size is
used, unless the frame size is specified by drcFrameSize in the bitstream.

6.4.3 Time resolution

The DRC tool uses a uniform time grid to generate a sparse representation of the DRC gain. The spacing
df this grid defines the highest available time resolution deltaTmin. The unit of deltaTmin is oni& sample
interval at the audio sample rate. For efficiency, deltaTmin is chosen to be an integer multiple of the
audio sample interval with a corresponding duration between 0.5 ms and 1.0 ms. Preferably, deltaTmin
i$ an integer power of 2, so that sample rates can be efficiently converted betweenaudio and IDRC. The
default values are computed based on Formulae (1) and (2):

£,0.0005 s < deltaTmin < f0.001 s (1)
and

deltaTmin = 2M (2)
Where

f; is the audio sample rate, in Hz;

M is the non-negative integer exponent.

o>y

udio sample rates smaller than 1 kHz are not permitted.

or certain DRC frame sizes, it is notpossible to find a value of M that fulfils Formula (2) anld which
esults in a deltaTmin value that is'an integer factor of the DRC frame size. In that case, the defaplt value
f deltaTmin is the integer value that results in a sample interval with the smallest deviation from
.75 ms and which is an integer factor of the DRC frame size. The deviation ¢ is defined in Formula (3):

O 0O =

B deltaTmin

g=(l-——— (3)
£,0.00075s

—

[ there are_Several values of deltaTmin that result in the same deviation, the largest value|shall be
hosen.

Q

Alternatively, the value of deltaTmin can be transmitted in the DRC bitstream field timeDeltaMin. If it is
pgresent, it overrides the default value.

6.4.4 Time alignment

The time alignment specifies the temporal location of each gain sample within a block of deltaTmin
audio sample intervals. The alignment is conveyed by the timeAlignment field in
drcCoefficientsUniDrc(). A value of 0 indicates that the gain sample is located at the last audio sample
interval of the block, i.e. the sample index at the audio rate is deltaTmin-1 assuming that index 0 is the
first audio sample interval in the block. A value of 1 indicates that the gain value is located in the centre
of the block, i.e. at the sample index of floor((deltaTmin-1)/2).
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In low-delay mode, a timeAlignment value of 1 is not supported. Hence, timeAlignment is set to 0 in low-
delay mode. The timeAlignment value for the gain sequences of all channelGroups within a DRC set shall
be identical.

6.4.5 Decoding

The DRC gains are derived from linear interpolation or spline interpolation, which is determined by the
node coordinates and, in case of spline interpolation, by their associated slopes. The decoding process
of the node coordinates consists of the following sequence of tasks:

1) Gatlller the DRC configuration information (once);
2) Seléect a DRC set (once);

3) Parge the DRC gain bitstream (per DRC frame);

4) Apply the code tables including Huffman decoding to decode the quantized values'(per DRC frame];
5) Undo the differential encoding (per DRC frame).

The bas]c in-stream DRC configuration information is fully specified in‘this document including somie
parts of [SO base media file format that are not included in ISO/IEC 24496-12. The configuration of thie
core DR gain decoding is essentially the same for both cases. Thé following configuration parameter
are most relevant for decoding:

%)

— The|number of gain sequences: nDrcGainSequences;
— The|profile for DRC gain coding: drcGainCodingProfile;
— Thejtype of DRC gain interpolation: gainInterpolationType;

— The|assignment of a gain set to each chiannel. Channels using the same gain set are referred to ds
chanfnel groups. The total number ofigroups is nDrcChannelGroups (see Table 15);

— The|number of DRC bands in a-group: nDrcBands.

Given these parameters, the part of the DRC bitstream containing the DRC gains (uniDrcGain()) can b
parsed gnd decoded using.thie algorithms of Table 16 up to Table 22 and the codes of Table A.1 and th|
following ones based ongainCodingProfile.

[CEe]

In the I$O base media file format, the audio content may be carried in multiple tracks where a base
track coptains the,DRC metadata for all tracks. The additional tracks are referenced by the base track
using a frack‘veference of type "adda" (additional audio). The channels are all the channels in the base
track, plus:all the channels in track(s) referenced, in the order of the references. The channel groups
apply to . = | s 2 | 2 - e 2rava |- o
played).

e GVe anie 3 d1Sapled or not currently being

Table 15 — Derivation of drcChannelGroups from gainSetIndices

uniquelndex = {-10, -10, ...};
k=0;
if ((drcSetEffect & (3<<10)) !=0) { /* Ducking */
uniqueScaling = {-10, -10, ...};
for (i=0; i<channelCount; i++) {
match = FALSE;
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idx = gainSetIndex([i];
factor = duckingScaling[i];
if (idx<0) channelGroupForChannel[i] = -1;
else {
for (n=0; n<k; n++) {

if ((uniquelndex[n] == idx) && (uniqueScaling[n] == factor)) {

match = TRUE;
channelGroupForChannel[i] = n;
break;
}
}
if (match == FALSE) {
uniquelndex[k] = idx;
uniqueScaling[Kk] = factor;
channelGroupForChannel[i] = k;
k++;
}
}
}
}
else {
for (i=0; i<channelCount; i++) {
match = FALSE;
idx = gainSetIndex[i];
if (idx<0) channelGroupForChannel[i] = -1;
else {
for (n=0; n<k; n++) {
if (uniquelndex[n] == idxJ){
match = TRUE;
channelGroupForChannel[i] = n;
break;
}
}
if (match == FALSE) {
uniquelndex[k] = idx;
channelGroupForChannel[i] = k;
k++;
}
}
3
}

nDrcChannelGroups = k;

The application of codes is expressed in Table 16 by the pseudo-functions decodelnitialGain(),
decodeDeltaGain(), decodeTimeDelta(), and decodeSlope(). Differentially encoded values are then
converted into absolute values according to Table 16. The decoded result is represented by the gain
values gDRC[g][b][k], the time values tDRC[g][b][k], and the slope values sDRC[g][b][k] where g is the
channel group index, b is the band index, and k is the node index. The DRC gain sequences are assigned
to channel groups and DRC bands using the information in the drcCoefficientsUniDrc() and
drclnstructionsUniDrc() payloads or their V1 versions. For linear interpolation, the slope values are set
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to 0. They will be neglected during interpolation. Time values are integer numbers relative to the
beginning of the DRC frame in units of deltaTmin. The audio sample that coincides with the beginning of

the DRC

frame has a time value of tDRC=0.

For gainCodingProfile == 3, no dynamic gain sequence is transmitted. Hence, the decoded values are

constant. This is useful for generating a constant DRC gain based on the gainOffset value.

Table 16 — Decoding of DRC gain sample coordinates and slopes in the dB domain

if (timeA
time
}

else {
timg

}

for(g=0;

if (g

else

lignment==0) {
Offset = -1;

Offset = - deltaTmin + floor((deltaTmin-1)/2);

p<nDrcChannelGroups; g++) {
hinCodingProfile[g]==3) {
nDrcBands([g] = 1;
nNodes[g][b] = 1;
gDRC[g][b][0] = 0.0;
tDRC[g][b][0] = drcFrameSize + timeOffset;
SDRC[g][b][0] = 0.0;

{
for(b=0; b<nDrcBands[g]; b++) {

gDRC[g][b][0] = decodelnitialGain(gainInitialCode[g}[b]);
if (drcGainCodingMode[g][b] == 0) {
/* “simple” mode */
tDRC[g][b][0] = drcFrameSize + timeOffset;
sDRC[g][b][0] = 0.0;
}
else {
for (k=1; k<nNodes{g]{b]; k++) {
gDRC[g][b][k] = gDRC[g][b][k-1]+decodeDeltaGain(gainDeltaCode[g][b][k-1]);
}
tmp_timeQffset = timeOffset;
if (frameEndFlag[g][b] == 1) {
nodeResFlag = 0;
for (k=0; k<nNodes[g][b]-1; k++) {
tDRC_Buf = tmp_timeOffset + deltaTmin * decodeTimeDelta(timeDeltaCode[g][b][k]);

if (tDRC_Buf > drcFrameSize + timeOffset) { /* nodes from node reservoir */

if (nodeResFlag == 0) {
tDRC[g][b][k] = drcFrameSize + timeOffset;
nodeResFlag = 1;
}
tDRC[g][b][k+1] = tDRC_Buf;
}
else {
tDRC[g][b][Kk] = tDRC_Buf;
}
tmp_timeOffset = tDRC_Buf;

28
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}
if (nodeResFlag == 0) {
tDRC[g][b][k] = drcFrameSize + timeOffset;

}
}
else {
for (k=0; k<nNodes[g][b]; k++) {
tDRC[g][b][k] = tmp_timeOffset + deltaTmin * decodeTimeDelta(timeDeltaCode[g][b][Kk]);
tmp_timeOffset = tDrc[g][b][Kk];
}
}

for (k=0; k<nNodes[g][b]; k++) {
if (gainInterpolationType == 0) {
sDRC[g][b][k] = decodeSlope (slopeCode[g][b][Kk]);

}
else {

sDrc[g][b][k] = 0.0; /* slope will be neglected */
}

4.6 Gain modifications and interpolation

efore the gain can be applied to the audio signal, it shall be converted to the linear domain and gain
alues between gain samples shall be interpolated. To achieve lower complexity, the dB fo linear
onversion is done before the interpolation. Hence, the interpolation process is entirely done in the
near domain. Both the gain modification and conversion to the linear domain are done using the
seudo code of Table 17. The input variables are the gain sample and slope in the dB domain. The
utput consists of the gaifi sdmple and slope in the linear domain.

O 40 = o < m o

s described in E.24-and E.4, there are several ways to adapt the DRC characteristics in the DRC tool
ecoder. These adjustments are applied to the decoded gain samples in the dB domain. The [function
bLinear() includes all necessary steps to generate a linear gain sample from the logarithmic value in dB
ee Table 179): It contains a mapping function mapGain() (see Table 18) that supports modifications of
he DRC ‘gain values with the purpose of achieving a different compression characteristic than the one
sed-itthe encoder. The mapping can be controlled by the host (drcCharacteristicTarget > () which
elects one of the target characteristics based on an index. Otherwise, if specified| in the
rcInstructionsUniDrcVI(J payload, a target characteristic is used and the DRC gain values are mapped
to it using the mapGain() function. In that case, different characteristics or scalings can be applied
independently to positive and negative gains (see Table 17). Otherwise, the encoder characteristic will
not be replaced. A modified characteristic can be generated based on the encoder compression
characteristic that is conveyed in the DRC configuration. Moreover, a compression and boost factor is
supported to scale negative and positive gains, respectively. These factors have a value of 1.0, unless
values in the range [0,1] are supplied by the user. Similarly, an encoder-controlled scaling is applied
when gainScalingPresent==1 using the scale factors attenuationScaling and amplificationScaling. When
ducking is active, the ducking gains in dB are scaled by the factor duckingScaling, if present. The
duckingScaling factors are conveyed in the drclnstructionsUniDrc() payload for the channel they are
applied to, which is in contrast to the bsGainSetindex channel assignment for the “Duck other” effect.

N c MmN
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User-supplied compression and boost factors shall be applied to all DRC sets except DRC sets with
ducking, fading, or clipping effect.

In a drcCoefficientsUniDrcV1() payload, custom DRC characteristics can be defined to support more
flexible gain modifications. These parametric characteristics can be used to describe the encoder-side
DRC and the target characteristic. If a target characteristic is defined, it shall be applied after inverting
the encoder-side characteristic. Hence, for the most general use, the encoder-side characteristic shall be
invertible, i.e. have either a negative or positive slope for the entire gain range. Moreover, if the target
characteristic has a section with constant gain, the encoder-side characteristic may also have constant
gain in those sections. The parametric characteristics are computed as indicated in Table 19-Qnfd
Table 2(. Further details can be found in E.4.

If the only drcSetEffect is “clipping prevention”, the clipping prevention gains are shifted depending o
the targpt loudness to provide just enough signal attenuation to avoid clipping. The scaling factor 1§
derived |based on the limiterPeakTarget. See 6.10.2 for the calculation of loudnessNormalizationGainD}.
The shifting mechanism will not be enabled if there are additionally defined effect bits apart fropy
“clipping prevention”.

2=}

—

Table 17 — Conversion of a DRC gain sample and associated slope from dB to linear domain
(slopelsNegative==1 if the source DRC characteristic has:a negative slope)

toLinear|(gainDb, slopeDb) {
SLOPE_FACTOR_DB_TO_LINEAR = 0.1151f; /*In(10) / 20 */

EFFECT_BIT_CLIPPING = 0x0100; /* drcSetEffect 9 (Clip.Brev.) */
EFFECT_BIT_FADE = 0x0200; /* drcSetEffect’10 (Fade) */
EFFECT_BITS_DUCKING = 0x0400 | 0x0800; /* drcSetEfféet 11 or 12 (Ducking) */

gairjRatio = 1.0;
if (({drcSetEffect & EFFECT_BITS_DUCKING) == 0) &&
(drcSetEffect != EFFECT_BIT_FADE) &&
(drcSetEffect != EFFECT_BIT_CIIPPING)) {
if ((drcCharacteristicTarget > 0) && (gainDb !=0.0)){
gainRatio = mapGain(gainDb)¢/ gainDb;  /* target characteristic from host */
}
else if (drcCoefficientsUniDreVAPresent == 1) {
if (((gainDb > 0.0),&&.(slopelsNegative == 1)) || ((gainDb < 0.0) && (slopelsNegative == 0))) {
if (targetCharacteristicLeftPresent == 1) {
gainRatio = mapGain(gainDb) / gainDb; /* target characteristic in payload */

}
elseif (((gainDb < 0.0) && (slopelsNegative == 1)) || ((gainDb > 0.0) && (slopelsNegative == 0))) {

if (targetCharacteristicRightPresent == 1) {

gaimRatioc =mmapGain{gaimbb) 7 gainDb; 7+ target characteristicim paytoad—*/

}
if (gainDb < 0.0) {

gainRatio *= compress;

}
else {

gainRatio *= boost;
}
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if (gainScalingPresent) {
if (gainDb < 0.0) {

gainRatio *= attenuationScaling;

}
else {

gainRatio *= amplificationScaling;
}

)

if (duckingScalingPresent && (drcSetEffect & EFFECT_BITS_DUCKING)) {
gainRatio *= duckingScaling;
}
gainLin = pow(2.0, gainRatio * gainDb / 6.0);
slopeLin = SLOPE_FACTOR_DB_TO_LINEAR * gainRatio * gainLin * slopeDb;
if (gainOffsetPresent) {
gainLin *= pow(2, gainOffset/6.0);
}
/* The only drcSetEffect is "clipping prevention” */
if (limiterPeakTargetPresent && (drcSetEffect == EFFECT_BIT_CLIPPING)) §{
gainLin *= pow(2, max(0.0, -limiterPeakTarget-loudnessNormalizationGainDb
-loudnessNormalizationGainModificationDb)/6.0);
if (gainLin >= 1.0) {
gainLin = 1.0;
slopeLin = 0.0;

}

return (gainLin, slopeLin);

Table 18 — DRC gaih mapping according to a target DRC characteristic

mapGain(gainQuant) {
inLevel = inverseCompréssorlO(gainQuant);
outgain = targetCompressorlO(inLevel);

return outgain;

Table 19 — Pseudo code to compute the DRC gain based on the input level in dB
(characteristicFormat==0)

refnputl m]dnpccangpf =-31:
compressorlO_sigmoidLeft(inLevelDb) {

if (inLevelDb > drcInputLoudnessTarget) {
printf(“ERROR!");
return (0.0);

}

tmp = (drcInputLoudnessTarget - inLevelDb) * ioRatioLeft;

if (expLeft < INF) { /* INF means infinity */
outGainDb = tmp / pow(1 + pow(tmp/gainDbLeft, expLeft), 1/expLeft);

}else {
outGainDb = tmp;
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}
if (flipSignLeft == 0) return outGainDb;
else return -outGainDb;
}
compressorlO_sigmoidRight(inLevelDb) {
if (inLevelDb < drcInputLoudnessTarget) {
printf(“ERROR!");
return (0.0);

tmp|= (drcInputLoudnessTarget - inLevelDb) * ioRatioRight;

if (ekpRight < INF) { /* INF means infinity */
outGainDb = tmp / pow(1 + pow(tmp/gainDbRight, expRight), 1/expRight);
}elde {

outGainDb = tmp;

}
if (flipSignRight == 0) return outGainDb;

else|return -outGainDb;

Table 20 — Pseudo code to compute the DRC gain based on the input level in dB
(characteristicFormat==1)

drclnputoudnessTarget = -31
compresgorlO_nodesLeft(inLevelDb) {

if (ipLevelDb > drcInputLoudnessTarget) {
printf(“ERROR!");
return (0.0);

nodgLevel[0] = drcInputLoudnessTarget;
nodgGain[0] = 0.0;
for (n=1; n<=characteristicNodeCount;n++) {

nodeLevel[n] = nodeLevel[nf1];=hodeLevelDelta[n];

for (n=1; n<=characteristieNodeCount; n++) {

if ((inLevelDb <=medéeLevel[n-1]) && (inLevelDb > nodeLevel[n])) {
w = (nodélsevel[n]- inLevelDb)/(nodeLevel[n]-nodeLevel[n-1]);
returni (W * nodeGain[n-1] + (1.0-w) * nodeGain[n]);

return nodeGain[characteristicNodeCount]):

}
compressorlO_nodesRight(inLevelDb) {
if (inLevelDb < drcInputLoudnessTarget) {
printf(“ERROR!");
return (0.0);
}
nodeLevel[0] = drcInputLoudnessTarget;
nodeGain[0] = 0.0;

for (n=1; n<=characteristicNodeCount; n++) {

nodeLevel[n] = nodeLevel[n-1] + nodeLevelDelta[n];
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}

for (n=1; n<=characteristicNodeCount; n++) {
if ((inLevelDb >= nodeLevel[n-1]) && (inLevelDb < nodeLevel[n])) {
w = (nodeLevel[n]- inLevelDb)/(nodeLevel[n]-nodeLevel[n-1]);

return (w * nodeGain[n-1] + (1.0-w) * nodeGain[n]);

—

hput variables are:

—+ the time difference between the two gain samples in units of the target sample rate
tGainStep

-+ apair of subsequent gain samples gain0 and gain1 in dB

-+ a pair of corresponding slope steepness values slope0 and)slopel in the dB domain. T
neglected for linear interpolation.

=

his function uses toLinear() to convert the variables: to the linear domain. The result is 3

v _Wn

ample rate is the sample rate of the compressed,andio signal.

Table 21 — Interpolation of thé’'DRC gain for one spline or linear segment

}
}
return (nodeGain[characteristicNodeCount]);
}
The gain interpolation is implemented by the pseudo code in Table 21. Dependent on the.configuration

ariable gaininterpolationType, either spline interpolation or linear interpolation,is”performed. The

interval

lese are

smooth

equence of gain values at the target sample rate located between the pair of gain samples. The target

interpolateDrcGain(tGainStep, gain0, gain1, slope0, slopel)
{
int n;
float k1, k2, a,b,c, d;

float slopeLeft;
float slopeRight;
float gainLeft;
float gainRight;

(gainleft, slopeLeft) = toLinear (gain0, slope0);
(gainRight, slopeRight) = toLinear (gainl, slopel);

tf{gatninterpotation Type ==07%
slopeLeft = slopeLeft / deltaTmin;
slopeRight = slopeRight / deltaTmin;

bool useCubiclnterpolation = TRUE;

int tConnect;

float tConnectFloat;

if (abs(slopeLeft) > abs(slopeRight)) {
tConnectFloat = 2.0 * (gainRight - gainLeft - slopeRight * tGainStep) / (slopeLeft - slopeRight);
tConnect = (floor) (0.5 + tConnectFloat);
if ((tConnect >= 0) && (tConnect < tGainStep)) {
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useCubiclnterpolation = FALSE;
result[0] = gainLeft;
result[tGainStep] = gainRight;
a = (slopeRight - slopeLeft) / (tConnectFloat + tConnectFloat);
b = slopeLeft;
¢ = gainLeft;
for (n=1; n<tConnect; n++) {
float t = (float) n;
resultin] = (a*t+b)*t+c;

result[n] = max (0.0, result[n]);

}
a = slopeRight;
b = gainRight;
for ( ; n<tGainStep; n++) {
float t = (float) (n - tGainStep);

result[n]=a*t+b;

}
else if (abs(slopeLeft) < abs(slopeRight)) {

tConnectFloat = 2.0 * (gainLeft - gainRight + slopeLeft * tGainStep) /*(slopeLeft - slopeRight);
tConnectFloat = tGainStep - tConnectFloat;
tConnect = (floor) (0.5 + tConnectFloat);
if ((tConnect >= 0) && (tConnect < tGainStep)) {
useCubiclnterpolation = FALSE;
result[0] = gainLeft;
result[tGainStep] = gainRight;
a = slopeLeft;
b = gainLeft;
for (n=1; n<tConnect; n++) {
float t = (float) n;
result[n] =a * £ +b;
}
a = (slopeRight~ slopeLeft) / (2.0 * (tGainStep - tConnectFloat));
b = - slopeRight;
¢ = gainRight;
for(" ; n<tGainStep; n++) {
float t = (float) (tGainStep-n);
resultin] =(a*t+b)*t+g

result[n] = max (0.0, result[n]);

}
if (useCubiclnterpolation == TRUE) {

float tGainStepInv = 1.0 / (float)tGainStep;
float tGainSteplnv2 = tGainSteplnv * tGainStepInv;

k1 = (gainRight - gainLeft) * tGainStepInv2;
k2 = slopeRight + slopeLeft;
a = tGainSteplnv * (tGainSteplnv * k2 - 2.0 * k1);
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b = 3.0 *k1 - tGainSteplnv * (k2 + slopeLeft);
¢ = slopeLeft;
d = gainLeft;
result[0] = gainLeft;
result[tGainStep] = gainRight;
for (n=1; n<tGainStep; n++) {
float t = (float) n;
resultfn] = (((@*t+b)*t+c)*t)+d;

result[n] = max (0.0, result[n]);

}

else {
a = (gainRight - gainLeft) / tGainStep;
b = gainLeft;

result[0] = gainLeft;
result[tGainStep] = gainRight;

for (n=1; n<tGainStep; n++) {
float t = (float)n;

result[n] =a*t+b;

}

return result;

€.4.7 Spline interpolation

Interpolation of the DRC gain in the decoder is based on pairs of gain samples. For spline interpolation,
in addition to the node coordinates (time and value in dB), also the slope information is given|for each
pair. The decoder will chioose one of three available types of interpolation as illustrated in Figure 3. In
most cases, cubic intérpolation is chosen. However, under certain conditions, a hybrid interjpolation
cdombining linear and/quadratic interpolation is applied instead. For the hybrid interpolation, 4 node is
inserted between,the two given nodes (shown as a square). At one side of that node, linear interjpolation
i applied andquadratic interpolation is applied at the other. The method is fully specified in 6.4.6.
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©

gain

time

NOTE A square indicates the connection point of the linear and-quadratic sub-segment.

Figurre 3 — Spline segment types: cubic interpolation (A), hybrid using linear and quadratic
interpolation (B, C)

6.4.8 Ldok-ahead in decoder

The DR( tool decoder can be operated inf one of two delay modes. The low-delay mode immediatel
applies the decoded DRC gain while.\the default mode applies the DRC gain with a delay of one DR
frame. Tlhe low-delay mode requires that the flag fullFrame is 1, which signals that a gain value samp
is located at the end of each PRC frame. For the default mode, the flag fullFrame can also be 0. Then it
support$ gain sample interpolation from any position of the current DRC frame to any position of t
next DR( frame.

Figure 4 illustrates;the two delay modes. The upper diagram shows that each DRC frame has a spli
node at|the end‘of the frame, so that the entire DRC gain curve for that frame can immediately
generated bysinterpolation. The lower diagram shows that the interpolated gain curve is applied with
delay of|one DRC frame, since the interpolation for frame n-1 can only be completed after the first no
of framenistreceived:

For common perceptual codecs, the default delay mode does not require additional decoder delay. The
delay is already required due to the overlap-add operation. The decoder appends audio samples with
zeros at the end to reconstruct the last frame. If the DRC gains for the last frame do not cover the entire
duration, the last gain shall be repeated until the end of the frame. If DRC gains are required for the first
frame in default delay mode, they should be generated based on a node at the beginning of the first
frame with 0 dB gain and, when in spline interpolation mode, with a slope of 0.
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NOTE The solid line illustrates the interpolated DRC gain up to DRC frame n.

Figure 4 — Delay modes: lowydelay and fullFrame = 1 (A), default delay and fullFrame 50 (B).

=

he low-delay mode is Suitable for decoders that do not have inherent delay such as a delay due to
verlap-add. For instange, this is the case for some lossless codecs. For any PCM audio format, law-delay
node shall be used:

= O

ol

or ISO/IECA4496 (ISO base media file format), the delay mode is explicitly conveyed in the
rcCoefficientsUniDrc() payload in the delayMode field (see Table 69). The encoding of delayMode is
given in.Table A.20.

Q.

4.4.9 Node reservoir

To reduce bitrate peaks, a so-called “node reservoir” can be employed. The node reservoir can be only
applied in the default delay mode, where the DRC gain is applied with a delay of one DRC frame (see
6.4.8). In addition, the fullFrame flag shall be set to 0. The node reservoir mechanism shifts nodes from
the current frame into the subsequent frame (see Figure 5). In order to keep the decoding delay
constant, it is not allowed to shift the first node of a frame since in default delay mode, the first node is
needed to fully decode the previous frame. Thus, the maximum number of nodes that can be shifted to
the subsequent frame is limited to nNodes-1 nodes.
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framens1| Bo | B, | By | | A [ A ] B | B | B |
[ . I
framen+2 [ G | B, | B | G | |
5 | L |
nodes numNodes =6 nodes numNodes = 4
NOTE A,, B,, and C, are nodes regularly transmitted in DRC frame n, n+1, and n+2, respectively (left). When

the nodefreservoir is used, some nodes (bold) are transmitted with a delay of one frame (right).

Figure 5 — Illustration of node reservoir mechanism

Each nogde is defined by time, gain, and slope data (gaininterpolationType = 0). The gain-and slope data
have chtonological order in the bitstream, therefore the data from the node reservoir precedes thie
regular hodes of a particular frame in the bitstream. During decoding, the nodes of the node reservoir
can be igdentified because their time values are encoded with an offset of drekxameSize. Therefore, thie
use of the node reservoir is not explicitly signalled. The offset is subtracted-in the decoding process to
obtain the correct time value.

The nurpber of nodes shifted to the node reservoir in each frame‘is not transmitted explicitly, byt
results implicitly from the number of time values larger than drcFkrameSize. The decoding of time values
precedep the decoding of gain and slope values. Therefore, therassignment of gain and slope values tp
time valpies is known after decoding the time values. The decoding process is fully specified in 6.4.5 and
6.4.10.

6.4.10 Applying the compression

The intdrpolated gain values of each interpplation segment are concatenated to generate a complete
gain vegtor gain[g][b][t] for the entire DRG" frame. Finally, the gain vector is applied as shown ip
Table 23. The function channellnDrcGroup() returns TRUE if the current channel ¢ belongs to tl;t
current DRC channel group. The schéduling of the interpolation segments depends on the delay mo

as indicated in Table 22.

Table 22 — Concatenation of interpolation segments to a gain vector and application of the DR(C
gain vector to the audio channels

for(g=0; jg<nDrcChannelGreups; g++) {
for(b=0; b<nDrcBands[g]; b++) {
if (delayMode== DELAY_MODE_DEFAULT) {
NodésNodeReservoir = 0;
fdr (k=0; k<nNodes[g][b]; k++) {
if (tDRC[g][b][k] >= drcFrameSize) {

nNodesNodeReservoir++;

=

}
for (k=0; k<nNodesNodeReservoir; k++) {

tDRCprev[g][b][nNodesPrev[g][b]+k]=tDRC[g][b][nNodes[g][b]-nNodesNodeReservoir+k]-drcFrameSize;
gDRCprev|g][b][nNodesPrev|[g][b]+k]=gDRC[g][b][k];
sDRCprev[g][b][nNodesPrev[g][b]+k]=sDRC[g][b][k];

}
memmove(&gDRC[g][b][0],&gDRC[g][b][nNodesNodeReservoir], nNodes[g][b]-nNodesNodeReservoir);
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memmove(&sDRC[g][b][0],&sDRC[g][b][nNodesNodeReservoir], nNodes[g][b]-nNodesNodeReservoir);
nNodesPrev|[g][b] = nNodesPrev[g][b] + nNodesNodeReservoir;
nNodes[g][b] = nNodes[g][b] - nNodesNodeReservoir;
for (k=0; k<nNodesPrev|[g][b]-1; k++) {

duration = tDRCprev[g][b][k+1] - tDRCprev[g][b][K];

interpolationSegment= interpolateDrcGain(duration, gDRCprev[g][b][k],

gDRCprev|[g][b][k+1], sDRCprev[g][b][k], sDRCprev[g][b][k+1]);
for (t=0; t<duration; t++) {
gain[g][b][t+tDRCprev|[g][b][k]] = interpolationSegment][t];

}
k = nNodesPrev[g][b]-1;
duration = drcFrameSize + tDRC[g][b][0] - tDRCprev[g][b][k];
interpolationSegment = interpolateDrcGain(duration, gDRCprev|[g][b][K],
gDRC[g][b][0], sDRCprev[g][b][k], sDRC[g][b][0]]);
for (t=0; t<duration; t++) {
gain[g][b][t+tDRCprev[g][b][k]] = interpolationSegment[t];

}

else {
k = nNodesPrev[g][b]-1;
duration = tDRC[g][b][0]+1;
interpolationSegment = interpolateDrcGain(duration, gDR€prev[g][b][k],
gDRC[g][b][0], sDRCprev[g][b][k], sDRC[g}[k]{0]]);
for (t=1; t<=duration; t++) {
gain[g][b][t-1] = interpolationSegment [t];
}
for (k=0; k<nNodes[g][b]-1; k++) {
duration = tDRC[g][b][k+1] - tDRC[g][b][k];
interpolationSegment = interpolateDrcGain(duration, gDRC[g][b][k],
gDRC[g][b][k+ 1}, sPRC[g][b][K], sDRC[g][b][k+1]);
for (t=1; t<=duratioh; t++) {
gain[g][b][t+tDRC[g][b][k]] = interpolationSegment [t];

/% Apply gain to DRC bands of audio in each channel */

for (c=0; c<nChannels; c++) {

if (channellnDrcGroup(c, g)) {
for (t=0; t<drcFrameSize; t++) {
audioBandOut[c][b][t] = audioBandIn[c][b][t] * gain[g][b][t];

}
if (delayMode == DELAY_MODE_DEFAULT) {

for (k=0; k<nNodes; k++) {
gDRCprev[g][b][k] = gDRC[g] [b][k];
sDRCprev][g][b][k] = sDRC[g][b][k];
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tDRCprev[g][b][k] = tDRC[g][b][k];
}
nNodesPrev[g][b] = nNodes[g][b];
for (t=0; t<drcFrameSize; t++) {

gain[g][b][t] = gain[g][b][t + drcFrameSize];

}

else {

k#nNodes[g][b]-1;
gPRCprev(g][b][k] = gDRC[g][b][K];
DRCprev[g][b][K] = sDRC[g][b] [K];
nNodesPrev[g][b] = nNodes[g][b];

%]

for(g=0; lg<nDrcChannelGroups; g++) {

for(c=P; c<nChannels; c++) {

if (channellnDrcGroup(c, g)) {
fdr (t=0; t<drcFrameSize; t++) {
sum = 0.0;
for(b=0; b<nDrcBands|[g]; b++) {
sum = sum + audioBandOut[c][b][t];

}

audioSampleOut[c][t] = sum;

Table 23 is based on the following assumption:

40

intefpolationSegment is a vector that contains the gain values of one interpolation segment.

samfple intervals.

nNodes is the nuniber of gain values in the current DRC frame.

drcrameSize is the number of audio sample intervals in a DRC frame.

InitialiZation of the following variables:

du;:lltion is an integer tumber describing the duration of the interpolation segment in units of audi

gDRCprev|[g][b][0]=0.0,
sDRCprev][g][b][0]=0.0
nNodesPrev[g][b]=1,
if (timeAlignment==0)
tDRCprev[g][b][0]=drcFrameSize-1
else
tDRCprev[g][b][0]=drcFrameSize-timeDeltaMin+floor((timeDeltaMin-1)/2).
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6.4.11 Dynamic equalization

6.4.11.1 Overview

020(E)

Shaping filters are used to dynamically modify the audio signal spectrum as the DRC gain changes, i.e.
the filters provide a kind of dynamic equalization. Figure 6 shows the shaping filters for time-domain
processing that includes filters to cut and boost the low and high frequency range. The filter coefficients

are dynamically adapted depending on the final DRC gain value after interpolation. If the gain
below 0 dB, the filters for cutting have a flat frequency response. In contrast, when the gain

value is
value is

above 0 dB, the filters for boosting have a flat frequency response. The filter coefficient adapjtation is

(@)

ontrolled by the parameters for corner frequency and filter strength.

Figure 6 — Bank-of spectral shaping filters

jhaping filters are only applied for singlé-band DRCs and if the DRC operates in the time dom3
re ignored in the QMF domain. If a\similar effect is desired for operation in the QMF dom
recommended to use a multi-band;DRC instead. The application of shaping filters introduces
shift of the audio signal. Hence; if the shaping filters of the channel groups differ, the output
groups may not be phase aligned anymore. Therefore, it is recommended to apply the same
filter bank to all channel grotps, unless the audio signal groups are uncorrelated.

Hach filter has one adaptive coefficient, which is dynamically computed based on the linear [
vialue gppc (after interpolation) as indicated by the formula for y;. The linear gain value is first

according to the'pseudo code for warpGain() in Table 23.

Gwarped = warpGain (gDRC ) mode)

9DRC
Y 4 4 y
adapt adapt adapt adapt
coefficients coefficients coefficients coefficients
T T T )
I 1 1 1
dio chanmel v v y y dynamically compressed
qudi an ;
LF cut .| LF boost .| HFcut | HF boost C;(j audio channel
filter g filter o filter o filter

in. They
ain, it is
a phase
channel
shaping

RC gain
warped

X4 ; Dovnad <0

T watrpeer

_ n _ gwarped . 0< <
Y1 =9%1 *{V1,bound ~ X1 ’ gwarped gwarped,max

g warped,max

yl,bound ’ else
With | poung @8 defined in Table A.31 and Table A.32, and

. ' ' . 32/20
Ywarped,max :WarpGam(gDRC,max ’ CUt) with IDRC,max = 10 /
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The warping function is defined in Table 23 using the gain offset parameter g k.. as defined in
Table A.33 and Table A.34.

Table 23 — Pseudo code of warpGain() function

warpGain(gDrc, mode) {

switch(mode) {
case ‘cut:  /* LF or HF cut filter */
——HtEPre<=1-0)retua3-03;

else return (gDrc-1)/(gDrc-1+gOffset);
case ‘boost’:  /* LF or HF boost filter */

if (gDrc >= 1.0) return (-1.0);

else return (1-gDrc)/(1+gDrc*(gOffset-1));

6.4.11.2 Adaptation of shaping filters

All shapjfng filters are adapted at the first audio sample of each output @udio frame and whenever thie
DRC gaih change compared to the previous adaptation exceeds the threshold according to the following
formula

abs IDRC ~IDRClast ) >0.0001 IDRC,last

where gippc1ase i the DRC gain value when the shaping filters were last updated. On initialization, thie

value is pet to gppcast = 1.0.

6.4.11.3 Low-frequency shaping filters

Each low-frequency filter is a first order [Rfilter with real coefficients of the form:

_ 1+b1Z_1

H (z) T

1+a.z"
The coefficient x; is defined depending on the radius, r, in Table A.35 as
Xl F-r

The filtelr coefficients for the LF filters are assigned as shown in Table 24.

Table 24 — Accignmpnf of filter coefficients for LF chnping filters

Filter type Filter coefficients
LF cut filter a, =Xxq b=y,
LF boost filter a, =y, by =xq
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6.4.11.4 High-frequency shaping filters

Each high-frequency filter is a second order IIR filter with real coefficients of the form:

1+b12_1+b22_2 1+a1 +az

H zZ)= —
HF( ) Inorm 1+alz_1+azz_2 Inorm 1+b1+b2

The corner frequency of the filter depends on the audio sample rate f, and the normalized corner

oo oy £
f ey 7 norm:

f c™ f c,normfs

—

he fixed coefficients for both the HF cut and boost filter depend on the corner frequency f ...l and the
ole/zero radius parameter r (see Table A.36).

=

Xy =-2r cos(ZﬁfC'norm )

X2=r2

Y2=%
The filter coefficients for the HF filters are assigned as shewn in Table 25.

Table 25 — Assignment of filter coefficients for HF shape filters

Filter type Filter coefficients
HF boost filter | a; =y, a, =y, bi=xq b, =x,

4.4.12 Multi-band DRC filter-bank

When the DRC gains are-applied in the time domain and a multi-band DRC is used, the time-domain
audio signal shall be split into sub-bands before the DRC gains are applied to the bands. The filter
configuration parameters are conveyed by the drcCoefficientsUniDrc() defined in Table 67, Talble 68 or
Table 69. The tables provide the bitstream syntax for the number of bands and the crossover frequency
indices between bands. The number of time-domain DRC bands cannot be larger than four.

The timé-domain audio signal is split into the specified number of bands by Linkwitz-Riley (LR) filters
with a‘topology shown in Figure 7. If there are more than two bands, all-pass filters are gdded to
compensate for the delay of the different outputs, so that they are all in phase. The low-pass aind high-

pass filters are implemented as second order sections (biquads).
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The band index b increases with the frequency of the band. The crossover frequencies f., increag

Ao

Figure 7 — Topology of Linkwitz-Riley crossover filters for 2, 3, and 4 bands

Each Linkwitz-Riley crossover filter is composed of a pair of a complementing low-pass and high-pass
filter that results in a flat frequency response overall. Each LR low-pass filter is created by a cascade of
two identical second-order Butterworth (BW) low-pass filters. Similarly, each LR high-pass filter is a
cascade of two identical BW high-pass filters with the same order and cutoff frequency as the BW low-
pass filters. Each all-pass filter is a second order IIR filter.
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Each BW filter and each all-pass filter is implemented as second order section with the following
transfer function.

by + blz_1 + bzz_2
2

H(z)= (3)

ag +alz_1 +ayz

Based on the crossover frequency indices in Table A.8, the decoder can look up the normalized

crossover frequencies f, v, or the filter coefficient parameters y and 6. The filter coefficients are then

domputed using Table 26 for the BW filters and Table 27 for the all-pass filters. The~crossover
frequencies f, in Hz are computed by:

Je=IsfeNorm (4)
Table 26 — Butterworth filter coefficient formulas
BW low-pass BW high-pass
Normalized cutoff frequency ®, = tap ﬁfC‘Norm)
ntermediate parameters se 1
1+m +a)02
y = a)025
Final BW filter coefficients apg =1 Aypo =1
aypy = 2(y- 0) Aypy = 2(r- 9)
Appy = 2(y+ 0)- 1 Ayp o = 2(y+9)- 1
bipo =7 bypo =9
bpi =27 bypy = - 26
bipa =7 bypa = 9

—

he all-passifilters in Figure 7 are used to generate the same phase response as one of the LR Jow-pass
Iters (with'matching gray level and matching f, in Figure 7) so that the signals of all bands are in phase

-

tresponding BW low-pass filter as shown in Table 27.

a|§the output of the filter bank. The all-pass filter coefficients are derived from the coefficients of the
C
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Table 27 — All-pass filter coefficient formulas

appo=AaLp,
app1=Ad1p;
App2=4Lp2
bapo=aipp
bap1=a1p1
bapa=aipy

T

After the DRC gains are applied to the individual bands, the final audio signal is computed by adding a]
bands.

In configurations that apply different multiband filters to different channel @@noups, additional all-pag
filters shall be incorporated to achieve an in-phase output of all channiel groups. The example i
Figure 8/shows three channel groups that are processed with a single band (0), two DRC bands (1), an
four DRC bands (2). The overall phase response of the system is deterinined by the following steps:

- wn

— Conptruct a filter structure for each channel group according to the crossover frequencies and
nunpber of bands.

— Confatenate all filter structures to determine the target phase response.
— Add|all-pass filters to each channel group filter'structure to match the target phase response.

— Eliminate identical all-pass filters that appear in all channel groups to minimize the delay if possible
while maintaining in-phase output of-all:channel groups.
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Figure 8 — Example of phase adjustments for time-domain multiband DRC with different DRC
bands for each channel group
Support for up to.three different time-domain multiband DRC filter banks with phase alignmept of the
dorresponding €hannel groups is mandatory. This number includes full-band DRCs and coupts each
multiband filtér-bank with a different crossover frequency. If two DRC sets for time-domain application
are combined using the dependsOnDrcSet field, not more than one of them can be a multiband DRC. In
this case, the exact output waveform depends on the processing order of the DRC sets, which if defined
in 6.3.5. However, if the multiband DRC set has a downmixIld of 0x7F, the information whether it is
raocessed before or after the downmix needs to he prnvidpd to Fn]]y define the output wavefbrm, e.g.

for conformance testing.

Systems that process audio objects shall not apply time-domain multi-band DRC to only a sub-set of
correlated objects since that will result in phase misalignment of the objects in the final mix.

6.5 Sub-band domain DRC

While the application of DRC gains in the time-domain is mandatory for MPEG AAC up to four DRC
bands, other MPEG codecs might use sub-band domain DRC. The concept of sub-band domain DRC
means that the existing sub-band signals of the audio decoder are subject to the DRC gain application.
Therefore, it is not necessary to add time-domain band splitting for a multi-band DRC and it is possible
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to apply

DRC gains before rendering and/or downmixing in the frequency domain. Table 28 contains a

non-exhaustive list of codecs and the domain where the DRC gain is applied. The domain depends on

the deco
plain AA
not the

der configuration and not on the bitstream. For instance, if MPEG-Surround is decoded with a
C decoder, the DRC gains are applied in the time domain. Furthermore, the sub-band domain is
MDCT domain of a core codec - it is usually the QMF domain. The applicable audio codec

standard may specify the DRC application in more detail (see also Annex C).

