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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
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Consumer audio systems and devices are used in a large variety of configurations and acoustical
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
signal. This is achieved by adding a low-bitrate DRC metadata stream to the audio signal. The DRC tool
includes dedicated sections for clipping prevention, ducking, and for generating a fade-in and fade-out

to su

bplement the main dynamic range compression functionality. The DRC effects availab

decoder are generated at the DRC encoder side. At the DRC decoder side, the audio signal’'m
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Information technology — MPEG audio technologies —

Part 4:
Dynamic range control

1 S

This
MPE(
techn
sceng

2 Normative references

The following documents are referred to in the text in such.a way that some or all of {

const
unda

ISO/IEC 14496-12, Information technology — Coding of audio-visual objects — Part 12: IS(

file fo

ISO/IEC 14496-26:2010, Information techiology — Coding of audio-visual objects — Pd

Confd

ISO/IEC 23008-3:2019, Information® technology — High efficiency coding and mediq

heter

cope

document specifies technology for loudness and dynamic range control. It \is ‘applic
F audio technologies. It offers flexible solutions to efficiently support the.widespread
ologies such as loudness normalization and dynamic range compression for varic
rios.

itutes requirements of this document. For dated references, only the edition cited
Led references, the latest edition of the referencedydecument (including any amendme

rmat

rmance

pgeneous environments —Part 3: 3D audio

1S0/1

3

3.1 Terms and definitions

For

fOllOVvius a})p}y.

C 23091-3, Information technology — Coding-independent code points — Part 3: Audi

erms, definitions and mnemonics

e_purposes of this document, the terms and definitions given in ISO/IEC 14496

hble to most
demand for
us playback

heir content
applies. For
hts) applies.

) base media

rt 26: Audio

delivery in

=

-12 and the

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.11

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 o

3.1.3
album
collection of

Note 1 to ent
example.

003-4:2020(E)

f DRC sequences that produce a desired effect if applied to the audio signal

audio recordings that are mastered in a consistent way

ry: Traditionally, a collection of songs released on a Compact Disk belongs into this category, for

3.1.4
conformang
bitstream us

3.1.5

conformang
conformancs
conformanc

3.1.6

conformang
condition w}
functionality

3.1.7

conformang
one or more
for a certain

3.1.8
conformang
set of a confy
file

3.19
decoder inp
input param
bitstream, a

3.1.10
decoder set

e test bitstream
ed for testing the conformance of MPEG-D DRC compliant audio decoders

e test case
test category and a combination of one or more conformance test conditions for whig
test sequence is provided

e test condition
1ich applies to properties of a conformance test sequence'in order to test a certain
of the MPEG-D DRC decoder

e test criteria
conformance test tools and correspondingparameters applied to verify the conformamnce
conformance test sequence

e test sequence

rmance test bitstream, a decoder setting, an input audio file and a corresponding reference

ut parameters
eters that aretsupplied to an MPEG-D DRC decoder in addition to a conformance test
decoder interface bitstream and an input audio file

ting

combination

ofa dacodarintarfaca bitstraam - and
or—a-aecoaeihrerace-sitstredaier

MPEG-D DRC decoder

3.1.11

input DRC set selection parameters
input parameter 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 cou

nterpart of a conformance test bitstream, a decoder setting and an input audio file

© ISO/IEC 2020 - All rights reserved
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3.1.13
reference DRC set selection parameters
decoded counterpart of a conformance test bitstream and a decoder setting fed to the DRC set selection
process
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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

ritten in the

te marks, for
hd have no

h the

pectively

(DrcSelProc).

3.1.14

reference file

reference audio file or reference DRC set selection parameters

3.2 Minemonics

bslbf bit string, left bit first, where “left” is the order in which bitstrings are w
ISO/IEC 14496 series
NOTE Bitstrings are written as a string of 1s and 0s within single quo
example '1000 0001". Blanks within a bit string-are for ease of reading a
significance.

byte_plign() number of bits to fill for byte alignment at‘the offset of n bits:
byte_align(n) = 8 ceil (n/8) - n

uimsbf unsigned integer, most significant bit first

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

bit(n] a bit string with'n:bits in the same format as bslbf

unsigned int(n)  an unsignédinteger 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)

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

TRUB/FALSE values of Boolean data type, which correspond to numerical 1 and 0, res

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.

1. 1 PRSI & 4
f:S‘ dUUlU S4dlIplc Tdic I 114

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 samplednterval 1/f;
T ratio of a circle’s circumference to its diameter
s audio decoder sub-band index (stanting at 0)
z complex variable of the z-transform

5 Technical overview

The technolpgy described in this dodument is called the “DRC tool”. It provides efficient control of
dynamic range, loudness, and clipping based on metadata generated at the encoder. The decoddr can
choose to selectively apply the)metadata to the audio signal to achieve a desired result. Metadata for
dynamic range compressjon-consists of encoded time-varying gain values that can be applied fo the
audio signal] Hence, the,main blocks of the DRC tool include a DRC gain encoder, a DRC gain decofler, a
DRC gain mqdificatiéon)block, and a DRC gain application block. These blocks are exercised on a frame-
by-frame bagis during audio processing. In addition to encoded time-varying gain values, the DR( gain
decoder can|also Teceive parametric DRC metadata for generation of time-varying gain values at the
decoder. Vati i i i i - h as
configurations for a downmix or combined DRCs. The DRC set selection block decides based on the
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
i Album Mode i
=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
2 _ Metadata_ | DRC Gain DRC Gain g
! Bitstream uniDrcGaing | Decoder " | Modifications =
Sim===- £ c
= v g ]
Y c = Dynamically
Encoded Decoded o - Con;\p ssed
Audio Audio Audio ‘k "\ ugio
------- > Decoder ’@’ »@/ >
Figure 1 — Block diagram of a typical system with audio decoder and)DRC tool mgdules to
achieve loudness normalization (LN) and dynamic range control
- Properties of Desired DRC -
! DRC/Loudness Request Album Mode !
! Decoder Parameters ;
: Target Loudness :
Target Layout
Static DRC v
_ Bitstream- | Metadata DRC Set _
g - > ; 3
= De- umDrcCorf\ﬁgo Selection g
] Multiplexer |loudnessinfoSet() ©
S P Selected DRC Sets Selected S
g Dynamic DRC v DMX Matrix .
2 _ Metadata_ | DRC Gain ! 3
! Bitgtream uniDrcGaing | Decoder < ° 3
gi- -t - - c3 £ 8 2 -
< ‘S T = £ S
= 89 S8 }¥§ z .
g5 Y E = © Dynamically
Encoded Decoded |5 8 8s |- & | Compressed
Audio [~ Audio Audio 5 ] .4 Peak Audio
I N N i ownmixer Limiter :

i Decoder TD or SD i
Figure 2 — Block-diagram of a more complex system including downmixer and pegk limiter
(TD = time-domain, SD = subband-domain)

The IDRC tool\provides support for loudness equalization, sometimes called “loudness conpensation”,
that ¢an bejapplied to compensate for the effect of the playback level on the spectral balance. For this
purppse;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 interface
describes in which frequency ranges the loudness information should be applied.

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 DRCdecoder
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
difference consists mainly in a few syntax changes and reduced field sizes to increase the bit rate
efficiency of the-in-stream-configuration—The-syntax-ofthe-in-stream-staticpaydeadis-givenin—-+3. The
associated njetadata encoding is given in A.6. The static DRC payload is evaluated once at the begihning
of the decodling process and it is monitored subsequently. For static DRC payload changes d
playback, se¢ 6.12.

Table 1 — Pverview of configuration (setup) and separate metadata track in 1SO/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 metadatatracks audio codec in yse
(unchanged) drcLocation carryinggain values (unchanged)
Metadata "unid" (none) (none) Each sample isla
track uniDrcGain() payload

The static payload is divided into several logical blocks:

— chanpelLayout();

— dowmnmixInstructions(), downmixInstructionsV1();

— drcCoefficientsBasic(), drcCoefficientsUniDrc(), drcCoefficientsUniDrcV1();
— drclgstructionsBasic(), drelnstructionUniDrc(), drcinstructionUniDrcV1();
— loudnessInfo(), loudnéssinfoV1();

— drcCoefficientsRarametricDrc();

— parametricDrcInstructions();

— loudEqgInstructions();
— eqCoefficients();
— eqlnstructions().