Table 28 — Domain of DRC gain applications for various MPEG decoders

In the m
the sam
interpol
by sub-4
using th

In manyj|
setting

interpol
higher tl

To reprd
sub-ban
weightiry

are obtadined by normalizing the preliminary weighting coefficents, such that the sum of the weights ¢f

all DRC

The dow
The reni
gains fo
explaing
not the ¢

Decoder Time-domain DRC Sub-band DRC
MPEG-4 AAC 4
MPEG-4 HE-AAC - 4
MPEG-D Surround - 4
MPEG-D SAOC - 4
MPEG-D USAC 4 4
MPEG-H 4 4

ost general case, the DRC gains are decoded as described in.4.5. They are interpolated using
e technique as described in Table 21 and Table 22/ )hewever, the sampling rate of thie
htion result is lowered to match the sample rate of theisub-band signals. This can be achievefd
ampling the interpolated time-domain DRC gains by-a factor of L or by directly interpolatinig
e sub-band sample rate as target.

cases of sub-band DRC, it is more efficient to,override the default deltaTmin in the encoder b
imeDeltaMin to a value that matches the‘sub-band sample interval. With that, unnecessarly
htion and downsampling can be avoided in the decoder and the DRC time resolution is nd
han necessary (see also D.1.2).

<<

—

duce the frequency response of the Linkwitz-Riley filters, the filter slopes are generated in the
1 domain as illustrated bysthe pseudo code in Table 30 for bandType==1. The preliminary
1g coefficients reflect the filter responses including the slopes. The final weighting coefficients

pand gains at each-deécoder sub-band centre frequency is 1.0.

m-sampling and/delay operations can be expressed by the first part of pseudo code in Table 29.
aining part;shows how the weighting coefficients are applied to the DRC gains to generate t

- the audio decoder sub-bands. The meaning of variables and functions of the pseudo code is
d in Table 31. The description assumes that the sample rates in all sub-bands are equal. If this is

aSe, the down-sampling factor L needs to be adjusted for the different sub-band sample rates.
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Table 29 — DRC gain down-sampling, overlap, and application in decoder sub-bands

/* resample DRC gain */
for (g=0; g<nDrcChannelGroups; g++) {
for (b=0; b<nDrcBands|g]; b++) {
for (m=0; m<drcFrameSizeSb; m++) {
gainLr[g][b][m]=gain[g][b][(m*L+floor((L-1)/2)];

for (g=0; g<nDrcChannelGroups; g++) {
if (nDrcBands[g] == 1) {
for (s=0; s<nDecoderSubbands; s++) {
overlapWeight[g][0][s] = 1.0;
}
}else{
overlapWeight[g] = generateOverlapWeights(g)
}
for (b=0; b<nDrcBands|g]; b++) {
for (s=0; s<nDecoderSubbands; s++) {
for (m=0; m<drcFrameSizeSb; m++) {
gainSb[g][s][m] += overlapWeight[g][b][s] * gainLr[g][b][m];

* apply DRC gain in sub-bands */
for (g=0; g<nDrcChannelGroups; g++) {
for (c=0; c<nChannels; c++) {
if (channellnDrcGroup(c, g)) {
for (s=0; s<nDecoderSubbands; s++) {
for (m=0; m<€dycFrameSizeSb; m++) {
audioSampleSbOut[c][s][m]=gainSb[g][s][m]*audioSampleSbIn|[c][s][m];

Table 30 — Computation of overlap weigths

generateSlope(fCrossNormLo, fCrossNormHi) {
float filterSlope = -24.0; /* filter slope in dB per octave /
floatlog10_2_inv = 3.32192809; /*1.0 /logl0(2)*/
float norm = 0.05 * filterSlope *log10_2_inv;
for (s=0; s<nDecoderSubbands; s++) {
if (fCenterNormSb[s]<fCrossNormLo) {
response[s] = pow (10.0, norm * log10(fCrossNormLo / fCenterNormSb[s]));

}
else if (fCenterNormSb|s]<fCrossNormHi) {

© ISO/IEC 2020 - All rights reserved
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}

response[s] = 1.0;

}
else {

response[s] = pow (10.0, norm * log10(fCenterNormSb([s] / fCrossNormHi));
}

return (response)

}els

generatefOverlapWeights(g) {
if (d

rcBandType[g] == 1) {
fCrossNormLo = 0.0f;
for (b=0; b<nDrcBands[g]; b++) {
if (b<nDrcBands - 1) {
fCrossNormHi = fCross[g][b+1];

}
else {

fCrossNormHi = 0.5;
}

fCrossNormLo = fCrossNormHji;

}
for (s=0; s<nDecoderSubbands; s++) {
wNorm([s] = overlapWeight[0][s];
for (b=1; b<nDrcBands|g]; b++) {

wNorm(s] += overlapWeight[b][s];

}

for (s=0; s< nDecoderSubbands; s++) {
for (b=0; b<nDrcBands[g]; b+1) {
overlapWeight[b][s] /=WNorm[s];

}
e {
startSubBandIndex\=-0;
for (b=0; b<nDrcBands[g]; b++) {
if (b <1iDrcBands[g]-1) {
stopSubBandIndex = startSubBandIndex[g][b+1]-1;
¥ else {

stopSubBandIndex = nDecoderSubbands-1;

overlapWeight[b] = generateSlope (fCrossNormLo, fCrossNormHi);

}

for (s=0; s< nDecoderSubbands; s++) {
if (s >= startSubBandIndex && s <= stopSubBandIndex) {
overlapWeight[b][s] = 1.0;
}else {
overlapWeight[b][s] = 0.0;

}

startSubBandIndex = stopSubBandIndex+1;
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ieturn (overlapWeight);
}
Table 31 — Explanation of pseudo code items
Code item Meaning
gainSb DRC gain to be applied to decoder sub-bands
gainLr Low-rate (resampled) DRC gain
fCross Normalized crossover frequency
startSubBandIndex Sub-band start index of multiband DRC band
drcFrameSizeSb Number of sub-band samples per sub-band in onfe}audio frame
nDecoderSubbands Number of audio decoder sub-bands
fCenterNormSb Center frequency of audio decoder sub-band
audioSampleSbln Decoded sub-band audio sample before dynamic compression
audioSampleSbOut Decoded sub-band audio sample after dynamic compression

6.6 Generation of DRC gain values at the decoder

Ih addition to dynamic DRC gains included in the“uniDrcGain() payload, the DRC tool alternatively
allows to generate time-varying DRC gain values at the decoder based on transmitted parameftric DRC
configurations. The parametric DRC configirations are conveyed as an extension to the static
uniDrcConfig() payload (see Table 75 and-Table A.12).

§.6.1 Overview

Harametric DRC payloads are transmitted in the uniDrcConfigExtension() payload. The following logical
locks are available:

o

drcCoefficientsParametricDrc()
+ parametricDrclnstructions()
-+ parametricDrcTypeFeedForward()

-+ parametricDrcTypeLimiter()

Hxeept for the drcCoefficientsParametricDrc() block, multiple instances of a logical block can appear in
the bitstream. For the definition of a DRC set, a drcInstructionsUniDrc() block can refer to a DRC gain
set defined in drcCoefficientsUniDrc() and/or to a DRC gain set defined in
drcCoefficientsParametricDrc(). If a drcCoefficientsUniDrc() and a drcCoefficientsParametricDrc() block
for the same drcLocation are present, the first gainSetindex referring to drcCoefficientsParametricDrc()
starts with an offset of the gainSetCount defined in drcCoefficientsUniDrc(). There is no distinction
between parametric DRCs and DRCs based on dynamic gain values in the DRC selection process,
because the selection is based on the drclnstructionsUniDrc() blocks. The specification in this subclause
equally holds in the context of the extended payloads downmixInstructionsV1(),
drcCoefficientsUniDrcV1(), drclnstructionsUniDrcV1() and loudnessinfoV1().
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For parametric DRCs that require a make-up gain, the gainOffset field within drclnstructionsUniDrc() is
employed.

Detailed information on each logical block can be found in 6.6.2. Algorithmic details are specified in
6.6.3.

6.6.2 Description of logical blocks

6.6.2.1 drcCoefficientsParametricDrc()

A drcCokfficientsParametricDrc() block includes top-level fields for the definition of parametric. DR
gain sets. The drcLocation field is required for finding the first gainSetindex referring

drcCoefficientsParametricDrc() (see Table Table A.53). The parametricDrcFrameSize field indicates t
processing frame size. The maximum delay that can be incurred by any parametric DRG/set in t
stream dan be specified in bsParametricDelayMax. Parametric DRCs can be reset at the decoder by usi
the resetParametricDrc field (e.g. in streaming scenarios). A reset shall initialize all internal algorithmic
states tqd their default value. parametricDrcGainSetCount signals the number of independent parametric
DRC corffigurations in the bitstream.

Each parametric DRC gain set refers to a parametricDrclnstructiefis() block by a uniq
parametricDrcld. sideChainConfigType defines the side-chain configuratien of a parametric DRC gain sef.
For a value of 1, levelEstimChannelWeightFormat defines whether a simple channel map (addChannel[
or individual channel weights (channelWeight[]) are provided forthe definition of the side-chain inpyt
signal. Fpr all other values, the side-chain input signal is defined:by the drcChannelGroup the parametric
DRC gain set is assigned to within a drclnstructionsUniDrc()-block. If a drclnstructionsUniDrc() bloc
with daewnmixld=X refers to a DRC gain set with(\present but non-matching downmixId=
sideChaipConfigType shall be set to 0. For DRE sets with drcSetEffect “Duck other” an
sideChaipConfigType not equal to 1, the side-chain sighal is defined by the drcChannelGroup the ducki
gain setis associated with.

For normalization of the DRC side-chain.input level, each parametric DRC gain set can define ap
individujal drcinputLoudness value. Alternatively, it can be selected from an applicable loudnessInfo()
structure. The applicable loudnessinfo() structure is selected according to 6.3 (Loudnegs
normalization), wherein the requested drcSetld shall be zero (audio-signal without DRC processing)
and the|requested downmixId shall match the downmixld of the processed DRC set. Loudness valugs
matching the processed drc€hannelGroup (or to a customized side-chain input signal) shall be preferred
if present (e.g. for MPEG+H.3D Audio).

6.6.2.2 | parametricDrcInstructions()

The parpmetricDreld field represents a unique identifier for each parametricDrclnstructions() block
Each pafametric DRC can define an individual DRC look-ahead delay if required. For constant dela
audio |decoders, the definition of an application-specific maximum look-ahead delat:
(parametricDrcLookAheadMax) for parametric DRCs is required. For such applications, it is
recommended to include the bsParamtericDrcDelayMax parameter in the bitstream that specifies a
constant decoder delay that is large enough to cover the lookahead delay of any parametric DRC set in
the stream. During the decoding process, a delay shall be applied to compensate for any difference
between parametricDrcLookAheadMax and parametricDrcLookAhead. For
parametricDrcLookAhead > parametricDrcLookAheadMax, the DRC tool shall set
parametricDrcLookAhead = parametricDrcLookAheadMax. For simultaneously applied DRC sets,
parametricDrcLookAheadMax should account for all parametric DRC instances in the chain.

[

The parametricDrcPresetld index can be used to efficiently select a suitable parametricDrcType and
corresponding parametric DRC settings (see Table A.62)
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If parametricDrcPresetld is not present, parametricDrcType indicates the type of parametric DRC that
shall be used. Dependent on the selected type, further payloads follow in the bitstream that allow
configuring specific parameters of a DRC algorithm:

— parametricDrcType==0x0: Parameters defined by parametricDrcTypeFeedForward() block (see
6.6.3.1 for algorithmic details).

— parametricDrcType==0x1: Parameters defined by parametricDrcTypeLimiter() block (see
6.6.3.2 for algorithmic details).

he parametricDrclnstructions() block can include future extension payloads by the definition of new
arametricDrcType values. In the event that a parametricDrcType value is received that isinet sypported
y a decoder implementation, the DRC tool parser shall read and discard the bits \fotherBif) of the
nknown parametricDrcType payload. The corresponding parametric DRC instance,shall be digabled in
hat case.

oo oS

.6.2.3  parametricDrcTypeFeedForward()

he parametricDrcTypeFeedForward() block represents parameters of a standard feed-forwpard DRC
esign. The levelEstimKWeightingType field indicates which filtérs shall be applied befgre level
stimation. levelEstimintegrationTime controls the integrationy*time used for level estimption in
hultiples of parametricDrcFrameSize. The gain-mapping curv€ of the parametric DRC can be ejither set
y a drcCharacteristic index according to ISO/IEC 2309Y-3 or by definition of individupl curve
egments. Parameters such as maximum-boost or maximum-compress can be realized within [the DRC
urve parameterization. Various gain-smoothing parameters can be customized if required. Sefe 6.6.3.1
br further algorithmic details. The presence of'a peak limiter is strongly recommended |for this
arametric DRC design since it does not include means for generation of clipping prevention gains for
he intended target loudness. A parametric’DRC instance of type parametricDrcType=0x0 can also be
ombined with a parametric DRC, G(nstance of type parametricDrcType=0x1 by using the
ependsOnDrcSet field (see D.2.8).

S. O M= =h o n o s O Q. =1 N

.6.2.4 parametricDrcTypeLimiter()

6

The parametricDrcTypeLimiter() block represents parameters of a time domain peak limiter which is
designed to prevent clipping of the time domain output signal. The parametricLimThreshpld field
indicates the limiting threshold which is applied after loudness normalizatign. The
parametricLimAttackTime and parametricLimReleaseTime parameters control the gain smoothing
Hehaviour of <hé& limiting algorithm. parametricLimAttackTime is implicitly provided | by the
parametricDrcLookAhead field in the parametricDrclnstructions() block. parametricLimReleaseTime can
He explicitly conveyed by using the bsParametricLimReleaseTime field. See 6.6.3.2 for| further
algorithmic details. The parameters of parametricDrcTypeLimiter() shall not have any influende on the
DRC “pre-selection #9 according to 6.3.2.2.3. Vice versa, the limiterPeakTarget parameter does not

C ntral—thic naalk limitar Maovroaauvar gain maaninplatinn ¢ Antlingd 191 6 A4 6 1 ot naprm tted for
pei—HHtte—otreove—Fath— i pthd o —aSs—otanea—1—»o-19—15—hot+—PpE

parametricDrcType=0x1.
6.6.3 Algorithmic details

6.6.3.1 Parametric DRC of type PARAM_DRC_TYPE_FF

The parametric DRC of type PARAM_DRC_TYPE_FF (0x0) is a single-band feed-forward design. A block
diagram is depicted in Figure 9.
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followin
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rate at other sampling rates will require different coefficient values, which should be chosen t
the same frequency response that the specified filters provide at 48 kHz. For audio decoder

n O wn

ricDrcFrameSize shall be a multiple of the sub-band sampling interval. If the processing domai
terministic at the encoder, parametricDrcFrameSize shall be configured based on the sub-ban
b interval.

SRR ERAY

p-filtering, the level is estimated either in.the'time domain or sub-band domain according t
. The energy of multiple parametric DRCprocessing frames (parametricDrcFrameSize) has t
hulated dependent on levelEstimIntegrationTime.

[*le]

[able 32 — Level estimation for time domain and sub-band domain processing for
one parametric DRC frame (parametricDrcType==0x0)

/* level 4
estimLey
{
drcl
/*a
leve
for(

stimation for time domain pyocessing */
elTimeDomain
nputLoudnessTarget="-31;

Fcumulate energy-+ normalize */

ILin = 0;

=0; c<riChannels; c++) {

if (fevelEstimChannelWeightFormat==0) {

levelEstimChannelWeight[c] = addChannel|c];

}

leve

if (levelLin < 1e-10) levelLin = 1e-10;

}else {
levelEstimChannelWeight[c] = pow(10, 0.05 * channelWeight[c]);
}

for(t=0; t<levelEstimIntegrationTime; t++) {

levelLin += levelEstimChannelWeight[c] * pow(audioSampleln[c][t],2);

1Lin = levelLin / levelEstimIntegrationTime;

/* compute level */
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if (levelEstimKWeightingType == 2) { // pre-filter ON
levelDb =-0.691 + 10*log10(levelLin) + 3;
}else {

levelDb = 10*log10(levelLin) + 3;
}
levelDb = levelDb - drcInputLoudness + drcInputLoudnessTarget;

return levelDb;

}
* ]evel estimation for sub-band domain processing. */
estimLevelSubbandDomain
{
drcInputLoudnessTarget = -31;
/* accumulate energy + normalize */
/*levelEstimIntegrationTimeSDb is the number of sub-band samples that fit into levelEstimIntegrationTime */
levelLin = 0;
for(c=0; c<nChannels; c++) {
if (levelEstimChannelWeightFormat==0) {
levelEstimChannelWeight[c] = addChannel[c];
}else {
levelEstimChannelWeight[c] = pow(10, 0.05 * channelWeight][c]);
}
for(s=0; s<nDecoderSubbands; s++) {
for(m=0; m<levelEstimIntegrationTimeSb; m++){
levelLin += levelEstimChannelWeight[c}*pow(abs(audioSampleSbInWeighted[c][s][m]),2);
}
}
}
levelLin = levelLin / (nDecoderSubbands®*-levelEstimIntegrationTimeSb);
/* compute level */
if (levelLin < 1e-10) levelLin = 1e-10;
if (levelEstimKWeightingType== 2) { // pre-filter ON
levelDb =-0.691 + 10*log10(levelLin) + 3;
}else {
levelDb = 10%*log10(levelLin) + 3;
}
levelDb = fevelDb - drcInputLoudness + drcInputLoudnessTarget;
return TevelDb;
}
ext, the estimated Ievel is mapped to a gain value according to Table 33, which also includes an

initialization routine based on the received curve segments. An illustration of the curve
parameterization for 5 curve nodes is depicted in Figure A.1.
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Table 33 — Gain mapping for one parametric DRC frame (parametricDrcType==0x0)

mapLevelToGain

{
/* initialization (only first frame) */
initNodeLevel();
/* determination of segment */
for(c=0; c<nodeCount; c++) {
if (JlevelDb <= nodel.evel[c]) {
break;

/* gain mapping */

if (c|==10) {

gainDb = nodeGain[c];

} elge if (c == nodeCount) {

gainDb = nodeGain[c-1] - levelDb + nodeLevel[c-1];

}elde {

gainDb = nodeGain[c] + (levelDb - nodeLevel[c]) /

(nodeLevel[c-1] - nodeLevel[c]) * (nodeGain[c-1] - nodeGain[c]);
}

return gainDb;

initNodelLevel

{

/* initialization (only for drcCurveDefinitionType==1) */
for(f=0; c<nodeCount; c++) {
if(c==0){
nodeLevel[c] = nodeLevellnitial;
}
else {
nodeLevel[c] = nodeLevelfc-1] + nodeLevelDeltal[c];

}

return nodeLevel;

Next, temporal smoothing is applied to the gains of consecutive parametric DRC frames. A pseudd
function| ofthe gain smoothing is listed in Table 34.

Table 34 — Gain smoothing for one parametric DRC frame (parametricDrcType==0x0)

smoothGain(gainDb, gainSmoothDbPrevious, levelDb, levelSmoothDbPrevious)
{
/* initialization (only first frame) */
initSmoothingParameters();
/* get alpha */
levelDelta = levelDb-levelSmoothDbPrevious;

if (gainDb < gainSmoothDbPrevious) {
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/* attack */

if (levelDelta > gainSmoothAttackThreshold) {
alpha = alphaAttackFast;

}else {
alpha = alphaAttackSlow;

}

}else {

/* release */

if (levelDelta < -gainSmoothReleaseThreshold) {
alpha = alphaReleaseFast;

}else {
alpha = alphaReleaseSlow;

/* smooth gain and level */
if (gainDb < gainSmoothDbPrevious || holdCounter == 0) {
levelSmoothDb = (1-alpha) * levelSmoothDbPrevious + alpha * levelDb;
gainSmoothDb = (1-alpha) * gainSmoothDbPrevious + alpha * gainDb;

/* holdCounter */
if (holdCounter > 0) {
holdCounter = holdCounter - 1;
}
if (gainDb < gainSmoothDb) {
holdCounter = holdOffCount;
}

return (gainSmoothDb,levelSmoothDb);

initSmoothingParameters
{
alphaAttackFast =1 - €xp(-1.0 * parametricDrcFrameSize / (gainSmoothAttackTimeFast * fs * 0.001));
alphaReleaseFast = 1 - exp(-1.0 * parametricDrcFrameSize / ( (gainSmoothReleaseTimeFast * fs * 0.001));
alphaAttackSlow™ =1 - exp(-1.0 * parametricDrcFrameSize / (gainSmoothAttackTimeSlow * fs * 0.001));
alphaReleaseSlow = 1 - exp(-1.0 * parametricDrcFrameSize / (gainSmoothReleaseTimeSlow * fs * 0.001));
holdOffCount= floor(gainSmoothHoldOff * 0.0053 * fs / parametricDrcFrameSize);
levelSmeothDbPrevious = -135;
gainSmoothDbPrevious = 0;
holdCounter = 0;

Finally, the smoothed gains are interpolated and applied to the audio signal in the time domain or sub-
band domain according to Table 35. Gain modifications as outlined in 6.4.6 can be equally applied to
parametric DRC gain sets that were generated with parametricDrcType=0x0.

parametricDrcLookAhead indicates the delay that shall be applied to the audio signal before the
computed gains are applied. The delay can be used to compensate for delay that is introduced to the
computed gains by level estimation (levelEstimIntegrationTime), gain smoothing (e.g.
gainSmoothAttackTimeFast) and linear interpolation during gain application.
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Table 35 — Gain application for time domain and sub-band domain processing for one DRC

frame (parametricDrcType==0x0)

else]

L=

cnt

for(]

applyGainTimeDomain(audioSampleln, gainSmoothDb, gainSmoothPrevious)

{
if (parametricDrcLookAheadPresent == 1) {
drcLookAheadSamples = parametricDrcLookAhead * 0.001 * fs;
}
else {
drcLookAheadSamples = parametricDrcLookAheadDefault * 0.001 * fs;
}
deldyAudio(audioFrame, drcLookAheadSamples);
nunDrcSubframes = drcFrameSize /parametricDrcFrameSize;
for(dsf=0; dsf<numDrcSubframes; dsf++) {
gainlnDb = gainSmoothDb[dsf];
gainInLin = toLinearParametricDrc(gainInDb);
gainInDiff = gainInLin - gainSmoothPrevious;
for (t=0; t<parametricDrcFrameSize; t++) {
audioSampleOut[dsf*parametricDrcFrameSize + t] = audioSampleln[dsf*parametricDrcFrameSize + t] *
( gainSmoothPrevious + (t + 1) / parametricDrcFrameSize * gainInDiff );
}
gainSmoothPrevious = gainInLin;
}
return (audioSampleOut, gainSmoothPrevious);
}

applyGainSubbandDomain(audioSampleSbIn, gainSmoothDby\gainSmoothPrevious) {
if (parametricDrcLookAheadPresent == 1) {

delqyAudioSb(audioFrameSbh; floor(drcLookAheadSamples/L));

nun)DrcSubfrdmes = drcFrameSize /parametricDrcFrameSize;

drcLookAheadSamples = parametricDrcLogkAhead * 0.001 * fs;

{
drcLookAheadSamples = paramiétricDrcLookAheadDefault * 0.001 * fs;

ircFrameSize /drcFrameSizeSb; /* downsampling factor (hopsize) */

= O;
0;

Hsf=0;dsf<numDrcSubframes; dsf++) {
gainlnDb = gainSmoothDb[dsf];

gatmnbim=tobimearParametricBre{gaiminbb’;
gainlnDiff = gainInLin - gainSmoothPrevious;
for (t=0; t<parametricDrcFrameSize; t++) {
if (ent==L-1) {
for (s=0; s<nDecoderSubbands; s++) {
audioSampleSbOut[s][m] = audioSampleSbIn[s][m] *

( gainSmoothPrevious + (t+ 1) / parametricDrcFrameSize * gainInDiff);

m++;

cnt =-1;

58

© ISO/IEC 2020 - All rights reserved


https://standardsiso.com/api/?name=02df253e309747ca0f66e5061799e8e3

ISO/IEC 23003-4:2020(E)

cnt++;
}
gainSmoothPrevious = gainlnLin;
}
return (audioSampleSbOut, gainSmoothPrevious);
}
toLinearParametricDrc(gainDb) {
EFFECT_BIT_CLIPPING = 0x0100; /* drcSetEffect 9 (Clip.Prev.) */
EFFECT_BIT_FADE =0x0200; /* drcSetEffect 10 (Fade) */

EFFECT_BITS_DUCKING = 0x0400 | 0x0800; /* drcSetEffect 11 or 12 (Ducking) */
gainRatio = 1.0;
if (((drcSetEffect & EFFECT_BITS_DUCKING) == 0) &&
(drcSetEffect != EFFECT_BIT_FADE) && (drcSetEffect != EFFECT_BIT_CLIPPING)) {
if (gainDb < 0.0) {

gainRatio *= compress;

}
else {

gainRatio *= boost;
}

}

if (gainScalingPresent) {
if (gainDb < 0.0) {

gainRatio *= attenuationScaling;

}
else {

gainRatio *= amplificationScaling;
}

}
if (duckingScalingPresent && (drcSetEffect & EFFECT_BITS_DUCKING)) {

gainRatio *= duckingScaling;
}
gainLin = pow(2.0, gainRatio * gainDb / 6.0);
if (gainOffsetPresent) {
gainLin *=pow(2.0, gainOffset / 6.0);
}

retury (gainLin);

.6.3.2 Parametric DRC of type PARAM_DRC_TYPE_LIM

The parametric DRC of type PARAM_DRC_TYPE_LIM (0x1) is a time domain peak limiter design, which
is fully specified in AnnexG. For audio decoders that operate in the sub-band domain,
PARAM_DRC_TYPE_LIM should be only configured for application at the end of the signal path where
time domain processing is possible. A block diagram is depicted in Figure 10.
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If not explicitly conveyed in the bitstream, the limiting algorithm will use the following defau
parameters (see also Table A.78):

— parametricLimThreshold = -1 dBFS
— parametricLimAttackTime = 5 ms

— parametricLimReleaseTime = 50 ms

6.6.4 C(Combining parametric and non-parametric DRCs

In the
of DRC

and DR( gains shall be synchronized as specified below.

The DR( gains of non-parametric DRCs are synchronizedwith the non-delayed audio signal after EQ.

these ga

Figure 1|1 shows the generic delay structure‘and topology for mixed DRC processing including EQ fo
one channel. The figure shows all possible DRC locations in the processing topology, but only
m of three DRCs can be active and there can only be either a parametric DRC or a nor-
paramefric DRC in a stage. For censtant delay processing, the pre-downmix delay d; and the pos

maximu

downmi

of paran
based o

constant
depend

60

Figure 10 — Time domain peak limiter design of parametricDrcType==0x1

ost generic case, parametric and non-parametric DRCs can-b€ simultaneously active. The orde
rocessing is specified in 6.3.5. Since any parametric DRC)can introduce delay, the audio sign:

ins are applied after one or more parametric DRCs, the gains shall be delayed by the same delal

x delay d, shall not change when switching DRCs or EQs. If provided in the bitstream, the value

h the constant pre- and post-downmix delays d; and d, when DRCs or EQs are applied.

bn the specific configuration.

y
as the anidio signal at the location where the gains-are applied. The audio delay in a stage is as large 4

the max]mum parametric DRC delay in this stage.across all channels.

netricDrcDelayMax and’ eqDelayMax shall be sufficiently large to achieve overall constant delaly

delay operation is not active, the additional delays may be zero and the delays d; and d, may

—+
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Figure 11 — Generic delay structure and processing topology for one audio channel

.7 Loudness equalization support

he loudEqInstructions() payload provides support for loudness equalization, also known as loudness
ompensation, which aims to compensate the effect of the playback level on the tonal balance. The
budEqInstructions() repurpose DRC gain sequences to convey the dynamic acoustic level of|spectral
hnges. Although not described here because it is out of scope, these levels can for instance bg used to
ontrol dynamic loudness equalization filters.

Q = — 0o — 0

—

heloudEqSetld is a unique ID for each loudness equalization (LEQ) set. Each LEQ set declares fo which

mbinations of downmixId and drcSetld it can be applied. Not more than one LEQ set can be Heclared
for a given combination of downmixld and drcSetld. Each LEQ set declares one or more DRC gain
sequences it depends on. For each of the gain sequences, the DRC characteristic that was used at the
encoder side, the frequency range that should be equalized based on the sequence, a scaling factor, and
offset are declared. The time-varying loudness information to control LEQ filters may be derived by
applying the inverse DRC characteristic and using the loudness information of the corresponding
loudnessinfo() payload. If the inverse characteristic is applied before the interpolation, linear
interpolation should be used, i.e. the slope information should be ignored for sequences represented in
spline format. The scaling factor and offset are applied in this order after the inverse DRC characteristic
in the dB domain. An example LEQ system is discussed in D.2.10.
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6.8 Equalization tool

6.8.1 Overview

The equalization (EQ) tool provides EQ filters that are applied to EQ channel groups. The set of EQ
filters applied to all EQ channel groups is called “EQ set”. EQ can be applied in the time domain or the
sub-band domain, for instance, in the QMF domain of an audio decoder. A time-domain EQ filter for a
channel group is called a “filter cascade” because it is composed of a cascade of filter blocks, where each
block contains one or more filter elements that work in parallel as shown in Figure 12.

gain gain
filter phase filter phase
element alignment element —>®—> alignment )
all channel 0 for block 0 for block gain -
. phase
in EQ gﬂ . e 0 . alignment L
gain * ' gain * across
cascades
filter phase filter + phase
element alignment element —>®—> alignment
N-1 for block M-1 for block
filter block 0 filter block B-1

Figure 12 — Generic EQ filter cascade structure

—

EQ can be applied before and/or after a downmix. A bitstredm field controls whether phase alignmer]
is appligd. If the field is set, the EQ filter cascades are phase’aligned across EQ channel groups to avoi
undesir¢d phase effects. In the sub-band domain, the EQ effect is obtained by applying sub-band gain
to chantlel groups of the audio signal.

»n X

If EQ is [applied together with DRC, the DRC gain sequences shall be time aligned with the equalized
audio signal.

)

The EQ parameters are conveyed by the payloads, eqCoefficients() and eqlnstructions() as described i
the following. Annex H provides additional considerations regarding the equalization tool.

6.8.2 EQ payloads

6.8.2.1 [ Overview
The EQ payloads aredransmitted in the uniDrcConfigExtension() payload. They consist of two parts:

— ¢qCoefficients() including the EQ filter parameters;

— e¢qglnstructions(), each including an EQ set to achieve a certain effect.

The loudness information for EQ processed audio is reflected in the loudnessInfoV1() payload.

6.8.2.2 eqCoefficients() payload

The eqCoefficients() payload in Table 86 defines all available filter elements and filter blocks. Filter
elements can be conveyed in three different formats:

— Pole/zero
— FIR coefficients

— Sub-band gains
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The two time-domain formats, pole/zero and FIR coefficients, are mutually exclusive, i.e. only one of
them can be used. Sub-band gains can be specified per band or using a spline representation. The
different filter elements are indexed. The filter blocks are composed of one ore more filter elements
referred to by an index and an optional filter element gain factor. The available filter blocks can be
referenced by the eqlnstructions() payload by index.

6.8.2.3 eqInstructions() payload

The eqlnstructions() payload in Table 89 contains metadata to generate a complete EQ filter set for all
HQ channel groups. For each channel group, a filter cascade is composed of one or more filtgr blocks
that are defined in the eqCoefficients() payload and a cascade gain factor. Phase alignment{lags|indicate
'hether phase alignment is active for two or more channel groups.

<

he EQ set is externally referred to by an ID specified in the eqSetld field.-The downmfxlid and
dditionalDownmixlds indicate which downmixes the EQ set can be applied to.The eqApplyTolpownmix
ag controls whether the EQ is applied before or after a downmix. A second [EQ set may be required,
epending on the dependsOnEqSet field. The second EQ set shall be located-at the opposite sidle of the
ownmix block. The EQ set shall not be applied without a second EQ set if the nolndependtEqUse flag is
et. One of multiple DRC sets specified by an ID shall be applied. A dr¢cSetld of 0 indicates that applying
o DRC is a permitted option.

oo LY/ N o P © Dl e M ~ NI |

[l

F the dependsOnEqSet field in an eqlnstructions() payload has.a value of 1, the auxillary information of
the payload describes the combined EQ including the‘dependent one. For the combined|EQ, the
auxillary information of the dependent eqlnstructions(:is ignored. The auxillary information [includes
(pdditional)downmixld, (additional)drcSetld, and eqPuyrpose.

et and the current EQ set when the EQ changes mid-stream. The default value for eqTransitionDuration

The eqTransitionDuration indicates the durationof the crossfade between the output of the preyious EQ
S
i$ 0.05 s.

.8.2.4 LoudnessInfo payload for EQ

qSetld field that indicates which EQ set is active. The loudnessIinfoV1() payload is transmitted in the

4

The loudnessInfoV1() payload is-identical with the loudnessInfo() payload except for the additional
e

lpudnessinfoSetExtension() payload.

4.8.3 EQ filter elements

4.8.3.1 Supported filter elements in pole/zero format
A filter element has the following generic pole/zero form in the complex z-domain:

M

H(l—cmz_l)

LL L) m-1
ITelement,PZ \ 4 )~ Yelement K2

1_[(1—dkz_1 )2

k=1

The gain coefficient g .ment 1S @ real value. The class of filters that can be used as a filter element has

several constraints.

Constraints for all the poles, assuming a pole has a radius, r, and angle, 0 (d,, = re/9):

— Kis even or zero.
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— All poles are inside the unit circle (|r|<1).
— For each pole, there is a second pole at the same location.

— If a complex pole is present, the conjugate complex pole shall be present as well (if

0+ nr:rel? ,re_]e are present).

Constraints for all the zeros, assuming a zero has a radius, r, and angle, ¢ (c,, = re/?):

— M s even or zero.

— An even number of real zeros with |r|==1 can be present.

x . . . 1
— [Kach real zero with H # 1 ispartofa pair of zeros at r,—.
r

L . . . o 1 . 1 3
— Kach generic zero is part of a quadruple of zeros at rel? re™19 —eJ0 ~¢J?,
r r

The conptraints for the poles ensure that the filter is stable and that dn all-pass filter with the samfe
phase rg¢sponse can be created. The constraints for the zeros ensur€, that the corresponding FIR filtsg
has linepr phase and a constant integer delay when measured jif\units of a sample interval. Furthg
restrictipns according to Table 37 apply to filter elements for which an all-pass filter shall be created tp
achieve phase alignment.

= =

6.8.3.2 | Supported filter elements in FIR coefficientformat

In genefal, a filter element in FIR coefficient format‘can be any symmetrical FIR filter (symmetric dr
anti-symmetric). Taking advantage of the symmetry, only the first half of the coefficients is transmitted.
An FIR filter can only be used if it is not considered in any phase alignment as described in 6.8.5.1.2.
Therefofe, it can only be used in filter blecksthat have only a single filter element and if the filter block
is not part of a filter cascade with phase alignment.

6.8.3.3 | Supported filter elements in sub-band gain format

Sub-band gains represent the spectral shape of the EQ filter. The gains are applied to the sub-band
signals, typically in the QMF-domain of an audio decoder.

6.8.4 EQ set selection

Conceptpually, the-EQ set selection has lower priority than the DRC set selection. Therefore, the DRC st
selection is processed first and if there are still different EQ sets during the final selection step, the EQQ
e
e

set is se]ected, Wthh is appropriate for the requested EQ purpose If there is no EQ request from t

not affected by the EQ selectlon A m1d stream change of the EQ payload does not trlgger the selectlon
process, i.e. the selected EQ set ID continues to be valid but an EQ crossfade may be needed if the
corresponding EQ filter parameters have changed.

The selected EQ set may have a dependent EQ set that shall be applied as well.

6.8.5 Application of EQ set

The selected EQ sets are applied to EQ channel groups of the audio signal before and/or after the
downmix. Figure 13 shows an example processing chain with EQ and DRC. If a DRC set is applied at the
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same location before or after the downmix, the EQ set shall be applied before the DRC set. The channel

grouping for EQ and DRC is independent.

EQ DRC downmix EQ DRC
metadata metadata metadata metadata metadata
F-=—-=——=-= | e 1 ) === T-——————--—=
) ! [ [ ) ) ( ) H
! Channel i : | | : : : H
|
¥ {object) * \J * \i \j ¥ v \j
group
pre pre post post
1 1 1 1
channels )
{pbjects) | channel Channel D;";Ezgf’ Channel CHannel
=P (object) sas {object) ces (object) L {object) LR (opject)
grouping re-grouping grouping re-grouping ungfouping
pre pre post post
- EQ | DRC - EQ = DRC
K L M N

Figure 13 — Example overview of processing chain with\EQ, DRC, and downmix

el

sTransitionDuration field using a linear cross-fade characteristic.

=

4.8.5.1 Time domain EQ
€4.8.5.1.1 Decoding of filter element parameters
.8.5.1.1.1 Decoding of z-domain poles.and zeros

Fansmitted. The remaining ones aré recovered by the decoder according to Table 36 and T

6

Due to the filter element constraints;,only a fraction of the actual pole and zero locations ne|
t

Therefore, it is sufficient to transmit zeros and poles in the range of r = [0,1] and 6 = [0,7] only.

Table 36 — Transmitted and decoded pole locations (n<{0,1})

e

[ the EQ payload changes or a different EQ is selected mid-stream, the outputs of the previous EQ
rocessing and current EQ processing are cross-faded for)the specified duration according to the

ed to be
able 37.

Transmitted pole; Decoded poles
associated bitstream count field
Real pole: rel®{(r<1, 6 == nm); Real double pole: re/t, re/f
realPoleGount
Complex pole : ref?, (r<1,0 = nr); Double conjugate pole pair: re/®, re/?, re-%, re-j
complexPoleCount

Table 37 — Transmitted and decoded zero locations (n<{0,1})

Transmitted zero; Decoded zero(s)
associated bitstream count field

Generic zero: re/?, (any r, any 6); : o 1
. (any y0) Two conjugate zero pairs: re/?, re70, —e —e
genericZeroCount r r

jo 1 —jo

Real zero (for restricted use)?: Real zero: re/?
re (r==1, 6 == nm);
realZeroRadiusOneCount
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Real zeroP: ref®, (r<1, 8 == nm);
realZeroCount

P
Inverse zero pair: re/f, —e?
r

b For eac

4 Only permitted if used in filter blocks that contain only a single filter element and if these filter blocks are not subject to
cascade phase alignment.

h real zero with 8 == 0, multiply the linear filter element gain factor by -1 to compensate for the phase inversion.

The radius, r, of a pole or zero is decoded according to Table A.95 and by computing the radius from
using r £ 1 - p. The p values of Table A.95 can be generated using the result for r_quant_offs of taﬁ

pseudo ¢ode in Table 38.

Table 38 — Pseudo code to generate the zero/pole radius decoding table

for (n=0
tmp

}

for (n=0
r_qy

}

sumleve

for (n=1
sum

}

for (n=0
r_qu

r_qy

r_quant_ptep_min = 0.2;

n<128; n++) {
[n]=1.0/(0.025*(127-n));

n<128; n++) {
ant_step[n] = tmp[n] + r_quant_step_min - tmp[1];

[0] = r_quant_step[0];
n<128; n++) {

level[n] = sumlevel[n-1] + r_quant_step[n];

n<128; n++) {
ant[n] = 1 - pow(10.0, -0.05*sumlevel[n]);
ant_offs[n] = pow(10.0, -0.05*sumlevel[n]);

The ang

The table can be generated by the pseudo code in Table 39 using the result for angle_quant. For real

poles or
otherwi

e 8 of a pole or zero is decoded according to Table A.96 and by computing the angle 8 by 6 = a.

zeros, the angle is determined by the associated sign field. If the sign is 1, the angle is 6 =7,
be, 0 =0.

66
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Table 39 — Pseudo code to generate the pole/zero angle decoding table

octave[n] = pow(2.0, -n/12.0);
}
for (k=0; k<11; k++) {
for (n=0; n<12; n++) {
tmp[k*12 + n] = octave[n] * pow(2.0, -k);

for (n=0; n<12; n++) { /* 12 steps per octave */

}
tmp[127] = 0.0;

for (i=0; i<127; i++) {
angle_quant = tmp[127-i];

N O O

distance calculation.

poles to the unit circle.

€.8.5.1.1.2 Decoding of FIR coeffi¢ients

(o |

b) Rule (1) should be repeatedly applied until all the poles have been paired with zeros.

d) The remaining zeros are processed using an FIR filter.

Table 40 — Pseudo code to generate the FIR filter coefficients

nce all poles and zeros are decoded, a corresponding filter is created. [t is réecommended that gach pair
f poles and pair of zeros be grouped and implemented using a second-order section. The rgmaining
eros are implemented by an FIR filter. In detail, the recommended.stéps are:

a) The pole that is closest to the unit circle should be paired-with the zero that is closest tg it in the
z-plane where the radius of zeros with r > 1 is réplaced by the inverse radius 1/r | for the

c) The resulting second-order sections should be ordered according to decreasing closgness of

he FIR coefficients are deeoded according to Table A.93. Since only the first half of the coefficients is
Fansmitted, the second lalfis generated according to Table 40.

for (i=0; i<firFilterOrder/2+1; i++) {
firCoef[i];=-decodeFirCoef(bsFirCoefficient[i]);

}

for (i=0;i<(firFilterOrder+1)/2; i++) {
if (firSymmetry==1) {

firCoef[firFilterOrder-i] = - firCoef[i];
}else {
firCoef[firFilterOrder-i] = firCoef[i];

}
if ((firSymmetry==1) && ((firFilterOrder & 1)==0)) {
firCoef[firFilterOrder/2] = 0.0;
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6.8.5.1.2 Phase alignment of time-domain filter

All-pass filters are employed to achieve phase alignment. Phase alignment is always necessary for all
filter elements in each filter block. Phase alignment shall also be done at the output of filter cascades if
the corresponding phase alignment flag is set.

For phase alignment on a filter block level, the phase response of each filter element in the block is
matched by an all-pass filter. For filter elements in pole/zero format that have more poles than zeros
(K> M), a delay of P= (K- M)/2 shall be added to the filter element so that phase matching can be
achievedas described below. The matching all-pass Tilter is then inserted aiter all Iilter elements except
the oneq with the matching phase response.

The phase alignment at the filter cascade level is controlled by the phase alignment flags. Eor’phase
alignment at this level, the phase response of each cascade shall be matched by a corresponding cascade
of filter plocks with all-pass filters that match the phase response of the corresponding filter elements.
Each allipass cascade shall then be inserted after all cascades except the one with the-matching phase
response.

Identica] all-pass filters that appear in all parallel paths at the filter block or €ascade filter level shall be
eliminated. To minimize delay, the aggregated all-pass delays as indicated\by’L in all parallel paths shall
be reduged by the same amount until at least one path has zero delay. Similarly, the delay added to filtgr
elementg with K > M shall be reduced as much as possible.

The all-pass with matching phase response of a filter element.is derived from the poles and zeros of p
filter elgment in pole/zero format as follows. In mathematical terms, the transfer function of the al
pass filter with a magnitude response of unity can be writtén as:

K/2 )
k/2 :[I(l_z_l/dk)
Hallpass,PZ (Z) = H(_dk ) kK:/lz 250

k=1 _ =1
E(l dyz )

The phafe response of a basic EQ filter is matched by the all-pass filter when:

— IKach single pole of theyall-pass filter corresponds to a pair of poles of the filter element. Both
poles are at the santelocation.

|

— The location,of\the zeros of the all-pass filter is given by the inverse conjugate complex pole
location of the'all-pass filter.

[72)

— The delay of L = (M- K)/2 samples is necessary if the filter element has more zeros than pole
M->K).

If the filter element has FIR coefficient format, phase alignment is not supported for that element.
6.8.5.2  Sub-band domain EQ

6.8.5.2.1 Decoding of sub-band gains

Sub-band gains shall be provided that cover the entire audio spectrum. Depending on the sub-band
representation of the rendering system, the sub-band gains may need to be interpolated and resampled
using the applicable sub-band center frequencies. A number of specific sub-band formats are supported,
for instance, some common QMF configurations. The sub-band gain values shall be present for each
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band in ascending (frequency) order or the spectral gain function shall be given by a spline
representation as indicated by the eqSubbandGainRepresentation field.

If eqSubbandGainRepresentation == 0, the sub-band gains are decoded according to Table A.91. They are
applied to the sub-bands of the audio decoder, usually the QMF domain starting with the first gain for
the sub-band with the lowest center frequency.

If eqSubbandGainRepresentation == 1, the sub-band EQ gains are represented in a spline format.
Table 41 contains pseudo code for the spline interpolation of the gains (Table 42 contains specifications

f parameters and functions used in Table 41). The interpolation is done in the dB domain anlthe gain
alues are converted to linear values before they are applied to the sub-band signals. The.spline nodes
re located on a sparse grid with approximately a third octave frequency resolution. The sub-pand EQ
gains are calculated by evaluating the spline at the center frequency of each sub-band.

Table 41 — Pseudo code for decoding and spline interpolation to produce-an EQ sub-band gain
vector gEqSubband[b] for the b-th sub-band

eqNodeCountMax = 33;
eqNodelndexMax = eqNodeCountMax - 1;
sEqNode[0] = decodeEqSlope(eqSlopeCode[0]);
cEqNode[0] = decodeEqInitialGain(eqGainlnitialCode);
eqNodeFreqindex[0] = 0;
eqNodeFreq[0] = decodeEqNodeFreq(eqNodeFreqlndex[0]);
for (n=1; n<nEqNodes; n++) {
sEqNode[n] = decodeEqSlope(eqSlopeCode[n]);
gEqNode[n] = gEqNode[n-1] + decodeEqGainDelta(egGainDeltaCode[n]);
fEqDelta[n] = decodeEqFreqDelta(eqFreqDeltaCodé[n]);
eqNodeFreqindex[n] = eqNodeFreqindex[n-1]fEqDelta[n];
eqNodeFreq[n] = decodeEqNodeFreq(eqNodeFreqindex[n]);
}
if ((eqNodeFreq[nEqNodes-1] < audioSampleFreq/2.0) &&
(eqNodeFreqlndex[nEqNodes-1] < eqNodelndexMax)) {
sEqNode[nEqNodes] = 0;
gEqNode[nEqNodes] = gEqNode[nEqNodes-1];
fEqDelta|[nEqNodes]'=.eqNodelndexMax - eqNodeFreqIndex[nEqNodes-1];
eqNodeFreqlndexfnEqNodes] = eqNodelndexMax;
eqNodeFreq{nEqNodes] = decodeEqNodeFreq(eqNodeFreqindex[nEqNodes]);
nEqNodes+= 1;
}
for (n£0;;n<nEqNodes-1; n++) {
for (b=0; b<eqSubbandGainCount; b++) {
fSub=Tmax(fCemer{b], eqNodeFreqfoi);
fSub = min(fSub, eqNodeFreq[nEqNodes-1]);
if ((fSub >= eqNodeFreq[n]) && (fSub <= eqNodeFreq[n+1])) {
warpedDeltaFreq = warpFreqDelta (fSub, eqNodeFreqlndex[n]);
gEqSubbandDb[b] = interpolateEqGain(fEqDelta[n+1], gEqNode[n], gEqNode[n+1],
sEqNode[n], sEqNode[n+1], warpedDeltaFreq);
gEqSubband[b] = pow(2.0, gEqSubbandDb[b] / 6.0);
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Table 42 — Specifications of parameters and functions used in Table 41

Parameter/function Description

audioSampleFreq Sample rate of audio
signal in Hz.

fCenter|[b] Center frequency of b-th
sub-band in Hz.

fLo = 2(]; Common parameters.

fHi = 24000;

eqNodeountMax = 33;
stepRatjo = (log(fHi) / log(fLo) - 1) / (eqNodeCountMax -1);

decodekqNodeFreq(eqNodeFreqindex) {
returh(pow(fLo, 1 + eqNodeFreqIndex * stepRatio));
}

warpFregDelta(fSubband, eqNodeFreqindex) {
returh((log(fSubband)/log(nodeFrequency[0]) - 1) /
stepRatio - eqNodeFreqlndex);

}

interpolateEqGain() See Table 43.
decodekqSlope() See Table A.98.
decodekqlnitialGain() See Table A.100.
decodekqGainDelta() See Table A.101.
decodekqFreqDelta() See Table A.99.

Table 43 — Interpolation of sub-band EQ gains for one spline segment

interpolateEqGain(bandStep, gain0, gain1, slope0; slopel, f)
{
float k1, k2, a, b, c, d;
float nodesPerOctaveCount = 3.128;
float gainLeft = gain0;
floaf gainRight = gain1;
float slopeLeft = slope®~/nodesPerOctaveCount;
float slopeRight = slopel / nodesPerOctaveCount;
floaf bandStepinv'= 1.0 / (float)bandStep;
floaf bandStepInv2 = bandStepInv * bandSteplnv;
k1 3 (gainRight - gainLeft) * bandStepInv2;
k2 4 slopeRight + slopeleft;
a = bandStepInv * (bandStepInv * k2 - 2.0 * k1);
b = 3.0 *k1 - bandStepInv * (k2 + slopeLeft);
¢ = slopeLeft;

d = gainLeft;
result=(((a*f+b)*f+c)*f)+d;

return result;
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If sub-band gains are not available but the EQ set is applied to the sub-band domain, the sub-band gains
are computed from the time-domain filter elements at the sub-band center frequencies
w = w, (bandIndex) in radians.

The magnitude response of a single zero is:

0.5
:[1+r2 —2rcos(a)—9)}

jo
Hzero,m (e )

=

he magnitude response of a single pole is:

. -0.5
jo
‘Hpole,k (e )

:[1+r2 —2rcos(a)—9)}

Hence, the magnitude of a filter element in pole/zero format is determined by:

M
Hzero,m ( ) pole k ( )‘

Helement, PZ (e]a) )‘ = Yelement H

m=1 =1
or the FIR coefficient format, the magnitude response of the filter element can be computed ds shown
h Table 44, assuming that the impulse response is denoted by (n).

K

—-

Table 44 — Magnitude response of FIR filter

FIR Order | Symm Magnitude response |, ent(dﬂ” Coefficients
type M etry
1 Even Even M/2 v
Y element Z COS H(O) = h[?j
3 Even 0dd W2 M I M
Yelement z Sm a(m)ZZh[7—m]: el 1l, 2
2 0dd Even (M+1)/2 . (M R 1)
YJelement z ﬂ(m)cos((m—ajw] ﬂ(m)ZZh 5 -m |,
m=1
4 odd _|Codd (M+1)/2 ) me{l’Mﬂ}
Yelement Z ﬁ(m)sm((m—aja)J 2
m=1

=

he magnitude response of a filter cascade with B filter blocks where each block has E(b) filter ¢lements

. 1 £
1STUTEeTCeIoTe:

. B [E(b) _
H cascade (e Je )‘ =Y cascade H[ Z Helement,e,b (e Je )‘]
e=1

b=1

The transmission of time-domain EQ filters only is sufficient to also cover sub-band EQ. However, if only
sub-band gains are transmitted without specifying the time-domain EQ filters, Table 45 should be used
to determine the applicable EQ. Time-domain filters shall be specified if the EQ is to be applied in the
time-domain.
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Table 45 — Conversion of EQ filter formats

Transmitted EQ formats Domain where EQ is Conversion
applied
Time domain and sub-band Sub-band Compute sub-band gains from time-domain filters
domain if EQ sub-band resolution does not match and sub-

band gains are not available in spline format.

Time domain Sub-band Compute sub-band gains from time-domain filters.

Sub-bar

d Sub-band If the EQ gains are not given in spline format,
resample using linear interpolation in dB domdin;
if necessary.

Sub-bar

d Time-domain EQ cannot be applied.

6.9 Cdg

6.9.1

ADRCt

complex
configur]
configur

log,

The defi
audio c

minimuj

It is recq

EQ sets
and EQ

should b
the limit

6.9.2

The tot

based on the drcSetComplexityLevel field value L e in the drcInstructionsUniDrcV1() payloads and thie

downmix matrix, if applied.

15 L¢ pRc,
CpRe tot = Nepm2 me Y DD
m=1 -1 =1

¢

mplexity management

Feneral

pol decoder implementation should determine or include a value Ly ., for the absolute total

[

ity level permitted for processing. Based on that value, the  DRC tool does not perm
ations that exceed the complexity limit based on the complexity estimation. Therefore,
ation can only be applied if the following condition is met;

s3]

(CDRC,tot + CEQ,tot) = LC,tot,max

jom

nitions of Cpre o aNd Cq oy @re given in the following subclauses. Application standards an

=)

pding standards that include this specification may require that Lg., ., €xceeds a give

m value.

mmended that the DRC tool decoder disables all DRC sets with log,(Cppc tor) > Letormax @0d ajl
with 108, (Crq tor) > L tor,max Defore’ the DRC selection process. The combined complexity of DR

(9]

fan be evaluated after the DRE selection process. If it exceeds the permitted complexity, the E
e disabled, unless the requiresEQ field of the DRC has a value of 1. If the complexity still exceed
the primary DRC should-be disabled and the DRC selection process should be reiterated.

&~

[72)

DRC and downmixing complexity estimation

| complexity(Cprc o for DRC processing and downmixing is estimated in the DRC tool decodgr

( 3 Npace NTarget

s,norm

The parameters are defined as:

fs

fs,norm

LC,DRC,l

72

output audio sample rate in Hz.
constant of 48 000 Hz.

represents the complexity level of a primary DRC, if present. Otherwise, it is 0.
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Leprez2 represents the complexity level of a dependent DRC, if present. Otherwise, it is 0.
Lcpres represents the complexity level of a ducking or fading DRC, if present. Otherwise, it is 0.
Nepm number of audio channels at the location of DRC,,, if applicable. Otherwise, it is 0.
Np,ce audio channel count of base layout.
nH 1 ] £ ft A | 3
Target AdUUIU UIIdIITITT CUUILILU AIlUT UUVVIIIIITIA.
[ has a value of 0 if no downmix is applied or if the corresponding downmix-coeffid

with

The DRC tool encoder computes the complexity level for each DRC set as follows:

Lepre= maX(O:CEil(LIC,DRc))

K
, 1
Lt pre =1082| Z(WModPi+WIIRQi+WLapRi+WShapeSi)+ZTk
k=1

DRC sets with L';pp > 15 are not permitted. The parameters are defined as:

a value of 0; otherwise, it is 1 for time-domain processing or 2 for sub-band,process

I

i=1

ient has
ing.

I audio channel count at the DRC logation. If the corresponding drcInstructionsUn|DrcV1()
payload includes a downmixId of.0x7F, it is the channel count of the base layout.

Wod weighting factor that considers the complexity of applying the DRC gain to the audjo signal.
It has a value of 1.0 for time-domain processing or 2.0 for sub-band processing.

B has a value of 1 if a DRC set is applied to channel i. Otherwise, it is 0.

Wir weighting factor of 5.0 to consider the IIR filter complexity.

Q; number of pairs of a single zero and pole which occur in the Linkwitz-Riley filters for time-
domajn band splitting including all phase-alignment filters in audio channel i. The| value is

g g g

zére for a single band time-domain DRC or any sub-band domain DRC. For time-domain
DRCs with more than four bands, the Linkwitz-Riley filter bank cannot be used. A|decoder
can support such DRCs by using a QMF analysis and synthesis bank instead. However, in
that case, the complexity of the QMF processing is not included in the drcSetComplekityLevel
field and Q, has a value of 0.

Wiap weighting factor of 2.0 for the complexity of the sub-band overlap processing.

R, number of DRC bands for audio channel i, if a multiband DRC is applied in the sub-band
domain and drcBandType==1. Otherwise, the value is 0.

Wehape weighting factor of 6.0 for the complexity of the shaping filter processing.

S number of pairs of a single zero and pole that occur in the shaping filter bank for audio

channel i. The value is 0 if no shaping filter is applied.
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K number of different DRC sequences that are actively applied to the audio signal.
T, complexity value for computing DRC gain values of each gain sequence k that is applied to
the audio signal according to Table 46.
Table 46 — Complexity values for computing DRC gains
Gain sequence generation DRC domain T

Spline ifteTpotation (frterpoiatton T ype ==10) Timedormatn 570

Linear ipterpolation (interpolationType == 1) Time domain 2.5

Spline interpolation (interpolationType == 0) Sub-band 0.0

Linear ipterpolation (interpolationType == 1) Sub-band 0.0

Parametric DRC (parametricDrcType==0) Time domain A(5B+1) +3

Parametric DRC (parametricDrcType==0) Sub-band 5A

Parametric limiter (parametricDrcType==1) Time domain 454+1364/C/D

Key:

A: channkl count at side chain input

B: weighting filter order

C: paranietricLimAttackTime

D: default value of C

The conf

The drc
fully bitg

To ensu
include

the parameters in the complexity-estimation formula.

6.9.3 1}

The tof
eqSetCol

plexity of a dependent DRC set is not.in¢luded in the result. L. is 0 if bsSequencelndex==0.

)

betComplexityLevel value applies to the domain where the DRC is processed by default given
tream compatible audio decoder:

o

e that the DRC tool decodertimplementation supports a certain complexity level, tests shoul
pdge-case configurations that individually maximize the complexity contribution of each one af

Q complexity estimation

al complexity“Cpy., for EQ processing is estimated in the decoder based on the
mplexitylievel field value L g, in the eqlnstructions() payloads:

Crq

fs < L
N S C,EQ,I
tot)” ZNCh,iZ e

7SIOTTIT =1

The parameters are defined as:

fs

fs,norm

Lecgga

74

output audio sample rate in Hz
constant of 48 000 Hz

represents the complexity level of a primary EQ set, if present. Otherwise, it is 0.
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represents the complexity level of a dependent EQ set, if present. Otherwise, it is 0.

represent the audio channel count at the location before and after the downmix, where

the primary and dependent EQ sets are applied, if present. Otherwise, it is 0.

The DRC tool encoder computes the complexity level for each EQ set by:

LC,EQ = max(O,Ceil(L’C,EQ))

pith
1
L¢ po =log; 7 (WspU; +wprV; +WpipZ;)
i=1

HQ sets with L’¢ p, > 15 are not permitted. The parameters are defined as:

I audio channel count at the EQ location. If the corresponding eqlnstructions()
includes a downmixld of 0x7F, it is the channel count of the-base layout.

W weighting factor of 2.5 that considers the complexity of applying the EQ gain to
band signal.

U, has a value of 1 if the EQ is applied in the sub-band domain of channel i. Otherwise,

Wik weighting factor of 5.0 that considers the IIR filter complexity.

/f number of pairs of a single zero<and pole that occur in IIR filters including al
alignment filters applied to channel i in the time domain, if present. Otherwise, it is

Weir weighting factor of 0.4 that considers the FIR filter complexity.

4; total order of all FIR filters applied to channel i in the time domain, if present. Ot
itis 0.

L gq is 0 if the EQ instruetions of both, tdFilterCascadePresent and subbandGainsPresent have a

—

and the audio sighal is processed in the time-domain. The complexity of a dependent EQ s
ncluded in the result.

The eqSetComplexityLevel value applies to the domain where the EQ set is specified. If it is spe
Hoth domfains, it applies to the time domain and the sub-band domain EQ complexity is set to 2
HQ filters are specified in the time domain but applied in the sub-band domain, the EQ complex
fpr-the sub-band domain is also set to 2.5.

payload

the sub-

itis 0.

| phase-
0.

herwise,

value of
et is not

cified in
5. If the
ty value

The EQ can include filter elements consisting of a combination of an IIR and FIR filter. To ensure that
the DRC tool decoder implementation supports a certain complexity level, tests should include the time-
domain edge-case configurations at the maximum supported complexity for EQ with IIR filters only (Z; =

0) and EQ with FIR filters only (V; = 0).

6.10 Loudness normalization

6.10.1 Overview

Loudness normalization is done by the DRC decoder if a target loudness level (targetLoudness) is
supplied to the decoder. If no value is supplied, loudness normalization is disabled. If the loudness
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normalization would result in a too high level (that causes clipping or severe audible distortions
introduced by a peak limiter), the output level can be decreased by reducing the gain as described in
6.3.2. The DRC decoder accepts an optional value loudnessDeviationMax to limit the applied gain
reduction. Annex F provides some general considerations for loudness normalization.

6.10.2 Loudness normalization based on target loudness

The target loudness is the desired output loudness level in LKFS (loudness, K-weighted[4]). If the target
loudness value is supplied, a loudness normalization gain is applied to all channels of the time domain
signal aq the final step after all DRC related processing, if applicable.

The loydness normalization is based on the loudness metadata received in the applicable
loudnessInfo() structure. The DRC decoder accepts an optional value loudnessNormalizationGainDbMax
to limit the maximum loudness normalization gain. Second, it accepts an optional value
outputPeakLevelMax to limit the peak level as described in 6.3.2. Third, it accepts an.optional value
loudnesy§NormalizationGainModificationDb to modifiy the default loudnessNormalizationGainDb based
on external  parameters or  measurements available only sat/ the decoder.
loudnesgNormalizationGainModificationDb can be different for each DRC frame.

The DR decoder has an input for loudness normalization settings which accepts three indices t
request|a particular loudness measurement method, measurement System, and pre-processing 3
specified in Table 47, Table 48, and Table 49. If no settings aresSupplied, default values are usefd
according to Table 50.

v O

Tahle 47 — Permitted method definition indices for the loudness normalization settings

Indgx Method definition
0 Default method
1 Program Loudness (as defined in loudnessInfo())
2 Anchor loudness (as defined.inloudnessInfo())

Table 48 — Measurement system indices for the loudness normalization settings

Index Measurement system
0 Default system
1 ITU-R BS.1770-4
2 User
3 Expert/Panel
4 (reserpédynot permitted) Reserved Measurement System A (RMS_A)
5 (reserved, not permitted) Reserved Measurement System B (RMS_B)
6 (reserved, not permitted) Reserved Measurement System C (RMS_C)
7 (reserved, not permitted) Reserved Measurement System D (RMS_D)
8 (reserved, not permitted) Reserved Measurement System E (RMS_E)
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Table 49 — Permitted measurement system pre-processing indices for the loudness
normalization settings

Index Pre-processing
0 Default preprocessing
1 No preprocessing
2 Hig‘ll‘pdbb filLEl VViLll SGGHL LuLUff fl CUUcIILy d5 leELiﬁUd ill TdblU ASG
Table 50 — Default loudness normalization settings
Entry Default value Meaning of default
Measurement method 1 Programdoudness
Measurement system 1 ITU-RBS.1770-4
Pre-processing 1 NO)pre-processing

Table 51 — Matching order for measurement system

Order of Requested measurement systém as defined in Table 48
selection
BS.1770- User Expert/ RMS.A RMS_B RMS_C RMS_D RMS_E
4 Panel
Selected measurenient system as defined in Table A.50
1 BS.1770- User Experty RMS_A RMS_B RMS_C RMS_D RMS_E
4 Parel
2 RMS_C RMS_E RMS_D RMS_C RMS_C RMS_B Expert/ User
Panel
3 RMS_B RMS_D RMS_C RMS_B RMS_A RMS_A RMS_C RMS_D
4 RMS_A Expert/ RMS_B BS.1770- | BS.1770- | BS.1770- RMS_B xpert/
Panel 4 4 4 Panel
5 RMSH RMS_C RMS_A RMS_D RMS_D RMS_D RMS_A RMS_C
6 Expert/ RMS_B BS.1770- | Expert/ Expert/ Expert/ | BS.1770- RMS_B
Panel 4 Panel Panel Panel 4
7 RMS_E RMS_A RMS_E RMS_E RMS_E RMS_E RMS_E RMS_A
8 User BS.1770- User User User User User 5.1770-
4 4

The request is then fulfilled by the decoder with best effort depending on which loudness metadata
values are available. This is accomplished by the following steps:

1) From the applicable loudnessinfo() structure, select all loudness measurements that match the
requested measurement method. The applicable loudnessinfo() structure is defined by the selected
drcSetld and the requested downmixld as specified in 6.3. If no match is found, select all loudness
measurements that match the other method for the applicable loudnessinfo() structure. If no match
is found, fallback values are selected from a different loudnessInfo() structure as specified in 6.1.3,
first for the requested method. Second, the other method is used if no match was found. Finally, if
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no match was found at all, disable loudness normalization and ignore the remaining steps. The

sam

e holds if no applicable loudnessInfo() structure is available.

2) Within all selected loudness measurements, find the one that matches the requested measurement
system. If none is found, use the order given in Table 51 to find the best match. The value of
contentLoudness is equal to the selected loudness value. All column entries for the requested
measurement system shall be processed including the reserved measurement systems to ensure

that

measurement systems defined in the future can be found and applied. Although the reserved

measurement systems are currently not permitted, the system shall be able to process requests of

thod

3) If p
is th
ITU
adjy
valy

4. If p

Tab
adjy

AL

p

For each

e systems.

e-processing is requested, the loudness value needs to be adjusted. The adjustment valueAL .
e difference between the program loudness based on ITU-R BS.1770-4 with pre-processing and
R BS.1770-4 without pre-processing. If the two loudness values are not @vailable, thie
stment value is set to -2 dB. The value of contentLoudness is equal to the selected loudneds
e plus adjustment.

[¢)

re-processing is requested and a value for deviceCutOffFrequency\ ¥, is provided (se

e A.102), the value of contentLoudness is calculated as stated in¢step 3, but with a modifie
stment value AL, :

(o9

max[ZO,min(SOO,fc‘lore )]-20

rezALpre 500—20 €]

DRC frame, the loudness normalization is then applied according to Table 52.

Table 52 — Loudness normalization processing

if (targetLoudnessPresent) {

loudnessNormalizationGainDb = targetLoudness~-eontentLoudness;
}
else {
loudnessNormalizationGainDb = 0.0;
}
if (loudnpssNormalizationGainDbMaxPresent) {
loudnessNormalizationGainDb = min(loudnessNormalizationGainDb, loudnessNormalizationGainDbMax);
}
if (loudnpssNormalizationGainModificationDbPresent) {
gainNorm = pow(2.0, (loudnessNormalizationGainDb + loudnessNormalizationGainModificationDb) / 6);
}else {
gainNorm = pow(2.0, loudnessNormalizationGainDb / 6);
}
for (t=0; t<drcFrameSize; t++) {
for (c=0; c<nChannels; c++) {
audioSample[c][t] = gainNorm * audioSample[c][t];
}
}
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6.11 DRC in streaming scenarios

6.11.1 DRC configuration

The DRC configuration information is usually conveyed by the ISO base media file format
(ISO/IEC 14496-12) syntax. However, if a legacy streaming format such as ADTS is used to carry an
MPEG audio stream that does not support the ISO base media file format, the configuration information
needs to be embedded in the audio stream. This can be achieved by sending uniDrcConfig() as part of
the uniDrc() payload in-stream. Whenever uniDrcConfig() is transmitted, then a loudnessInfoSet() shall
He transmitted as well. Since the configuration information is only required at a lower rate than|the DRC
-ame rate, presence flags are used to indicate when this information is available. Each freceived
budnessinfoSet() and uniDrcConfig() payload shall be decoded and processed. DRC,frames with
onfiguration information should be synchronized with random access points, of the employed
treaming format.

v O = =

he full DRC information can only be decoded after loudnessInfoSet() and uniDrcConfig() were freceived
y the decoder. The repetition rate of uniDrcConfig() determines the maximum decoding delay for a
ecoder that starts decoding the content at an arbitrary position of the.stream. In such a scenagio when
he decoder receives uniDrc() but no uniDrcConfig(), the decodershall mute the audio output until
niDrcConfig() is available and the DRC information can be suécessfully decoded and applied to the
dudio signal. However, if the uniDrcConfig() is not received within 2.5 s, the decoder shall dispble any
DRC- and loudness-related processing and un-mute the audio,

c o Qo o

—

[ the DRC configuration information is both conveyed by the ISO base media file format syntak and by
he uniDrcConfig() syntax, the in-stream syntax shall take precedence over the ISO base miedia file
brmat syntax.

-

If loudness information is both conveyed by-the ISO base media file format syntax and by the if-stream
lpudnessinfoSet() syntax, the loudness information with file format syntax shall take precedence over
the in-stream loudness information. Qnce loudness information for a track is received in the [SO base
media file format syntax, subsequently occurring loudness information with loudnessinfoSet(|) syntax
within samples of that track shall be ignored.

(@1}

.11.2 Error handling

F uniDrc() payloads are-corrupted or lost on the receiver side during DRC gain application, [the DRC
ecoder shall replacemissing DRC frames by artificial uniDrc() payloads with drcGainCodingMode = 0
‘simple” mode)-If'the last valid DRC gain was an attenuation gain, gainlnitialCode shall be sgt to the
st valid DR€/gdin. If the last valid DRC gain was an amplification gain, gainlnitialCode shall be set to
dB. Thesame applies for all DRC channel groups and DRC bands. The described behaviour|shall be
epeated-till the next valid uniDrc() payload is received. However, if a valid uniDrc() paylodd is not
eceived within 2.5 s, the decoder shall disable any DRC-and loudness-related processing until a valid
niDrc() payload is received.

[ i Wi S < N ~vaillcun Wl © Vil cval

6.12 DRC configuration changes during active processing

After the DRC tool decoder is initialized and has started to process audio frames, there are several
events that can trigger a reconfiguration or an adjustment of parameters as summarized in Table 53
when certain values of the payload change with respect to the previous values.
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Table 53 — Configuration changes for various events

Payload received Condition Result
loudnessInfoSet(), If different values in loudnessinfoSet(). New selection of DRC set based on
no uniDrcConfig() latest request. Reset of DRC tool if

selected DRC set changes. Update
loudness normalization gain.

loudne clnanPfO If same values in all fields nflminrr(’nnﬁg() but | New selection of DRC set hased on
uniDrc(onfig() different values in loudnessInfoSet(). latest request. Reset of DRC tool(if
selected DRC set changes. Update
loudness normalization gain.

If different value in any field of uniDrcConfig(). | Reset of DRC tool. Newrselection of
DRC set based on latestrequest.

uniDrclhterface() If different value in any field ignoring compress, | New selection of 'DRC set based on|
boost, and | latest requests Resset of DRC tool iff
loudnessNormalizationGainModificationDb. selected DRG'set’changes.

If different values in compress, boost, or | Update doudness normalization gain,
loudnessNormalizationGainModificationDb compress, and boost values.
fields but same values in all remaining fields.

A DRC tpol decoder reset is associated with an initialization that discards the current state except fgr
the latest request in the form of a uniDrcInterface() payload.(see Annex B) or equivalent and the lagt
DRC gaips and loudness normalization values that were@pplied. When the decoder is initialized aftdr
the reset, it uses the latest DRC request to select a DRE set. Discontinuities or instant level changes qf
the outgut signal shall be avoided by using methods’such as smoothing or cross-fading. For instancg,
linear interpolation can be applied to smoothly transition from the previous gain sequence to the ney
one aftef reset. The interpolation starts at the minimum gain node of the received DRC frame when th
reset o¢curs and ends at the minimumi-gain node of the next frame. Similarly, the loudnegds
normalization gain is linearly interpolated during the first frame after reset. If the DRC set is applied ih
a locatign before or after downmixwhere no DRC set was applied before reset, the gain value tp
interpolpte from is set to 0 dB. Viceversa, if a DRC set is not used anymore in a location where a DRC st
has been used before, the gaip-value to interpolate to in the second frame is 0 dB.

()

If any of the active DRC gets“during a DRC set change includes a time-domain multi-band DRC, no gaip
interpolation is applied.)Instead, a fade-out can be applied to the audio signal before the reset and fa
fade-in dfter the reset. The multi-band filter states are initialized with zero.

If the copfiguration change includes a target channel layout change or a target channel count change, n
interpolation is applied from previous DRC gains nor from the previous normalization gain. The resg
does not disrupt the output audio signal.

- O

An alternative recommended method to achieve a smooth transition is by cross-fading the output of the
previous configuration with the output of the new configuration before discarding the old
configuration, which requires that two instances of the processor with different configurations are
running in parallel when a transition is in progress. This method can be universally applied
independently of the type of configuration change except if the number of output channels changes.

The processing strategy for dynamic DRC set changes may slightly differ as long as discontinuities are
prevented and smooth transitions are limited to a maximum duration of four DRC frames.

An update of the loudness normalization gain, loudnessNormalizationGainModificationDb, compress, or
boost value does not involve a reset. The compress and boost values are smoothly adjusted to the new
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values by linear interpolation during one DRC frame. A loudness normalization gain adjustment in one
DRC frame cannot be faster than + 40 dB/s with linear interpolation. If more frames are needed to reach
the new gain value, a rate of + 40 dB/s is applied until the target value is reached. The loudness
normalization gain is limited to a maximum value so that outputPeakLevelMax is not exceeded
(see 6.3.2.2.3).

In the ISO base media file format framework (see ISO/IEC 14496-12), the same rules apply. For
instance, if a LoudnessBox is received, the loudness normalization gain is updated and configuration
changes can trigger a reset as indicated in Table 53

y

7 Syntax

.1 Syntax of DRC payload

~)

The syntax of uniDrc() payload is shown in Table 54.

Table 54 — Syntax of uniDrc() payload

Syntax No. of bits Mnenjonic

liniDrc()
(
uniDrcLoudnessInfoSetPresent; 1 bslbf
if (uniDrcLoudnessInfoSetPresent==1) {
uniDrcConfigPresent; 1 bslbf
if (uniDrcConfigPresent==1) {

uniDrcConfig();
}
loudnessInfoSet();
}
uniDrcGain();

~1

.2 Syntax ef DRC gain payload

he syntdx of uniDrcGain() in-stream payload and for ISO/IEC 14496-12 is shown in Table 55. [Table 56
hows:the syntax of uniDrcGainExtension() payload.

wnn_—
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Syntax No. of bits Mnemonic

uniDrcGain()

{

nDrcGainSequences = gainSequenceCount;
/* from drcCoefficientsUniDrc or drcCoefficientsUniDrc V1 */

for (s=0; s<nDrcGainSequences; s++) {

if (gainCodingProfile[s]<3) {
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Syntax No. of bits Mnemonic

drcGainSequence();

}
uniDrcGainExtPresent; 1 bslbf

if (uniDrcGainExtPresent==1) {

unibrcGainkxtension();

Table 56 — Syntax of uniDrcGainExtension() payload

Syntax No. of bits Mnemonic
uniDrcGhinExtension()
{
while (uniDrcGainExtType !=UNIDRCGAINEXT_TERM) { 4 uimsbf
extSizeBits = bitSizeLen + 4; 3 uimsbf
extBitSize = bitSize + 1; extSizeBits uimsbf
switch (uniDrcGainExtType) {
/* add future extensions here */
default:
for (i=0; i<extBitSize; i++) {
otherBit; 1 bslbf
}
}
}
}

7.3 Syntax of static DRC payload

Tables 57 - 76 shew the syntax of various forms of static DRC payload.

Table 57 — Syntax of uniDrcConfig() payload

Syntax No. of bits Mnemonic

uniDrcConfig()
{

sampleRatePresent; 1 bslbf

if (sampleRatePresent==1) {

bsSampleRate; 18 uimsbf
}
downmixInstructionsCount; 7 uimsbf
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Syntax No. of bits Mnemonic

drcDescriptionBasicPresent; 1 bslbf

if (drcDescriptionBasicPresent==1) {

drcCoefficientsBasicCount; 3 uimsbf
drcInstructionsBasicCount; 4 uimsbf
}else {

drcCoelncientsbasicCount = U;

drcInstructionsBasicCount = 0;

}

drcCoefficientsUniDrcCount; 3 uimsbf
drcInstructionsUniDrcCount; 6 uimsbf
channelLayout();

for (i=0; icdownmixInstructionsCount; i++) {
downmixInstructions();

}

for (i=0; i<drcCoefficientsBasicCount ; i++) {
drcCoefficientsBasic();

}

for (i=0; i<drcInstructionsBasicCount ; i++) {
drcInstructionsBasic();

}

for (i=0; i<drcCoefficientsUniDrcCount; i++) {
drcCoefficientsUniDrc();

}

for (i=0; i<drcInstructionsUniDrcCount; i++) {
drcInstructionsUniDrc();

}

uniDrcConfigExtPresent; 1 bslbf

if (uniDxcConfigExtPresent==1) {

uniDrcConfigExtension();

}
Table 58 — Syntax of loudnessInfoSet() payload
Syntax No. of bits Mnemonic
loudnessInfoSet()
{
loudnessinfoAlbumCount; 6 uimsbf
loudnessinfoCount; 6 uimsbf
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Syntax No. of bits Mnemonic
for (i=0; i<loudnessIinfoAlbumCount; i++) {
loudnessInfo();
}
for (i=0; i<loudnessInfoCount; i++) {
loudnessInfo();
}
loudnessInfoSetExtPresent; 1 bslbf
if (IpoudnessInfoSetExtPresent==1) {
loudnessInfoSetExtension();
}
}
Table 59 — Syntax of loudnessInfo() payload
Syntax No. of bits Mnemonic
loudnessInfo()
{
drdSetld; 6 uimsbf
downmixId; uimsbf
samplePeakLevelPresent; 1 bslbf
if (JamplePeakLevelPresent==1) {
bsSamplePeakLevel; 12 uimsbf
}
trupPeakLevelPresent; 1 bslbf
if (fruePeakLevelPresent==1){
bsTruePeakLevel; 12 uimsbf
measurementSystem; 4 uimsbf
reliability; uimsbf
}
mepsurementCount; 4 uimsbf
for (i€0; i<xmeasurementCount; i++) {
methodDefinition; 4 uimsbf
methodValue; 2.8 viclbf
measurementSystem; 4 uimsbf
reliability; uimsbf
}
}
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Table 60 — Syntax of loudnessInfoV1() payload

Syntax No. of bits Mnemonic
loudnessInfoV1()
{
drcSetld; 6 uimsbf
eqSetld; 6 uimsbf
downmixld; 7 uimsbit
samplePeakLevelPresent; 1 bslbf

if (samplePeakLevelPresent==1) {
bsSamplePeakLevel; 12 uimsbf
}
truePeakLevelPresent; 1 bslbf
if (truePeakLevelPresent==1) {

bsTruePeakLevel; 12 uimsbf
measurementSystem; 4 uimsbf
reliability; 2 uimsbf
}
measurementCount; 4 uimsbf

for (i=0; ixmeasurementCount; i++) {

methodDefinition; 4 uimsbf
methodValue; 2.8 viclbf

measurementSystem; 4 uimsbf
reliability; 2 uimsbf

Table 61 — Syntax of loudnessIinfoSetExtension() payload

Syntax No. of bits Mnemonic
oudnesslnfoSetExtension()
(
while (loudnessinfoSetExtType != UNIDRCLOUDEXT_TERM) { 4 uimsbf
extSizeBits = bitSizeLen + 4; 4 uimsbf
extBitSize = bitSize + 1; extSizeBits uimsbf

switch (loudnessInfoSetExtType) {
UNIDRCLOUDEXT_EQ:
loudnessinfoV1AlbumCount; 6 uimsbf
loudnessinfoV1Count; 6 uimsbf
for (i=0; i<loudnessInfoV1AlbumCount; i++) {
loudnessInfoV1();
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Syntax No. of bits Mnemonic
}
for (i=0; i<loudnessInfoV1Count; i++) {
loudnessInfoV1();
}
break;
/™ add future extensions nere +/
default:
for (i=0; i<extBitSize; i++) {
otherBit; 1 bslbf
}
}
}
}
Table 62 — Syntax of channelLayout() payload
Syntax No. of bits Mnemonic
channell.ayout()
{
badeChannelCount; 7 uimsbf
layputSignallingPresent; bslbf
if (layoutSignallingPresent==1) {
definedLayout; 8 uimsbf
if (definedLayout==0) {
for (i=0; i<baseChannelCount; i++) {
speakerPosition; 7 uimsbf
}
}
}
}
Table 63 — Syntax of downmixInstructions() payload
Syntax No. of bits Mnemonic
downmixInstructions()
{
downmixlId; 7 uimsbf
targetChannelCount; uimsbf
targetLayout; 8 uimsbf
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Syntax No. of bits Mnemonic

downmixCoefficientsPresent; 1 bslbf

if (downmixCoefficientsPresent==1)

for (i=0; i<targetChannelCount; i++) {

for (j=0; j<baseChannelCount; j++) {

bsDownmixCoefficient; 4 bslbf

Table 64 — Syntax of downmixInstructionsV1() payload

Syntax No. of bits Mnenjonic
HownmixInstructionsV1()
(
downmixId; 7 uimsbf
targetChannelCount; 7 uimsbf
targetLayout; 8 uimsbf
downmixCoefficientsPresent; 1 bslbf
if (downmixCoefficientsPresent==1)
bsDownmixOffset; 4 uimsbf
for (i=0; i<targetChannelCount; i#+) {
for (j=0; j<baseChannelCount; j++) {
bsDownmixCoefficientV1; 5 bslbf

Table 65 — Syntax of in-stream drcCoefficientsBasic() payload

Syntax No. of bits Mnenjonic
drcCoefficientsBasic()
{
drcLocation; 4 uimsbf
drcCharacteristic; uimsbf
}
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Table 66 — Syntax of drcCoefficientsBasic() payload for ISO/IEC 14496-12

aligned(8) class DRCCoefficientsBasic extends FullBox(‘udcl’, version, flags=0) {
// N copies of this box, one of these per DRC_location
bit(4) reserved = 0;
signed int(5) DRC_location;

unsigned int(7) DRC_characteristic;

Table 67 — Syntax of in-stream drcCoefficientsUniDrc() payload

Syntax No. of bits Mnemonic
drcCoefficientsUniDrc()
{
drdLocation; 4 uimsbf
drdFrameSizePresent; 1 bslbf

if (drcFrameSizePresent==1) {

bsDrcFrameSize; 15 uimsbf

gainSetCount; 6 uimsbf
for [(i=0; i<gainSetCount; i++) {

gainSetIndex=1;

gainCodingProfile; 2 uimsbf
gaininterpolationType; 1 uimsbf
fullFrame; 1 uimsbf
timeAlignment; 1 uimsbf
timeDeltaMinPresent; 1 bslbf
if (timeDeltaMinPresent==1) {
bsTimeDeltaMin; 11 uimsbf
}
if (gainGodingProfile==3) {
bandCount=1;
Lelse {
bandCount; 4 uimsbf
if (bandCount>1) {
drcBandType; 1 uimsbf
}
for (j=0; j<bandCount; j++) {
drcCharacteristic; 7 uimsbf

}
for (j=1; j<bandCount; j++) {
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Syntax No. of bits Mnemonic
if (drcBandType==1) {
crossoverFreqlndex; 4 uimsbf
}else {
startSubBandIndex; 10 uimsbf
}
H
}
k=k+bandCount;
}
gainSequenceCount=k;
Table 68 — Syntax of in-stream drcCoefficientsUniDrcV1() payload
Syntax No. of bits Mnenjonic
ArcCoefficientsUniDrcV1()
(
drcLocation; 4 uimsbf
drcFrameSizePresent; bslbf
if (drcFrameSizePresent==1) {
bsDrcFrameSize; 15 uimsbf
}
drcCharacteristicLeftPresent 1 bslbf
if (drcCharacteristicLeftPresent == 1) {
characteristicLeftCount; 4 uimsbf
for (k=1; k<=characteristicLeftCount; k++) {
charaeteristicLeftIndex = k;
characteristicFormat; 1 bslbf
if (characteristicFormat==0) {
bsGainLeft; 6 uimsbf
bsloRatioLeft; 4 uimsbf
bsExpLeft; 4 uimsbf
flipSignLeft; 1 bslbf
}else {
characteristicNodeCount = bsCharNodeCount+1; 2 uimsbf
for (n=1; n<=characteristicNodeCount; n++) {
bsNodeLevelDelta; uimsbf
bsNodeGain; 8 uimsbf
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Syntax No. of bits Mnemonic
}
}
}
drcCharacteristicRightPresent 1 bslbf
if (drcCharacteristicRightPresent == 1) {
characteristicRightCount; L mmsbiI
for (k=1; k<=characteristicRightCount; k++) {
characteristicRightIndex = k;
characteristicFormat; 1 bslbf
if (characteristicFormat==0) {
bsGainRight; 6 uimsbf
bsloRatioRight; 4 uimsbf
bsExpRight; 4 uimsbf
flipSignRight; 1 bslbf
}else {
characteristicNodeCount = bsCharNodeCount+1; 2 uimsbf
for (n=1; n<=characteristicNodeCount; n++) {
bsNodeLevelDelta; uimsbf
bsNodeGain; 8 uimsbf
}
}
}
}
shdpeFiltersPresent; 1 bslbf
if (dhapeFiltersPresent == A)\{
shapeFilterCount; 4 uimsbf
for (k=1; k<=shapeFilterCount; k++) {
shapeFilterIndex = k;
IfCutFilterPresent; 1 bslbf
if (IfCutFilterPresent == 1) {
IfCornerFreqIndex; 3 uimsbf
IfFilterStrengthindex; 2 uimsbf
}
IfBoostFilterPresent; 1 bslbf
if (IfBoostFilterPresent == 1) {
IfCornerFreqlndex; 3 uimsbf
IfFilterStrengthindex; 2 uimsbf