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
part of the loudnessinfoSet() payload can include future extension payloads. In the event that a
loudnessinfoSetExtType value is received that is not equal to UNIDRCLOUDEXT_TERM, the DRC tool
parsdr shall read and discard the bits {otherBit) of the extension payload. Each extension payload type
in uniDrcConfig() or loudnessInfoSet() shall not appear more than once in the bitstréam|if not stated
othenwise. An extension payload of type UNIDRCCONFEXT_V1 shall preceed an extensiopn payload of
type | UNIDRCCONFEXT_PARAM_DRC in the bitstream if both payloads‘*are present. For
ISO/IEC 14496-12, configuration extension payloads are provided according to*T-able 76.

The 4
for tH
code(
logicd
loudr]
the fq

6.1.2

6.1.2

The @

inclu
repre
conte
parsi
drcln

6.1.2

This

refer
the t4
cases
to re

pp level fields of uniDrcConfig() include the audio sample rate, whi€h,is a fundament
e decoding process (if not present, the audio sample rate is inherited from the emj
). Moreover, the top level fields of uniDrcConfig() include the mimber of instances o
1l blocks, except for the channelLayout() block which appears only once. The top I¢
essInfoSet() only include the number of loudnessinfo()blocks. The logical blocks are
llowing.

Description of logical blocks

1 channelLayout()

hannelLayout() block includes the channel count of the audio signal in the base layou
e the base layout unless it is specified elsewhere. For use cases where the base
sents objects or other audio content, the base channel count represents the total nuf
nt channels. The base channel’count value shall serve as the value of baseChan
hg the downmixInsttuctions(), downmixInstructionsV1(), drclnstructi
structionsUniDrcV1() ahd eqinstructions() payloads as specified in Clause 7.

2 downmixInstructions() and downmixInstructionsV1()
block includes a-unique non-zero downmix identifier (downmixId) that can be used
rget layout. It may also contain downmix coefficients, unless they are specified elsew!

where-the base audio signal represents objects or other audio content, the downmixId
fer{to a specific target channel configuration of a present rendering engine. In

hl parameter
bloyed audio
f each of the
pvel fields of
described in

L. It may also
audio signal
mber of base
nelCount for
pnsUniDrc(),

externally to

to this downmix. The targetChannelCount specifies the number of channels after downmixing to

here. For use
| can be used
contrast to

downmixInstructions(J, the downmixInstructionsVI{J payload includes an offset for all downmix
coefficients and the coefficient decoding does not depend on the LFE 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.

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 this
specification, and use values 1 to 4 to refer to codec-specific locations as indicated in Table 2. For
example, forfAAC (ISO/TEC 14496-3), the codec-specific values of the DRC Tocation field are encoded as
shown in Table 3.

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-specificaise)

n>4 reserved

Table 3 — Codec-specific encoding of drcLocation for MPEG-4 Audio

drcLocation n Payload
1 uniDx€() (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 DRC frane size.can optionally be specified. It shall be provided if the DRC frame size deviates|from
the default s]zéspecified in 6.4.2. If not specified, the default frame size is used.

The in-stream drcCoefficient syntax is given in Table 65, Table 67 and Table 68. The syntax for the
corresponding block for ISO/IEC 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

The

drcCq
speci
assig
maps

multiple

drcCq

drcLocation n Payload

n<0 DRC payload located in [n[-th linked meta-data track
v 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

ircCoefficientsUniDrcV1() payload is defined in Table 68D It contains the same in
efficientsUniDrc() except for the assignment of DRC gain sequences to gain sets and
fication of a number of parametric DRC characteristics. The drcCoefficientsUniD
s gain sequences in order of transmission. In/contrast, the drcCoefficientsUniDrc)
a gain sequence by index to gainSets. The ldatter permits to refer to the same gain
DRC bands which 1is not possible when wusing drcCoefficientsUnill
efficientsUniDrcV1() payload is presefit, any drcCoefficientsUniDrc() payload fd

location is ignored.

The d
if thd

appe
indic

6.1.2

A drd
desir
drcln
used
drcln

rcCoefficientsUniDrcV1() payload-can also include information about dynamic equali

field shapingFiltersPresent==1."There can be a number of filters that are indexed
irance. The DRC sets definéd'in drcInstructionsUniDrcV1() can refer to specific filter
s (see 6.4.11).