90
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Syntax No. of bits Mnemonic

hfCutFilterPresent; 1 bslbf
if (hfCutFilterPresent == 1) {

hfCornerFreqlndex; 3 uimsbf
hfFilterStrengthIndex; 2 uimsbf
}
hiBoostFilterPresent; T bsIbT

if (hfBoostFilterPresent == 1) {

hfCornerFreqlndex; 3 uimsbf
hfFilterStrengthindex; 2 uimsbf
}
}
}
gainSequenceCount; 6 uimsbf
gainSetCount; 6 uimsbf

gainSequencelndex=-1;
for (i=0; i<gainSetCount; i++) {

gainSetIndex=i;

gainCodingProfile; /* Note (1) %/ 2 uimsbf
gaininterpolationType; /* Note (1)¥/ 1 uimsbf
fullFrame; /* Note (1) */ 1 uimsbf
timeAlignment; /*Note (1) */ 1 uimsbf
timeDeltaMinPresent; /* Note (1) */ 1 bslbf
if (timeDeltaMinPresent==1) {
bsTimeDeltaMin; /* Note (1) */ 11 uimsbf
}
if (gainCodingProfile==3) {
gainSequencelndex+=1;
Lelse{
bandCount; 4 uimsbf
if (bandCount>1) {
drcBandType; T uimsbf
}
for (j=0; j<bandCount; j++) {
indexPresent; 1 bslbf
if (indexPresent==1) {
gainSequencelndex=bsIndex; /* Note (2) */ 6 uimsbf

}else {

gainSequencelndex+=1;
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Syntax No. of bits Mnemonic
}
drcCharacteristicPresent; 1 bslbf
if (drcCharacteristicPresent==1) {
drcCharacteristicFormatIsCICP; 1 bslbf
if (drcCharacteristicFormatIsCICP==1) {
drcCharacteristic; 7 uimsbf
}else {
drcCharacteristicLeftIndex; uimsbf
drcCharacteristicRightIndex; uimsbf
}
}else {
drcCharacteristic=0;
drcCharacteristicLeftindex=0;
drcCharacteristicRightindex=0;
}
}
for (j=1; j<bandCount; j++) {
if (drcBandType==1) {
crossoverFreqindex; 4 uimsbf
}else {
startSubBandIndex; 10 uimsbf
}
}
}
}
}
The valug¢ of this field shall'\be identical for all DRC gain sets that share one or more DRC gain sequences.
The valugs of the index field shall fulfill the condition bsindex < gainSequenceCount.
Table 69 — Syntax of drcCoefficientsUniDrc() payload for ISO/IEC 14496-12

aligned(8) class DRCCoefficientsUniDrc extends FullBox(‘udc?2’, version, flags=0) {

// N copies of this box, one of these per DRC_location

bit(2) reserved = 0;

signed int(5) DRC_location;

bit(1) drc_frame_size_present;

if (drc_frame_size_present == 1) {
bit(1) reserved = 0;

unsigned int(15) bs_drc_frame_size;
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}

if (version >= 1} {
bit(5) reserved = 0;
bit(1) drc_characteristic_left_present;
bit(1) drc_characteristic_right_present;
bit(1) shape_filters_present;

P 1 PRI . 4
1 (UrC_ChdrdaClerIStUC_ICIt_presceit ==1])

bit(4) reserved = 0;

~

unsigned int(4) characteristic_left_count;
for (k=1; k<=characteristic_left_count; k++) {
bit(7) reserved = 0;
unsigned int(1) characteristic_format;
if (characteristic_format==0) {
bit(1) reserved = 0;
unsigned int(6) bs_gain_left;
unsigned int(4) bs_io_ratio_left;
unsigned int(4) bs_exp_left;

bit(1) flip_sign_left;
}else {
bit(6) reserved-='0;

unsigned int(2) bs_char_node_count;

for (n=1; n<=bs_char’ node_count+1; n++) {
bit(3) reserved = 0;
unsigned int(5) bs_node_level_delta;

unsigned int(8) bs_node_gain;

¥
¥
}
}
if(drc_characteristic_right_present == 1) {
bit(4) reserved = 0;

urnsigmed it ——characteristicright count;
for (k=1; k<=characteristic_right_count; k++) {
bit(7) reserved = 0;
unsigned int(1) characteristic_format;
if (characteristic_format==0) {
bit(1) reserved = 0;
unsigned int(6) bs_gain_right;

unsigned int(4) bs_io_ratio_right;
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unsigned int(4) bs_exp_right;

bit(1) flip_sign_right;
}else {
bit(6) reserved = 0;

unsigned int(2) bs_char_node_count;

for (n=1; n<=bs_char_node_count+1; n++) {

bit3) TeSETved =10;
unsigned int(5) bs_node_level_delta;

unsigned int(8) bs_node_gain;

}
if (shape_filters_present==1) {
bit(4) reserved =0;
unsigned int(4)  shape_filter_count;
for (k=1; k<=shape_filter_count; k++) {
bit(4) reserved =0;
bit(1) LF_cut_filter_present;
bit(1) LF_boost_filter_present;
bit(1) HF_cut_filter_present;
bit(1) HF_boost_filter_present;
if (LF_cut_filter_present)4
bit(3) reserved = 0;
unsigned int(3) * LF_corner_freq_index;

unsigned\int(2) LF_filter_strength_index;

}
if (LE_boost_filter_present) {
bit(3) reserved = 0;
unsigned int(3) LF_corner_freq_index;
unsigned int(2) LF_filter_strength_index;
¥
if (HF_cut_filter_present) {
bit(3) reserved = 0;
unsigned int(3) HF_corner_freq_index;
unsigned int(2) HF_filter_strength_index;
}
if (HF_boost_filter_present) {

bit(3) reserved = 0;
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unsigned int(3) HF_corner_freq_index;

unsigned int(2) HF_filter_strength_index;

}

Jerp 3 a
DIL{(1) Irescrved - v,

unsigned int(1) delayMode;
if (version >= 1} {
bit(2) reserved = 0;
unsigned int(6) gain_sequence_count;
}
unsigned int(6) gain_set_count;
for (i=1; i<=gain_set_count; i++) {
bit(2) reserved = 0;
unsigned int(2) gain_coding _profile;
unsigned int(1) gain_interpolation_type;
unsigned int(1) full_frame;
unsigned int(1) time_alignment;
bit(1) time_delta_min_present;

if (time_delta_min_present == 1) {

bit(5) reserved = 0;
unsigned int(11) bsctime_delta_min;
}
if (gain_coding_prdfile!=3) {
bit(3) reserved = 0;
unsigneéd'int(4) band_count; // shallbe >=1

ufisigned int(1) drc_band_type;
for (j = 1; j <= band_count; j++) {
if (version>=1) {

unsigned int(6) bs_index;

bittH) drc_characteristic-presemnt
bit(1) drc_characteristic_format_is_CICP
if (drc_characteristic_present==1) {
if (drc_characteristic_format_is_CICP==1) {
bit(1) reserved;
unsigned int(7) drc_characteristic;

}else {

unsigned int(4) drc_characteristic_left_index;
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unsigned int(4) drc_characteristic_right_index;

}
}
}else {
bit(1) reserved = 0;

unsigned int(7) drc_characteristic;

-

}

for (j = 2; j <= band_count; j++){
if (drc_band_type == 1) {

bit(4) reserved = 0;

unsigned int(4) crossover_freq_index;
}else {

bit(6) reserved = 0;

unsigned int(10) start_sub_band_index;

Table 70 — Syntax of in-stream drcInstructionsBasic() payload

Syntax No. of bits Mnemonic
drcInstrjuctionsBasic()
{
drdSetld; 6 uimsbf
drdLocation; 4 uimsbf
downmixId; 7 uimsbf
additionalDownmixIdPresent; 1 bslbf
if (ddditienalDownmixIdPresent==1) {
additionalDownmixIdCount; 3 uimsbf
for (j=0; j<additionalDownmixIldCount; j++) {
additionalDownmixId; 7 uimsbf
}
}else {
additionalDownmixIdCount = 0;
}
drcSetEffect; 16 bslbf

if ((drcSetEffect & (3 << 10)) ==0) {
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Syntax No. of bits Mnemonic

limiterPeakTargetPresent; 1 bslbf
if (limiterPeakTargetPresent==1) {

bsLimiterPeakTarget; 8 uimsbf

}

drcyetlargetLoudnessrresent; 1 bsIDbI

if (drcSetTargetLoudnessPresent==1) {
bsDrcSetTargetLoudnessValueUpper; 6 uimsbf
drcSetTargetLoudnessValueLowerPresent; 1 bslbf
if (drcSetTargetLoudnessValueLowerPresent==1) {

bsDrcSetTargetLoudnessValueLower; 6 uimsbf

Table 71 — Syntax of drcInstructionsBasic() payload for ISO/IEC 14496-12

aligned(8) class DRCInstructionsBasic extends FullBox({udi1’, version, flags=0) {
// N copies, one for each overall combination DRC that can be applied

bit(3) reserved = 0;
unsigned int(6) DRC_set_ID; 7/ shall be non-zero and unique
signed int(5) DRC_location;
unsigned int(7) downmix_ID; // if 0 - to base

// if non-0, applies after.downmix

// if 0x7f, appliesbefore or after downmix unsigned int(3) additional_downmix_ID_count;
for (j=0; j<additiohal downmix_ID_count; j++) {

bit(1) reserved = 0;

unsigned int(7) additional_downmix_ID;
}
bit(i16) DRC_set_effect;
if ((DRC_set_effect & (3<<10)) ==0) {

bit(7) reserved = 0;

bit(1) limiter_peak_target_present;
if (limiter_peak_target_present == 1) {
unsigned int(8) bs_limiter_peak_target;

}
bit(7) reserved = 0;

bit(1) DRC_set_target_loudness_present;
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if (DRC_set_target_loudness_present==1) {
bit(4) reserved = 0;
unsigned int(6) bs_DRC_set_target loudness_value_upper;

unsigned int(6) bs_DRC_set_target loudness_value_lower;

}
}
Table 72 — Syntax of in-stream drcInstructionsUniDrc() payload
Syntax No. of bits Mremonic
drcInstructionsUniDrc()
{
drdSetld; 6 uimsbf
drdLocation; 4 uimsbf
downmixlId; 7 uimsbf
additionalDownmixIdPresent; 1 bslbf
if (ddditionalDownmixIdPresent==1) {
additionalDownmixIdCount; 3 uimsbf
for (j=0; j<additionalDownmixIldCount; j++) {
additionalDownmixId; 7 uimsbf
}
}else {
additionalDownmixIdCount = 0;
}
drdSetEffect; 16 bslbf
if ((drcSetEffect & (3<<10)) ==03A
limiterPeakTargetPresent; 1 bslbf
if (limiterPeakTargetPresent==1) {
bsLimitérPeakTarget; 8 uimsbf
}
}
drgSétTargetLoudnessPresent; 1 bslbf
if (drcSetTargetLoudnessPresent==1) {
bsDrcSetTargetLoudnessValueUpper; 6 uimsbf
drcSetTargetLoudnessValueLowerPresent; 1 bslbf
if (drcSetTargetLoudnessValueLowerPresent==1) {
bsDrcSetTargetLoudnessValueLower; 6 uimsbf
}
}
dependsOnDrcSetPresent; 1 bslbf
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Syntax No. of bits Mnemonic

if (dependsOnDrcSetPresent==1) {

dependsOnDrcSet; 6 uimsbf
}else {
nolndependentUse; 1 bslbf

}

channelCount = baseChannelLCount;

if ((drcSetEffect & (3<<10)) !'=0) {

for (i=0; i<channelCount; i++) {

bsGainSetIindex; 6 uimsbf
duckingScalingPresent; 1 bslbf
if (duckingScalingPresent==1) {

bsDuckingScaling; 4 bslbf
}
repeatParameters; 1 bslbf

if (repeatParameters) {
repeatParametersCount =bsRepeatParametersCount+1; 5 uimsbf

i =i+ repeatParametersCount;

}
}else {

if (downmixId!=0 && downmixld!=0x7F &&
additionalDewwnmixIdCount==0) {

channelCount = targetChannelCountFromDownmixId;
} else if (downmixId==0x7F || additionalDownmixIdCount!=0) {

channelCount= 1;

}

for (i=0yri<channelCount; i++) {
bsGainSetIindex; 6 uimsbf
repeatGainSetindex; 1 bslbf

if (repeatGainSetIndex) {

_ . +1: . ;
i =1+ repeatGainSetIndexCount;
}
}
for (i=0; i<nDrcChannelGroups; i++) { /¥*NOTE 1 */
gainScalingPresent; 1 bslbf
if (gainScalingPresent==1) {
bsAttenuationScaling; 4 uimsbf
bsAmplificationScaling; 4 uimsbf
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}
gainOffsetPresent; 1 bslbf

if (gainOffsetPresent==1) {
bsGainOffset; 6 bslbf

}

NOTE The number of channel groups nDrcChannelGroups is calculated according to Table 15.

Table 73 — Syntax of in-stream drcInstructionsUniDrcV1() payload

Syntax Nosofbits Mnemonic
drclnstructionsUniDrcV1()
{
drdSetld; 6 uimsbf
drgSetComplexityLevel; 4 uimsbf
drdLocation; 4 uimsbf

channelCount = baseChannelCount;
downmixIdPresent; 1 bslbf

if (downmixIdPresent==1) {

downmixId; 7 uimsbf
drcApplyToDownmix; 1 bslbf
additionalDownmixIdPresent; 1 bslbf

if (additionalDownmixIdPresent==1) {
additionalDownmixIdCount; 3 uimsbf
for (j=0; j<additionalDownmixIdCount; j++) {
additionalDownmixId; 7 uimsbf

}
} elsex

additionalDownmixIdCount = 0;

}
if ((drcApplyToDownmix == 1) && (downmixId != 0) &&
(downmixld != 0x7F) && (additionalDownmixIldCount==0)) {
channelCount = targetChannelCountFromDownmix;
} else if ((drcApplyToDownmix == 1) && ((downmixIld == 0x7F) ||
(additionalDownmixIdCount!=0))) {

channelCount = 1;
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}else {

downmixld = 0;
}
drcSetEffect; 16 bslbf
if ((drcSetEffect & (3<<10)) ==0) {

IimiterPeakTargetPresent; T bsIbT

if (limiterPeakTargetPresent==1) {

bsLimiterPeakTarget; 8 uimsbf

}
}
drcSetTargetLoudnessPresent; 1 bslbf

if (drcSetTargetLoudnessPresent==1) {
bsDrcSetTargetLoudnessValueUpper; 6 uimsbf
drcSetTargetLoudnessValueLowerPresent; 1 bslbf

if (drcSetTargetLoudnessValueLowerPresent==1) {

bsDrcSetTargetLoudnessValueLower; 6 uimsbf

}
}
dependsOnDrcSetPresent; 1 bslbf
if (dependsOnDrcSetPresent==1) {

dependsOnDrcSet; 6 uimsbf
}else {

nolndependentUse; 1 bslbf
}
requiresEq; 1 bslbf

if ((drcSetEffect&(3<<10)) !'=0) {
for (i=0; i<baseChannelCount; i++) {
bsGainSetIindex; 6 uimsbf
duckingScalingPresent; 1 bslbf
if (duckingScalingPresent==1) {

bsDucKingScaling; 7 bsIbf

}

repeatParameters; 1 bslbf

if (repeatParameters==1) {
bsRepeatParametersCount; 5 uimsbf
repeatGainSetIndexCount=bsRepeatGainSetIndexCount+1;

i =i+ repeatParametersCount;
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Syntax No. of bits Mnemonic
}
}else {
for (i=0; i<channelCount; i++) {
bsGainSetIindex; 6 uimsbf
repeatGainSetindex; 1 bslbf

1T (repeatGainsetindex==1]J {
bsRepeatGainSetIindexCount; 5 uimsbf
repeatGainSetIndexCount=bsRepeatGainSetIndexCount+1;

i =1+ repeatGainSetIndexCount;

}
for (i=0; i<nDrcChannelGroups; i++) { /¥*NOTE 1 */
for (k=0; k<bandCount; k++) {
targetCharacteristicLeftPresent; 1 bslbf
if (targetCharacteristicLeftPresent==1) {
targetCharacteristicLeftIndex; 4 uimsbf
}
targetCharacteristicRightPresent; 1 bslbf
if (targetCharacteristicRightPresent==1J{

targetCharacteristicRightindex; 4 uimsbf
}
gainScalingPresent; 1 bslbf
if (gainScalingPresent==1) {
bsAttenuationScaling; 4 uimsbf
bsAmplificationScaling; 4 uimsbf
}
gainOffsetPresent; 1 bslbf
if\(gainOffsetPresent==1) {
bsGainOffset; 6 bslbf
}
¥
if (bandCount==1) {
shapeFilterPresent; 1 bslbf
if (shapeFilterPresent==1) {
shapeFilterIndex; 4 bslbf
}
}
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Mnemonic

}

NOTE The number of channel groups nDrcChannelGroups is calculated according to Table 15.

Table 74 — Syntax of drcInstructionsUniDrc() payload for ISO/IEC 14496-12

aligned(8) class DRCInstructionsUniDrc extends FullBox(‘udi2’, version, flags=0) {

// if version == 0, N copies, one for each overall combination DRC

if (version>=1) {

bit(2) reserved = 0;

unsigned int(6) DRC_instructions_count;
else {

unsigned int DRC_instructions_count = 1;
}

for (a=1; a<=DRC_instructions_count; a++) {
if (version==0) {
bit(3) reserved = 0;
unsigned int(6) DRC_set_ID; // shalbbe non-zero and unique
signed int(5) DRC_location;
unsigned int(7) downmix_ID; // if 0 - to base
// if non-0, applies after downmix

// if 0x7f, applies before or after downmix

unsigned int(3) additional_downmix_ID_count;
for (j=1; j<=additional_downmix_ID_count; j++) {
bit(1) reserved = 0;
unsigned int(7) additional_downmix_ID;
}
} els€X
unsigned int(6) DRC_set_ID; // shall be non-zero and unique
unsigned int(4) DRC_complexity_level;
signed int(5) DRC_location;

unsigned int(1) downmix_ID_present;

if (downmix_ID_present==1) {
bit(5) reserved = 0;
unsigned int(7) downmix_ID;
unsigned int(1) DRC_apply_to_downmix
unsigned int(3) additional_downmix_ID_count;
for (j=1; j<=additional_downmix_ID_count; j++) {

bit(1) reserved = 0;
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unsigned int(7) additional_downmix_ID;

}
unsigned int(16) DRC_set_effect;

if ((DRC_set_effect & (3<<10)) ==0) {

bitf7—Teserved—="1;

bit(1) limiter_peak_target_present;

if (limiter_peak_target_present == 1) {
unsigned int(8) bs_limiter_peak_target;

}
bit(7) reserved = 0;
bit(1) DRC_set_target_loudness_present;
if (DRC_set_target_loudness_present==1) {
bit(4) reserved = 0;
unsigned int(6) bs_DRC_set_target_loudness_value_upper;
unsigned int(6) bs_DRC_set_target_loudness_valueclewer;
}
if (version>=1) {
bit(1) requiresEq;
}else {
bit(1) reserved =0;
}
unsigned int(6) depends(on_DRC_set;
// if non-zeroy, shall match a DRC that shall be applied before this one
// it shallbe' examined to see if that is before/after downmix
if (depends_on, DRC_set==0) {
bit(1)\no_independent_use;
}elses
bit(1) reserved = 0;

b
unsigned int(8) channel_count;
//if version==0:
// - shall match channel count of downmix if
// downmix_ID!=0x0 AND downmix_ID!=0x7F AND
// additional_downmix_ID_count!=0

// - shall be 1 and applied to all channels if

// downmix_ID==0x7F OR additional_downmix_ID_count!=0,
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// - else shall match channel count of the base layout

//if version>=1:

// - shall match channel count of downmix if

// drcApplyToDownmix==1 AND downmix_ID!=0x0 AND

// downmix_ID!=0x7F AND additional_downmix_ID_count==0,
// - shall be 1 and applied to all channels if

77 drcAppty foDownmix=—=tANDtdowmnmix_1D=——=0x7F OR
// additional_downmix_ID_count!=0),
// - else shall match channel count of the base layout
for (i=1; i<=channel_count; i++){
unsigned int (8) channel_group_index;

// 1-based channel_group_index for channel

}
for (i=1; i<=channel_group_count; i++){
bit(2) reserved = 0;
unsigned int(6) bs_gain_set_index;
// if 0, then this channel_group/object is not processed
// else 1-based index into the*DRC gain set array for this location
}

if ((DRC_set_effect & (3<<10)) !=0) {
for (i=1; i<=channel_group_county i++) {
bit(7) reserved = 0;
bit(1) duckingscaling present;
if (ducking_sealing_present==1) {
bit(4) ) reserved = 0;
bit(4) bs_ducking_scaling;

}
1 else{

for (i=1; i<=channel_group_count; i++) {

if (version >= 1) {

bitt4) Teserved=10;

unsigned int(4) band_count;

for (k=1; k<=band_count; k++) {
bit(4) reserved =0;
bit(1) target_characteristic_left present;
bit(1) target_characteristic_right_present;
bit(1) gain_scaling present;

bit(1) gain_offset_present;
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if (target_characteristic_left_present ==1) {
bit(4) reserved = 0;

unsigned int(4) target_characteristic_left_index;

}

if (target_characteristic_right_present ==1) {
bit(4) reserved = 0;

}

}

}
if (band_count==1) {

bit(7) reserved =0;

if (gain_scaling_present==1) {

. I a0 1 PR PR PR
UnNSIgned It 7 ) Ldl'gCL_CIIdIdaCLETISULIC_TTgIIL_HIUCK,

if (gain_scaling_present==1) {
unsigned int(4) bs_attenuation_scaling;

unsigned int(4) bs_amplification_scaling;
if (gain_offset_present==1) {

bit(2) reserved = 0;

unsigned int(6) bs_gain_offset;

bit(1) shape_filter_present;
if (shape_filter_present==1) {

unsigned int(4),(_shape_filter_index;

bit(3) resérved = 0;
}else {
bit(7) w«reserved = 0;
}
}
}else {

bit(1) gain_scaling present;

unsigned int(4) bs_attenuation_scaling;

}

bit(7) reserved = 0;

bit(1) gain_offset_present;

if (gain_offset_present==1) {
bit(2) reserved = 0;
bit(6) bs_gain_offset;

ursigned imt{4)—bs_amptification_scating;
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Syntax

No. of bits

Mnemd

nic

iniDrcConfigExtension()
(
while (uniDrcConfigExtType != UNIDRCCONFEXT_TERM) {
extSizeBits = bitSizeLen + 4;
extBitSize = bitSize + 1;
switch (uniDrcConfigExtType) {
case UNIDRCCONFEXT_PARAM_DRC:
drcCoefficientsParametricDrc();
parametricDrcInstructionsCount;
for (i=0; i<parametricDrcInstructionsCount; i++) {
parametricDrclnstructions ();
}
break;
case UNIDRCCONFEXT_V#:
downmixInstructionsV1Present;
if (downmixInstructionsV1Present==1) {
downmixInstructionsV1Count;
for (i=0; i<downmixInstructionsV1Count; i++) {

downmixInstructionsV1();

}

drcCoeffsAndInstructionsUniDrcV1Present;

if (drcCoeffsAndInstructionsUniDrcV1Present==1) {

4
4

extSizeBits

uimsbfi
uimsbfi

uimsbfi

uimsbf

bslbf

uimsbfi

bslbf

drcCoefficientsUniDrcV1Count;

for (i=0; i<drcCoefficientsUniDrcV1Count; i++) {
drcCoefficientsUniDrcV1();

}

drcInstructionsUniDrcV1Count;

for (i=0; i<drcInstructionsUniDrcV1Count; i++) {

drcInstructionsUniDrcV1();

uimsbf

uimsbf
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}

loudEqInstructionsPresent; 1 bslbf
if (loudEqInstructionsPresent==1) {
loudEqInstructionsCount; 4 uimsbf

for (i=0; i<loudEqInstructionsCount; i++) {

ToudEqInstructions(J;
}
}
eqPresent; 1 bslbf
if (eqPresent==1) {
eqCoefficients();
eqInstructionsCount; 4 uimsbf

for (i=0; i<eqlnstructionsCount; i++) {

eqlnstructions();

}
break;

/* add future extensions here */

default:

for (i=0; i<extBitSize; i++) {

otherBit; 1 bslbf

Table 76 = Syntax of uniDrcConfigExtension() payload for ISO/IEC 14496-12

aligned(8) class UniDrcConfigExtension extends Box(‘udex’) {

// the ordering of the following boxes shall be maintained

// we permit one loudness EQ instruction box:

LoudEQInstructions();

// we permit one EQ coefficients box:
EQCoefficients();

// we permit one EQ instruction box:
EQInstructions();

// we permit one parametric DRC coefficients box:

DRCCoefficientsParametricDrc();

// we permit one parametric DRC instruction box:

108
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ParametricDrclnstructions ();

Box (); // further boxes as needed

7.4 Syntax of DRC gain sequence

The syntax of drcGainSequence() payload is shown in Table 77.

Table 77 — Syntax of drcGainSequence() payload

Syntax

No. of bits Mnenjonic

-
L

HrcGainSequence()

drcGainCodingMode;
if (drcGainCodingMode == 0) {
gainlnitialCode;
nNodes = 1;
}
else {
k=0;
do {

k++;

’

}
while (endMarker[k-1] != 1);
nNodes = k;
if (gainInterpolationType == 0) {
for (k=0; k<nNodes; k++) {
slopeCodelk];

}
if-(fullFrame == 0) {
frameEndFlag;

}

1 uimsbf

1.11 viclbf

1 uimsbf

1.9 viclbf

1 uimsbf

else {
frameEndFlag = 1;

}

for (k=0; k<nNodes-1; k++) {
timeDeltaCodelk];

}

if (frameEndFlag == 0) {
k=nNodes-1;

2.2+2 viclbf
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timeDeltaCodelk]; 2.7+2 viclbf
}
gainlnitialCode; 1..11 viclbf
for (k=1; k<nNodes; k++) {
gainDeltaCode[k-1]; 1..11 viclbf
H

7.5 Syntax of parametric DRC tool

Tables 78 - 83 show the syntax of the parametric DRC tool.

Table 78 — Syntax of drcCoefficientsParametricDrc() payload

Syntax No. of bits Mnemonic
drcCoefficientsParametricDrc()
{
drdLocation; 4 uimsbf
parfametricDrcFrameSizeFormat; 1 bslbf

if (parametricDrcFrameSizeFormat==0) {

bsParametricDrcFrameSize; 4 uimsbf
}else {

bsDrcFrameSize; 15 uimsbf
}
parlametricDrcDelayMaxPresent; 1 bslbf

if (parametricDrcDelayMakPresent==1) {

bsParametricDrcDelayMax; 8 uimsbf
}
resetParametricDrc; 1 bslbf
parfametricDrcGainSetCount; 6 uimsbf

for [(i=0; i<parametricDrcGainSetCount; i++) {

parametricDrcld; 4 uimsbf
sideChainConfigType; 3 bslbf
if (sideChainConfigType==1) {
downmixId; 7 uimsbf
levelEstimChannelWeightFormat; 1 bslbf

for (j=0; j<channelCountFromDownmixId; j++) {
if (levelEstimChannelWeightFormat==0) {
addChannelf[j]; 1 bslbf
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}else {
bsChannelWeight([j]; 4 uimsbf
}
}
}
drcInputLoudnessPresent; T bsIbT

if (drcInputLoudnessPresent==1) {

bsDrcInputLoudness; 8 uimsbf
}else {

/* provided by loudnessInfoSet() */

Table 79 — Syntax of drcCoefficientsParametricDrc() payload for ISO/IEC 14496-12

aligned(8) class DRCCoefficientsParametricDrc extends FullBox(‘pdc1’, version=0, flags=0) {

bit(1) reserved = 0;

signed int(5) drc_location;

bit(1) parametric_drc_frame_size format;
bit(1) reset_parametric_drc;

if (parametric_drc_frame_size_format==0) {

bit(4) reserved= 0;

unsigned int(4) bs.parametric_drc_frame_size;
}else {

bit(1) reserved = 0;

unsignedint(15) bs_drc_frame_size;

}
bit(1)./) reserved = 0;

bit(1) parametric_drc_delay_max_present;

if (parametric_drc_delay_max present==1) {

unsigned int (8) parametric_drc_delay_max;
}
unsigned int(6) gain_set_count; // parametric_drc_gain_set_count
for (gain_set_index=1; gain_set_index <= gain_set_count; gain_set_index++) {
unsigned int(4) parametric_drc_ID;
bit(1) drc_input_loudness_present;

bit(3) side_chain_config_type;

if (drc_input_loudness_present==1) {
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unsigned int(8) bs_drc_input_loudness;

}else{
// provided by LoudnessBox
}
if (side_chain_config_type==1) {
bit(1) reserved = 0;
uTsTgred it 7)—dowrmmix_1H;
bit(1) reserved = 0;
unsigned int(7) channel_count_from_downmix_ID; // shall match
for (j=1; j <= channel_count_from_downmix_ID; j++) {
unsigned int(4) bs_channel_weight;
}
}

Table 80 — Syntax of parametricDrcInstructions() payload

Syntax No. of bits Mnemonic
parametricDrcInstructions ()
{
parfametricDrcld; 4 uimsbf
parfametricDrcLookAheadPresent; 1 bslbf

if (parametricDrcLookAheadPresent==1)){

bsParametricDrcLookAhead; 7 uimsbf

parlametricDrcPresetldPresent; 1 bslbf

if (parametricDrcPresétldPresent==1) {

parametricDrcPresetld; 7 uimsbf
}else {
parametricDrcType; 3 uimsbf

iffparametricDrcType == PARAM_DRC_TYPE_FF) {

parametricDrcTypeFeedForward();
} else if (parametricDrcType == PARAM_DRC_TYPE_LIM) {

parametricDrcTypeLimiter();

}else {
lenSizeBits = bitSizeLen + 4; 3 uimsbf
lenBitSize = bitSize + 1; lenSizeBits uimsbf

switch (parametricDrcType) {

/* add future extensions here */
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default:
for (i=0; i<lenBitSize; i++) {
otherBit; 1 bslbf

}
break;

Table 81 — Syntax of parametricDrcInstructions() payload for1SO/IEC 14496-12

aligned(8) class ParametricDrclnstructions extends FullBox(‘pdil’, version=6, flags=0) {
bit(4) reserved = 0;
unsigned int(4) parametric_DRC_instructions_count;

for (a=1; a<=parametric_DRC_instructions_count; a++) {

bit(2) reserved = 0;

unsigned in(4) parametric_drc_ID;

bit(1) parametric_drc_look_ahead: present;
bit(1) parametric_drc_presét;ID_present;

if (parametric_drc_look_ahead_present==1) {

bit(1) reserved'=0;

unsigned int(7) bs_parametric_drc_look_ahead;
}
if (parametric_drc_preset_ID_present==1) {

bit(1) reserved = 0;

unsigned int(7) parametric_drc_preset_ID;
} els€x

bit(5) reserved = 0;

unsigned int(3) parametric_drc_type;

if (parametric_drc_type == 0) { /* PARAM_DRC_TYPE_FF */
bit(3) reserved = 0;

unsigned int(2) level_estim_K_weighting_type;
bit(1) level_estim_integration_time_present;
unsigned int(1) drc_curve_definition_type;
bit(1) drc_gain_smooth_parameters_present;
if (level_estim_integration_time_present == 1) {

bit(2) reserved = 0;

unsigned int(6) bs_level_estim_integration_time;
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}
if (drc_curve_definition_type==0) {
bit(1) reserved = 0;
unsigned int(7) DRC_characteristic;
}else {
bit(5) reserved = 0;
urTSTged it 3y bs_mode_tourt; 77/ Tode_tount=bs_rode_toumt+2
for (j = 1; j <= node_count; j++) {
if j==1) {
bit(2) reserved = 0;
unsigned int(6) bs_node_level_initial;
}else {
bit(3) reserved = 0;
unsigned int(5) bs_node_level_delta;
}
bit(2) reserved = 0;
unsigned int(6) bs_node_gain;
}
}

if (drc_gain_smooth_parameters_present==0) {

// default or matching to drcCharacteristic if available

}else {
bit(6) resexved = 0;
bit(1) gain_smooth_time_fast_present;
bit(1) gain_smooth_hold_off count_present;

unsigned\int(8) bs_gain_smooth_attack_time_slow;
unsigned int(8) bs_gain_smooth_release_time_slow;
if (gain_smooth_time_fast_present==1) {
unsigned int(8) bs_gain_smooth_attack_time_fast;
unsigned int(8) bs_gain_smooth_release_time_fast;

bit(7) reserved = 0;

bitt—gain—smooth—threshotd present;

if (gain_smooth_threshold_present==1){
bit(3) reserved = 0;
unsigned int(5) bs_gain_smooth_attack_threshold;
bit(3) reserved = 0;

unsigned int(5) bs_gain_smooth_release_threshold;
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if (gain_smooth_hold_off_count_present==1) {

bit(1) reserved = 0;
unsigned int(7) bs_gain_smooth_hold_off;
}
}
} else if (parametric_drc_type == 1) { /* PARAM_DRC_TYPE_LIM */

bitt6)—Teserved="10;
bit(1) parametric_lim_threshold_present;
bit(1) parametric_lim_release_time_present;

if (parametric_lim_threshold_present==1) {

}

if (parametric_lim_release_time_present==1) {

}
}else {

// disable parametric DRC

unsigned int(8) bs_parametric_lim_threshold;

parametric_lim_attack_time = parametric_drc_look_ahead;

unsigned int(8) bs_parametric_lim_release_tiine;

Table 82 — Syntax of parametricDrcTypeFeedForward() payload

for(j=0; j<nodeCount; j++) {

Syntax No. of bits Mnemonlic
parametricDrcTypeFeedForward()
(
levelEstimKWeightingType; 2 uimsbf
levelEstimIntegrationTimePresent; 1 bslbf
if:(levelEstimationIntegrationTimePresent==1) {
bsLevelEstimIntegrationTime; 6 uimsbf
}
drcCurveDefinitionType; 1 bslbf
if (drcCurveDefintionType==0) {
drcCharacteristic; /* according to CICP */ 7 uimsbf
}else {
bsNodeCount; 3 uimsbf
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bsNodeLevellnitial; 6 uimsbf
}else {
bsNodeLevelDelta; 5 uimsbf
}
bsNodeGain; 6 uimsbf
H
}
drdGainSmoothParametersPresent; 1 bslbf

if (drcGainSmoothParametersPresent==0) {

/* default or matching to drcCharacteristic if available */

}else {
bsGainSmoothAttackTimeSlow; 8 uimsbf
bsGainSmoothReleaseTimeSlow; 8 uimsbf
gainSmoothTimeFastPresent; 1 bslbf

if (gainSmoothTimeFastPresent==1) {

bsGainSmoothAttackTimeFast; 8 uimsbf
bsGainSmoothReleaseTimeFast; 8 uimsbf
gainSmoothTresholdPresent; 1 bslbf
if (gainSmoothTresholdPresent==1) {
bsGainSmoothAttackThreshold; 5 uimsbf
bsGainSmoothReleaseThreshold; 5 uimsbf
}
}
gainSmoothHoldOffCountPresent; 1 bslbf
if (gainSmoothHoldOffCountPresent==1) {
bsGainSmoothHold Off; 7 uimsbf
}

Table 83— Symtaxof parametricDrcTypeLimiter() paytoad

Syntax No. of bits Mnemonic

parametricDrcTypeLimiter()

{
parametricLimThresholdPresent; 1 bslbf
if (parametricLimThresholdPresent==1) {

bsParametricLimThreshold; 8 uimsbf
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Syntax No. of bits Mnemonic

parametricLimAttackTime = parametricDrcLookAhead;
parametricLimReleaseTimePresent; 1 bslbf
if (parametricLimReleaseTimePresent==1) {

bsParametricLimReleaseTime; 8 uimsbf

7.6 Syntax of equalization tools

Tables 84 - 90 show the syntax of equalization tools.

Table 84 — Syntax of in-stream loudEqInstructions()-payload

Syntax No. of bits Mnemonic
oudEqInstructions()
(
loudEqSetld; 4 uimsbf
drcLocation; 4 uimsbf
downmixIdPresent; 1 bslbf
if (downmixIdPresent==1) {
downmixId; 7 uimsbf
additionalDownmixIdPresent; 1 bslbf

if (additionalDdownmixIdPresent==1) {
additionalDownmixIdCount; 7 uimsbf

for (i=0; i<additionalDownmixIdCount; i++) {

additionalDewnmixId; 7 uimsbf
}
}else {
additienalDownmixIdCount = 0;
}
}else {
downmixld = 0;
b
| —drcSetldPresent; 1 bslbf
if (drcSetldPresent==1) {
drcSetld; 6 uimsbf
additionalDrcSetIldPresent; 1 bslbf
if (additionalDrcSetldPresent ==1) {
additionalDrcSetldCount; 6 uimsbf

for (i=0; i<additionalDrcSetldCount; i++) {
additionalDrcSetld; 6 uimsbf

© ISO/IEC 2020 - All rights reserved 117


https://standardsiso.com/api/?name=02df253e309747ca0f66e5061799e8e3

ISO/IEC 23003-4:2020(E)

Syntax No. of bits Mnemonic
}else {
additionalDrcSetldCount = 0;
}
}else {
drcSetld = 0;
}
eqSetldPresent; 1 bslbf
if (egSetldPresent==1) {
eqSetld; uimsbf
additionalEqSetldPresent; 1 bslbf
if (additionalEqSetldPresent ==1) {
additionalEqSetldCount; 6 uimsbf
for (i=0; i<additionalEqSetldCount; i++) {
additionalEqSetld; 6 uimsbf
}
1 else {
additionalEqSetldCount = 0;
}
}elde {
eqSetld = 0;
}
louglnessAfterDrc; bslbf
loudinessAfterEq; bslbf
louglEqGainSequenceCount; uimsbf
for (i=0; i<loudEqGainSequenceCount; i++) {
gainSequencelndex; uimsbf
drcCharacteristicFormatIsCICP; 1 bslbf
if (drcCharacteristicFermatlsCICP==1) {
drcCharacteristic; 7 uimsbf
1 else {
drcCharacteristicLeftIndex; 4 uimsbf
dr¥cCharacteristicRightIndex; 4 uimsbf
)
frequencyRangelndex; uimsbf
bsLoudEqScaling; uimsbf
bsLoudEqOffset; uimsbf
}
}
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Table 85 — Syntax of loudEqInstructions() payload for ISO/IEC 14496-12

bit(4) reserved = 0;
unsigned int (4) loud_EQ_instructions_count;

for (a=1; a<=loud_EQ_instructions_count; a++) {

aligned(8) class LoudEqInstructions extends FullBox(‘leqi’, version=0, flags=0) {

bit(2) reserved = 0;
unsigned int(4)  loud_EQ_Set_1D;
signed int(5) drc_location;

bit(1) downmix_ID_present;
bit(1) DRC_set_ID_present;
bit(1) EQ_set_ID_present;
bit(1) loudness_after_EQ;
bit(1) loudness_after_DRC;

if (downmix_ID_present==1) {

unsigned int(7) downmix_ID;

bit(1) additional_downmix_ID_present;

if (additional_downmix_ID_present==1) {
bit(1) reserved = 0;
unsigned int(7) additional_downmix*ID_count;
for (i=1; i<=additional_downmix:ID_count; i++) {

bit(1) reserved= 0;

unsigned int(7) additional_downmix_ID;

}
if (DRC_set_IDspresent ==1) {
bit(1) reserved = 0;
unSighed int(6) DRC_set_ID;
bit(1) additional_DRC_set_ID_present;
if (additional_DRC_set_ID_present==1) {
bit(2) reserved = 0;

unsigned int(6) _additional_DRC_Set_ID_count;
for (i=1; i<=additional_DRC_set_ID_count; i++) {
bit(2) reserved = 0;
unsigned int(6) additional DRC_set_ID;

}
if (EQ_set_ID_present ==1) {
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bit(1) reserved = 0;
unsigned int(6) EQ_set_ID;
bit(1) additional_EQ_set_ID_present;
if (additional_EQ_set_ID_present==1) {
bit(2) reserved = 0;
unsigned int(6) additional_EQ_set_ID_count;

}

for{i=t;<=additiomat-_EQsetIDcount; 7+
bit(2) reserved = 0;
unsigned int(6) additional_EQ _set_ID;

bit(2) reserved = 0;

unsigned int(6) loud_EQ_gain_sequence_count;

for (i=1; i<=loud_EQ_gain_sequence_count; i++) {

bit(1) reserved = 0;
unsigned int(6) gain_sequence_index;
bit(1) DRC_characteristic_format_is_CICP;
if (DRC_characteristic_format_is_CICP==1) {
bit(1) reserved = 0;
unsigned int(7) DRC_characteristic;
}else {
unsigned int(4) DRC_characteristic_left_index;
unsigned int(4) DRCycharacteristic_right_index;
}
bit(2) reserved = 0;
unsigned int(6). “Arequency_range_index;
unsigned int(8) bs_loud_eq_scaling;

unsigneddint(5) bs_loud_eq_offset;

}
}
Table 86 — Syntax of in-stream eqCoefficients() payload
Syntax No. of bits Mnemonic

eqCoefficients()
{

eqDelayMaxPresent; bslbf

if (eqDelayMaxPresent==1) {
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Syntax No. of bits Mnemonic
bsEqDelayMax; 8 uimsbf
}
uniqueFilterBlockCount; 6 uimsbf

for (j=0; j<uniqueFilterBlockCount; j++) {
filterBlockIndex = j;