4 drclnstructionsBasic(), drcInstructionsUniDrc(), and drcInstructionsUniDrcV

[nstructions block includes information about one specific DRC set that can be applied
bd effect.This block can have the basic format or the uniDrc format. The b
structiohsBasic(), contains a subset of information included in drcInstructionsUniDrc
to deseribe DRCs other than the ones specified in this document. The information

formation as
the optional
rc() payload
/1() payload
sequence for
rc(). If a
r the same

zation filters
in order of
s using their

10)

to achieve a
asic format,
) that can be

included in
RC set effect

strctionsUniDrc() consists mainly of pre-defined description elements such as the D

and t

e DRC gain sequences that are applied. The drcSetEffect Iield contains several effect

bits as listed

in Table A.45. Multiple bits can be set unless otherwise noted. If no effect bit is set at all, the DRC set is
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.
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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 drcInstructionsUniDrcV1() compared to drclnstructionsUniDrc() includes
references to target DRC characteristics and dynamic equalization filters. If a target characteristic is
referenced, the corresponding DRC gain values shall be mapped to the target characteristic unless the

host system
are referenc
is supported

A second DR}
for example,
(“Clipping” b
those cases,
drcSetld of t
take into ac

overrides the target characteristic as specified 1n Table 17. It dynamic equalization
bd, they shall be applied when the corresponding DRC set is selected and when this fe
by the decoder implementation (see 6.4.11).

C set may be specified for certain configurations. These configurations include cases w
one DRC set is used for dynamic range compression and the other for{clipping preve

the first DRC set contains a non-zero field dependsOnDrcSet that has the value ¢
he second DRC set it depends on. The declared DRC set effects.of the first DRC set d
ount the effects of the second DRC set. If the second DRE set is not designed to be

ilters
ature

'here,
ntion

it is set); or, for example, one DRC set is applied before and the other|after the downnjix. In

f the
0 not
used

without combining it with another DRC set, the nolndependentUse flag'shall be set to 1. In that case, the
DRC set can|only be used in combination with another DRC set as’indicated by the dependsOn[lrcSet
field of the other set that is combined with it.

If a second ]
combined D
downmixID

configuratio
downmixID=

A DRC gain s
band DRC. H
channel is a
called “chany
appearance

index bsGail
without pro

DRC is specified by the dependsOnDrcSet field of a drclnstructionsUniDrcV1() payloa
RCs cannot be applied if the DRC decoder~downmix configuration does not matcl
n any of the two corresponding drclnstructionsUniDrcV1() payloads. These dow
s may include the output of the base layout without downmix, which is specified
=0. Otherwise, the combined DRC is\‘compatible with the downmix.

or a single band DRC, the{gain set contains just one gain sequence. Usually, each
ssigned to a DRC gain sef. A collection of channels assigned to the same DRC gain

pf the set index when iterating through all channels (see also Table 15). A DRC ga
SetIndex==0 indicates that the assigned channel will be passed through by the DR

the correspanding indices (gainSetindex) are zero-based.

If subsequen

t channels are assigned the same gain set index, the field repeatGainSetCount indicate

many chann

d, the
W any
mmix
by a

et is a set of DRC gain sequences, where the sequences are assigned to the bands of a multi-

hudio
set is

nel group”. The assignment of a DRC gain set to a channel group is done in the order of first

n set
C tool

ressing unless otherwise noted. Therefore, bsGainSetindex is effectively 1-based, whereas

5 how

pls\will have the same gain set not including the first.

The drcLocation field is used in the same way as the drcLocation field in the drcCoefficients (see 6.1.2.3).
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.

aj ntax for the
rresponding
h blocks are

pn is defined

sponding block for ISO/IEC 14496-12 d Table 74. The'\cg
blocKks carry essentially the same information. Values that are identically included-in)bot
coded the same way except for drcLocation. Further information on the coding of drcLocati
in 6.1.2.3.