TilterElementCount; 6 uimsbf
for (k=0; k<filterElementCount; k++) {
filterElementindex; 6 uaimsbf
filterElementGainPresent; 1 bslbf
if (filterElementGainPresent == 1) {

bsFilterElementGain; 10 uimsbf

}

uniqueTdFilterElementCount; 6 uimsbf

for (k=0; k<uniqueTdFilterElementCount; k++) {

eqgFilterFormat; 1 bslbf
if (eqFilterFormat == 0) { /* pole / zero*/
bsRealZeroRadiusOneCount; 3 uimsbf
realZeroCount; 6 uimsbf
genericZeroCount; 6 uimsbf
realPoleCount; 4 uimsbf
complexPoleCount; 4 uimsbf
realZeroRadiusOneCount = 2* bsRealZeroRadiusOneCount;
for (m=0; mxrealZeroRadiusOneCount; m++) {
zeroSign; 1 uimsbf
}
tor (m=0; m<realZeroCount; m++) {
bsZeroRadius; 7 uimsbf
zeroSign; 1 uimsbf
H
for (m=0; m<genericZeroCount; m++) {
bsZeroRadius; 7 uimsbf
bsZeroAngle; 7 uimsbf
}
for (m=0; m<realPoleCount; m++) {
bsPoleRadius; 7 uimsbf
poleSign; 1 uimsbf
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Syntax No. of bits Mnemonic
}
for (m=0; m<complexPoleCount; m++) {
bsPoleRadius; 7 uimsbf
bsPoleAngle; 7 uimsbf
}
Telse] 7™ FIR coefficients */
firFilterOrder; 7 uimsbf
firSymmetry; 1 bslbf
for (m=0; m<firFilterOrder/2+1; m++) {
bsFirCoefficient; 11 uimsbf
}
}
}
uniqueEqSubbandGainsCount; 6 uimsbf
if (uniqueEqSubbandGainsCount > 0) {
eqSubbandGainRepresentation; bslbf
eqSubbandGainFormat; 4 uimsbf

switch (eqSubbandGainFormat) {

case GAINFORMAT_QMF32:
eqSubbandGainCount = 32;
break;

case GAINFORMAT_QMFHYBRID39
eqSubbandGainCount %39;
break;

case GAINFORMAT-QMF64:
eqSubbandGainCount = 64;
break;

case GAINFORMAT_QMFHYBRID71:
eqSubbandGainCount = 71
break;

case GAINFORMAT_QMF123:
eqSubbandGainCount = 128
break;

case GAINFORMAT_QMFHYBRID135:
eqSubbandGainCount = 135
break;

case GAINFORMAT_UNIFORM:

case default:
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Syntax No. of bits Mnemonic
eqSubbandGainCount = bsEqGainCount + 1; 8 uimsbf
break;

}
for (k=0; k< uniqueEqSubbandGainsCount; k++) {
subbandGainsIndex = k;
if (eqSubbandGainRepresentation == 1) {
eqSubbandGainSpline();
}else {
for (m=0; m<eqSubbandGainCount; m++) {
bsEqSubbandGain; 9 uimsbf
}
}
}
}
Table 87 — Syntax of in-stream egSubbandGainSpline() payload
Syntax No. of bits  Mnemoniic
eqSubbandGainSpline()
(
nEqNodes = bsEqNodeCount + 2; 5 uimsbf
for (k=0; k<nEqNodes; k++) {
eqSlopeCode[K]; 1.5 viclbf
}
for (k=1; k<nEqNedes; k++) {
eqFreqDeltaCodelk]; 4 uimsbf
}
eqGainlnitialCode; 5..7 viclbf
for(k=1; k<nEqNodes; k++) {
eqGainDeltaCode[K]; 5 uimsbf
}

Table 88 — Syntax of eqCoefficients() payload for ISO/IEC 14496-12

bit(1) reserved =0;
bit(1) eq_delay_max_present;

if (eq_delay_max_present==1) {

aligned(8) class EQCoefficients extends FullBox(‘ueqc’, version=0, flags=0) {
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bit(8) bs_eq_delay_max;
}
unsigned int(6) unique_filter_block_count;
for (j=1; j<=unique_filter_block_count; j++) {
bit(2) reserved = 0;

unsigned int(6) filter_element_count;

for (k—l, k==fitter—eterment—cournt; k-r-r) {
bit(1) reserved = 0;
unsigned int(6) filter_element_index;
bit(1) bs_filter_element_gain_present;

if (bs_filter_element_gain_present == 1) {

bit(6) reserved = 0;
unsigned int(10) bs_filter_element_gain;
}
}
}
bit([2) reserved = 0;

unsfigned int(6) unique_td_filter_element_count;
for [j=1; j<=unique_td_filter_element_count; j++) {
bit(7) reserved = 0;
bit(1) EQ _filter_format;
if (EQ_filter_format == 0) {
bit(1) reserved = 0;
unsigned int(3) bs_real_zero._radius_one_count;
unsigned int(6) real_zepo_count;
unsigned int(6) eemplex_zero_count;
unsigned int(4). “teal_pole_count;
unsigned int(4) complex_pole_count;
for (m=}F;m<=bs_real_zero_radius_one_count; m++) {
unsigned int(1) zero_sign;

%

e o1 1. £1 1 1 R 3 A R £
DIL{DytE_dIIgn{DS_I'edl_ZEero_radarus_onc_COUIIt)) rescrved = v, // DYULE 1l

for (m=1; m<=real_zero_count; m++) {
unsigned int(7) bs_zero_radius;
unsigned int(1) zero_sign;

}

for (m=1; m<=complex_zero_count; m++) {
bit(2) reserved = 0;

unsigned int(7) bs_zero_radius;
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unsigned int(7) bs_zero_angle;

}

for (m=1; m<=real_pole_count; m++) {
unsigned int(7) bs_pole_radius;
unsigned int(1) zero_sign;

}

for{rm=t; m=<=comptex_pote_count, )%

bit(2) reserved = 0;

unsigned int(7) bs_pole_radius;
unsigned int(7) bs_pole_angle;
}
}else { // FIR coefficients
unsigned int(7) FIR_filter_order;
bit(1) FIR_symmetry;
bit(byte_align(11*(FIR_filter_order/2+1))) reserved = 0; // byte fill
for (m=1; m<=FIR filter_order/2+1; m++) {

unsigned int(11) bs_FIR_coefficients;

}
bit(2) reserved = 0;
unsigned int(6) unique_EQ_subband_gains_count;
if (unique_EQ_subband_gains_ceunt > 0) {
bit(3) reserved = 0;
bit(1) EQ_subband_gain_repesentation;
unsigned int(4)~, EQ_subband_gain_format;
if (EQ_subband_gain_format== GAINFORMAT_UNIFORM) {
bit(2) reserved = 0;
wisigned int(6) bs_EQ _gain_count;
}

for (k=1; k<=unique_subband_gains_count; k++) {

i {EQsubbanmd_gaim repesentatiom==1}
unsigned int(5) bs_EQ_node_count;
unsigned int n_EQ_nodes = bs_EQ_node_count + 2;
unsigned int bitsize = 5;
for (k=1; k<=n_EQ_nodes; k++) {
unsigned int(1...5) EQ_slope_code;

bitsize = bitsize + sizeof(EQ_slope_code);
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bit(byte_align(bitsize)) reserved = 0; // fill to byte boundary
for (k=2; k<=n_EQ_nodes; k++) {
unsigned int(4) EQ_freq_delta_code;
}
bit(byte_align(4 * (n_EQ_nodes-1))) reserved = 0; // fill to byte boundary
unsigned int(5...7) EQ_gain_initial_code;

bitf8=—stzeoftEQ gaim_initial—tode)jTeserved—="=; 77 bytefitt
for (k=2; k<=n_EQ_nodes; k++) {
unsigned int(5) EQ_gain_delta_code;

}
bit(byte_align(5 * (n_EQ_nodes-1))) reserved = 0; // byte fill
}else { // EQ_subband_gain_count derived as in Table 86

for (m=1; m<=EQ_subband_gain_count; m++) {

unsigned int(9) bs_EQ_subband_gain;

}
bit(byte_align(9*EQ_subband_gain_count)) reserved =05 // byte fill
}
}
}
}
Table 89 — Syntax of in-stream eqInstructions() payload
Syntax No. of bits Mnemonic
eqlnstryctions()
{
eqSgetld; 6 uimsbf
eqSetComplexityLevel; 4 uimsbf

channelCount = base€hannelCount;
downmixIdPresent; 1 bslbf

if (downmixldPresent==1) {

downmixId; 7 uimsbf
eqApplyToDownmix; 1 bslbf
additionalDownmixIdPresent; 1 bslbf

if (additionalDdownmixIdPresent==1) {
additionalDownmixIdCount; 7 uimsbf
for (i=0; i<additionalDownmixIdCount; i++) {

additionalDownmixId; 7 uimsbf

}else {
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Syntax No. of bits Mnemonic

additionalDownmixIdCount = 0;

}

if ((eqApplyToDownmix == 1) && (downmixId != 0) &&
(downmixId != 0x7F) && (additionalDownmixIdCount==0)) {

channelCount = targetChannelCountFromDownmix;

Telse if (downmixId == UX7/FJ {

channelCount = 1;

}
}else{
downmixId = 0;
}
drcSetld; 6 uimsbf
additionalDrcSetldPresent; 1 bslbf

if (additionalDrcSetldPresent ==1) {
additionalDrcSetldCount; 6 uimsbf

for (i=0; i<additionalDrcSetldCount; i++) {

additionalDrcSetld; 6 uimsbf

}
}else {

additionalDrcSetldCount = 0;
}
eqSetPurpose; 16 bslbf
dependsOnEqSetPresent; 1 bslbf
if (dependsOnEqSetPresent ==1) {

dependsOnEqSet; 6 uimsbf
}else {

nolndependentEqUse; 1 bslbf

}

eqChannelGroupCount = 0;

for (i=0; i<channelCount; i++) {

newGroup = 1;
eqChannelGroupForChannel[i] = eqChannelGroup; 7 uimsbf
for (k=0; k<i; k++) {

if (eqChannelGroup == eqChannelGroupForChannel[k]) {

newGroup = 0;

}
if (newGroup == 1) {
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Syntax No. of bits Mnemonic

eqChannelGroupCount += 1;

}
tdFilterCascadePresent; 1 bslbf

if (tdFilterCascadePresent == 1) {

for (1=0; i<eqChannelGroupCount; 1++) {
eqCascadeGainPresent; 1 bslbf
if (eqCascadeGainPresent==1) {

bsEqCascadeGain; 10 uimsbf
}
filterBlockCount; 4 uimsbf
for (k=0; k<filterBlockCount; k++) {
filterBlockIndex; 7 uimsbf
}
}
eqPhaseAlignmentPresent; 1 bslbf

for (i=0; i<eqChannelGroupCount; i++) {
for (k=i+1; k<eqChannelGroupCount; k++) {
if (eqPhaseAlignmentPresent==1) {

eqPhaseAlignment[i k] = bsEqPhaseAlignment; 1 bslbf
}else {
eqPhaseAlignment[i k] =1;
}
}
}
}
subpandGainsPresent; 1 bslbf

if (spbbandGainsPresent == 1) {
for (i=05ixeqChannelGroupCount; i++) {

subbandGainsIndex; 6 uimsbf

}

eqTransitionDurationPresent; 1 bslbf
if (eqTransitionDurationPresent==1) {

bsEqTransitionDuration; 5 uimsbf
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Table 90 — Syntax of eqInstructions() payload for ISO/IEC 14496-12

bit(4) reserved = 0;
unsigned int (4) EQ_instructions_count;
for (a=1; a<=EQ_instructions_count; a++) {

bit(1) reserved = 0;

aligned(8) class EQInstructions extends FullBox(‘ueqi’, version=0, flags=0) {

unsigned int(6) EQ_Set_1D;
bit(1) downmix_ID_present;

if (downmix_ID_present==1) {

bit(7) reserved = 0;

unsigned int(7) downmix_ID;

bit(1) EQ_apply_to_downmix;

bit(1) additional_downmix_ID_present;

if (additional_downmix_ID_present==1) {
bit(1) reserved = 0;
unsigned int(7) additional_downmix_ID_count;

for (i=1; i<=additional_downmix_ID_count;i++) {

bit(1) reserved = 0;
unsigned int(7) additional_downmix_ID;
}
}
}
bit(1) reserved #0;

unsigned int(6) drc_set ID;
bit(1) additional_drc_set_ID_present;
if (additional_dre_set_ID_present==1) {
bit(1) reserved = 0;
unsighed int(7) additional_drc_set_ID_count;
for (i=1; i<=additional_drc_set_ID_count; i++) {
bit(2) reserved = 0;

unsigned int(6) additional_drc_set_ID;

}

bit(3) reserved = 0;

bit(4) EQ_complexity_level;

bit(16) EQ_set_purpose;

bit(1) depends_on_EQ set_present;

if (depends_on_EQ_set_present==1) {
bit(2) reserved = 0;

© ISO/IEC 2020 - All rights reserved

129


https://standardsiso.com/api/?name=02df253e309747ca0f66e5061799e8e3

ISO/IEC 23003-4:2020(E)

}else {

}

bit(7)

unsigned int(6) depends_on_EQ_set;

bit(7) reserved = 0;
bit(1) no_independent_EQ use;

reserved = 0;

. 1 L0 1 1
UIISIZIICU TIIL( 7)) CIIdIIICICOUIIL,

unsigned int(7) EQ_channel_group_count;

bit(1)
bit(1)
bit(1)

td_filter_cascade_present;
subband_gains_present;

EQ_transition_duration_present;

if (td_filter_cascade_present == 1) {

for (i=1; i<=EQ_channel_group_count; i++) {

}

bit(3) reserved = 0;
bit(1) EQ_cascade_gain_present;
unsigned int(4) filter_block_count;

if (EQ_cascade_gain_present == 1) {

bit(6) reserved = 0;
unsigned int(10) bs_EQ_cascade_gain;
}
for (k=1; k<=filter_block_count; k++)¥
bit(1) reserved =(0;
unsigned int(7) filter-block_index;
}

bit(7) reserved =0;

bit(1) EQ_phase’alignment present;

if (EQ_phase_alignment_present == 1) {

unsighed int  bitsize = 0;
for (i=1; i<=EQ_channel_group_count; i++) {

for (k=i+1; k<=EQ_channel_group_count; k++) {

}

}o N 3 2o 1 1.
DIt(1) DS_LEU_PHdSc_dITZIIIICIIL,

bitsize++;

}
bit(byte_align(bitsize)) reserved=0; // fill to byte boundary

if (subband_gains_present == 1) {
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for (i=1; i<=EQ_channel_group_count; i++) {
bit(2) reserved = 0;
unsigned int(6) subband_gains_index;

}

if (EQ_transition_duration_present == 1) {

IO 3
DIL(O]) IesScrved - v,

unsigned int(5) bs_EQ_transition_duration;

8

sed

Reference software

8.1 Reference software structure

.1.1 General

in the process of developing this

9
(lause 8 contains reference software for MPEG-D DRC:which has been derived from referencg
u
h

ttps://standards.iso.org/iso-iec/23003 /-4 /ed-2/emn.

a)

The implementation of this reference software*is compliant with the MPEG-D DRC decoding p
described in this document. Complying ISO/IEC 23003-4 implementations are not expected to follow
the algorithms or the programming techiiques used by the reference software. The decoding

i$ considered compliant but cannot @dd anything to the textual technical description of MPE
ipcluded in this document.

The software described in Clause 8 and in Annex K is divided into three categories:

Bitstream decoding-software is catalogued in 8.2. This software accepts bitstreams
according to the-normative specification in this document and applies the bitstream conte
input audio filezAttention is drawn to the fact that several different implementations can
the same résult but that the implementation of the software provided is compliant with th
D DRC decoding processes described in this document.

Bitstream encoding software is catalogued in K.1. This software creates bitstreams accd
the specification in this document. The techniques used for encoding are not specified
document.

document. The software is

provided

models
at

rocesses

boftware
5-D DRC

encoded
nt to an
produce
e MPEG-

rding to
by this

c)

document, but their technical specification is outside of the scope of this document.

The software is provided at http://standards.iso.org/iso-iec/23003/-4/ed-2/en.

8.2 Bitstream decoding software

8.2.1 General

Utility software is catalogued in K.2. This software was found useful by the developers of this

The provided bitstream decoding software is a reference implementation of the specification text in this
document.
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8.2.2 MPEG-D DRC decoding software

Table 91 — MPEG-D DRC decoding software

Location Content

MPEG_D_DRC_refsoft\modules\drcTool\drcToolDecoder | MPEG-D DRC Decoder (DRC Tool Decoder)

MPEG_D_DRC_refsoft\modules\uniDrcModules DRC Tool Sub-Modules

MPEG_

DRC refsoff\modules\peaklimiter Peak Limiter Module

9 Conformance

91 G

Clause 9 specifies conformance criteria for both bitstreams and decoders compliant with the MPEG-
DRC stgndard as defined in this document. This is done to assist implementers and to ensur

interopg
9.2 Cda

9.2.1 @

To test ]
in Figur¢

The pac

scripts and a Microsoft® Excell worksheet ("ISO-IEC.23003-4_MPEG_D_DRC_Conformance_Tables.xlsx'

which d

To fulfi
conform
a decod

corresponding reference file. Since the.modules of an MPEG-D DRC decoder can be integrated in various

differen
decoder

bneral

D J

rability.
nformance testing

onformance test data and test procedure

MPEG-D DRC compliant audio decoders, a package of conformance test data which is describefd
b 14 is available at http://standards.iso.org/iso-iec/23003 /-4 /ed-2/en.

=

kage contains a zip archive with test tools, testbitstreams, interface files, reference files, tes

L

pfines all conformance test sequences.

a conformance test sequence, a; decoder under test shall decode the corresponding
ance test bitstream with the given:decoder setting and the given input audio file. The output gf
er under test shall meet the-indicated conformance test criteria with respect to thie

codec environments, some test categories and test sequences require testing the output of
sub-modules. The test procedure is summarized in Figure 15.

1 Excel is
document

the trademark of a product supplied by Microsoft®. This information is given for the convenience of users of this
and does not constitute an endorsement by ISO of the product named. Equivalent products may be used if they can

be shown to lead to the same results.
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Test Data

Test Sequences

Test Case Input Decoder Setting Reference + Test Criteria
Excel ~
Sheet i

Decoder Interface

Test Category Input Audia File Bitstream

Reference File

—|I %‘ il_‘ il_‘

K Decoder Input J ‘ Test ool 1

Parameter - Requirement

/ ! i I I I
I I I Il i
Input Test Decoder Reference Test Test
Audio File Bitstream Interface File File Tool Script

Figure 14 — Conformance test data

L Test Condition J L Test Bitstream

[
[
~— ]

Test Pracedure

Test Test Criteria

Reférence
Bitstream File - .
(N R
o [—F—
Test Tool + )
Requirement q Pags / Fail
Decod i » [ Decoder / Module
Setting - under Test )
Y

Pags / Fail

Input
Audio File

SSS

Figure 15 — Conformance test procedure

h cases where thedecoder or decoder module under test is followed by additional operatipns (e.g.
uantizing a signal to a 16 bit output signal), the conformance point is prior to such additional
perations, {;er it is permitted to use the actual output (e.g. with more than 16 bit) for confprmance
bsting. Measurements are carried out relative to full scale where the output signals of the decqders are
suallypnormalized to be in the range between -1.0 and +1.0.

o o o o =

(lonformance test criteria define which conformance test tools and parameters shall be used to compare
reference files with output files from the decoder or decoder module under test. The conformance test
tools are defined in subclause 9.2.4.

The characteristics of a conformance test bitstream are defined by the corresponding conformance test
case. A conformance test case is defined by a conformance test category and a combination of one or
more conformance test conditions if applicable. A definition of all conformance test categories and
conformance test conditions can be found in subclause 9.2.4. A conformance test bitstream may be part
of several conformance test sequences.

A decoder setting is a combination of a decoder interface bitstream and decoder input parameters that
need to be supplied to the MPEG-D DRC decoder for a certain conformance test sequence.

© ISO/IEC 2020 - All rights reserved 133


https://standardsiso.com/api/?name=02df253e309747ca0f66e5061799e8e3

ISO/IEC 23003-4:2020(E)

9.2.2 Naming conventions

For all conformance test sequences, the file names are composed of several parts which convey
information about:

— which input audio file applies to a conformance test sequence;
— which syntax type applies to a bitstream;

— which test case applies to a conformance test bitstream;

— whifh decoder setting applies to a conformance test sequence.

The file haming convention is given in Table 92. Strings in box brackets are optional.

Table 92 — File name conventions

Type File Name
Input auglio filename <audioName>[_<cplx>]
Bitstrearh or input parameter filename <baseName>-<structure>
Referencg filename <baseName>__<testCat>[-<decSetting>][__stest€ond>][__<audioName>][_<cplx>]

<audioName> Inputaudio name: “audio-<nCh>ch-<fs>fs-<bit>bit-<desc>-[<domain>]".

<nCh> Number of channels.

<fs> Sampling rate in Hz.

<bit> Bits per sample, where “16”/”24”is PCM integer and “32” is IEEE floating point formaf.
<desc> Description string.

<domaip> Sub-band domain identifier as listed in Table 93.

<cplx> Complex format string: “real” or “imag”.

<baseName> Base name for bitstreams and input parameter sets: “<prefix>-<syntax>-<N>".

<prefixy Prefix: #if"for interface bitstreams and interface parameter sets, “bs” for bitstreams
and bitstream parameter sets, “sl” for DRC set selection parameter files.

<syntax> Syntax type string as listed in Table 94.

<N> An enumeration number, unique for each <syntax> type.

<structure=> syntax structure string ("nniﬂrr"l "lminr{‘(‘nnﬁg"’ “uniDrcGain” _“loudnessinfaSet” ar
“uniDrcInterface”). If <syntax> is “h0”, “uniDrcConfig”, “loudnessInfoSet” and
“uniDrcInterface” are interpreted as “mpegh3daUniDrcConfig”,
“mpegh3daLoudnessinfoSet” and “mpegh3daLoudnessDrcInterface”, respectively. File
labels “downmixMatrixSet” and “mpegh3daParameters” indicate parameter files as
defined in subclause 9.2.3.2.

<testCat> Test category string. Abbreviations as listed in Table 95.

<decSetting> Decoder setting name: “[<baseName>][-id<id>][-<afs>afs][-1d][-<gd>gd][-<ad>ad]]-
<other>][-<domain>]".
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<id> Gain decoder instance ID that defines whether a selected DRC set shall be applied
dependent on its defined downmixld value:
— “0”: Gain decoder instance accepts DRC sets with downmixId = 0x0
— “1”: Gain decoder instance accepts DRC sets with downmixld = 0x0 ||
downmixld = 0x7F
— “2”: Gain decoder instance accepts DRC sets with downmixId = 0x7F
— “3”: Gain decoder instance accepts DRC sets with downmixid = 0 &&
downmixld != 0x7F
— “4”: Gain decoder instance accepts DRC sets with downmixId != Q
dafs> Processing frame size in samples. Default: 1024.
1d Low-delay mode indicator.
dqgd> Gain delay in samples.
dad> Audio delay in samples.
dother> Other decoder input parameters.
dtestCond> Test condition string. May consist of a concatenation of one or more test condition

abbreviations as listed in Table 96.

Table 93 — Sub-band domain identifier

Sub-band domain <domain>
64-band QMF domain Qmf64
256-band STFT domain Stft256

Table 94 — Syntax identifier

Specification <syntax>
ISO/IEC 23003-4:2015 v0
ISO/IEC 23003-4:2019 vl
ISO/IEC 23008-3:2019 ho

Table 95 — Test categories and abbreviations

Test category Abbrev.
DRC set selection process test category DrcSelProc
DRC gain decoder test category DrcGainDec
DRC & 1d = £ 'S 'S AnY T 1D
BREtooldecodertesteategory BreFeoibee
Peak limiter test category PeakLim

Table 96 — Test conditions and abbreviations

Test condition

Abbrev.

Loudness normalization test condition

Ln

Gain coding and gain interpolation test condition

Gc

Gain modification test condition

Gm

Node reservoir test condition

Nr
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Multi-band DRC test condition Mb
Shaping filter test condition St

Parametric DRC test condition Pd
Equalization filter test condition Eq
Loudness equalization support test condition Le

Multiple DRC sets at one location test condition Md
Downmix test condition Dx
Ducking and Fading test condition Df
Peak limiter test condition Pl

Handling of extensions test condition Ex

9.2.3 File format definitions

9.2.3.1 |DRC set selection parameters

The result of the DRC set selection process as specified in subclause 6.3 shall be stored as a text file th3

includeg the following parameters:

— nunjber of selected DRC sets (numSelectedDrcSets) (one line in text file);

— drcSetld and downmixld for each selected DRC set (numSelectedDrcSets lines in text file);

— loudness normalization gain in dB (one line in text file);

— output peak level in dB (one line in text file);

— selerted boost, compress and drcCharacteristicTarget parameters (one line in text file);

— channel count before and after downmix (oriéline in text file);

— loudnessEqSetld and mixingLevel for selécted loudness EQ (one line in text file) if applicable;

— eqSetld for selected EQ before and after downmix (one line in text file) if applicable.

An exanijple file is shown in Table 9.

Table 97 = Example file content for DRC set selection parameters

File content Interpretation
3 numSelectedDrcSets = 3
10 drcSetld[0] = 1, downmixId[0] = 0
3 127 drcSetld[1] = 3, downmixId[1] = 127
42 drcSetld[2] = 4, downmixId[2] = 2
5.0 loudnessNormalizationGainDb = 5
-35 outputPeakLevelDb =-3.5
1.01.00 Boost = 1.0, compress = 1.0, drcCharacteristicTarget = 0
62 baseChannelCount = 6, targetChannelCount = 2
-185.0 loudEqld = -1, mixingLevel = 85.0
01 eqSetld[0] = 0, eqSetld[1] =1
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9.2.3.2 MPEG-H 3DA parameters

9.2.3.2.1 Downmix parameters

The content of the downmixMatrixSet() structure according to ISO/IEC 23008-3:2019, Table 27, shall
be stored as a text file that includes the following parameters:

— number of downmixld definitions (downmixIdCount) (one line in text file);

— downmixld and targetChannelCount for each downmixld definition (downmixIdCount lines in text

o>y

0

o

file).

n example file is shown is Table 98.

Table 98 — Example file content for downmixMatrixSet parameters

File content Interpretation
3 downmixldCount = 3
12 downmixId[0] = 1, targetChannelCount[0] = 2
36 downmixId[1] = 3, targetChannelCount[1] = 6
48 downmixId[2] = 4, targetChannelCount[2] = 8

.2.3.2.2 Interactivity parameters

ser interactivity parameters according to ISO/IEC 23008-3 shall be stored as a text file that
he following parameters:

o~y

ne

number of active groups for the selected audio scene (numGroupldRequests) (one line in tex

mae_grouplD value for each active greup (numGroupldRequests lines in text file);

number of active group presets _for the selected audio scene (numGroupPresetIDRequests)
in text file);

mae_groupPresetID  and~ number of members for each active group
(numGroupPresetIDRequests lines in text file);

mae_groupPresetID value for a prioritized group preset (default: “-1”) (one line in text file).

xample file is-shown in Table 99.

Table 99 — Example file content for mpegh3daParameters parameters

includes

t file);

one line

preset

File content Interpretation

numGroupIDRequests = 3

N N = B W =W

mae_groupID[0] =1

mae_groupID[1] =3

mae_grouplD[2] = 4

numGroupPresetIDRequests = 1

1 mae_groupPresetID[0] = 2, numMembersGroupPresetID[0] = 1

groupPresetldRequestedPreference = 2
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9.2.4 Conformance test tools

9.24.1 RMS/LSB measurement

The RMS/LSB measurement shall be as defined in ISO/IEC 14496-26:2010, 7.1.2.2.1.
9.2.4.2 Segmental SNR

The segmental SNR shall be as defined in ISO/IEC 14496-26:2010, 7.1.2.2.2.

9243 Conformance of DRC set selection parameters

[

To fulfilthe “Conformance of DRC set selection parameters” test, the DRC set selection parameter-resu
of a decpder under test shall have the following properties with respect to a supplied reference file a
defined |n subclause 9.2.3.1:

[72)

— matrh of drcSetld and downmixlId for each selected DRC set;

— matrh of loudness normalization gain with a tolerance of +/- 0.05 dB;

— matrh of loudnessEqSetld and mixingLevel for selected loudness EQ if applicable;
— matfh of eqSetld for selected EQ before and after downmix if applicable;

The unilprcSelectionProcessConformanceCmdl tool is provided to display selection results and comparje
them wifh reference results.

9.2.4.4 Profiles/Levels conformance

The uniDrcBitstreamConformanceCmdl tool is supplied\to check the bitstream conformance with
certain |Profiles and Levels. The conformance of self-supplied payloads for DRC configurations,
uniDrcCpnfig(), and loudness information, loudnessinfoSet(), should be tested with the test togl
uniDrcBjitstreamConformanceCmdl. For MPEG-H 3DA bitstreams, ti:E
mpegh3fdaUniDrcBitstreamConformanceCmdl _tool should be used instead. Each tool checks t

conformance in terms of

— merhory and complexity limits;
— delay limits;
— pregence of required metadata elements.

The tools display the metadata of the supplied payloads and report the conformance result. A bitstrearh
is not conformant if griie*or more of its payloads do not pass the test tool check.

9.2.4.5 Further tool support

The unilDrclnterfaceConformance tool is provided to display the content of interface bitstreams.

9.3 Encoder conformance for MPEG-D DRC bitstreams

9.3.1 Characteristics and test procedure

Characteristics of MPEG-D DRC bitstreams specify the necessary constraints that an encoder shall
comply with in order to generate conformant bitstreams. These syntactic and semantic constraints may,
for example, restrict the value range of certain parameters or the maximum count of certain parameter
sets in the bitstream or require certain metadata to be present.

Each MPEG-D DRC bitstream shall meet the syntactic and semantic requirements specified in this
document. Subclause 9.3 defines the conformance criteria that shall be fulfilled by a compliant
bitstream dependent on its syntax type and an associated profile and level if applicable. These criteria
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are specified for the syntactic elements of the bitstream and for some parameters derived from the
bitstream payload.

For each bitstream structure, a set of semantic tests to be performed is described. To verify whether the
syntax is correct is straightforward and therefore not defined herein after. It is assumed that the tested
bitstreams contain no errors due to transmission or other reasons.

9.3.2 Configuration payload

3 4 Pal | - : s
ki X CIIdI AdULCT ISUICLS

op

wal

ncoders may apply restrictions to the following parameters of the uniDrcoConfig() and
pudnessInfoSet() structure defined in Annex A:

[a—)

d) presence and value of bsSampleRate, bsTimeDeltaMin or bsDrcFrameSize;
H) presence and type of extension elements:

1) uniDrcConfigExtension();
2) loudnessInfoSetExtension();

d) restrictions on the number of metadata structures:

1) downmixInstructionsCount, downmixInstructionsViCount;

2) drcCoefficientsBasicCount, drcCoefficientsUniDrcCount, drcCoefficientsUniDrcV1Count;
3) drcinstructionsBasicCount, drcinstructionstUniDrcCount, drcinstructionsUniDrcV1Count;
4) loudnessinfoCount, loudnessinfoV1Count;

5) loudnessinfoAlbumCount, loudiessinfoV1AlbumCount;

6) parametricDrcinstructionsCount;

7) loudnessEqlnstructionsCount;

8) eqlnstructionsCount;

d) restrictionsron-the number of metadata parameters:

1) chdracteristicLeftCount, characteristicRightCount, shapeFilterCount, gainSequenceCount,
gainSetCount, bandCount;

2) "' parametricDrcGainSetCount;

3) uniqueFilterBlockCount, uniqueTdFilterElementCount, uniqueEqSubbandGainsCount.

9.3.2.2 Requirements for configuration syntax

9.3.2.2.1 uniDrc()

uniDrcLoudnessInfoSetPresent Shall be set to one in the first frame and for configuration changes if a
loudnessinfoSet() or uniDrcConfig() structure is not conveyed by the
ISO base media file format (ISO/IEC 14496-12) syntax. Should be set
to one for random access points in streaming scenarios as described
in subclause 6.11.
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uniDrcConfigPresent Shall be set to one in first frame and for configuration changes if an

uniDrcConfig() structure is not conveyed by the ISO base media file
format (ISO/IEC 14496-12) syntax. Should be set to one for random
access points in streaming scenarios as described in subclause 6.11.

9.3.2.2.2 uniDrcConfig()

sampleRatePresent

No restrictions apply. For profile and level dependent restrictions,
see subclause 9.3.5. Further restrictions can apply dependent on the

bsSamplleRate

downmjxInstructionsCount No restrictions apply. For profile and level dependent restrictions,

drcDesgriptionsBasicPresent No restrictions apply.
drcCoefficientsBasicCount No restrictions apply.
drcInstructionsBasicCount No restrictions apply.

drcCoefficientsUniDrcCount  No restrictions apply. For profile and level dependent restrictions,

drcInstructionsUniDrcCount  No restrictions applyxFor profile and level dependent restrictions,

uniDrcConfigExtPresent No restrictions.apply.

9.3.2.2.3 loudnessinfoSet()

loudnegsinfoAlbumCount No,restrictions apply. For profile and level dependent restrictions,

loudnessinfoCount No restrictions apply. For profile and level dependent restrictions,
see subclause 9.3.5.
loudnegsinfoSetExtPresent No restrictions apply.

9.3.2.2.4 loudnessinfo() and loudnessinfoV1()

NOTE |Bitstream elements marked with an asterisk are part of the loudnessInfoV1() payload.

drcSetld

specific codec environment.

No restrictions apply. For profile and level dependent resttictions,
see subclause 9.3.5. Further restrictions can apply dependent on the
specific codec environment.

see subclause 9.3.5.

see subclause 9.3.5.

see subclause 9.3.5.

seesubclause 9.3.5.

eqSetld*

downmixId

No restrictions apply If the value is nat equal to 0x0 or Ox3F, the drcSetld value of
a present drclnstructionsUniDrc() or a drclnstructionsUniDrcV1() or a
drclnstructionsBasic() payload shall match.

No restrictions apply. If the value is not equal to 0x0 or 0x3F, the eqSetld value of a
present eqlnstructions() payload shall match.

No restrictions apply. If the value is not equal to 0x0 or 0x7F, the value shall match
the downmixld value of a present downmixInstructions(),
downmixInstructionsV1() or downmixMatrixSet() (ISO/IEC 23008-3) payload.

samplePeakLevelPresent No restrictions apply.
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bsSamplePeakLevel No restrictions apply.

truePeakLevelPresent No restrictions apply.

bsTruePeakLevel No restrictions apply.

measurementCount No restrictions apply. For profile and level dependent restricti
subclause 9.3.5.

methodDefinition Reserved values as specified in Table A.49 shall be used for

testing only (see Table 102). For profile and level de
requirements, see subclause 9.3.5.

020(E)

ons, see

decoder
pendent

methodValue No restrictions apply.
measurementSystem Reserved values as specified in Table A.50 shall~be used for |[decoder
testing only (see Table 102).
reliability No restrictions apply.
9.3.2.2.5 loudnessinfoSetExtension()
NOTE Bitstream elements marked with an asterisk are part of the UNIDRCLOUDEXT_EQ extension.
lpudnessinfoSetExtType Reserved values as spegified in Table A.11 shall be used for|decoder
testing only (see Table 102).
hitSizeLen No restrictions apply.
hitSize No restrictions apply.
IpudnessinfoV1AlbumCount* No restrictions apply. For profile and level dependent restrictions,
see subelause 9.3.5.
lpudnessinfoV1Count* No Testrictions apply. For profile and level dependent restrictions,
See subclause 9.3.5.
dtherBit No restrictions apply.
9.3.2.2.6 channelLayout()
haseChannelCount Shall not be encoded with a value of 0. For profile and level dependent
restrictions, see subclause 9.3.5.
layoutSignalingPresent No restrictions apply.
definedLayout Reserved values according to ISO/IEC 23091-3 shall be used for |decoder
testing only (see Table 102).
speakerPosition Reserved values according to ISO/IEC 23091-3 shall be used for decoder
testing only (see Table 102).
9.3.2.2.7 downmixInstructions() and downmixInstructionsV1()
NOTE  Bitstream elements marked with an asterisk are part of the downmixInstructionsV1() payload.
downmixId Shall not be encoded with a value of 0x0 and 0x7F.
targetChannelCount Shall not be encoded with a value of 0. Shall match channel count of
targetLayout if targetLayout is not equal to 0.
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targetLayout

Reserved values according to ISO/IEC 23091-3 shall be used for
decoder testing only (see Table 102).

downmixCoefficientsPresent No restrictions apply.

bsDownmixOffset* Reserved values according to ISO/IEC 14496-12 shall be used for
decoder testing only (see Table 102).

bsDownmixCoefficient No restrictions apply.

bsDownmixCoefficientV1* No restrictions apply.

9.3.2.2.8 drcCoefficientsBasic()

drcLocation

drcCharacteristic

9.3.2.2.9 drcCoefficientsUniDrc() and drcCoefficientsUniDrcV1()

NOTE |Bitstream elements marked with an asterisk are part of the drcGoefficientsUniDrcV1() payload.

drcLocation

drcFrameSizePresent

bsDrcFrameSize

drcCharacteristicLeftPresent*—No restrictions apply.

characteristicLeftCount* No restrictions apply. For profile and level dependent restrictions,

characteristicFermat* No restrictions apply.

Reserved values as specified in Table 2 shall be used for decoder testing onl
(see Table 102). Further restrictions can apply based on the specific code
environment.

o <

—

Reserved values according to ISO/IEC 23091-3 shall’be used for decods
testing only (see Table 102).

Reserved values specified in Table 2.shall be used for decoder testing onl
(see Table 102). For profile and level dependent restrictions, see subclaus
9.3.5. Further restrictions can apply based on the specific codec environment

D <

No restrictions apply. Far,"profile and level dependent restrictions, see
subclause 9.3.5. Further-restrictions can apply based on the specific code
environment.

(@)

No restrictions-apply. For profile and level dependent restrictions, se
subclause 9.3.5. Further restrictions can apply based on the specific code
environment.

a O

see subclause 9.3.5. A wvalue of 0 is equivalent tp
drcCharacteristicLeftPresent == 0.

bsGainleft* No restrictions apply.

bsloRatioLeft* No restrictions apply.

bsExpLeft* No restrictions apply.

flipSignLeft* No restrictions apply.

bsCharNodeCount* No restrictions apply.

bsNodeLevelDelta* No restrictions apply.

bsNodeGain* No restrictions apply.

drcCharacteristicRightPresent* No restrictions apply.
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characteristicRightCount* No restrictions apply. For profile and level dependent
restrictions, see subclause 9.3.5. A value of 0 is equivalent to
drcCharacteristicRightPresent == 0.

bsGainRight* No restrictions apply.
bsloRatioRight* No restrictions apply.
bsExpRight* No restrictions apply.
flipSignRight* No restrictions apply.

I‘apeFiltersPresent* No restrictions apply.

apeFilterCount* No restrictions apply. For profile and level dependent’Trestrictipns, see
subclause 9.3.5. A value of 0 is equivalent to shapeFiltersPresent == 0.

P

fCutFilterPresent* No restrictions apply.

[

fCornerFreqlndex* Reserved values as specified in Table A.35 shall’be used for decodef testing
only (see Table 102).

o

[FilterStrengthIndex* Reserved values as specified in Table A:33 shall be used for decode} testing
only (see Table 102).

o

[BoostFilterPresent* No restrictions apply.

_

fCutFilterPresent* No restrictions apply.

-

fCornerFreqIndex* Reserved values as specified in Table A.36 shall be used for decodef testing
only (see Table 102¥:

-

fFilterStrengthIndex* Reserved values’as specified in Table A.34 shall be used for decodef testing
only (see Table 102).

hfBoostFilterPresent* No restrictions apply.

gainSequenceCount* Noyrestrictions apply. For profile and level dependent restrictipns, see
stibclause 9.3.5.

gainSetCount Shall not be encoded with a value of 0. For profile and level dependent
restrictions, see subclause 9.3.5.

gainCodingProfile For drcCoefficientsUniDrcV1(), the value of this field shall be identicpl for all
DRC gain sets that share one or more DRC gain sequences.
gaininterpolationType For drcCoefficientsUniDrcV1(), the value of this field shall be identicpl for all

DRC gain sets that share one or more DRC gain sequences. For profile and
level dependent restrictions, see subclause 9.3.5.

fullFrame For low-delay mode (delayMode==1), the value of this field shall be set to 1.
For drcCoefficientsUniDrcV1(), the value of this field shall be identical for all
DRC gain sets that share one or more DRC gain sequences.

timeAlignment For low-delay mode (delayMode==1), the value of this field shall be set to 0.
For drcCoefficientsUniDrcV1(), the value of this field shall be identical for all
DRC gain sets that share one or more DRC gain sequences.
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timeDeltaMinPresent

bsTimeDeltaMin

For drcCoefficientsUniDrcV1(), the value of this field shall be identical for all
DRC gain sets that share one or more DRC gain sequences. For further profile
and level dependent restrictions, see subclause 9.3.5. Further restrictions can
apply based on the specific codec environment.

For drcCoefficientsUniDrcV1(), the value of this field shall be identical for all
DRC gain sets that share one or more DRC gain sequences. For further profile
and level dependent restrictions, see subclause 9.3.5. Further restrictions can
apply based on the specific codec environment

bandCount

drcBandType

indexPresent*

bsIndex*

drcCharacteristicPresent* No restrictions apply.

drcCharacteristicFormatIsCICP*  No restrictions apply.

[

Shall not be encoded with a value of 0. For further profile and level depender]
restrictions, see subclause 9.3.5. Dependent on the specifi¢ | code
environment, further restrictions can apply.

(@)

Shall be 1 if multi-band DRC gains are applied in the time-domain by using thle
multi-band DRC filter bank as specified in subclause 6.4.12.

No restrictions apply.

The values of the index field shall fulfill the conditioirbsIndex <
gainSequenceCount.

drcCharacteristic Reserved values according to ISO/IEC 23091-3 shall be used fqr
decoder testing orily (see Table 102).

drcCharacteristicLeftindex* Shall be small€¥ than drcCharacteristicLeftCount.

drcCharacteristicRightIndex* Shall be smaller than drcCharacteristicRightCount.

crossoverFreqlndex No-restrictions apply.

startSubBandIndex Shall map to a sub-band domain index present at the decoder.

9.3.2.2.10 drcInstructionsBasic()

drcSetld

drcLocation

This mapping is dependent on the specific codec environment.

Shall not be encoded with a value of 0x0 or 0x3F. The drcSetld value
for all present drclnstructionsUniDrc(), drclnstructionsUniDrcV1
and drclnstructionsBasic() payloads shall be unique for eac
structure.

[72)

> —

Shall match the drcLocation value of a present drcCoefficientsBasic()),

downmixIld

a drcCoeftficientsUniDrc() or a drcCoetficientsUniDTcVI() payload.

No restrictions apply. If the value is not equal to 0x0 or 0x7F, the
value shall match the downmixld value of a present
downmixInstructions() or a downmixInstructionsV1() payload.

additionalDownmixIdPresent No restrictions apply.

additionalDownmixIdCount Shall be larger than zero.

additionalDownmixId
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No restrictions apply. If the value is not equal to 0x0 or 0x7F, the
value shall match the downmixld value of a present
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downmixInstructions(), downmixInstructionsV1() or
downmixMatrixSet() (ISO/IEC 23008-3) payload.