6.1.2}5 loudnessinfo() and loudnessinfoV1()

A loy
ident
with

appli

dnessInfo() block includes loudness and peak information. A ,dewnmix identifier
fier indicate which configuration the information applies te-Hence, this block can b
the audio signal without DRC and without downmix, or, Wwith any specific DRC and
bd. If a DRC with a dependent DRC set is applied, the loudness information describes

the combined DRCs. A loudnessInfo() block can either represent an individual content item

albun

If do
loudr
loudr

The f]
dBFS

h. Typically, all content items of an album include-jdentical album loudnessInfo() block

wnmixId is zero, then loudnessinfo() applies*to the base layout. If the drcSetld i
essInfo() applies to the audio signal cwithout DRC processing. If drcSetld is
essInfo() applies to any DRC processing.including no DRC.

hnd DRC set
e associated
or downmix
the output of
or the entire
S.

s zero, then
0x3F, then

elds samplePeakLevel and truePedkLével represent the level of the maximum sample magnitude in

and the True Peak in dBTP, respectively, of the associated audio content before o

encodling as defined in Reference.[4]. The measurementSystem field includes standardized
s (see Table A.50). System 3 is defined as ITU-RBS.1770-4 with pre-processing. The pre-

other
procq
louds
(subj
meth

The
mixir

ssing is a high-pass filter that models the typical limited frequency response of po
peakers. System 4«is‘defined as “User”. It means that the corresponding methodVal
bctive) user preference. System 5 is defined as “Expert/Panel”. It means that the cc
bdValue représents a (subjective) expert or panel preference.

methodDefinition field according to Table A.49 specifies how the methodValue is

- after audio
systems and

table device
ue reflects a
rresponding

Herived. The
bustic sound

g leveltis compatible with “mixlevel” in ATSC A/52[1. It indicates the absolute ac

ixing level is
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 loudnessInfo() blocks provide optional values that describe loudness and peak. Several DRC

decoder pro
absent, fallb
Some other Y

Table 5 — Default and fallback values of loudnessInfo

fesses depend on these values, hence, when the loudness information is partially orenltirely
hck values are used as shown in Table 5. For peak values, a default value shall be
ralues can be drawn from the loudnessinfo() block of the base layout.

used.

Value Default 1st fallback: use value from 2nd fallback: use value frqm
loudnessInfo() of base layout loudnessinfo() of the base
with same DRCsetld layout without DRC
truePeakLeviel 0.0 No No
samplePeaklevel 0.0 No No
programLoufness Undefined Yes Yes
anchorLoudnpess Undefined Yes Yes
loudnessRarlge Undefined No No
Maximum lofidness Undefined No No
range
Maximum mpmentary Undefined No No
loudness
Maximum sHort-term Undefined No No
loudness
Short-term lpudness Undefined No No
Mixing level Undefined Yes Yes
Room type Undefined Yes Yes

The applicah
determined

le loudnessInfo() structure for determination of programLoudness and anchorLoudrless is
as.specified in Table 6. The final loudness metadata value is extracted based oph the

selection steps specified in 6.10.2.

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);

} efseifetdnessinfo==NGt3-+

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

oudnessinfo = getLoudnessInfoStructure(0, 0);

}

retiurn loudnessInfo;

getLqudnessInfoStructure(drcSetld, downmixId) {

if (juseAlbumMode == 1) count = loudnessIinfoAlbumCount;

—t

else count = loudnessInfoCount;
for] (i=0; i<count; i++) {
f (loudnessInfo[i]->drcSetld == drcSetld) && (loudnessInfo[i}<>downmixld == downmixId) {
for (j=0; j<loudnessInfo[i]->measurmentCount; j++) {
if ((loudnessInfo[i]->measure[j]->methodDefinitien==1)||(loudnessinfo[i]->measure[j]->methodDef;

return loudnessInfo[i];

}
reffurn NULL;

nition==2)) {

The dJignalPeakLevel(ofa DRC set is determined as specified in Table 7, where peak related metadata

entri¢s are selected-dependent on their availability and dependent on the drcSetld, and t}
downjmixId. 1f-n0 explicit peak information is available, signalPeakLevel is estimated frc
coefficients-and others. The estimates based on downmix coefficients hold for passive dow
might held.for specific active downmixers.

e requested
m downmix
nmixers and

Table 7 — Determination of signalPeakLevel for a specific DRC set

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);
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for (i=0

d

} else if limiterPeakTargetlsPresent(drcSetld, dmxId) {
signalPeakLevel = getLimiterPeakTarget(drcSetld, dmxId);
} else if (dmxId != 0) {
signalPeakLevelTmp = 0.0;
downmixPeakLevelLinear = 0.0;

if downmixCoefficientsArePresent(dmxId) {

; i<targetChannelCount; i++) {

downmixPeakLevelLinearTmp = 0.0;