Reserved values as specified in Table A.45 shall be used for decoder
testing only (see Table 101).

No restrictions apply.

No restrictions apply.

o

rcSetTargetLoudnessPresent

drcSetld

o

rcSetComplexityLevel*

drcLocation

downmixIdPresent*

o

ownmixId

o

rcApplyToDownmix*®
ddditionalDownmixIdPresent
ddditionalDewnmixIdCount

ddditionalDownmixId

sDrcSetTargetLoudnessValueUpper No restrictions apply.

H
drcSetTargetLoudnessValueLowerPresent No restrictions apply.
H

9.3.2.2.11 drcInstructionsUniDrc() and drcInstructionsUniDrcV1()

NOTE  Bitstream elements marked with an asterisk are part of the drcInstfudtionsUniDrcV1() payload,

No restrictions apply.

sDrcSetTargetLoudnessValueLower Shall be smaller than bsDrcSetTargetLoudnessValueUpper.

Shall not be encoded with a value'of 0x0 or 0x3F. The drcSetld values
for all present drclnstructionsUniDrc(), drclnstructionsUn}DrcV1()
and drclnstructionsBasic() payloads shall be unique fpr each
structure.

Shall be computedrand set according to subclause 6.9.2.

Shall match the drcLocation value of a present drcCoefficientsBasic(),
a drcCoefficientsUniDrc() or a drcCoefficientsUniDrcV1() payload.

No restrictions apply.

No Testrictions apply. If the value is not equal to 0x0 or Ox7F, the
value shall match the downmixld value of a [present
downmixInstructions(), downmixInstructionsV1() or
downmixMatrixSet() (ISO/IEC 23008-3) payload.

No restrictions apply.
No restrictions apply.
Shall not be encoded with a value of 0.

No restrictions apply. If the value is not equal to 0x0 or Ox7F, the
value shall match the downmixld value of a [present

drcSetEffect

limiterPeakTargetPresent
bsLimiterPeakTarget

drcSetTargetLoudnessPresent

© ISO/IEC 2020 - All rights reserved

dnurnmivlnch‘nr‘ﬁnnc(), downmixInstructionsV1 O or

downmixMatrixSet() (ISO/IEC 23008-3) payload.

At least one bit shall be non-zero. Reserved bit positions as specified
in Table A.45 shall be set for decoder testing only (see Table 102).
For profile and level dependent requirements see subclause 9.3.5.

No restrictions apply.
No restrictions apply.

No restrictions apply.
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bsDrcSetTargetLoudnessValueUpper No restrictions apply.

drcSetTargetLoudnessValueLowerPresent No restrictions apply.

bsDrcSetTargetLoudnessValueLower Shall be smaller than bsDrcSetTargetLoudnessValueUpper.

dependsOnDrcSetPresent No restrictions apply.

dependsOnDrcSet The value shall match the drcSetld value of a present
drclnstructionsUniDrc() or drcInstructionsUniDrcV1() payload.

nolnde]LendentUse No restrictions apply.

requiresEq* No restrictions apply.

bsGainYetindex The values of this index field shall fulfill the condition bsGainSetindex <

duckingScalingPresent
bsDuckingScaling

repeatP arameters

bsRepeatParametersCount Shall not be encoded with a value larger than the remaining loop count.

repeatGainSetIindex

bsRepeatGainSetCount

targetCharacteristicLeftPresent* ) No restrictions apply.

targetCharacteristicLeftIndex* The values of this index field shall fulfill the conditiop
L,

targetCharacteristicRightPresent* No restrictions apply.

gainSetCountTotal, where gainSetCountTotal is the sunmof gainSetCoun
and  parametricDrcGainSetCount  derived from a preser
drcCoefficientsBasic(), drcCoefficientsUniDrc(]
drcCoefficientsUniDrcV1() and parametricDrcCoefficients() payload wit]
matching drcLocation value. Further note .that for drcSetEffect=="Duc
other” only one DRC channel group can define a bsGainSetindex index nd
equal to 0.

(o

- AN = <

No restrictions apply.
No restrictions apply.

Shall be set to one if“bsGainSetindex, duckingScalingPresent and
bsDuckingScaling are.repeated for the next channel.

Shall be set tolone if bsGainSetIndex is repeated for the next channel.

Shall not be encoded with a value larger than the remaining loop count.

targetCharacteristicLeftindex < targetCharacteristicLeftCoun
where targetCharacteristicLeftCount is defined by a presernt
drcCoefficientsUniDrcV1() payload with matching drcLocatiop
value.

" L] Pl JD= 13- 1 Sk lankl 1 £ h . 1 rall 1.1 h | 11 £10211 1 h
targetc,ldldtlﬂllbLlLKlgllllllub‘X I'Ic  vdiucs 0O6  UIlS  I[IUEX 1IC1A - SIIdIl TUILID 1€ COITUItIon

gainScalingPresent
bsAttenuationScaling

bsAmplificationScaling
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targetCharacteristicRightindex < targetCharacteristicRightCount,
where targetCharacteristicRightCount is defined by a present
drcCoefficientsUniDrcV1() payload with matching drcLocation
value.

No restrictions apply.
No restrictions apply.

No restrictions apply.
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gainOffsetPresent No restrictions apply.
bsGainOffset No restrictions apply.
shapeFilterPresent* No restrictions apply.
shapeFilterIndex* The values of this index field shall fulfill the condition

shapeFilterindex < shapeFilterCount, where shapeFilterCount is
defined by a present drcCoefficientsUniDrcV1() payload with

matching dreol acatiogn ualug

9.3.2.2.12 uniDrcConfigExtension()

[

niDrcConfigExtType

=

itSizeLen

=

itSize
parametricDrcInstructionsCount
downmixInstructionsV1Present
downmixInstructionsV1Count

drcCoeffsAndInstructionsUniDrcV1Present

drcCoefficientsUniDrcV1Count

drcInstructionsUniDrcV1Count

P

pudEqInstructionsPresent

P

budEqInstructionsCount

o

qPresent

o

qInstructionsCount

dtherBit

THrerceT St oo CHtroi—varaes

Reserved types shall only be_used for |decoder

testing (see Table 102).
No restrictions apply.
No restrictions apply

No restrictionsC~apply. For profile and
dependent restrictions, see subclause 9.3.5.

No restrictions apply.
Shall'not be encoded with a value of 0.
No restrictions apply.

No restrictions apply. For profile and
dependent restrictions, see subclause 9.3.5.

No restrictions apply. For profile and
dependent restrictions, see subclause 9.3.5.

No restrictions apply.

No restrictions apply. For profile and
dependent restrictions, see subclause 9.3.5.

No restrictions apply.

No restrictions apply. For profile and
dependent restrictions, see subclause 9.3.5.

No restrictions apply.

32213 drrl’nnffirinnfcparnmnh‘irnrr()

drcLocation No restrictions apply.

parametricDrcFrameSizeFormat  No restrictions apply.

bsParametricDrcFrameSize No restrictions apply.

bsDrcFrameSize No restrictions apply.

parametricDrcDelayMaxPresent  No restrictions apply.

bsParametricDrcDelayMax No restrictions apply.

© ISO/IEC 2020 - All rights reserved
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resetParametricDrc

parametricDrcGainSetCount

No restrictions apply.

No restrictions apply. For profile and level dependent
restrictions, see subclause 9.3.5

parametricDrcld Shall match the parametricDrcld of one
parametricDrcInstructions() payload.

sideChainConfigType Reserved values shall be applied for decoder testing only (see
Table102)
Fable-102)-

downmijxId No restrictions apply. If the value is not equal to 0x0 or 0x7F,thie

levelEstimChannelWeightFormat

addChapnel
bsChannelWeight
drcinputLoudnessPresent

bsDrcInputLoudness

9.3.2.2.14 parametricDrcInstructions()

parametricDrcld

parametricDrcLookAheadPresent
bsParametricDrcLookAhead
parametricDrcPresetldPresent

parametricDrcPresetld

value shall match the downmixld value of a . presernt
downmixInstructions(), downmixInstructionsV;1() qr
downmixMatrixSet() (ISO/IEC 23008-3) payload.

Reserved values shall be applied for decoder|testing only (se
Table 102).

[¢)

No restrictions apply.
No restrictions apply.
No restrictions apply.

No restrictions apply.

No restrictions®apply. Shall have a unique value for each
parametricBrcInstructions() payload.

No restrictions apply.
No_restrictions apply.
No restrictions apply.

Reserved values shall be applied for decoder testing only (se
Table 102).

D

[

parametricDrcType Reserved types shall be used for decoder testing only (se
Table 101).

bitSizellen No restrictions apply.

bitSize No restrictions apply.

otherBit No restrictions apply.

9.3.2.2.15 parametricDrcTypeFeedForward()

levelEstimKWeightingType

Reserved values shall be applied for decoder testing only (see
Table 102).

levelEstimIntegrationTimePresent No restrictions apply.

bsLevelEstimIntegrationTime

drcCurveDefinitionType

148

No restrictions apply.

No restrictions apply.
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drcCharacteristic Reserved values according to ISO/IEC 23091-3 shall be used for
decoder testing only (see Table 102).

bsNodeCount No restrictions apply.

bsNodeLevellnitial No restrictions apply.

bsNodeLevelDelta No restrictions apply.

bsNodeGain No restrictions apply.

drcGainSmoothParametersPresent No restrictions apply.
hsGainSmoothAttackTimeSlow No restrictions apply.

hsGainSmoothReleaseTimeSlow  No restrictions apply.

gainSmoothTimeFastPresent No restrictions apply.
hsGainSmoothAttackTimeFast No restrictions apply.
hsGainSmoothReleaseTimeFast No restrictions apply.
gainSmoothThresholdPresent No restrictions apply.
hsGainSmoothAttackThreshold No restrictions apply:

=

sGainSmoothReleaseThreshold No restrictions apply.

gainSmoothHoldOffCountPresent No restrictioiis apply.

=

sGainSmoothHoldOff No restrictions apply.
9.3.2.2.16 parametricDrcTypeLimiter()
parametricLimThresholdPresent No restrictions apply.
hsParametricLimThreshold No restrictions apply.
parametricLimReleaseTimePresent No restrictions apply.

hsParametricLimReleaseTime No restrictions apply.

9.3.2.2.17 loudEqInstructions()

lpudEqSetld Shall not be encoded with a value of 0x0 or 0x3F. Shall have a unique
value for each loudEqInstructions() payload.

drcLecation No restrictions apply.

downmixIdPresent No restrictions apply.

downmixId No restrictions apply. If the value is not equal to 0x0 or 0x7F, the
value shall match the downmixld value of a present
downmixInstructions(), downmixInstructionsV1() or

downmixMatrixSet() (ISO/IEC 23008-3) payload.
additionalDownmixIldPresent No restrictions apply.

additionalDownmixldCount  Shall be larger than zero.
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additionalDownmixId

drcSetldPresent

drcSetld

No restrictions apply. If the value is not equal to 0x0 or 0x7F, the
value shall match the downmixld value of a present
downmixInstructions(), downmixInstructionsV1() or
downmixMatrixSet() (ISO/IEC 23008-3) payload.

No restrictions apply.

Shall not be encoded with a value of 0x0 or 0x3F. Shall match the
drcSetld of a drclnstructionsUniDrc(), drclnstructionsUniDrcV1() or

additionalDrcSetldPresent
additionalDrcSetldCount

additionalDrcSetld

eqSetldPresent

eqSetld

additionalEqSetldPresent
additionpalEqSetldCount

additionalEqSetld

loudnegsAfterDrc
loudnegsAfterEq
loudEqGainSequenceCount
gainSequencelndex
drcCharacteristicFormatCICP

drcCharacteristic

drcCharacteristicLeftIndex

drclnstructionsBasic() payload.
No restrictions apply.
Shall be larger than zero.

Shall not be encoded with a value of 0x0 or 0x3F~Shall match the
drcSetld of a drcInstructionsUniDrc(), drcinstructionsUniDrcV1() dr
drclnstructionsBasic() payload.

No restrictions apply.

Shall not be encoded with a value of<0x0 or 0x3F. Shall match thie
eqSetld of an eqInstructions() payload.

No restrictions apply.
Shall be larger than zero.

Shall not be encoded ‘with a value of 0x0 or 0x3F. Shall match thie
eqSetld of an eqlnstructions() payload.

No restrictionSapply.

No restrictions apply.

Shall not exceed the actual number of gain sequences.

Shall be smaller than the number of available gain sequences.
No restrictions apply.

Referenced characteristic shall be invertible (see Table A.81).
Reserved values shall be used for decoder testing only (s€
Table 101).

[

Shall be smaller than drcCharacteristicLeftCount. Referenced

characteristic shall be invertible.

drcCharacteristicRightIndex

frequencyRangelndex

bsLoudEqScaling
bsLoudEqOffset

150

Shall be smaller than drcCharacteristicRightCount. Referenced
characteristic shall be invertible.

Reserved values shall be used for decoder testing only (see
Table 101).

No restrictions apply.

No restrictions apply.
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9.3.2.2.18 eqCoefficients()

eqDelayMaxPresent No restrictions apply.

bsEqDelayMax No restrictions apply.

uniqueFilterBlockCount No restrictions apply.

filterElementCount No restrictions apply.

f hall-bele ha—whiGHeTd erElementCotit—re re—do
and shall be less than uniqueEqSubbandGainsCount for
domain EQ.

filterElementGainPresent No restrictions apply.

hsFilterElementGain No restrictions apply.

yniqueTdFilterElementCount No restrictions apply.

dqFilterFormat No restrictions apply.

hsRealZeroRadiusOneCount  No restrictions apply.

realZeroCount Shall be zero unless part-of filter blocks that contain only

filter element and if these filter blocks are not subject to
phase alignment.

a single
cascade

genericZeroCount No restrictions.apply.
realPoleCount No restrictiofis apply.
cdomplexPoleCount No restrictions apply.
ZeroSign No-testrictions apply.
hsZeroRadius No restrictions apply.
hsZeroAngle No restrictions apply.
hsPoleRadius Shall not be encoded with a value of 0x0.
poleSign No restrictions apply.
hsPoleAngle No restrictions apply.
firFilterOrder No restrictions apply.
firSymmetry No restrictions apply.
bsFirCoefficient No restrictions apply.

uniqueEqSubbandGainsCount No restrictions apply.

eqSubbandGainRepresentation No restrictions apply.

eqSubbandGainFormat Reserved values shall be used for decoder testing only (see
Table 101).
bsEqGainCount No restrictions apply.

© ISO/IEC 2020 - All rights reserved
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9.3.2.2.19 eqSubbandGainSpline()

bsEqNodeCount No restrictions apply.
eqSlopeCode No restrictions apply.
eqFreqDeltaCode No restrictions apply.
eqGainInitialCode No restrictions apply.
eqGainDeltaCode No-restrictions-apply

9.3.2.2.20 eqInstructions()
eqSetld

eqSetCamplexityLevel
downmjxIdPresent

downmjxId

eqApplyToDownmix

additionalDownmixIdPresent
additionalDownmixIdCount

additionalDownmixId

drcSetld

additionalDrcSetldPresent
additionpalDrcSetldCount
additionalDrcSetid

Shall not be encoded with a value of 0x0 or 0x3F. Shall takeéxa unique

value for each eqlnstructions() payload.
Shall be computed and set according to subclause 6:9.3.

No restrictions apply.

No restrictions apply. If the value is not'equal to 0x0 or 0x7F, thee

value shall match the downmixld~ value of a preser
downmixInstructions(), dowhmixInstructionsV1() ag
downmixMatrixSet() (ISO/IEC 23008-3) payload.

No restrictions apply.
No restrictions apply.

Shall be larger thanZzero.

No restrictions apply. If the value is not equal to 0x0 or 0x7F, thee

value shall¥ match the downmixld value of a preser
downmixlnstructions(), downmixInstructionsV1() a
downmixMatrixSet() (ISO/IEC 23008-3) payload.

Shall not be encoded with a value of 0x0 or 0x3F. Shall match the

drcSetld of a drcInstructionsUniDrc(), drcinstructionsUniDrcV1()
drclnstructionsBasic() payload..

No restrictions apply.

Shall be larger than zero.

Shall not be encoded with a value of 0x0 or 0x3F. Shall match thie

drcSetld of a drclnstructionsUniDrc(), drclnstructionsUniDrcV1()

drclnstructionsBasic() payload.

eqSetPurpose

dependsOnEqSetPresent

dependsOnEqSet

nolndependentEqUse

eqChannelGroup

152
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At least one bit shall be set. Reserved bit positions according to

Table A.89 shall be set to one for testing only (see Table 102).

No restrictions apply.

If present, shall take a value of a valid eqSetld from another

eqInstructions() payload.
No restrictions apply.

Shall be smaller than the actual number of channel groups.
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tdFilterCascadePresent No restrictions apply.
eqCascadeGainPresent No restrictions apply.
bsEqCascadeGain No restrictions apply.
filterBlockCount No restrictions apply.
filterBlockIndex Shall be smaller than filterBlockCount.
qPhaseAlignmrentPresent Norestrictionrsapply-
hsEqPhaseAlignment No restrictions apply.
bbandGainsPresent No restrictions apply.
j:bbandGainslndex Shall be smaller than the number of EQ subbands:
eqTransitionDurationPresent No restrictions apply.
hsEqTransitionDuration No restrictions apply.
9.3.3 Interface payload

(o}

—

1
2)
3)
4)
5)
6)

7)

8)

.3.3.1 Characteristics

ncoders may apply restrictions to the following parametetrs of the uniDrcInterface() structure
N Annex B:

) presence of uniDrcInterfaceSignature;

) presence of individual payloads:

systemlInterface();
loudnessNormalizationControllnterface();
loudnessNormalizationParameterInterface();
dynamicRangeCoentrollnterface();
dynamicRangeControlParameterInterface();
uniDtclnterfaceExtension();
loudnessEqParameterinterface();

equalizationControllnterface().

defined

9.3.3.2 Requirements for interface syntax

9.3.3.2.1 uniDrcInterface()

uniDrcInterfaceSignaturePresent No restrictions apply.
uniDrcInterfaceSignatureType No restrictions apply.
bsUniDrcInterfaceSignatureDataLength No restrictions apply.
uniDrcInterfaceSignatureData No restrictions apply.

© ISO/IEC 2020 - All rights reserved
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systemInterfacePresent No restrictions apply.
loudnessNormalizationControllnterfacePresent No restrictions apply.
loudnessNormalizationParameterInterfacePresent No restrictions apply.
dynamicRangeControlinterfacePresent No restrictions apply.

dynamicRangeControlParameterInterfacePresent No restrictions apply.

2 o= v I nde. - D A ML b 1
uniDrcipterfaceExtensionPresent INO TTSTITCTIOITS appiy-

9.3.3.2.2 systemlInterface()

targetConfigRequestType No restrictions apply.
numDownmixIdRequests No restrictions apply.
downmjxIldRequested No restrictions apply.
targetLayoutRequested No restrictions apply.
targetChannelCountRequested No restrictions applyzs

9.3.3.2.3 loudnessNormalizationControllnterface()

loudnegsNormalizationOn No restrictions apply.

targetLoudness No restrictions apply.

9.3.3.2.4 loudnessNormalizationParameterInterface()

albumMode No restrictions apply.

peakLimiterPresent No restrictions apply.
changel.oudnessDeviationMax No restrictions apply.
loudnegsDeviationMax No restrictions apply.
changel.oudnessMeasurementMethod No restrictions apply.
loudnegsMeasurementMethod No restrictions apply.
changel.oudnessMéasurementSystem No restrictions apply.
loudnegsMeasurementSystem No restrictions apply.
changel.oudnessMeasurementPreProc No restrictions apply.
loudnessMeasurementPreProc No restrictions apply.
changeDeviceCutOffFrequency No restrictions apply.
deviceCutOffFrequency No restrictions apply.
changeLoudnessNormalizationGainDbMax No restrictions apply.
loudnessNormalizationGainDbMax No restrictions apply.

changeLoudnessNormalizationGainModificationDb No restrictions apply.

loudnessNormalizationGainModificationDb No restrictions apply.
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changeOutputPeakLevelMax No restrictions apply.

outputPeakLevelMax No restrictions apply.

9.3.3.2.5 dynamicRangeControllnterface()

dynamicRangeControlOn

numDrcFeatureRequests

No restrictions apply.

No restrictions apply.

rckeatureRequestType
numDrcEffectTypeRequests

numDrcEffectTypeRequestsDesired

o

rcEffectTypeRequest

o

ynRangeMeasurementRequestType

o

ynRangeRequestedIsRange

o

ynamicRangeRequestValue

o

ynamicRangeRequestValueMin

o

ynamicRangeRequestValueMax

drcCharacteristicRequest

No restrictions apply.
No restrictions apply.
No restrictions apply.
No restrictions apply.
No restrictions apply.
No restrictions apply.
No restrictions apply.
No restrictions apply.
No restrictions apply.

No restrictions apply.

9.3.3.2.6 dynamicRangeControlParameterlnterface()

changeCompress No restrictions apply.
changeBoost No restrictions apply.
dompress No restrictions apply.
hoost No restrictions apply.

changeDrcCharacteristicTarget No restrictions apply.

drcCharacteristieTarget No restrictions apply.

9.3.3.2.7 uniDrcInterfaceExtension()
uniDrclnterfaceExtType No restrictions apply.

hitSizeLen No restrictions apply.

bitSize No restrictions apply.

loudnessEqParameterInterfacePresent No restrictions apply.
equalizationControllnterfacePresent No restrictions apply.

otherBit No restrictions apply.

9.3.3.2.8 loudnessEqParameterInterface()

loudnessEqRequestPresent No restrictions apply.

loudnessEqRequest No restrictions apply.
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sensitivityPresent
bsSensitivity
playbackGainPresent
bsPlaybackGain

No restrictions apply.
No restrictions apply.
No restrictions apply.

No restrictions apply.

9.3.3.2.9 equalizationControllnterfacePresent()

eqSetPyrpose

9.3.4 Frame Payload

9.3.4.1 | Characteristics

Encoderjs may be required to restrict the following parameters of the uniDrcGain() struéture defined in

Annex Al

a) delayMode (default or low-delay);

No restrictions apply.

b) nNoades (maximum number of encoded gain values in one DRC frame):

9.3.4.2 | Requirements for frame syntax

9.3.4.2.1 uniDrcGain()

nDrcGajnSequences

uniDrcGainExtPresent No restrictions apply.

No restrictions apply. For profile andlevel dependent restrictions, see

subclause 9.3.5.

9.3.4.2.2 uniDrcGainExtension()

uniDrcGainExtType
bitSizelfen
bitSize

otherBit

No restrictions,apply.
No restrictions apply.
No restrietions apply.

No.-restrictions apply.

9.3.4.2.3 drcGainSequence()

drcGai1]C0dingMode

gainlnitialCode

endMarker

No restrictions apply.

No restrictions apply.

slopeCode
frameEndFlag
bitSize
timeDeltaCode
timeDeltaCode

gainlnitialCode
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No restrictions npp]v

No restrictions apply.
No restrictions apply.
No restrictions apply.
No restrictions apply.
No restrictions apply.

No restrictions apply.
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gainDeltaCode No restrictions apply.

9.3.5 Requirements depending on profiles and levels

Depending on a given profile and level requirement, further restrictions and requirements may apply.

9.3.5.1 MPEG-D DRC - Loudness Control profile

Tools are required to support the Loudness Control profile as indicated in Table I.1. Bitstream payloads
re required to support the Loudness Control profile payloads as indicated in Tahle 12 _For bitstream
bsting regarding mandatory metadata, the required metadata is specified in Table L.5. Infofmation on
onformance test tools is given in subclause 9.2.4.

ot

.3.5.2 MPEG-D DRC - Dynamic Range Control profile

ools are required to support the Dynamic Range Control profile as indicated‘in Table I.1. Bthstream
ayloads are required to the support the Dynamic Range Control profile‘payloads as indicated in
able I.2. For bitstream testing regarding mandatory metadata, the required metadata is spdcified in
able I.5. Information on conformance test tools is given in subclause 9.2:4:

— T =] O

9.3.5.3 MPEG-H 3DA - Low Complexity profile

.3.5.3.1 General

9

Requirements on MPEG-D DRC when employed as part ofthe MPEG-H 3DA Low Complexity Profile are
specified in ISO/IEC 23008-3:2019, subclause 4.8.2.2, In‘the following subclauses, MPEG-D DRL syntax
related requirements are listed if independent ofcthe employed decoder level. MPEG-H 3DA syntax
related requirements and decoder level dependenicies are as specified in ISO/IEC 23008-9.

9.3.5.3.2 drcCoefficientsUniDrc()

drcLocation Shall be set'to 1.
drcFrameSizePresent Shall be set to 0.
timeAlignment Shall be set to 0.
timeDeltaMinPresent Shall be set to 0.

gainlnterpolationType Shall be set to 1.

startSubBandIndex Shall not exceed a value of 255.

9.3.5.3.3< ) drcInstructionsUniDrc()

drcLoeation Shall be set to 1.
anondcOnDPreCSoitPracan £ Challbhacat+a N € J iyl dic cnt o NN
l.«lll.«ll“ VIIDI VUL 1oL IIt JIIAdITI UCU OSCL LU U I1T UUWITITTTHIATU 1S5 SUL LU UAU.
bsSequencelndex Shall be unique in simultaneously applied DRC sets except for

bsSequencelndex == 0. bsSequencelndex shall not reference a DRC gain set
with bandCount larger than 1 if downmixId is not set to 0x0.

nDrcChannelGroups Shall be restricted to a maximum value of 1 if downmixlId is not set to 0x0,
where nDrcChannelGroups is the number of DRC channel groups as
derived in Table 15.
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9.3.5.3.4 drcGainSequence()

nNodes Shall be restricted to a maximum value of 32, where nNodes is the number
of encoded gain values in the current DRC frame as derived in Table 77.

9.4 Decoder conformance test categories and conditions

9.4.1 General

This clause describes a set of test categories and test conditions that shall be applied to verify that a
given MPEG-D DRC implementation conforms to this document. Test categories and test conditions(are
designed such that each tool can be tested individually, thus, the constraints for the corresponding
conformance test sequences are set accordingly. However, some tools show interactionS and
dependégncies. To cover that fact, test cases can be composed of one or more test conditions:

9.4.2 (onformance test categories

9.4.2.1 [DRC set selection process (DrcSelProc)

-

The DR( set selection process test category is designed for conformance testing'of the DRC set selectio
as specified in subclause 6.3. The reference output of the DRC set selection is stored as defined i
subclauge 9.2.3.1. For test cases of this test category, no additional test conditions have to be specified.

o=}

9.4.2.2 |DRC gain decoder (DrcGainDec)

—

The DR( gain decoder test category is designed for conformance testing of a single DRC gain decodg
instance which includes the application of multiple DRC and EQ sets at one application location. Th
decoder|setting for this test category includes the input DRC set selection parameters as defined i
subclauge 9.2.3.1.

=]

9.4.2.3 |DRC tool decoder (DrcToolDec)

The DR( tool decoder test category is designed for conformance testing of a fully integrated MPEG-D
DRC dedoder as illustrated in the examples of Figure 1 and Figure 2.

9.4.2.4 |Peak limiter (PeakLim)

The peak limiter test category.is‘designed for conformance testing of the peak limiter module as defined
in Annex G.

9.4.3 Conformance test conditions
9.4.3.1 | Loudness normalization test condition (Ln)

9.4.3.1.1 Geéneral

This test condition shall be applied to verify the proper behaviour of the loudness normalization togl
and the correct signalling of target loudness and related decoder parameters.

9.4.3.1.2 Testsequences

Bitstreams of this test condition shall be designed such that:

— Some bitstreams contain only loudnessinfo() payloads that include at least program loudness
(methodDefinition=1) or anchor loudness (methodDefinition=2) but no sample or true peak value.
Some bitstreams shall additionally include DRC sets with IimiterPeakTargetPresent=1 or
drcSetTargetLoudnessPresent=1.
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— Some bitstreams contain only loudnessInfo() payloads that include at least program loudness
(methodDefinition=1) or anchor loudness (methodDefinition=2) and sample or true peak value.
Some bitstreams shall additionally include DRC sets with IimiterPeakTargetPresent=1 or

drcSetTargetLoudnessPresent=1.

— Some bitstreams contain loudnessInfo() payloads for the output signal with and without DRC

applied.

— Some bitstreams contain loudnessInfo() payloads for the output signal with and without downmix

uuuuuuu

—+ Some bitstreams contain no loudnessInfo() payloads.

- Some bitstreams contain track loudness information with program loudness (methodDefin
but no album loudness.

-+ Some bitstreams contain album loudness information with program loudness (methodDefin
but no track loudness.

-+ Some bitstreams contain track and album loudness information with program |1
(methodDefinition=1).

et

hterface bitstreams shall be designed such that:

— An interface bitstream requests a loudnessNormalizationGainModificationDb value that is
from 0 dB and a targetLoudness request that results:in‘a non-zero normalization gain in dB.

infinity and is actively applied by the DRC toelbased on a high targetLoudness request.
—+ Interface bitstreams request all availablewalues of albumMode and peakLimiterPresent.
— Avalue for loudnessDeviationMax is,set that actively limits the loudness normalization gain.
-+ A non-zero value for outputPeakLevelMax is set that actively limits the loudness normalizati

Test sequences shall be designed such that different normalization gains are applied by the 1
dependent on the bitstream-configuration and the referenced decoder setting. For each decode
all bitstream configuratignsshall be tested that contain relevant parameters for the setting.

9.4.3.2 Gain coding-and gain interpolation test condition (Gc)
9.4.3.2.1 General

This test eondition shall be applied to verify the proper behaviour of the gain coding 3
hterpolation tool and the correct signalling of gain, slope and timing parameters.

—e

ition=1)

ition=1)

oudness

different

—+ An interface bitstream requests a loudnessNormalizationGainDbMax value that is smaller than

on gain.

DRC tool
" setting,

nd gain

9.4.3.2.2 Testsequences

Bitstreams of this test condition shall be designed such that:

— Some bitstreams contain DRC gain sequences with spline interpolation (gaininterpolationType=0).

All gain, slope and time difference words for each defined gainCodingProfile shall be trig
least once over all bitstreams.

gered at

— Some bitstreams contain DRC gain sequences with linear interpolation (gaininterpolationType=1).
All gain, slope and time difference words for each defined gainCodingProfile shall be triggered at

least once over all bitstreams.

— Some bitstream contain non-default parameters for sampleRate, timeDeltaMin and drcFrameSize.
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Test sequences shall be designed such that all described DRC gain sequences are applied by the DRC
tool dependent on the referenced decoder setting.

9.4.3.3 Gain modification test condition (Gm)

9.4.3.3.1 General

This test condition shall be applied to verify the proper behaviour of the gain modification tools and the
correct signalling of encoder and decoder supplied modification parameters.

9.4.3.3.2 Testsequences

Bitstreams of this test condition shall be designed such that:

— All defined values of drcCharacteristic (see ISO/IEC 23091-3) are set at least once; across all
bitsfreams.

— Sonle bitstreams contain at least one DRC set and no loudness information.

— Somle bitstreams contain at least one DRC set with clipping protection gains that have some valugs
belqw 0 dB.

— Acrgss all bitstreams, values of attenuationScaling, amplificationScaling, duckingScaling and
gainOffset that are different from 1.0 are present at least once.

— Somnje bitstreams have a value of drcCharacteristicLeftPresent=1 an
drcCharacteristicRightPresent=1. For each of these characteristics either characteristicFormat of
and|1 shall occur in a bitstream. Some of these bitstreams'shall have a targetCharacteristicLeftIndé
and| targetCharacteristicRightindex value that ‘differs from drcCharacteristicLeftindex an
drcCharacteristicRightindex of the applicable gain“sequence. The others of these bitstreams shal
have a value of targetCharacteristicLeftPresent=0-and targetCharacteristicRightPresent=0.

ax o

—

Interfac¢ bitstreams shall be designed such that:
— Valyes for boost and compress are requested that are different from 1.0.
— All defined values of drcCharacteristicTarget (see ISO/IEC 23091-3) are requested.

— An interface bitstream requests a targetLoudness that results in a non-zero normalization gain ip
dB to test the scaling of clipping protection gains.

(]

Test sequences shall be designed such that all of the described configurations are applied by the DR
tool dependent on the,referenced decoder setting.

9.4.3.4 |Node reservoir test condition (Nr)

9.4.3.4.1 A<General

Th' t Aits Lalll Lad+ S N Lol 3 £l | S 1
IS es CUIIUILIVUIT S11dll UT ayyucu LtU'vel ll_y LIICT }Jl UlJCl Ucliavivuul UT UIT TIUUT 1TCOoT1 VUIL TUUL

9.4.3.4.2 Testsequences

Bitstreams of this test condition shall be designed such that gain nodes of the current frame are shifted
to the subsequent frame by using the node reservoir mechanism. Test sequences shall be designed such
that the correct timing of gain nodes is applied by the DRC tool. This test condition is restricted to the
default delay mode (delayMode=1).
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9.4.3.5 Multi-band DRC test condition (Mb)

9.4.3.5.1 General

This test condition shall be applied to verify the proper behaviour of the gain application tool for the
application of multi-band DRC gains in the time and sub-band domain.

9.4.3.5.2 Testsequences

Bitstreams of this test condition shall be designed such that:

-+ Some bitstreams contain DRC sets that have time-domain multi-band DRC gaim'sgquences
(bandCount>1, drcBandType=1). All possible indices of crossoverFreqlndex shall occur.at least once
across these bitstreams. The DRC band count of 2, 3, and 4 shall each occur at leastionCe.

-+ Some bitstreams contain DRC sets that have subband-domain multi-band DRC gain sgquences
(bandCount>1). Some of these bitstreams shall use drcBandType=1 and include all possibl¢ indices
of crossoverFreqindex and band counts of 2, 3, and 4. Some of these bitstreams shall use
drcBandType=0 and include a variety of values for startSubBandIndex:

Test sequences shall be designed such that the described DRC sets with different multi-band IDRC gain
equence configurations are applied by the DRC tool dependent on the referenced decoder setting.

(%)

9.4.3.6 Shaping filter test condition (Sf)

W0

4.3.6.1 General

=

his test condition shall be applied to verify the properbehaviour of the shaping filter.

4.3.6.2 Testsequences

itstreams of this test condition shall be designed such they contain shaping filters
chapeFiltersPresent==1)  with  differént parameter combinations for I[fCutFilterPresent,
fCutFilterPresent, IfBoostFilterPresent and hfBoostFilterPresent in the drcCoefficientsUn]DrcV1()
ayload. All possible values of thée shaping filter parameters IfCornerFreqlndex, hfCornerFreqlndex, and
fFilterStrengthlndex shall occur at least once for each of the filter parts. The drcInstructionsUn]DrcV1()
ayloads shall contain DRC-sets which use each of the defined shaping filters.

est sequences shall pe designed such that DRC sets with different shaping filters are applied by the
RC tool dependention the referenced decoder setting.

| B o il o =l con il v o BN o)

\O

4.3.7 Paramietric DRC test condition (Pd)

W0

4.3.7.1. General

This tést'condition shall be applied to verify the proper behaviour of the parametric DRC tool.

94372 Testsequenees

Bitstreams of this test condition shall be designed such that they contain DRC sets referencing
parametric DRC sequences for the generation of DRC gains at the decoder. The referenced parametric
DRC configurations as defined by the drcCoefficientsParametricDrc() and parametricDrclnstructions()
payloads shall use different parameter combinations for parametricDrcLookAhead,
parametricDrcPresetld and parametricDrcType. Bitstreams shall include custom configurations for the
parametricDrcTypeFeedForward() and the parametricDrcTypeLimiter() structures.

Test sequences shall be designed such that DRC sets with different parametric DRC configurations are
applied by the DRC tool dependent on the referenced decoder setting. Some DRC sets shall apply
regular and parametric DRC sequences to independent DRC channel groups.
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9.4.3.8 Equalization filter test condition (Eq)
9.4.3.8.1 General

This test condition shall be applied to verify the proper behaviour of the equalization tool.

9.4.3.8.2 Testsequences

Bitstreams of this test condition shall be designed such that:

— cl O o cl v, C O VV Cl D DTO

lockCount) and multiple elements (filterElementCount), some or all of which have)j

— Somle bitstreams contain time-domain EQ filters where different EQs.are assigned to different
channel groups and the phase alignment (eqPhaseAlignmentPresent=1).is’ assigned to some of thie
channel groups.

— Somnje bitstreams contain subband-domain EQ filters (uniqueEqSubbandGainsCount>0) with eithe
representation (eqSubbandGainRepresentation) of 0 and 1<AMQMF and a uniform subband gai
format (eqSubbandGainFormat) shall occur in the bitstreams. For the case of a splin
representation (eqSubbandGainRepresentation==1), the‘values of eqSlopeCode, eqFreqDeltaCod
eqGainlnitialCode, and eqGainDeltaCode shall cover awvariety of defined codewords (see Table A.98,
Table A.99, Table A.100, Table A.101).

5 D B =

— Somle bitstreams contain multiple dependent,time-domain EQ sets (dependsOnEqSetPresent=1)),
whdre one is applied before and one after.the downmixer. The EQs shall be assigned to differern
channel groups.

[

[¢)

— Somje bitstreams contain multiple subband-domain EQ sets (dependsOnEqSetPresent=1), where on
is applied before and one aftertthe downmixer. The EQs shall be assigned to different channg
groups.

—

— Somje bitstream contain EQ, metadata but no DRC metadata.

— Somie bitstream contain EQ metadata and DRC metadata.

—

Test sequences shall’be designed such that the described EQ filters are applied by the DRC to
dependdnt on thereferenced decoder setting.

9.4.3.9 |Loudness equalization support test condition (Le)

9.4.3.9.1 General

This test condition shall be applied to verify the proper behaviour of the loudness equalization support
tool of MPEG-D DRC. Since this document specifies only how the loudness equalization metadata is
conveyed to the decoder, the application of the metadata is not tested. The test condition verifies that
there are no unintended side effects when loudness equalization metadata is present, but the metadata
is not applied.

9.4.3.9.2 Testsequences

Bitstreams of this test condition shall be designed such that:

— Some bitstreams with loudEqInstructions() also contain a type of drclnstructions().
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Some bitstreams with loudEqInstructions() also contain one or more loudnessIinfoSets() and do not
contain any type of drclnstructions().

9.4.3.10 Multiple DRC sets at one location test condition (Md)

9.4.3.10.1 General

This test condition shall be applied to verify the proper application of multiple DRC sets at one
application location in time and sub-band domain.

v

=]

9.4.3.10.2 Testsequences

Test bitstreams of this test condition shall be designed such that:

9.4.3.11 Downmix test condition (Dx)

9.4.3.11.1 General

9.4.3.11.2 Test sequences

estditstreams of this test condition shall be designed such that:

Some bitstreams include multiple time-domain DRC sets that consist of a DRC set‘with a dependent
DRC set (dependsOnDrcSetPresent=1) and a DRC set with ducking) or fading effect
(drcSetEffect=0x200, 0x400, 0x800). Test sequences shall be designed such that all DRC|sets are
applied simultaneously at the same location.

Some bitstreams include multiple subband-domain DRC sets thatconsist of a DRC sef with a
dependent DRC set (dependsOnDrcSetPresent=1) and a DRC¢set’ with ducking or fading effect
(drcSetEffect=0x200, 0x400, 0x800). Test sequences shall be designed such that all DRC|sets are
applied simultaneously at the same location.

Some bitstreams include multiple time-domain DRC séts.that consist of a DRC set with a dgpendent
DRC set (dependsOnDrcSetPresent=1) and a ~DRC set with ducking or fading effect
(drcSetEffect=0x200, 0x400, 0x800). Test sequences shall be designed such that all DRC|sets are
applied simultaneously at the same location. Ex¢épt for the ducking or fading DRC set, each| DRC set
contains both, parametric DRCs and gain sequence based DRCs applied in different channel [groups.

Some bitstreams include multiple subband-domain DRC sets that consist of a DRC set with a
dependent DRC set (dependsOnDrcSetPresent=1) and a DRC set with ducking or fading effect
(drcSetEffect=0x200, 0x400, 0x800). Test sequences shall be designed such that all DRC|sets are
applied simultaneously at the-same location. Except for the ducking or fading DRC set, each| DRC set
contains both, parametric DREs and gain sequence based DRCs applied in different channel|groups.

his test conditian,shall be applied to verify the proper application of downmix matrices in fime and
ub-band domain/

(] Iitat a1 4 axz] 4+ 43 T ] | hiclk Ladd 3 2| = H
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Some bitstreams contain downmixInstructionsV1() payloads which are applied during decoding.

The set of bitstreams which include downmixInstructions() payloads uses each permitted setting of
bsDownmixCoefficient at least once. Base channel layouts containing LFE channels shall be chosen
to ensure that downmix coefficients for LFE channels and non-LFE channels are exercised.
Bitstreams designed to test bsDownmixCoefficients shall set downmixCoefficientsPresent to 1.

The set of bitstreams which include downmixInstructionsV1() payloads shall use each permitted
setting of bsDownmixCoefficientV1 at least once and they shall use each permitted setting of
bsDownmixOffset at least once. Bitstreams designed to test bsDownmixCoefficients shall set
downmixCoefficientsPresent to 1.
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— Some bitstreams have a downmixCoefficientsPresent value of zero.

— Some bitstreams have a targetChannelCount which is smaller than baseChannelCount.

— One

or more bitstreams have a targetChannelCount which is identical to the baseChannelCount.

9.4.3.12 Ducking and fading test condition (Df)

9.4.3.12.1 General

This teg
function

9.4.3.12
Bitstrea

— Soni

designed such that the fading DRC set is applied when the DRC tool is(not in album mode

(alb

— Soni
Test
sele

— Som
Test
sele

— Som
bits

shall be designed such that both the time-domain and the subband-domain version are tested.