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

}
if (d

}

if truePeg

} else if s3

} else if s3

}

}else {

}

return signd

signalPegkLevel = 0.0;

PR aglal 11 T £10.0 £ Yl ££: o3 L] Id 3 ) /20. 00
Wi Cakeev e o e ar rmp— = powW o U gCtD O WX CoO eI e e CoMxTeG 1,717 29075

wnmixPeakLevelLinear < downmixPeakLevelLinearTmp) {

dgwnmixPeakLevelLinear = downmixPeakLevelLinearTmp;

kLevellsPresent(drcSetld, 0) {

signalHeakLevelTmp = getTruePeakLevel(drcSetld, 0);

mplePeakLevellsPresent(drcSetld, 0) {

signalHeakLevelTmp = getSamplePeakLevel(drcSetld, 0);
} else if tquePeakLevellsPresent(0x3F, 0) {
signalHeakLevelTmp = getTruePeakLevel(0x3F, 0);

mplePeakLevellsPresent(0x3F, 0) {

signalHeakLevelTmp = getSamplePeakLevel(0x3F, 0);
} else if limiterPeakTargetlsPresent(drcSetld, 0) {
signalHeakLevelTmp = getLimiterPeakTarget(drcSetld, 0;

signalPegkLevel = signalPeakLevelTmp + 20.0*log10(downmixPeakLevelLinear);

/* worst casé-estimate */

IPeakLevel

Table 7 includes functions to check the availability and to retrieve peak-related information
() and-a‘drcInstructions block which can have the basic or uniDrc format. Table 8 g
pseudo codg for/some of the functions for the truePeakLevel and limiterPeakTarget base
ructions(), drcInstructionsUniDrc(], and loudnessinfo() payloads. The functions sh

loudnessInfd

downmixIns

from
hows
d on

1l be

adapted accordingly for the downmixInstructionsV1(), drclnstructionsUniDrcV1(), or loudnessInfoV1()
payloads, if 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=0; i<c

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

else count = loudnessInfoCount;

ount; i++) {

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

if (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++) {

£ +1 1d QL L

ral < Lafalil < (el < C ot 2_Q 1 < Taat il < | < aazl A L
Heudnessinfofii>dreSetd==dreSetdd &&{ondnessinfetii>downmibdd==downmidd{
if (loudnessInfo[i]->truePeakLevelPresent) {

return (loudnessInfo[i]->truePeakLevel);

refjurn error;

limit¢rPeakTargetlsPresent(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) réturn TRUE;

return FALSE;

getlithiterPeakTarget(drcSetld, downmixId) {
for] (i=0; i<drcInstructionsCountji++) {

if (drcInstructions[i]->dtcSetld == drcSetld) &&
((drcInstructions[i]->downmixld == downmixId) ||
(drcInstructions{i]->downmixld == 0x7F)) {

if (drcInstractions[i]->limiterPeakTargetPresent)) {

return (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;

© ISO/IEC 2020 - All rights reserved
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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 dynamif gain sequences for all DRCs are received in-stream or via a metadata’track using the
uniDrcGain() syntax given in Table 55. Each access unit contains gain sequences\for the duration of
drcFrameSizp samples that are decoded according to 6.4.5.
The last parnt of the uniDrcGain() can include future extension payloads:{f a uniDrcGainExtType is
received that is different from UNIDRCGAINEXT_TERM, the extension payload (otherBit) shall bg read
and discardgd.
When gain values are stored in a separate meta-data track under the sample entry code "unid" as
described in|6.1.2.3, each sample is a uniDrcGain() padded with 0 to 7 trailing zero bits to the nexf byte
boundary.
6.3 DRC set selection
6.3.1 Overvjew
A bitstream ¢an carry multiple DRCs for varieus purposes. At the decoder, the DRC set that best mdtches
the requirements for the given playback scenario is selected. The selection process is performed in
three stages
1. A pre-selection that discardstall' DRC sets that are not applicable because they do not match a farget

channel|configuration, do not support the decoder target loudness, or have more clipping than

requested (see 6.3.2).
2. A main delection process based on requested DRC set features (see 6.3.3).
3. Afinal selection that picks a single DRC set if multiple DRC sets are applicable (see 6.3.4).
The most retevant metadata forthre setectionmr process s summmarized i Table 9 The bit fietdsof the

drcSetEffect field are described in detail in Table A.45. All parameters that can be supplied by the host to
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
corresponding request, i.e. dynamicRangeControlinterfacePresent == 0 (see Annex B); loudness
normalization shall not be applied if it is not requested, i.e. loudnessNormalizationInterfacePresent == 0

(see Annex B).

Conceptually it is possible to integrate other DRC sets specified by the drclnstructiongBasic() and

drcCoefficientsBasic() syntax in the selection process. However, this is out of scope and ndt part of this

docuent.

Table 9 — Most relevant metadata for DRC selection at the decoder
Field ['vpe

drclrllstructionsUniDrc->downmixId Identifidr
drcIrllstructi0nsUniDrc->limiterPeakTarget Value
drchllstructionsUniDrc->drCSetEffect Bit field
drcIrIlstructionsUniDrc->noIndependentUse Flag
drcIIllstructionsUniDrc->drcSetTargetLoudnessValueUpper/-Lower Value
loudpessInfo->truePeakLevel Value
loudhessInfo->samplePeakLevel Value
loudpessInfo->program loudness Value
loudpessInfo->anchor loudness Value
loudpessInfo->maximum short:term loudness Value
loudpessInfo->maximumanomentary loudness Value
loudpessInfo->maximtmloudness range Value
drcCpefficientsUniBrc->drcCharacteristic[sequence][band] Index
drcCpefficientsUniDrc->bandCount[sequence] Value

6.3.2|Pre-selection based on Signal Properties and Decoder Configuration |

6.3.2.1 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
“Ducking—ent+BRE=set “DPaeking—effectare

selected automatically’
They are not subject'to this
selection process!

5 | The number of DRC bands is Always. DRC sets that'exceed t
supported. numbenoefsupported DRC

bands are discarded. Fqr
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 | DRC sets that require EQ are For all If EQ is not supported, DRC
only permitted if EQ is drcinstructionsUniDrcV1() sets with requiresEq==1
supported. payloads. are discarded.

8 | The range of the target If See 6.3.2.2.2.
loudnesgs specified for a DRC set | drcSétTargetLoudnessPresent==1
has to include the requested ahd no explicit peak information
decodey 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 ofjthis

document (I$0/IEC 28003-4:2015). Pre-selection step #7 related to EQ support is first available with the

second editign of thissdocument (ISO/IEC 23003-4:2019).

6.3.2.2 Detailed 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.

A DRC set is selected if the requested downmix ID (or the downmix ID, which was generated from a

differ
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A doy
steps
down
and t
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ent kind of request) matches one of the defined downmixId values of the DRC set. PRC sets which

e a downmixld of 0x0 or 0x7F automatically pass the pre-selection #1,2,3.

wvnmix ID list contains all downmix IDs to be used for pre-selection as described in

The pre-selection for these requests is done by selecting all DRC setS) that hav
imixIds of the list or a downmixId of 0x0 or 0x7F. A requested downmixld of 0x7F is
herefore not permitted.

2.2 Pre-selection based on drcSetTargetLoudness (#8)

bre-selection step addresses only DRC sets for which drcSetTargetLoudnessPresent eq
hich no explicit peak information is available. From the DRC sets which match this ci

are selected whose range defined by drcTargetLoudnessValueUpper/-Lower i
sted decoder target loudness (targetLoudness)¢Avrange check shall include the upp
and exclude the lower boundary value. Pre-sélection step #9 is omitted for DRC set
tep. Explicit peak information for a specific.DRC set is available if at least one of {
s is TRUE:

FuePeakLevellsPresent(drcSetld, downmixldRequested)
amplePeakLevellsPresent(drcSetld, downmixldRequested)

miterPeakTargetlsPresent(drcSetld, downmixIdOfDrcSet)

2.3 Pre-selectioft:based on output peak level (#9)

the previous
e one of the
meaningless

[uals one and
fiterion, only
ncludes the
er boundary
s selected in
he following

pre-selection, step addresses the problem that can arise if due to loudness normalization or

mixing the “maximum peak value exceeds full scale. Two mechanisms can be us
ng, a DRC)set that reduces or eliminates clipping and/or a peak limiter. DRC sets res

ed to avoid
ulting in too

peak-Values at the output possibly need to 