9.4.3.13
9.4.3.13
This tesf
9.4.3.13
Bitstrea
— The
— Som

— Diff

4= L 1 11 h I Ll 4l 1 1 H £ sl | " -y P Y o I
U LUIIUILIVUIT Slidil DT dpPpplicud tu - vEllly UIC  plrupcl UTIlldvIiUUl Ul UIC UULRIIS 4l 1dUlll

ality of MPEG-D DRC and the proper signalling of album mode.
.2 Test sequences
ms of this test condition shall be designed such that:

e bitstreams contain a DRC set for “Fade” (drcSetEffect=0x200). Test sequences shall be

umMode=0).

e bitstreams contain a DRC set for “Duck other” (drcSetEffect=0x400) and downmix metadat
sequences shall be designed such that the ducking DRC set is‘applied when the downmix 1
cted.

wn

e bitstreams contain a DRC set for “Duck self” (drcSetEffect=0x800) and downmix metadat
sequences shall be designed such that the ducking BRC set is applied when the downmix 1
cted.

wn

e bitstreams contain time-domain versions of all the bitstreams specified above and somle
[reams contain subband-domain versions of’all the bitstreams specified above. Test sequences

Peak limiter test condition (PI)
.1 General
condition shall be applied-to:verify the proper behaviour of the peak limiter tool.
.2 Test sequences
ms of this test condition shall be designed such that:
audio output/magnitude at the input of the peak limiter exceeds 6 dB FS.
e interface’bitstreams set the value of peakLimiterPresent to one and others to zero.

erent interface bitstreams set outputPeakLevelMax at least once to zero, a positive value, and p

neg

htive value.

— Some interface bitstreams do not set outputPeakLevelMax and set peakLimiterPresent at least once
to one and zero.

9.4.3.14 Handling of extensions test condition (Ex)

9.4.3.14.1 General

This test condition shall be applied to ensure the proper handling of the extension payload mechanisms
when parsing the bitstream in an MPEG-D DRC decoder.
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An MPEG-D DRC decoder shall consume and discard extension payloads that it is not able to parse. Such
payloads may be included in configuration payloads, interface payloads and loudness payloads.
Table 100 lists such extension payloads.

Table 100 — Extension payloads

Extension payload

uniDrcGainExtension()

(o))

s

UTMITUTCUOIIZEXTETISTOTI( )

loudnessInfoSetExtension()

uniDrcInterfaceExtension()

Table 101 — Reserved types

Type

Reserved values

Part of extension payload

uniDrcGainExtType

Larger than UNIDRCGAINEXT_TERM

uniDrcGainExtension()

uniDrcConfigExtType

Larger than

UNIDRCCONFEXT_V1

uniDrcConfigExtension()

loudnessInfoSetExtType

Larger than UNIDRCLOUDEXT_EQ

loudnessInfoSetExtension()

parametricDrcType

Larger than PARAM<DRC_TYPE_LIM

parametricDrcInstructions()

uniDrcInterfaceExtType

Larger than UNIDRCINTERFACEEXT_EQ

uniDrcInterfaceExtension()

—

ho]

eserved values exist for other fields as‘well. Any number of reserved values may become val
iture. Conformant decoders shall besprepared to detect such reserved values and should
roper action such as specified in‘Table 102.

Table 102 — Recommended decoder behaviour when a reserved value is present

everal reserved types exist that may become valid types in the future. Table 10i-lists such types. To
nsure proper handling of the reserved types, an MPEG-D DRC decoder shall’ consume and| discard
ayload bits associated with types that it cannot parse.

id in the
take the

Field

Part of payload

Decoder behaviour if reserved value is present

methodDefinition

loudnessInfo(), loudnessinfoV1()

Discard the loudnessInfo payload if it has a reserved method
value

Definition

neasurementSystém

loudnessInfo(), loudnessinfoV1()

If value is larger than RMS_E, replace by default value

HefinedLayout

channelLayout()

Disable DRC tool if base channel count cannot be derived

peakerPasition

channelLayout()

Ignore reserved value

argetLayout downmixInstructions(), Disable DRC tool if target channel count cannot be derived
downmixInstructionsV1()
bsDownmixOffset downmixInstructionsV1() Disable DRC tool if downmixInstructionsV1() with reserved

bsDownmixOffset value are selected

drcCharacteristic

drcCoefficientsBasic(),
drcCoefficientsUniDrc(),
drcCoefficientsUniDrcV1()

Ignore DRCs that use a reserved drcCharacteristic

IfCornerFreqindex,
hfCornerFreqlndex

drcCoefficientsUniDrcV1()

Ignore dynamic EQs that use reserved values of xxCornerFre

qlndex

IfFilterStrengthIndex,

hfFilterStrengthIndex

drcCoefficientsUniDrcV1()

Ignore dynamic EQs that use reserved values of xxFilterStrengthIndex
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Field Part of payload Decoder behaviour if reserved value is present
drcSetEffect drcInstructionsBasic(), Ignore DRCs that have all zero bits in the non-reserved bit positions of
drclnstructionsUniDrc(), drcSetEffect
drclnstructionsUniDrcV1()
frequencyRangelndex loudEqInstructions() Ignore loudness EQs that use reserved values of frequencyRangelndex
parametricDrcPresetld parametricDrclnstructions() Ignore parametric DRCs that use reserved values of
parametricDrcPresetld
sideChainConfigType drcCoefficientsParametricDrc() Ignore parametric DRCs that use reserved values of
sideChainConfigTyvpe
levelEstimKWeightingType parametricDrcTypeFeedForward() | Ignore parametric DRCs that use reserved values of
levelEstimKWeightingType
eqSetPurpose eqInstructions() Ignore EQs that have all zero bits in the non-reserved bit positions of
eqSetPurpose
eqSubbanflGainFormat eqCoefficients() Ignore EQs that use a reserved value for eqSubbandGainFormat
9.4.3.14.2 Test sequences
Bitstreams of this test condition shall be designed such that:
— A et of bitstreams includes all extension payloads given in Table 100 . with non-zero size.
— A sdt of bitstreams uses a reserved type for each row of Table 401 with a corresponding extensioh
payload of non-zero size and random content.
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A.1 Coding of DRC gain values

Table A.1 — Coding of regular initial DRC gain values (gainCodingProfile ==.0)

Encoding

Size

Mnemonic

gainlnitial in [dB]

Range

{ou}

{1 bit, 8 bits}

{uimsbf, uimsbf}

9pre(0)=(-1)7 273

0.125 dB step

=31.875...31.875 dB,

size

Table A.2 — Coding of initial DRC gain values for fading only (gainCodingProfile == |1)
Encoding Size Mnemonic gainlnitial in [dB] Range
0 1 bit bslbf 0 0
(1,1} {1 bit, 10 bits} {bslbf, uimsbf} 9 gact0)=—(u +1)273 -128...-0.125 dB,
0.125 dB step size

(gainCodingProfile == 2)

Table A.3 — Coding of initial DRC gain values for clipping prevention and ducking only

Encoding Size Mnemonic gainlnitial in [dB] Range
0 1 bit bslbf 0 0
{Lﬂ} {1 bit, 8 bits} {bslbf, uimsbf} 9Ipre(0)=—(x+1)2 -3 -32...-0.124 dB,
0.125 dB step size

Table A.4 —-Coding of regular DRC gain differences (gainCodingProfile € [0,1])

Codeword size{bits] gainValueDelta gainDelta in [dB]
binary encoding
4 0x000 -2.0
9 0x039 -1.875
11 0x0E2 -1.750
Tt OX0E3 -1.625
10 0x070 -1.500
10 0x1AC -1.375
10 0x1AD -1.250
9 0x0D5 -1.125
7 0x00F -1.000
7 0x034 -0.875
7 0x036 -0.750
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Codeword size [bits]

gainValueDelta
binary encoding

gainDelta in [dB]

6 0x019 -0.625
5 0x002 -0.500
5 0x00F -0.375
3 0x001 -0.250
2 8663 6125
3 0x002 0.000
2 0x002 0.125
6 0x018 0.250
6 0x006 0.375
7 0x037 0.500
8 0x01D 0.625
9 0x0D7 0.750
9 0x0D4 0.875
5 0x00E 1.000

Table A.5 — Coding of DRC gain differences for clipping prevention and ducking only

(gainCodingProfile-== 2)

Cpdeword size [bits] gainValueDelta gainDelta in [dB]
binary-encoding
7 0x06A -4.000
11 0x07A -3.875
11 0x07B -3.750
9 0x1AD -3.625
10 0x03C -3.500
9 0x1AC -3.375
9 0x1A6 -3.250
9 0x0CD -3.125
10 0x19E -3.000
10 0x19F -2.875
9 0x0CE -2.750
9 0x1A7 -2.625
9 0x01F -2.500
9 0x0CC -2.375
8 0x0D2 -2.250
8 0x0AB -2.125
8 0x0AA -2.000
8 0x04F -1.875
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Codeword size [bits]

gainValueDelta
binary encoding

gainDelta in [dB]

7 0x054 -1.750
7 0x068 -1.625
7 0x026 -1.500
7 0x006 -1.375
& 0x02B -1.250
6 0x028 -1.125
6 0x002 -1.000
5 0x011 -0.875
5 0x00E -0.750
4 0x00C -0.625
4 0x009 -0.500
4 0x005 -0.375
4 0x003 -0.250
3 0x007 -0.125
4 0x001 0.000
4 0x00B 0.125
5 0x005 0.250
5 0x004 0.375
5 0x008 0.500
5 0x000 0.625
5 0x00D 0.750
5 0x00F 0.875
5 0x010 1.000
5 0x01B 1.125
6 0x012 1.250
6 0x018 1.375
6 0x029 1.500
7 0x032 1.625
5 Ox04E 1.750
8 0x0D7 1.875
8 0x00E 2.000
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A.2 Coding of time differences

Table A.6 — Coding of time differences with nNodesMax = N, and Z = ceil(logz(2*nNodesMax))

Encoding Size Mnemonic Time difference Range
0x0 2 bits bslbf tDrcDelta =1 1
{0x1,u} {2 bits, 2 bits} {bslbf, uimsbf} tDrcDelta = u+2 2.5
{0x2,u} {2 bits, 3 bits} {bslbf, uimsbf} tDrcDelta = u+6 6.13
{0x3,u} {2 bits, Z bits} {bslbf, uimsbf} tDrcDelta = u+14 14..2*nNodesMaxx1

A.3 Coding of slope steepness

Table A.7 — Coding of slope steepness (gainInterpolationType == 0)

Cpdeword size [bits] Slope steepness Slope steepness
binary encoding
6 0x018 -3.0518
8 0x042 -1.2207
7 0x032 -0.4883
5 0x00A -0.1953
5 0x009 -0.0781
5 0x00D -0.0312
2 0x000 -0.0050
1 0x001 0.000
4 0x007 0.0050
5 0x00B 0.0312
6 0x011 0.0781
9 0x087 0.1953
9 0x086 0.4883
7 0x020 1.2207,
7 0x033 3.0518
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Table A.8 — Coding of normalized crossover frequencies and associated filter coefficient

parameters
crossoverFreqlndex feNorm 4 )
0 2/1024 0.0000373252 0.9913600345
T 3/102% 0.0000836207 0.9877680830
2 4/1024 0.0001480220 0:9827947083
3 5/1024 0.0002302960 0.9785398263
4 6/1024 0.0003302134 0.9743033527
5 2/256 0.0005820761 0.9658852897
6 3/256 0.0012877837 0.9492662926
7 2/128 0.0022515827 0.9329321561
8 3/128 0.0049030350 0.9010958535
9 2/64 0.0084426929 0.8703307793
10 3/64 0.0178631928 0.8118317459
11 2/32 0.0299545822 0.7570763753
12 3/32 0.0604985076 0.6574551915
13 2/16 0.0976310729 0.5690355937
14 3/16 0.1866943331 0.4181633458
15 2/8 0.2928932188 0.2928932188
A.5 Coding of DRC gainiextension types
Table A.9 — UniDrc gain extension types
Symbol Value of uniDrcGainExtType Purpose
UNIDRCGAINEXT/TERM 0x0 Termination tag
(reserved) (All remaining values) For future use
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A.6 Coding of static DRC payload

A.6.1 Coding of top level fields of uniDrcConfig() and loudnessInfoSet()

Table A.10 — Coding of top level fields of uniDrcConfig() and loudnessInfoSet()

Field label Encoding | Mnemonic | Decoded value Description
bsSampleRate u uimsbf fy=u+1000 Audio sample rate in [Hz]
18 bits
downmixInstructionsCount, u uimsbf Np=pu Number of
downmjxInstructionsV1Count . downmixInstructions()and
7 bits . .
downmixInstructionsV1()
blocks, respectively
drcCoefficientsBasicCount, u uimsbf Ne=p Number of\drcCoefficients
drcCoefficientsUniDrcCount, 3 bit blocks
drcCoefficientsUniDrcV1Count s
drclnstjuctionsBasicCount, u uimsbf Ny=u Numiber of drcInstructions
drcInstquctionsUniDrcCount, 4 6 bit blocks
drcInstfuctionsUniDrcV1Count | 7 ° °M
loudnessinfoAlbumCount, u uimsbf Nig=u Number of loudnessInfo()
loudnegsInfoV1AlbumCount . and loudnessInfoV1() blocks
6 bits
for albums
loudnessinfoCount, u uimsbf Ny = Number of loudnessInfo()
loudnessinfoV1Count 6 bits and loudnessIinfoV1() blocks

A.6.2 Coding of loudnessInfoSet extension types

Table A.11 —loudnessInfoSet extension types

Symbol Value of loudnessInfoSetExtType Purpose
UNIDRLOUDEXT_TERM 0x0 Termination tag
UNIDRGLOUDEXT_EQ 0x1 Extension for equalization

(reservad)

(All remaining values)

For future use

NOTE
23003-4{2019).

The extenSion type UNIDRCLOUDEXT_EQ is first available with the second edition of this document (ISO/IEC

A.6.3

oding of DRC configuration extension types

Table A.12 — UniDrc configuration extension types

Symbol Value of uniDrcConfigExtType Purpose
UNIDRCCONFEXT_TERM 0x0 Termination tag
UNIDRCCONFEXT_PARAM_DRC 0x1 Parametric DRC
UNIDRCCONFEXT_V1 0x2 Efficient multi-band DRC coding,

dynamic EQ, loudness EQ
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Symbol

Value of uniDrcConfigExtType Purpose

(reserved)

(All remaining values) For future use

NOTE The extension types UNIDRCCONFEXT_PARAM_DRC and UNIDRCCONFEXT_V1 are first available with the second
edition of this document (ISO/IEC 23003-4:2019).

A.6.4 Coding of metadata that appears in multiple logical blocks of uniDrcConfig()

Table A.13 — Coding of metadata that appears in multiple logical blocks

block. 0x00 and 0x7F are reserved. A.vdlue of 0x7F in drcInstructions ind
that it is permitted to apply the DRG.set to the base layout or any downmi
case, the DRC set shall contain a gingle DRC gain sequence that is applied t

Metadata field Description
drcLocation See 6.1.2.3.
drcSetld A unique number for each drcInstructions block. 0x0 and’0x3F are reserved. A
value of 0x3F in loudnessInfo() indicates that the loudn€ss information cap be
applied to any DRC including no DRC.
dependsOnDrcSet Same encoding as drcSetld.
downmixId A unique number for each downmixInstructions() and downmixInstructionsV1()

cates
(. In this
p all

channels. If the downmixId is not present or if it has a value of zero, the DRC set is

applied to the base layout. Seealso ISO/IEC 14496-12. If the VO version of]|
drcInstructionsUniDrc() ificludes a value of 0x7F and a downmix is active
DRC set shall be applied.to the downmix. For the V1 version,

drclnstructionsUniB#cV1(), the drcApplyToDownmix flag indicates whethe
DRC set shall be applied to the downmix or to the base layout.

the

r the

A.6.5 Coded metadata in channelLayout()

Table‘A.14 — Coding of metadata in channelLayout()

Metadata field Description
baseChannelCount Number of channels in the base layout / original audio input (see 6.1.2.2).
definedLayout See ChannelConfiguration in ISO/IEC 23091-3 (CICP). The channel order for each
layout shall be as listed for the ChannelConfiguration in CICP.
speakerPosition See OutputChannelPosition in ISO/IEC 23091-3 (CICP).
A.6.6° Coded metadata in downmixInstructions()
Table A.15 — Coding of metadata in downmixInstructions()
Metadata field Description
targetLayout See ChannelConfiguration in ISO/IEC 23091-3 (CICP).
bsDownmixOffset See ISO/IEC 14496-12 (ISO base media file format).
bsDownmixCoefficient See ISO/IEC 14496-12 (ISO base media file format).
bsDownmixCoefficientV1 See ISO/IEC 14496-12 (ISO base media file format).
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A.6.7 Coded metadata in drcCoefficientsBasic() and drcCoefficientsUniDrc()

Table A.16 — Coding of metadata in drcCoefficientsBasic(), drcCoefficientsUniDrc(),

and drcCoefficientsUniDrcV1()

Metadata field Description

drcLocation See Table 2.

drcFrameSizePresent A value of 1 indicates that bsDrcFrameSize value is present.

bsDrcFijameSize Encoding of DRC frame size according to Table A.17.

drcCharacteristicLeftPresent, Flag to indicate if a characteristic is defined (1) or not (0).

drcCharacteristicRightPresent

charactéristicLeftCount, Number of defined characteristics.

characteristicRightCount

characteristicFormat Format of characteristic: sigmoidal (0), segment-wise (1) representation.

bsGainleft, bsGainRight Encoded DRC gain according to Table A.24 and Table A.25.

bsloRatjoLeft, bsloRatioRight Encoded I/0 ratio for sigmoidal characteristic-according to Table A.26.

bsExpLeft, bsExpRight Encoded exponent for sigmoidal characteristic according to Table A.27.

flipSignl.eft, flipSignRight Flag to indicate if the DRC characteyistic is multiplied by -1 (1) or not (0).

bsCharlJodeCount Encoded node count for segment-wise representation according to
Table A.28.

bsNodel.evelDelta Encoded differential DRC-gain for this node according to Table A.29.

bsNodefzain Encoded DRC gain forthis node according to Table A.30.

shapeFi’tersPresent A value of 1 indieates that shape filter parameters are present.

shapeFiiterCount Number of shape filter parameter sets.

IfCutFilterPresent, A value'ef.t indicates that the corresponding shape filter parameters are

IfBoostHilterPresent, present:

hfCutFilterPresent,

hfBoostFilterPresent,

IfCornerFreqindex, Index of corner frequency parameter for low-frequency and high-

hfCorngrFreqindex frequency shape filters, respectively.

IfFilterStrengthlndex, Index of filter strength parameter for low-frequency and high-frequency

hfFilter$trengthIndex; shape filters, respectively.

gainSequenceCount Number of gain sequences in the uniDrcGain() payload.

gainSetCount Number of gain sequence sets. A set for multi-band DRC can include
multiple gain sequences.

gainCo iugpl ofite See-TableA18:

gainInterpolationType

See Table A.19.

fullFrame A value of 1 signals that the last node is always at the end of the frame. In
low-delay mode, it shall be 1.

timeAlignment A bit field that indicates whether the gain sample is aligned with the end
(0) or the center (1) of the deltaTmin interval.

delayMode A bit field that indicates whether the received gains are applied
immediately or with a delay of one frame (see Table A.20).

timeDeltaMinPresent A value of 1 indicates that a bsTimeDeltaMin value is present.
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Metadata field Description

bsTimeDeltaMin This field indicates the custom time resolution of a DRC sequence which
overrides the default deltaTmin value. The values are encoded according
to Table A.21.

bandCount The number of DRC bands for this gain set.

drcBandType A bit field, which signals if the “crossoverFreqlndex-syntax” (1) or the
“startSubBandIndex-syntax” (0) should be used. If multi-band DRC gains
are npplipd in the time-domain by using the multi-band DRC filter bank
like specified in 6.4.12, only the “crossoverFreqlndex-syntax” is@lpwed. If
the “startSubBandIndex-syntax” is used, the frequency smoothing/fading
with overlap weights according to Table 30 is not applied.

indexPresent A value of 1 indicates that a bsIndex value is present.

bsIndex Encoded gain sequence index that is copied into gainSequencelndex which
refers to the gain sequences in uniDrcGain() numbered in the ordef of
appearance.

drcCharacteristicPresent Flag indicating whether a source characteristic for the gain sequenge is
present (1) or not (0).

drcCharacteristicFormatIsCICP Flag indicating whether the index‘of the characteristic is based on
ISO/IEC 23008-1, (1) or not (0).

drcCharacteristic A value of 0 means that the DRC characteristic is undefined for a DRC
sequence. Values > 11 are reserved. See ISO/IEC 23091-3 (CICP).

drcCharacteristicLeftIndex, Index of source DRC characteristic of the gain sequence referring to

drcCharacteristicRightIndex characteristicLeftlndex and characteristicRightIndex in
drcCoefficientsUniDrcV1().

crossoverFreqindex See Table\A8.

startSubBandIndex Zero-based sub-band index for an available sub-band domain. The ffield is
used-to signal the start index for a specific DRC band.

Table A.17 — Coding of bsDrcFrameSize field
Field Encoding Mnemonic drcFrameSize Range
bsDrcFrameSize I, uimsbf Mppc=u+l DRC frame sizp in
15 bits units of audio sample
intervals. Range:
1..215
Table A.18 — Coding of gainCodingProfile field

—Value Meaning

0 Regular gain coding

1 Fading gain coding

2 Clipping prevention and ducking gain coding

3 Constant gain (no gain sequence is transmitted)
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Table A.19 — Coding of gainInterpolationType field

Value Meaning

0 Spline interpolation

1 Linear interpolation

Table A.20 — Coding of delayMode field

Value Meaning
0 Regular delay (Gains are applied with a delay of one frame)
1 Low delay (Received gains are applied immediately)

Table A.21 — Coding of bsTimeDeltaMin field

Field Encoding Mnemonic timeDeltaMin Range
bsTimeDeltaMin u uimsbf deltaTmin = u+1 deltaTmin in units of
11 bits audio sample
intervals.
Range: 1...211

Table A.22 — Coding of drcCharacteristic field

See ISOfIEC 23091-3

Table A.23 — Coding of startSubBandIndex field

Field Encoding Mnemonic Decoded value Range
startSubBandIndex | u uimsbf startSubBandIndex = u startSubBandIndex in
10 bits zero-based indices of

the sub-band domain.
Range: 0...210-1

Table A.24 — Coding of bsGainRight

Encoding Size Mnemonic gainDbRight [dB] Range

u 6 bits uimsbf -u -63...0 dB, 1 dB step size

Table A.25 — Coding of bsGainLeft

Encoding Size Mnemonic gainDbLeft [dB] Range

u 6 bits uimsbf u 0...63 dB, 1 dB step size
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Table A.26 — Coding of bsloRatioLeft and bsloRatioRight

Encoding Size Mnemonic ioRatioLeft, Range
ioRatioRight
u 4 bits uimsbf 0.05 + 0.15u 0.05...2.3, step size of 0.15

Table A27 —( uding of thxpl ett and thprinht
J

Encoding Size Mnemonic expLeft, expRight Range
m 4 bits uimsbf 1+2u;u<15 1...29, step size df 2
and
w;else

Table A.28 — Coding of bsCharNodeCount

Encoding Size Mnemonic characteristicNodeCount Range

1 2 bits uimsbf u+1 1.4

Table A.29 — Coding of bsNodeLevelDelta

Encoding Size Mnemonic nodeLevelDelta Range
[dB]

1 5 bits uimsbf u+1 1..32dB,
1 dB step size

TableA.30 — Coding of bsNodeGain

Encoding Size Mnemonic nodeGain [dB] Range
1 8 bits uimsbf 0.5u - 64 -64...63.5 dB,
0.5 dB step size

Table A.31 °~ Coding of coefficient boundary y, ;,,,q for LF shaping filters depending
onilfCornerFreqindex and IfFilterStrengthindex in drcCoefficientsUniDrcV1 ()

IfCornerFreqlndex IfFilterStrengthIndex
0 1 2 3 (resenved)
V) =0:99% =0:996 1666 eserved
1 -0.990 -0.995 -0.999 reserved
2 -0.980 -0.989 -0.996 reserved
3 -0.970 -0.983 -0.994 reserved
Remaining indexes reserved reserved reserved reserved
reserved
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Table A.32 — Coding of coefficient boundary y, ;,,,,q for HF shaping filters depending
on hfCornerFreqlndex and hfFilterStrengthIndex in drcCoefficientsUniDrcV1 ()

hfCornerFreqlndex hfFilterStrengthIndex
0 1 2 3 (reserved)

0 0.150 0.750 1.050 reserved
1 0.430 0.870 1.070 reserved
2 0.600 0.920 1.070 reserve
3 0.800 1.000 1.060 reserved,
4 0.900 1.040 1.073 reserved,

Remaining indexes reserved reserved Reserved reserved,

reserved

Table A.33 — Coding of coefficient gain offset g .., for LF shaping filters depending
on IfCornerFreqlndex and IfFilterStrengthindex in drcCoefficientsUniDrcV1 ()

IfCornerFreqIndex IfFilterStrengthIndex
0 1 2 3 (reserved)
0 3.0 2.0 1.2 reserved|
1 3.0 20 1.5 reserved|
2 3.0 2.0 2.0 reserved,
3 3.0 2.0 2.0 reserved,
Remaining indexes reserved reserved reserved reserved,
reserved

Table A.34 — Coding of coefficient gain offset g ... for HF shaping filters depending
on hfCornerFreqlndexand hfFilterStrengthIndex in drcCoefficientsUniDrcV1 ()

hfCofnerFreqlndex hfFilterStrengthIndex
0 1 2 3 (reserved)
0 4.50 6.00 3.50 reserved,
1 3.70 4.00 2.70 reserved,
2 3.00 3.50 2.00 reserved,
3 2.00 2.50 1.50 reserved,
4 1.50 2.00 1.31 reserved
Remaining indexes Reserved reserved reserved reserved
reserved
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Table A.35 — Coding of Radius r for LF shaping filters depending on IfCornerFreqlndex
in drcCoefficientsUniDrcV1 ()

IfCornerFreqindex r
0 0.988
1 0.980
2 6:966
3 0.940
Remaining indexes reserved

reserved

Table A.36 — Coding of normalized cutoff frequency f_ .., and radius r for HF shapingfilters
depending on hfCornerFreqlndex in drcCoefficientsUniDrcV1 ()

hfCornerFreqlndex Jenorm r
0 0.15 0.45
1 020 0.40
2 0.25 0.35
3 0.35 0.30
4 0.45 0.30
Remaining indexes | reserved | reserved
reserved

A.6.8 Coded metadata in drcInstructionsBasic() and drcInstructionsUniDrc()

Table A.37 — Coding.of metadata in drcInstructionsBasic(),drcInstructionsUniDrc(),

and drcInstructionsUniDrcV1()

Metadata field Description
drcSetld Index to identify this DRC set. The value of 0 and 0x3F is reserved.
drcSetCompléxityLevel Value that indicates the computational complexity level of the associated
DRC set per audio channel. The complexity level is used to determine]if a
decoder is capable of applying the DRC set (see 6.9).
drelocation Location of DRC gain sequence (see Table 2).
downmmixtdPresent X ﬂag thathasavatreof Hifdownmixfdispresent:

downmixId

Index to identify a downmix that is associated with this DRC set.

additionalDownmixIdPresent

A flag that has a value of 1 if additional downmix IDs are present.

additionalDownmixIdCount

Number of additional downmix IDs connected with one DRC set. Only one
DRC channel group is allowed if an additional downmix ID is present and the
DRC is applied to a downmix.
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Metadata field Description

additionalDownmixId Additional downmix ID connected with a drcSetld. This field may be used to
declare additional target layouts for which one single DRC set provides
suitable gains, e.g. for clipping prevention of multiple target layouts with the
same DRC set. Only one DRC channel group is allowed if an additional
downmix ID is present and the DRC is applied to a downmix.

drcApplyToDownmix A flag that has a value of 1 to indicate that the DRC set is applied to the
downmix. Otherwise it is applied to the base layout. Since this flag is only
present in drelntructionsuniDIcV 1() payloads, for the other payloads the
DRC is applied to the downmix if a downmixld is present that is different
from 0x0.

drcSetEffect Declares the effect of the DRC according to Table A.45.

limiterHeakTargetPresent A flag that has a value of 1 if a bsLimiterPeakTarget value is present.

bsLimiterPeakTarget Encoded limiter peak target value according to Table A.40.

drcSetTprgetLoudnessPresent A flag that has a value of 1 if a bsDrcSetTargetLoudnessValueUpper value is
present.

bsDrcSdtTargetLoudnessValueU | A field which contains the upper limit of the target loudness of a DRC set.

pper The default value is 0 dB. The values are encoded according to Table A.44.

bsDrcSdtTargetLoudnessValuel | A flag that has a value of 1 if a bsDrcSétTargetLoudnessValueLower value is

owerPresent present.

bsDrcSdtTargetLoudnessValuel | A field which contains the lowérlimit of the target loudness of a DRC set. The|

ower default value is -63 dB. The values are encoded according to Table A.44.

depend$OnDrcSetPresent A flag that has a value of 1 if a dependsOnDrcSet value is present.

depend$OnDrcSet Indicates the drcSetld of the DRC set this DRC depends on. Same encoding as
drcSetld.

nolndependentUse A flag which'signals that the DRC set can only be used in combination with
another DRC set as indicated by the dependsOnDrcSet field.

require$Eq A flag- which signals that the DRC set can only be used in combination with
an-EQ set, i.e. if requiresEq==1 it is not permitted to use this DRC set without
an associated EQ set, and a DRC tool that does not support EQ shall ignore
this DRC set. For combined DRC sets with a primary and dependent set, the
requiresEq field of the dependent set is ignored.

duckingScalingPresent A flag that has a value of 1 if a bsDuckingScaling value is present.

bsDuckingScaling Encoded scaling value for ducking.

repeatPpfameters A flag that has a value of 1 if a bsRepeatParametersCount value is present.

bsRepeatParametersCount

Encoded count value indicating how many times the same bsGainSetindex
shall be repeatedly used for subsequent channels (see Table A.39).
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Metadata field

Description

bsGainSetIndex

which channel/object of the configuration specified in downmixId.

The reserved value 0x00 indicates that the assigned channel will not
processed by the DRC tool.

gainSetindex.

A unique number which specifies which DRC gain set should be assigned to

All other values indicate the assigned DRC gain set index according to

be

Due to the reserved value, the number of DRC gain Sets i ONe 10catio
cannot be more than 63.

repeatGainSetIndex

Flag to indicate whether the gain set index is repeated (1) or not(0).

bsRepeatGainSetIndexCount

multiple channels. The assignment for-loop continues-at’position “i =

Table A.39. If a sequence index should be repeated‘more than 32 tim¢
bsGainSetindex has to be signaled again.

A field which declares that the current gain set index shéuld be repedted for

repeatGainSetCount”. bsRepeatGainSetindexCount s encoded according to

i+

kS,

targetCharacteristicLeftPresent,
targetCharacteristicRightPresen
t

Flag to indicate whether a target DRC characteristic is defined (1) or

nhot (0).

targetCharacteristicLeftIndex,
targetCharacteristicRightIndex

Index of left and right target DRE characteristic, respectively. The ind
refers to characteristicLeftlidex and characteristicRightIndex, in
drcCoefficientsUniDrcV1(), respectively. The index value of 0 is reser

ved.

oainScalingPresent

A flag that has a valug,of 1 if a scaling values are present.

bsAttenuationScaling,
bsAmplificationScaling

Encoded scaling values according to Table A.42.

gainOffsetPresent A flag that has a value of 1 if an offset value is present.
bsGainOffset Encoded offset value according to Table A.43.
shapeFilterPresent A-value of 1 indicates that a shape filter index is present.
shapeFilterIndex 1-based index that refers to a specific shape filter parameter set in the
drcCoefficientsUniDrcV1() payload as indicated by the shapeFIlterIndex
value in Table 68.
Table A.38 — Coding of bsGainSetindex
Encoding Size Mnemonic gainSetIndex Range
L 6 bits uimsbf u-1if u > 0, else undefined 0..62

Table A.39 — Coding of bsRepeatParametersCount and bsRepeatGainSetindexCount field

Encoding Size Mnemonic repeatParametersCount, Range
repeatGainSetIndexCount
u 5 bits uimsbf Np=pu+1 1..32
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Table A.40 — Coding of bsLimiterPeakTarget field

Encoding Size Mnemonic limiterPeakTarget in [dBFS] Range
u 8 bits uimsbf Lpp=-p273 -31.875 ... 0 dBFS,
0.125 dB step size
Table A41 — f'nrling of hcnnrking('rnling field
Encoding Size Mnemonic duckingScaling Range
{o.u} {1 bit, 3 bits} {gimsbf, w=1+(-1)°(1+ #)273 1+ [0.125....1],
uimsbf} 0.125 step size
Table A.42 — Coding of bsAttenuationScaling and bsAmplificationScaling field
Enjcoding Size Mnemonic attenuationScaling, Range
amplificationScaling
u 4 bits uimsbf W=,L1273 0.. 1.875, 0.125
step size
Table A.43 — Coding of bsGainOffset field
Encoding Size Mnemonic gainOffset in [dB] Range
{o,u} {1 bit, 5 bits} {uimsbf, uimsbf} 98 = (1) (1+ u)2 -2 t.[0.25 ...8], 0.25 step
size
Table A.44 — Coding of bsDrcSetTargetLoudnessValueUpper/-Lower field
Encoding Size Mnemonic drcSetTargetLoudnessValue in [LKFS] Range
u 6 bits uimsbf drcSetTargetLoudnessValue =y - 63 -63 ... 0 LKFS,
1 dB step size
Table A.45 — Coding-of drcSetEffect field. A bit value of 1 indicates that the effect is present
bit position drcSetEffect Short name Description
1 (LFB) Late night “Night” For quiet environment, listening at low
level, avoiding to disturb others.

2 Noisy environment “Noisy” Optimized to get the best experience in
noisy environments, for instance by
amplifying soft sections.

3 Limited playback range | “Limited” Reduced dynamic range to improve
quality on playback devices with limited
dynamic range.

4 Low playback level “LowLevel” Listening at a low playback level.

5 Dialog enhancement “Dialog” The main effect is a more prominent
dialogue within the content.
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bit position drcSetEffect Short name Description

6 General compression “General” A DRC effect that reduces the dynamic
range and is applicable to multiple
playback scenarios.

7 Dynamic expansion “Expand” Dynamics enhancement.

8 Artistic effect “Artistic” To create an artistic sound effect.

9 Clipping prevention “Clipping” The main purpose is clipping prevention.

10 Fade-in/fade-out “Fade” Fade-in and fade-out envelope for|gapless
content (applicable when'not playjing in
Album mode). It has nodynamic
compression.

11 Ducking other “Duck other” An effect that dttenuates all audio content
except for the,channelGroup it is
associated(with. It has no dynamid
compression.

12 Ducking self “Duck self” Aneffect that attenuates all
channelGroups that it is associated with.
Itis identical to “Ducking other”,
however, it has the same channelGroup
assignment as regular DRC gains.

Remaining valuesare reserved
NOTE Any information on DRC sets with “Ducking” effect in this document shall refer to both “Ducking other” and
“Ducking self” if not stated otherwise.
.6.9 Coded metadata in loudnessinfo()
Table A.46 — Coding of bsSamplePeakLevel field
Encoding Size Mnemonic samplePeakLevel in [dBFS] Approximate fange
L 12'bits uimsbf "undefined";if u == -107 ... 20, 0.0312 step
P Lsp :20—y2_5;else size
Table A.47 — Coding of bsTruePeakLevel field (True Peakl*])
Encoding Size Mnemonic truePeakLevel in [dBTP] Approximate range
Ll 12 bits uimsbf ["undefined"; if = ] -107 ... 20, 0.0312 step
T =
P ILSP —=20— u27>;else j size
Table A.48 — Coding of methodValue field
Encoding Format methodDefinition methodValue Approx. range
u 8 uimsbf 0,..,5 L=-57.75 + u22 -57.75 ... 6,
0.25 step size
See 8 uimsbf 6 0..121
Table A.52 See Table A.52
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Encoding Format methodDefinition methodValue Approx. range
u 5 uimsbf 7 L=80+u 80..111dB
u 2 uimsbf 8 0x0: "not indicated” n/a
0x1: "large room,
X curve monitor”[1]
0x2:”small room,
flat monitor”[1]
0x3: “reserved”
I 8 uimsbf 9 L=-116+u21 -116 ...11.5
LKFS, 0.5 stép)size
Table A.49 — Coding of methodDefinition field in loudnessiInfo()
Value Value type Meaning
0 n/a unknown/other
1 Loudness program loudness (programLoudness as defined inSO/IEC 23091-3)
2 Loudness anchor loudness (anchorLoudness as definedin'ISO/IEC 23091-3)
3 Loudness maximum of the range, i.e. the 95th percentile of the loudness distribution
according to EBU R-128[81[7]
4 Loudness maximum momentary loudness, measured using a 0.4s window according to
ITU-R BS.1771-1051 or EBU R;128I81,[6]
5 Loudness maximum short-term loudness, measured using a 3s window according to
ITU-R BS.1771-1[5] or EBU R-128I8],[6]
6 Loudness range loudness range derived from EBU R-128[81[7]
7 Sound pressure level | production mixing level measured according tol1]
8 Index production’room type according tolll
9 Loudness shortterm loudness, measured using a 3s window according to ITU-
R'BS.1771-1[51 or EBU R-128[81 [6] The 3s window shall include the current
DRC frame.
Remaining values are reserved
Table A.50 — Coding of measurementSystem field in loudnessInfo()
Value Meaning
0 Unknown/other
EBU R-128l8]
2 ITU-R BS.1770-4[4]
3 ITU-R BS.1770-4 with pre-processing. The pre-processor is a 4th order
Linkwitz-Riley filter with a cutoff frequency of 500 Hz.
4 User
5 Expert/panel
6 ITU-R BS.1771-105]

7 (reserved, not permitted)

Reserved Measurement System A (RMS_A)
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Value Meaning
8 (reserved, not permitted) Reserved Measurement System B (RMS_B)
9 (reserved, not permitted) Reserved Measurement System C (RMS_C)

10 (reserved, not permitted) Reserved Measurement System D (RMS_D)

11 (reserved, not permitted) Reserved Measurement System E (RMS_E)

Remaining values are reserved

Table A.51 — Coding of reliability field in loudnessInfo()

Value Meaning

Reliability is unknown

Value is reported/imported but unverified

Value is a "not to exceed" ceiling

WIIN|[=]O

Value is measured and accurate

Table A.52 — Coding algorithm for loudnessRange in dB

methodValue(loudnessRange) {
if (loudnessRange < 0.0f)
return 0;
else if(loudnessRange <= 32.0f)
return (UInt8)(4.0f*loudnessRange + 0.5f);
else if(loudnessRange <= 70.0f)
return (UInt8)(2.0f*(loudnessRange=32.0f) + 0.5f) + 128;
else if(loudnessRange < 121.0f)
return (UInt8)((loudnessRange=70.0f) + 0.5f) + 204;
else
return 255;

A.6.10 Coded metadata in drcCoefficientsParametricDrc()

Table A.53 — Coding of metadata in drcCoefficientsParametricDrc()

Metadata field Description

drcLocation See 6.1.2.3. If a drcCoefficientsUniDrc() block for the samsg
drcLocation is present, the first gainSetindex referring to
drcCoefficientsParametricDrc() starts with an offset of thg
gainSetCount defined in drcCoefficientsUniDrc(). The same holds
for a drcCoefficientsUniDrcV1() block if present.

parametricDrcFrameSizeFormat A field that signals whether parametricDrcFrameSize is coded by
bsParametricDrcFrameSize (0) or by bsDrcFrameSize (1).

bsParametricDrcFrameSize A field that signals the processing frame size of parametric DRCs.
The values are encoded according to Table A.54.

bsDrcFrameSize A field that signals the processing frame size of parametric DRCs.
The values are encoded according to Table A.17.
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Metadata field

Description

bsParametricDrcDelayMax

A field that specifies a delay value greater than or equal to the
maximum delay of any applicable parametric DRC set
combination in the stream. The values are encoded according to
Table A.55.

resetParametricDrc

The default value is 0. A value of 1 indicates that the parametric
DRC shall be reset (e.g. for streaming scenarios). See also 6.6.

parame

ricDrcGainSetCount

Number of parametric DRC gnin sets

parame

fricDrcld

A unique 0-based identifier that refers to a specific
parametricDrcInstructions() block.

sideChalinConfigType

A field that defines the side-chain configuration of a parametric
DRC gain set. The values are encoded according to Table A.56.
For a value of 1, the channel weights can be customized based on
an applicable downmixId. For all other values, €he“side-chain
input signal is defined by the drcChannelGroup the DRC gains set
is assigned to within a drcInstructionsUniDrc() or
drcInstructionsUniDrcV1() block. If as¥alue is not applicable for a
parametric DRC instance, sideChain€oenfigType shall be set to 0,
which is the default. For drcInstructionsUniDrcV1(), the
applicable downmixId is 0 (baselayout) for
drcApplyToDownmix=0.

downm

xId

See Table A.13.

levelEst

imChannelWeightFormat

A field that signals if\a’channel map (0) or a channel weight map
(1) is present forthe definition of the side-chain signal of a
parametric DRC“instance.

addCha

hnel

A value of #indicates that the current channel shall be added to
the side-chain signal of a parametric DRC instance.

bsChannelWeight

A'field that defines a weighting factor for the current channel for
addition to the side-chain signal of a parametric DRC instance.
The values are encoded according to Table A.57.

bsDrcInputLoudness

A field that signals the input loudness for a parametric DRC gain
set. The values are encoded according to Table A.58. The input
loudness is required for normalization of the DRC side-chain
input level.

Table A.54 — Coding of bsParametricDrcFrameSize field

Field Encoding

Mnemonic parametricDrcFrameSize Range
in [samples]

bsParan

hetticDrcFrameSize u

uimsbf M, o e = 2H 1...215 audio

4 bits

1

sample
intervals,
variable step
size.
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Table A.55 — Coding of bsParametricDrcDelayMax field

Field Encoding Mnemonic parametricDrcDelayMax Range
in intervals of audio
sample rate
bsParametricDrcDelayMax {u, v} {uimsbf, 16u2Y 0...63488,
{5 bits, 3 bits} uimsbf} "f‘“ab.le
step size.

Table A.56 — Coding of sideChainConfigType field

Value Meaning
0 (default) Side-chain signal defined by all channels of the processed’drcChannelGrqup and
channelWeight[] set to 0 dB.
1 Custom configuration of side-chain signal based©n an applicable downnjixId.
2 Side-chain signal defined by all channels of the processed drcChannelGrqup and
channelWeight[] set according to ITU-R BS:1770-4.
Remaining values are reserved.
Table A.57 — Coding of bsChannelWeight field
Field Encoding Mnemonic u channelWeight [dB] | Range
bsChannelWeight u uimsbf 0 10.0 | -0 ...10.0 dB,
4 bits 1 6.0 | variable stey] size.
2 4.5
3 3.0
4 1.5
5 0.0
6 -1.5
7 -3.0
8 -4.5
9 -6.0
10 -10.0
11 -15.0
12 -20.0
13 -30.0
14 -40.0
15 -0
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Table A.58 — Coding of bsDrcInputLoudness field

Field Encoding Mnemonic drcInputLoudness in [dB] Range
bsDrcInputLoudness u uimsbf Lreference =-57.75 + HZ'Z -57.75 ...
8 bits 6 dB,
0.25dB
step size.
A.6.11 [Coded metadata in parametricDrcInstructions()
Table A.59 — Coding of metadata in parametricDrcInstructions()
Metadata field Description
parametricDrcld A unique 0-based identifier for each parametrigDrcInstructions()
block.
bsPararhetricDrcLookAhead A field that signals the audio delay that should be applied for a
parametric DRC instance. See Table A.60-1f not present, a default
value is set based on parametricDrcType.
parametricDrcPresetldPresent A field that indicates whether thie ‘parametric DRC type is defined by

parametricDrcPresetld (1) ot.not (0).

paramelricDrcPresetld A unique 0-based identifier that is mapped to a parametricDrcType
and predefined settings according to Table A.62. If an unsupported
value is received, the.corresponding parametric DRC instance shall be
disabled.

paramefricDrcType A field that sighals the parametric DRC type. See Table A.61.

Table A.60 — Coding-of bsParametricDrcLookAhead field

Field Encoding | Mnemonic parametricDrcLookAhead Range
in [ms]
bsParametricDrcLookAhead i uimsbf T1pokahead = M 0...127 ms,
7 bits 1. ms step
size.

Table A.61 — Coding of parametricDrcType

Symbol Value of Purpose
parametricDrcType

PARAM_DRC_TYPE_FF 0x0 Parameters defined by
parametricDrcTypeFeedForward() block
(see 6.6.2.3 and 6.6.3.1).

PARAM_DRC_TYPE_LIM 0x1 Parameters defined by
parametricDrcTypeLimiter() block
(see 6.6.2.4 and 6.6.3.2).

(reserved) 2-6 For ISO use.

(reserved) 7 For use outside of ISO scope.
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Table A.62 — Mapping of parametricDrcPresetld to parametricDrcType

parametricDrcPresetld parametricDrcType Parameters Description
0 PARAM_DRC_TYPE_FF drcCharacteristic = 7 DRC curve definition
according to
1 PARAM_DRC_TYPE_FF drcCharacteristic = 8 ISO/IEC 23091-3. DRC
gain smoothing time
2 PARAM_DRC_TYPE_FF drcCharacteristic =9 constants according to
Table A77
3 PARAM_DRC_TYPE_FF drcCharacteristic = 10
4 PARAM_DRC_TYPE_FF drcCharacteristic=11
§) PARAM_DRC_TYPE_LIM — Defaylt parametfers as
specified in 6.6.3.2.
6-127 (reserved) (reserved) (reserved)
A.6.12 Coded metadata in parametricDrcTypeFeedForward()
Table A.63 — Coding of metadata in parametricDrcTypeFeedForward()
Metadata field Description
levelEstimKWeightingType A field that indicates the state of the pre-filter and RLB filter fqr level
estimation accerding to ITU-R BS.1770-4. If not present, the default
value is 2. See'Table A.64.
bsLevelEstimIntegrationTime Level estimation integration time. If not present, the default value is
parametricDrcFrameSize. See Table A.65.
drcCurveDefinitionType Afield that indicates whether the DRC curve is defined by a
drcCharacteristic index (0) or by a DRC curve parametrization|
drcCharacteristic drcCharacteristic index and DRC curve definition according to
ISO/IEC 23091-3. Following drcCharacteristic indices are currgntly
supported for the usage with parametricDrcType ==
PARAM_DRC_TYPE_FF: {7,8,9,10,11}. If an unsupported value fis
received, the corresponding parametric DRC instance shall be
disabled.
bsNodeCount Number of curve nodes. See Table A.66.
bsNodeLevellnitial Input level of first node in dB. See Table A.67.
bsNodeLevelDelta Input level distance to next node in dB. See Table A.68.
bsNodeGain Node output gain in dB. See Table A.69.
drcGainSmoothParametersPresent A field that indicates whether custom smoothing parameters are
provided (1) or whether smoothing parameters matching to a
present drcCharacteristic index shall be used (0) (see Table A.77).
If drcCharacteristic is not present, the default smoothing parameters
shall be used.
bsGainSmoothAttackTimeSlow Slow attack time for DRC gain smoothing in ms. See Table A.70.
bsGainSmoothReleaseTimeSlow Slow release time for DRC gain smoothing in ms. See Table A.71.
bsGainSmoothAttackTimeFast Fast attack time for DRC gain smoothing in ms. See Table A.72.
bsGainSmoothReleaseTimeFast Fast release time for DRC gain smoothing in ms. See Table A.73.
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Metadata field Description
bsGainSmoothAttackThreshold Fast attack threshold for DRC gain smoothing in dB. See Table A.74.
bsGainSmoothReleaseThreshold Fast release threshold for DRC gain smoothing in dB. See Table A.75.
bsGainSmoothHoldOff Hold counter for DRC gain smoothing. See Table A.76.

Table A.64 — Coding of levelEstimKWeightingType field
Value Meaning

0 Pre-filter OFF, RLB filter OFF

1 Pre-filter OFF, RLB filter ON

2 Pre-filter ON, RLB filter ON

3 Reserved

Table A.65 — Coding of bsLevelEstimIntegrationTime field
Field Encoding | Mnemonic levelEstimIntegrationTime Range
in [samples]
bsLevelEstimIntegrationTime | u uimsbf Tmtegmtion = (;1+1)MpammemcDRC 1...64 times
6 bits MparametricDRC
audio sample
intervals.
Table A.66 — Coding -of bsNodeCount field
Field Encoding Mnemonic nodeCount Range
bsNodefount U uimsbf Ny odes = M + 2 2..9.
3 bits
Table A.67 — Coding of bsNodeLevellnitial field
Field Encoding Mnemonic nodeLevellnitial in [dB] Range
bsNodel.evellnitial U uimsbf Lyodes,initial = ~11 — 1 -74..-11dB, 1 dB
6 bits step size.
Table A.68 — Coding of bsNodeLevelDelta field
Field Encoding Mnemonic nodeLevelDelta in [dB] Range
bsNodeLevelDelta u uimsbf AL =1+ u 1..32dB, 1 dB step
S bits size.
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Table A.69 — Coding of bsNodeGain field

Field Encoding Mnemonic nodeGain in [dB] Range
bsNodeGain u uimsbf Ghode -39...+24 dB, 1 dB
6 bits step size.
Table A.70 — Coding of bsGainSmoothAttackTimeSlow field
Field Encoding | Mnemonic | gainSmoothAttackTimeSlow Rhnge
in [ms]
. . . X
bsGainSmoothAttackTimeSlow u uimsbf T attack slow = u5 (;1 .7tS ms,
8 bits M9 step
size.
Table A.71 — Coding of bsGainSmoothReleaseTimeSlow field
Field Encoding | Mnemonic | gainSmoothReleaseTimeSlow | Range
in [ms]
bsGainSmoothReleaseTimeSlow | u uimsbf T rettase slow = H40 0..10R00 ms,
. 40 mq step
8 bits .
size.
Table A.72 — Coding of bsGainSmoothAttackTimeFast field
Field Encoding | -Mnemonic gainSmoothAttackTimeFast Range
in [ms]
. . . X
bsGainSmoothAttackTimeFast u uimsbf T attack, fast = u5 (5)1 ‘7tS ms,
8 bits mystep
size.
Table A.73 — Coding of bsGainSmoothReleaseTimeFast field
Field Encoding | Mnemonic | gainSmoothReleaseTimeFast Rpange
in [ms]
bsGainSmoothReleaseTimeFast | u uimsbf T release, fast = 120 205 lOOtms,
8 bits Cms Step
size.
Table A.74 — Coding of bsGainSmoothAttackThreshold field

Field Encoding | Mnemonic gainSmoothAttackThreshold Range
in [dB]
bsGainSmoothAttackThreshold | u uimsbf - {y; if 11 #31 0..50 dB
. r = 0
5 bits attack, fast ) an )
o; else 1 dB step
size.
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Table A.75 — Coding of bsGainSmoothReleaseThreshold field

Field Encoding | Mnemonic | gainSmoothReleaseThreshold Range
in [dB]
bsGainSmoothReleaseThreshold | u uimsbf , {y; if 1 #31 0..30dB
. Thr = d o
5 bits release, fast ) an )
o; else 1 dB step
size.
Table A.76 — Coding of bsGainSmoothHoldOff field
Field Encoding | Mnemonic gainSmoothHoldOff Range
bsGain§moothHoldOff u uimsbf CholdOﬂ’ =u 0...127.
7 bits
A
output gain [dB]
>
input level [dB]
Figure A.1 — Illustration of DRC curve parametrization for five curve nodes
(parametricDrcType==0x0)
Table A.77 — DRC gain‘smoothing time constants and look-ahead delay for drcCharacteristic

index 7...11 (parametricDrcType==0x0)

192

Parameter Default drcCharacteristic index
7 8 9 10 11
parametricDrcLookAhead [ms] 10 10 10 10 10 10
gainSmoothAttackTimeStowfmsi 166 166 166 166 166 166
gainSmoothReleaseTimeSlow [ms] 3000 | 3000 | 3000 [ 3000 | 10000 | 1000
gainSmoothAttackTimeFast [ms] 10 10 10 10 10 10
gainSmoothReleaseTimeFast [ms] 1000 (1000 |1000| 1000 | 1000 200
gainSmoothAttackThreshold [dB] 15 15 15 15 15 10
gainSmoothReleaseThreshold [dB] 20 20 20 20 20 10
gainSmoothHoldOff 10 10 10 10 10 10
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A.6.13 Coded metadata in parametricDrcTypeLimiter()

Table A.78 — Coding of metadata in parametricDrcTypeLimiter()

Metadata field

Description

bsParametricLimThreshold

A field that signals the limiting threshold for a parametric DRC
instance of type PARAM_DRC_TYPE_LIM. See Table A.79. If not
present, the default value is -1 dBFS. The limiting threshold relates to
the signal after application of loudnessNormalizationGainDb

parametricLimAttackTime

A field that signals the attack time for a parametric DRC instatice of
type PARAM_DRC_TYPE_LIM. This value is defined by the
bsParametricDrcLookAhead field in the parametricDr¢Instructions()
payload. If not present, the default value is 5 ms.

bsParametricLimReleaseTime

A field that signals the release time for a parametric DRC instajnce of
type PARAM_DRC_TYPE_LIM. See Table A.80.-If not present, the
default value is 50 ms.

Table A.79 — Coding of bsParametricLimThreshold field

Field Encoding Mnemonic parametricLimThreshold Range
in [dBFS]
bsParametricLimThreshold u uimsbf Thry;,, = -u23 -311875 ...
8 bit 0 dBFS,
s 0.125 dB
step size
Table A.80 — Codingof bsParametricLimReleaseTime field
Field Encoding | Mnemonic | parametricLimReleaseTime Range
in [ms]
bsParametricLimReleaseTime u uimsbf Trelease lim = 410 0...2550 ms,
8 bits 1.0 nis step
size

A.6.14 Coded metadata in loudEqInstructions()

Table A.81 — Metadata in loudEqInstructions()

Metadata field Description
toudEqSetid Hmique dentifier for thisEEQ set:
drcLocation Location of associated DRC gain sequences (see Table 2).
downmixIdPresent A flag that has a value of 1 if downmix IDs are present. A value of 0
indicates that the LEQ is only applicable to the base layout.
downmixId Index to identify a downmix that is associated with this LEQ set. A value of

0 indicates that the LEQ can be applied to the base layout. A value of 0x7F
indicates that the LEQ can be applied to any layout.

additionalDownmixIdPresent

A flag that has a value of 1 if additional downmix IDs are present.

additionalDownmixIdCount

Number of additional downmix IDs this LEQ set can be applied to.
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Metadata field Description

additionalDownmixId Additional downmix IDs connected with this loudEqSetld. This field may be
used to declare additional target layouts for which this LEQ set is
applicable. This field has the same meaning as the downmixId field above.

drcSetldPresent A flag that has a value of 1 if drcSet IDs are present. A value of 0 indicates
that the LEQ is only applicable if no DRC is applied.

drcSetld Index to identify a DRC set that is associated with this LEQ set. A value of 0
indicatesthatthel F'Q canbe applipd whenno DRCisused Avalue of 0x3F
refers to any DRC including no DRC.

additionalDrcSetldPresent A flag that has a value of 1 if additional drcSet IDs are present.

additionalDrcSetldCount Number of additional drcSet IDs connected with this LEQ set.

additionalDrcSetld Additional drcSet IDs connected with this LEQ set. This field\may be used
to declare additional DRC sets for which this LEQ set is applicable. The
meaning of this field is identical to the drcSetld field abové.

eqSetldPresent A flag that has a value of 1 if eqSet IDs are presentsA-value of 0 indicates
that the LEQ is only applicable if no EQ is applied)

eqSetld Index to identify an EQ set that is associated with this LEQ set. A value of 0
indicates that the LEQ can be applied when no EQ is used. A value of 0x3F
refers to any EQ including no EQ.

additionalEqSetldPresent A flag that has a value of 1 if additional eqSet IDs are present.

additionalEqSetldCount Number of additional eqSet IDs‘connected with this LEQ set.

additiofalEqSetld Additional eqSet IDs coniiected with this LEQ set. This field may be used to
declare additional EQ sets for which this LEQ set is applicable. The
meaning of this fieldds identical to the eqSetld field above.

loudnegsAfterDrc A flag that has.a value of 1 if the loudness values derived from the
associated gain sequences are measured after a DRC was applied.
Otherwise,the value is 0 and the loudness values should be corrected by
adding-the applied DRC gain [dB].

loudnegsAfterEq Aflag that has a value of 1 if the loudness values derived from the
associated gain sequences are measured after an EQ was applied.
Otherwise, the value is 0 and the loudness values should be corrected by
adding the applied EQ gain [dB].

loudEqGainSequenceCount The number of gain sequences associated with this LEQ set.

gainSequencelndex Index referring to a drcGainSequence() in uniDrcGain() payload.

drcCharfacteristickormatIsCICP Flag indicating whether the index of the characteristic is based on
ISO/IEC 23008-1, (1) or not (0).

drcCharjacteristic Index of DRC characteristic according to ISO/IEC 23091-3 (CICP). The

vatuestrattbeomr=zeroamd-the characteristicsiattbeimvertibte et shatt
have either a negative or positive slope.

drcCharacteristicLeftIndex,
drcCharacteristicRightIndex

Index of DRC characteristic associated with the gain sequence referring to
characteristicLeftIndex and characteristicRightIndex in
drcCoefficientsUniDrcV1(). The characteristic shall be invertible, i.e. it
shall have either a negative or positive slope.

frequencyRangelndex Specifies the frequency range associated with the gain sequence according
to Table A.82. The associated reference level specifies which acoustic
signal level of a sinusoid corresponds to the level values derived from the
gain sequence.
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Metadata field Description
bsLoudEqScaling Contains an encoded linear scaling coefficient for the loudness values [dB]
according to Table A.83.
bsLoudEqOffset Contains an encoded offset value [dB] for the loudness values [dB]

according to Table A.84. The offset is applied after scaling, if applicable.

Table A.82 — Coding of frequencyRangelndex in loudEqInstructions()

frequencyRangelndex

Frequency range

Reference level

0 Low frequencies: 20 Hz to 250 Hz

100 Hz sinusoid with 100 dB SPL at
default listener peosition results in

0 dB after applyingthe inversg¢ DRC
characteristioc:

1 High frequencies: 10 kHz and higher

12 kHz sinusoid with 100 dB SPL at
defaultlistener position results in

0 dB after applying the invers¢ DRC
characteristic.

reserved for future use)

(All remaining values are For future use

For future use

Table A.83 — Coding of bsLoudEqScaling in loudEqInstructions()

bsLoudEqScaling

Loudness scaling coefficient

Range

i 2-0.5u

0.0884 ...1.0

Table A.84 — Coding of bsLoudEqOffset in loudEqInstructions()

bsLoudEqOffset

Loudness offset [dB]

Range

n 15—16

-16 ...30.5 dB, 1.5 dB step size

.6.15 Coding of payloads for equalization

Table A.85 — Coding of fields in eqCoefficients() payload

Field Encoding Description
bsEqDelayMaxPresent Flag {0,1} If 1, bsEqDelayMax value is pregent
bsEgDelayMax Delay value, see Table A.86 Maximum EQ delay of any applicable

EQ set combinationinthe stre
2 =100

uniqueFilterBlockCount Count [0,63] Number of unique filter blocks
filterElementCount Count [0,63] Number of filter elements in a block
filterElementIndex Index [0,63] Index refers to filter element definition
filterElementGainPresent Flag {0,1} If 1, filter element gain value is present
bsFilterElementGain Gain value, see Table A.92 Filter element gain value
uniqueTdFilterElementCount Count [0,63] Number of unique filter elements

eqFilterFormat

Format identifier [0,1]

0: Pole/zero, 1: FIR coefficient
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Field

Encoding

Description

bsRealZeroRadiusOneCount

Count=2*bsRealZeroRadiusOneCo
unt {0,2,..,14}

Number of real zeros with a radius of 1

realZeroCount Count [0,63] Number of real zeros
genericZeroCount Count [0,63] Number of generic zeros
realPoleCount Count [0,15] Number of real poles
complexPoleCount Count [0,15] Number of complex poles

zeroSigJL poleSign

Sign of real zero / pole location

{0,1}

If 1, sign is negative

bsZeroRadius, bsPoleRadius

Radius value, see Table A.95

Radius of zero/pole location inz+plane

bsZeroAngle, bsPoleAngle

Angle value, see Table A.96

Angle of zero/pole locatiofi’in z-plane

firFilterPrder Order value [0, 127] Order M of FIR filter
firSymmetry Symmetry value {0,1} 0: symmetric, 1: anti-Symmetric
bsFirCopfficient Coefficient value, see Table A.93 Value of FIR cogfficient. Only the first

half of the impulse response is
transmittedin natural order

uniqueBqSubbandGainsCount

Count [0,63]

Number of sub-band gain vectors

eqSubbandGainFormat

Format value, see Table A.90

vector

Specifies format of sub-band gain

eqSubbandGainRepresentation

Flag {0,1}

Specifies the representation of sub-
band gain values. 0: value per band, 1:
spline

bsEqGalnCount

Count=bsEqGainCount+d\[1,256]

Number of sub-band gain values in a
vector

bsEqSubbandGain Gain value, see Table A.91 Sub-band gain value
Table A.86 (—+ Coding of bsEqDelayMax field
Field Encoding Mnemonic | eqDelayMax in intervals Range
at audio sample rate
bsEgqDelayMax {u, v} {uimsbf, 16u2v 0...63488,
15 bits, 3 bits) uimsbf} Z;lzable step

Table A.87 — Coding of fields in eqSubbandGainSpline() payload

Field Encoding Description

bSEqNO eCotmnt See-Table A9 Node-cotmtof EQ saiu ap}iuc.

eqSlopeCode See Table A.98. Slope steepness at spline node in [dB/octave].

eqFreqDeltaCode See Table A.99. Differential sub-band index representation of
spline node.

eqGainlnitialCode See Table A.100. EQ gain for the spline node in the lowest sub-
band.

eqGainDeltaCode See Table A.101. Differential representation of EQ gain at the
corresponding spline node.
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Table A.88 — Coding of fields in eqInstructions() payload

Field Encoding Description

eqSetld Index [0,63] Identifier for the EQ set defined in eqInstructions().
Values of 0 and 0x3F are reserved.

eqSetComplexityLevel [0,15] see 6.9 Value that indicates the computational complexity
level of the associated EQ set per audio channel.
The complexity is used to determine if a decoder is
capable of applying the EQ set.

downmixIdPresent Flag {0,1} If 1, downmix IDs are present.

downmixId, additionalDownmixId

Index [0,127]

Identifies all downmix configurations by thefir ID
that this EQ can be combined with, A value df 0
refers to the base layout, 0x7F refers to any
downmix and base layout.

additionalDownmixIdPresent

Flag {0,1}

If 1, additional downmix IDsyare present. Noge that
in this case only one eqChannelGroup is permitted if
eqApplyToDownmix is 1

additionalDownmixIdCount

Count [0,127]

Number of additional downmix IDs.

eqApplyToDownmix

Flag {0,1}

If 1, the EQ setis applied to the downmix.
Otherwise/fit is applied to the base layout.

drcSetld, additionalDrcSetld

Index [0,63]

Identifies a DRC set that can be applied in
combination with this EQ, unless this is a
dependent EQ. A value of 0 indicates that it is
permitted to apply the EQ without DRC. A vdlue of
0x3F refers to any DRC including no DRC.

additionalDrcSetldPresent

Flag {0,1}

If 1, additional drcSet IDs are present.

additionalDrcSetldCount

Count [0,63]

Number of additional drcSet IDs.

eqSetPurpose Bit field, see Defines the purpose(s) of the EQ.
Table'A.89
dependsOnEqSetPresent Elag {0,1} If 1, the EQ set shall be applied in combinatipn with

a second EQ set. The second EQ set shall be applied
at the opposite side of the downmixer.

dependsOnEqSet Index [0,63] Index of the EQ set that shall be combined with this
EQ set. The combined EQs can be applied with any
DRC set that is specified by a drcSetld in this| EQ set.

nolndependentEqUse Flag {0,1} If 1, the EQ set can only be used in combinatjon
with a scond EQ set.

eqChannelGroup Index [1,127] Index of EQ channel group that the channel belongs

to.

tdFilterCascadePresent Flag {0,1} Indicates if a time-domain filter cascade is defined.
eqCascadeGainPresent Flag {0,1} Indicates if a filter cascade gain value is pregdent.
bsEqCascadetaimn Gairvatue; see Fitter cascade gaim vatue:

Table A.92
filterBlockCount Count [0,15] Number of filter blocks contained in this cascade.
filterBlockIndex Index [0,127] Index refers to definition of filter block in

eqCoefficients().

eqPhaseAlignmentPresent Flag {0,1} If 1, indicates that phase alignment information is
present.
bsEgPhaseAlignment Flag {0,1} If 1, indicates that the corresponding EQ channel

groups are phase aligned.
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Field Encoding Description
subbandGainsPresent Flag {0,1} If 1, indicates that gain values for sub-band gains
are present.
subbandGainsIndex Index [0,63] Index refers to sub-band gain vector in

eqCoefficients().

eqTransitionDurationPresent

Flag {0,1}

If 1, indicates that a transition duration value is
present.

bsEqTransitionDuration

Time value, see

Transition duration for crossfading from the output

Table A.94

of the previous EQ set to the current EQ set.

Table A.89 — Coding of eqSetPurpose field (multiple bits can be set)

Bit position EQ purpose Description (valid if bit is set)

1 (LSB) Default EQ For generic use.

2 Large room For playback in rooms with a volume significantly larger than a
typical living room.

3 Small space For playback in rooms with a volume significantly smaller than a
typical living room.

4 Average room For playback in rooms with a yelame of a typical living room.

5 Car cabin For playback in a passenger car.

6 Headphones For playback with headphones.

7 Late night For playback with reduced exposure for others nearby, such as
someone in an adjacent room, to minimize potential disturbance.

Remainlng reserved —

bits resdrved

Table A.90 — Coding of eqSubbandGainFormat field

Encoding Name Description

0x0 Reserved —

0x1 GAINFORMAT)QMF32 Gain values correspond to the center frequencies of a 32
band QMF filter bank as defined in Reference [9].

0x2 GAINFORMAT_QMFHYBRID39 Gain values correspond to the center frequencies of a 39
band hybrid QMF filter bank as defined in Reference [9].

0x3 GAINFORMAT_QMF64 Gain values correspond to the center frequencies of a 64
band QMEF filter bank as defined in Reference [9].

0x4 GAINFORMAT-QMFHYBRID71 Gaim vatuestorrespomdtothe tenter frequencies of a7
band hybrid QMF filter bank as defined in Reference [9].

0x5 GAINFORMAT_QMF128 Gain values correspond to the center frequencies of a
128 band QMEF filter bank as defined in Reference [9].

0x6 GAINFORMAT_QMFHYBRID135 Gain values correspond to the center frequencies of a
135 band hybrid QMF filter bank as defined in
Reference [9].

0x7 GAINFORMAT_UNIFORM Gain values correspond to sub-band center frequencies
where all sub-bands cover the entire audio spectrum
and have identical bandwidth and no overlap.
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Encoding Name Description
Remaining reserved —
values are
reserved
Table A.91 — Coding of bsEqSubbandGain
Encoding Size Mnemonic Subband gain [dB] Range
{o, u} {1 bit, 8 bits} {uimsbf, uimsbf} 3 (_1)0' 53 -31.875...31.875)dB
g= H 0.125 dB step'size
Table A.92 — Coding of bsEqCascadeGain, bsFilterElementGain
Encoding Size Mnemonic Gain [dB] Range
L 10 bits uimsbf -3 -96...31.875 dB, 0.125 dB
g=u2 "~ —-96 :
step size
Table A.93 — Coding of bsFirCéefficient
Encoding Size Mnemonic Coefficient Range
{o, U} {1 bit, 10 bits} {uimsbf, uimsbf} o . 005427t signed linear values,
b=(-1)"10 -63.9375...0 dP,
0.0625 dB step size
Table A.94 — Coding of bsEqTransitionDuration
Encoding Size Mnemonic eqTransitionDuration [s] Range
m 5 bits uimsbf £ 20,001,224 4..861 ms
Table A.95 — Coding of bsPoleRadius and bsZeroRadius
bsPoleRadius, bsPoleRadius,
bsZeroRadius P bsZeroRadius p
0 0.00000000E+00 64 9.41318%72E-02
1 7.57409621E-11 65 9.98248383E-02
2 7.47451079E-09 66 1.05744988E-01
3 737623509E08 67 +11896060E-01
4 3.37872933E-07 68 1.18281692E-01
5 1.05439995E-06 69 1.24905407E-01
6 2.61370951E-06 70 1.31770656E-01
7 5.55702854E-06 71 1.38880774E-01
8 1.05878771E-05 72 1.46238968E-01
9 1.85806475E-05 73 1.53848350E-01
10 3.05868707E-05 74 1.61711931E-01
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bsPoleRadius,

bsPoleRadius,

bsZeroRadius p bsZeroRadius p
11 4.78395414E-05 75 1.69832602E-01
12 7.17558214E-05 76 1.78213134E-01
13 1.03938342E-04 77 1.86856180E-01
14 1.46175269E-04 78 1.95764288E-01
15 2-00439375E-04 79 2-04939872E-0+
16 2.68886099E-04 80 2.14385241E:01
17 3.53850890E-04 81 2.24102572E-01
18 4.57845890E-04 82 2.34093949E-01
19 5.83555840E-04 83 2:44361281E-01
20 7.33833469E-04 84 2.54906416E-01
21 9.11694835E-04 85 2.65731007E-01
22 1.12031354E-03 86 2.76836663E-01
23 1.36301492E-03 87 2.88224846E-01
24 1.64327072E-03 88 2.99896836E-01
25 1.96469179E-03 89 3.11853856E-01
26 2.33102194E-03 90 3.24096978E-01
27 2.74613220E-03 91 3.36627185E-01
28 3.21401190E-03 92 3.49445283E-01
29 3.73876374E-03 93 3.62551987E-01
30 4.32459544E-03 94 3.75947863E-01
31 4.97581391E-03 95 3.89633417E-01
32 5:69681637E-03 96 4.03608948E-01
33 6.49208482E-03 97 4.17874694E-01
34 7.36617809E-03 98 4.32430804E-01
35 8.32372531E-03 99 4.47277188E-01
36 9.36941616E-03 100 4.62413728E-01
37 1.05079999E-02 101 4.77840215E-01
38 1.17442720E-02 102 4.93556231E-01
39 +36830696E-62 163 5-09561366E-6+
40 1.45292655E-02 104 5.25854886E-01
41 1.60877611E-02 105 5.42436182E-01
42 1.77634824E-02 106 5.59304416E-01
43 1.95613634E-02 107 5.76458573E-01
44 2.14863531E-02 108 5.93897760E-01
45 2.35434026E-02 109 6.11620665E-01
46 2.57374570E-02 110 6.29626155E-01
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bsPoleRadius, bsPoleRadius,
bsZeroRadius P bsZeroRadius P
47 2.80734543E-02 111 6.47912800E-01
48 3.05563174E-02 112 6.66479111E-01
49 3.31909470E-02 113 6.85323536E-01
50 3.59822176E-02 114 7.04444408E-01
54 3-89349759E-02 5 #23839939E-01
52 4.20540236E-02 116 7.43508339E-01
53 4.53441292E-02 117 7.63447%23E-01
54 4.88100089E-02 118 7.83655465E-01
55 5.24563305E-02 119 8.04130018E-01
56 5.62877022E-02 120 8.24868977E-01
57 6.03086725E-02 124 8.45869958E-01
58 6.45237267E-02 122 8.67130%78E-01
59 6.89372867E-02 123 8.88648331E-01
60 7.35536888E-02 124 9.10420%37E-01
61 7.83772022E-02 125 9.324446¢32E-01
62 8.34120139E-02 126 9.54717815E-01
63 8.86622295E-02 127 9.77237%325E-01
Table A.96 — Coding of bsPoleAngle and bsZeroAngle
bsPoleAngle, Normalzgangle bsPoleAngle, Normalize(;i anglq
bsZeroAngle a 22 bsZeroAngle a=—
T /4
0 0.00000000E+00 64 2.62780130E-02
1 6.90533966E-04 65 2.78405849E-02
2 7.31595252E-04 66 2.94960723E-02
3 7.75098170E-04 67 3.12500000E-02
4 8.21187906E-04 68 3.31082217E-02
5 8.70018279E-04 69 3.50769390E-02
6 921752258E-04 76 3-71627223E-02
7 9.76562500E-04 71 3.93725328E-02
8 1.03463193E-03 72 4.17137454E-02
9 1.09615434E-03 73 4.41941738E-02
10 1.16133507E-03 74 4.68220962E-02
11 1.23039165E-03 75 4.96062829E-02
12 1.30355455E-03 76 5.25560260E-02
13 1.38106793E-03 77 5.56811699E-02
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bsPoleAngle, Normalized angle bsPoleAngle, Normalize; angle
bsZeroAngle a :g bsZeroAngle a=—
T V4
14 1.46319050E-03 78 5.89921445E-02
15 1.55019634E-03 79 6.25000000E-02
16 1.64237581E-03 80 6.62164434E-02
17 1.74003656E-03 81 7.01538780E-02
18 1.84350452E-03 82 7.43254447E:02
19 1.95312500E-03 83 7.87450656E-02
20 2.06926386E-03 84 8.34274909E-02
21 2.19230869E-03 85 8.83883476E-02
22 2.32267015E-03 86 9.36441923E-02
23 2.46078330E-03 87 9.92125657E-02
24 2.60710909E-03 88 1.05112052E-01
25 2.76213586E-03 89 1.11362340E-01
26 2.92638101E-03 90 1.17984289E-01
27 3.10039268E-03 91 1.25000000E-01
28 3.28475162E-03 92 1.32432887E-01
29 3.48007312E-03 93 1.40307756E-01
30 3.68700903E-03 94 1.48650889E-01
31 3.90625000E-03 95 1.57490131E-01
32 4.13852771E-03 96 1.66854982E-01
33 4.38461738E-03 97 1.76776695E-01
34 4:64534029E-03 98 1.87288385E-01
35 4.92156660E-03 99 1.98425131E-01
36 5.21421818E-03 100 2.10224104E-01
37 5.52427173E-03 101 2.22724680E-01
38 5.85276202E-03 102 2.35968578E-01
39 6.20078536E-03 103 2.50000000E-01
40 6.56950324E-03 104 2.64865774E-01
41 6.96014624E-03 105 2.80615512E-01
42 7.37401807E-03 106 2.97301779E-01
43 7.81250000E-03 107 3.14980262E-01
44 8.27705542E-03 108 3.33709964E-01
45 8.76923475E-03 109 3.53553391E-01
46 9.29068059E-03 110 3.74576769E-01
47 9.84313320E-03 111 3.96850263E-01
48 1.04284364E-02 112 4.20448208E-01
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bsPoleAngle, Normalized angle bsPoleAngle, Normalizeg angle
bsZeroAngle a :g bsZeroAngle a=—
T Vs
49 1.10485435E-02 113 4.45449359E-01
50 1.17055240E-02 114 4.71937156E-01
51 1.24015707E-02 115 5.00000000E-01
52 1.31390065E-02 116 5.29731%47E-01
53 1.39202925E-02 117 5.61231(024E-01
54 1.47480361E-02 118 5.946033%58E-01
55 1.56250000E-02 119 6.29960%25E-01
56 1.65541108E-02 120 6.67419927E-01
57 1.75384695E-02 121 7.07106781E-01
58 1.85813612E-02 122 7.49153%38E-01
59 1.96862664E-02 123 7.93700%26E-01
60 2.08568727E-02 124 8.40896415E-01
61 2.20970869E-02 125 8.90898718E-01
62 2.34110481E-02 126 9.43874313E-01
63 2.48031414E-02 127 1.00000000E+00

Table A.97 — Coding of nodée-count of EQ gain spline (bsEqNodeCount)

Encoding Size Mnemonic eqFreqDelta Range
L 5 bits wimsbf u+2 2..33
Table(A}98 — Coding of EQ slope steepness (eqSlopeCode)
Encoding [hex] Encoding size [bits] EQ slope steepness
(eqSlopeCode) [dB/octave]
0x1 1 0.0
0x00 5 -32.0
0x01 5 -24.0
0x02 5 -18.0
0x05 5} -12.0
0x04 5 -7.0
0x05 5 -4.0
0x06 5 -2.0
0x07 5 -1.0
0x08 5 1.0
0x09 5 2.0
0x0A 5 4.0
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Encoding [hex] Encoding size [bits] EQ slope steepness
(eqSlopeCode) [dB/octave]
0x0B 5 7.0
0x0C 5 12.0
0x0D 5 18.0
0x0E 5 24.0
B>0F 5 32-0

Table A.99 — Coding of EQ frequency difference (eqFreqDeltaCode)

Encoding Size Mnemonic eqFreqDelta Range
u 4 bits uimsbf u+1 1..16
Table A.100 — Coding of initial sub-band EQ gain value (eqGaininitialCode)
Encoding Size Mnemonic Gain [dB] Range
{0x0,u} {2 bits, 5 bits} bslbf 0.5u-8.0 -8..7.5
{0x1,u} {2 bits, 4 bits} {bslbf, uimsbf} u-16; if u<8 -16...-9, 8...15
Wu; else
{0x2,u} {2 bits, 4 bits} {bslbf, uimsbf} 2u-32; if u<8 -32..-18,16...30
201 else
{0x3,u} {2 bits, 3 bits} {bslbf, uimsbf} 4u-64 -64...-36
Table A.101 — Coding of EQ"gain differences (eqGainDeltaCode)
eqGainDeltaCode eqGainDelta [dB] eqGainDeltaCode eqGainDelta [dB]
0 -22.0 16 0.5
1 -16.0 17 1.0
2 -13.0 18 1.5
3 -11.0 19 2.0
4 -9.0 20 2.5
5 -7.0 21 3.0
6 -6.0 22 4.0
7 -5.0 23 5.0
8 470 2% 6.0
9 -3.0 25 7.0
10 -2.5 26 9.0
11 -2.0 27 11.0
12 -1.5 28 13.0
13 -1.0 29 16.0
14 -0.5 30 22.0
15 0.0 31 32.0
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A.6.16 Summary of supported control parameters supplied by host

Table A.102 — Summary of all supported control parameters for loudness normalization

supplied by host
Identifier Default value Unit Description
targetLoudness — dB Desired output loudness.
albumMode FALSE Boolean See 6.3.6.
loudnessDeviationMax 63 dB Permitted deviation from-the exact

loudness normalization.

loudnessMeasurementMethod

Program Loudness

Requested method (see Table 47).

loudnessMeasurementSystem

ITU-R BS.1770-4

Requested systent (see Table 48)

loudnessMeasurementPreProc

No pre-processing

Requested.pre-processing

(see Tahle 49).
deviceCutOffFrequency 20 Hz Lower.adcoustic frequency limit of
playback system response.
loudnessNormalizationGainDbMax 0 dB Maximum permitted normalization
gain.
loudnessNormalizationGainModifica | 0 dB Normalization gain modificgtion.
tionDb
outputPeakLevelMax 0, (6, if dB Maximum permitted peak value.
peakLimiterPresent)
peakLimiterPresent FALSE Boolean Indicates if a peak limiter ispresent
in the playback chain.
Table A.103 — Summary of all supported control parameters for dynamic range compression
supplied by host
Identifier Default value Unit | Description
dynamicRangeMeasurement — — See Table 13.
dynamicRangeMeasurementValue — dB The requested value correspongling to
dynamicRangeMeasurement.
dynamicRangeMeasutementValueMin, — dB The requested range corresponding to
dynamicRangeMedstirementValueMax dynamicRangeMeasurement.
drcCharacteristic — — See Table E.4 and Table E.5 .
drcEffectType (desired/fallback) — — See Table 12.
compress 1 — Scaling factor for negative DRC jgains
[dB].
boost 1 — Scaling factor for positive DRC gains
[dB].
drcCharacteristicTarget 0 — Target DRC characteristic. See
Table E.4 and Table E.5.
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Table A.104 — Summary of additional control parameters supplied by host

Identifier Default value Unit | Description

loudnessEqRequest 0x0 — Requested loudness EQ type.

sensitivity 90.0 dB Sensitivity of the playback system (see

SPL D.2.10).

playbac \Gﬂ;ll 15-0 dB Plﬂ_y bﬂ\'ll\ sﬂ;ll Ufth\’ l.lllﬂ.y bﬂ\'l\ J_y Jt\’lll
(see D.2.10).

eqSetPyrposeRequest 0x0 — Requested EQ set purpose.
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Annex B
(normative)

External interface to DRC tool

B.1 Description

<

arious applications. A non-exhaustive list of example use cases is given below:

allow manipulating the DRC effect, the target loudness or others).

to headphone playback).

-+ Remote control of DRC tool from a different device than it is implemented on.

available at the decoder.

. _n -

upport of alternative interfaces is optionally permitted.

o>y

Ithough the interface is optional, it is recomfiended to use it whenever possible.

< =3

arious tasks. Some examples are listed below:

Allow parameter changes only-for authorized signatures.
—+ Allow hardware related parameter changes only to specific signatures.
—+ Allow loudness related parameter changes only to specific signatures.

-+ Define priorities for certain signatures if contradicting parameters are received.

||

3.2 Syntax

Various examples of syntax are provided in Tables B.1 - B.9.

This annex describes a normative decoder interface to the DRC tool for external parameter-gccess in

-+ Control of DRC tool from a higher system layer (e.g. all kinds of graphical user-interfaces, which

—+ Adjustment of DRC tool parameters to changed playback conditions (e:g. switch from loudspeaker

—+ Adjustment of loudness normalization gain based on live’measurements or other paameters

he syntax and semantics of the interface are defined in B.2 and B.3, respectively. Decoders shall
upport (i.e. parse) received interface streams and normatively act on them. In local environmgnts, the

he syntax as defined in Table B.1 ineludes an optional interface signature, which can be psed for

Table B.1 — Syntax of uniDrcInterface() payload

Syntax No. of bits  Mnemonic
uniDrcInterface()
{
uniDrcInterfaceSignaturePresent; 1 bslbf
if (uniDrcInterfaceSignaturePresent == 1) {
uniDrcInterfaceSignatureType; 8 uimsbf
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Syntax No. of bits  Mnemonic

bsUniDrcInterfaceSignatureDataLength; 8 uimsbf
for (c = 0; ¢ < bsUniDrcInterfaceSignatureDataLength+1; c++) {

uniDrcInterfaceSignatureData|c]; 8 uimsbf

sysfemInterfacePresent, T bsIbT
if (dystemInterfacePresent == 1) {

systemlInterface();

loudnessNormalizationControllnterfacePresent; 1 bslbf
if (JoudnessNormalizationControlInterfacePresent == 1) {

loudnessNormalizationControllnterface();

loudnessNormalizationParameterInterfacePresent; 1 bslbf
if (JoudnessNormalizationParameterIinterfacePresent == 1) {
loudnessNormalizationParameterInterface();

}
dynamicRangeControllnterfacePresent; 1 bslbf
If (dynamicRangeControllnterfacePresent == 1) {

dynamicRangeControllnterface();

}
dynamicRangeControlParameterInterfacePresent; 1 bslbf
If (dynamicRangeControlParameterlnterfacePresent == 1) {
dynamicRangeControlParameterinterface();

}
uniPDrcInterfaceExtensionPresent; 1 bslbf
if (YniDrcInterfaceExtensionPresent == 1) {

uniDrcInterfaceExtension();

}
}
Table B.2 — Syntax of systemInterface() payload
Syntax No. of bits Mnemonic
systemlInterface()
{
targetConfigRequestType; 2 uimsbf

if (targetConfigRequestType == 0) {

numDownmixIdRequests; 4 uimsbf
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Syntax No. of bits Mnemonic

for (d = 0; d < numDownmixIdRequests; d++) {
downmixIldRequested[d]; 7 uimsbf
}
} else if (targetConfigRequestType == 1) {
targetLayoutRequested; 8 uimsbf

TEISe 1t (targetConligRequestlype == 2J

bsTargetChannelCountRequested; 7 uimsbf

Table B.3 — Syntax of loudnessNormalizationControllnterface() payload

Syntax No. of bits Mnenjonic

oudnessNormalizationControllnterface()

(
loudnessNormalizationOn; 1 bslbf
if (loudnessNormalizationOn == 1) {

targetLoudness; 12 uimsbf

Table B.4 — Syntax of loudnessNormalizationParameterInterface() payload

Syntax No. of bits Mnenjonic

oudnessNormalizationParameterinterface()

-
L

albumMode; 1 bslbf
peakLimiterPresent; 1 bslbf
changeLoudnessDeviationMax; 1 bslbf

if (changeLoudnessDeviationMax == 1) {

loudnessDeviationMax; 6 uimsbf

)}

¥

changeLoudnessMeasurementMethod; 1 bslbf
if (changeLoudnessMeasurementMethod == 1) {

loudnessMeasurementMethod; 3 uimsbf
}
changeLoudnessMeasurementSystem; 1 bslbf
if (changeLoudnessMeasurementSystem == 1) {

loudnessMeasurementSystem; 4 uimsbf
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