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Overview

* Review of causes of level differences
* Managing loudness in receivers
* Summary
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More metadata: System A
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More metadata: System B
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Set-top box, integrated receiver decoder
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Managing loudness in receivers

* Aim to ensure perceived loudness consistent across audio
codecs:
— MPEG1 LII
— Dolby Digital & Dolby Digital Plus
— HE-AAC (AAC-LC)

* Applicable to:
— set-top box & professional receiver/decoders (IRDs)
— integrated digital televisions (IDTVs)
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Defines two audio systems

* System A
— MPEG1 LII
— Dolby Digital or Dolby Digital Plus

* System B
— MPEG1 LIl
— HE-AAC (and AAC-LC)

* Receivers can be System A, System B or both A and B
BB |C ¥4



Dependent on accurate bitstream
audio metadata

Programme loudness Dialnorm prog_ref level -23 LUFS (implicit)

Heavy compression RF Mode ETSI n/a
compr compression_value*

Light compression Line Mode ISO/IEC n/a
dynrng dynamic_range_info()

Down-mix cmixley, center_mix_level*, n/a
surmixlev surround_mix_level*

*ETSI TS 101 154 metadata
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Effectively defines two output modes

e TV & stereo amplifier: -23 LUFS
— consistent with IDTV internal MPEG1 LIl decoders

AV amplifier: -31 LUFS
— consistent with internal DD bitstream decoders

(some exceptions covered later)
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Covers many physical connectors

Outputs to TVs (-23 LUFS)
— HDMI (stereo pcm)
— analogue SCART/RCA phono
— internal (IDTVs)
— RF modulated

Outputs to AV amplifiers (-31 LUFS)
— S/PDIF (pcm & bitstream)
— HDMI (pcm & bitstream)
— HDMI ARC (pcm & bitstream)

Stereo amplifiers (-23 LUFS)
— S/PDIF (stereo pcm)
— analogue
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DVB
demodulator

Native bitstreams

)
HE-AAC to DD HE-AAC HE-AAC HE-AAC S t B

t d Iti-ch I/ t /d -mi ys e m

(ors optionai) pass-hrough Bt SR et

o
top-leve

diagram
MPEG-1 Layer I (Flg 6‘4'5'1)

decoder

III

DD bitstream HE-AAC bitstream PCM - Lk = -31 LUFS PCM - Lk =-23 LUFS
\ J

PCM — Lk = -23 LUFS

Menu dependent Menu dependent Software
0/4/8 dB 0/4/8 dB changeable
attenuator attenuator 8 dB attenuator

PCM — Lk =-23/-27/-31 LUFS PCM - Lk = -23/-27/-31 LUFS PCM - Lx =-31 LUFS
J

Multi-channel
D-A converter &
analogue outputs

SPDIF D-A converter &
output analogue outputs

DD/HE-AAC bitstream or DD/HE-AAC bitstream or Analogue audio Analogue audio
PCM =Lk =-23/-27/-31 LUFS PCM = Lk =-23/-27/-31 LUFS Lk = -23 LUFS Lk =-31 LUFS
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Mechanisms for loudness matching similar in
System A and System B

* SystemA
— Loudness MPEG1 LIl as R128 = - 23 LUFS
e Attenuated for -31 LUFS outputs

— Loudness DD/DD+ signalled through “dialnorm”
* Normalised to “target level” -23/-31 LUFS to match by applying gain:
Gain = (“target level” — dialnorm)

e System B

— Loudness MPEG1 LIl as R128 = - 23 LUFS
* Attenuated for -31 LUFS outputs

— Loudness HE-AAC signalled through “prog ref level”
* Normalised to a “target level” -23/-31 LUFS by applying gain:
Gain = (“target level” — prog_ref level)
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Simplified System B “logical” receiver:
loudness normalisation

MPEG1 LI

bitstream | MPEG1 LI 2.0 ch pcm, -23 LKFS v /St_ereo
Audio Decoder Amplifier

[target_level =-23 dBFS)— MPEGL1 LIl audio
(pcm)

>

HE-AAC
bitstream 5.1ch_

HE-AAC audio

2.0 ch pcm (pcm)

ref_level
Loudness -23 LKFS

target_level -

Normalisation gain

prog_|

prog_ref_leveIT

dynamic_range_info()

HE-AAC Audio Sub-System
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System B: dynamic range control

MPEG1 LIl
bitstream | MPEG1LI 2.0 ch pcm, -23 LKFS TV /S_tfereo
Audio Decoder Amplifier

Output
[target_level =-23 dBFS)— [ ctrl1=1 ctrl2=0...1 j MPEGL LIl audio

(compress) (boost) (pcm)

\_¢

51c

HE-AAC
bitstream 5.1ch,

HE-AAC audio

2.0 ch pcm (pcm)

target_level -
prog_ref_level
Dynamic
Range Control f«-
Loudness -23 LKFS

Normalisation gain

prog_ref_leveIT

dynamic_range_info() dyn_rng_ctl, dyn_rng_sgn

HE-AAC Audio Sub-System
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System B: down-mix

MPEG1 LII

bitstream | MPEG1LI 2.0 ch pcm, -23 LKFS TV /S_tfereo
Audio Decoder Amplifier

Output
[target_level =-23 dBFS)— [ ctrl1=1 ctrl2=0...1 j MPEGL LIl audio

(compress) (boost) (pcm)

\_¢

51c

HE-AAC
bitstream 5.1ch,

HE-AAC audio

2.0 ch pcm (pcm)

Dynamic
Range Control f«-

target_level -
prog_ref_level
TS 101 154
Down-mix
Loudness -23 LKFS

Normalisation gain

prog_ref_leveIT

dynamic_range_info() dyn_rng_ctl, dyn_rng_sgn

downmixing_levels_ MPEG4
(center_mix_level, surround_mix_level)

data_stream_elelement()

HE-AAC Audio Sub-System
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System B: AV amplifier PCM audio

MPEG1 LII

bitstream

MPEG1 LII 2.

0 ch pcm, -23 LKFS

TV /Stereo

Audio Decoder

HE-AAC
bitstream

[target_level =-23 dBFS)—

ctrll=1
(compress)

ctri2=0...1

(boost)

)

5.1ch_

Normalisation gain

target_level -

\_¢

51c

2.0 ch pcm

Amplifier
Output

MPEGL LIl audio
(pcm)

HE-AAC audio
(pcm)

Dynamic
Range Control f«-

prog_ref_level

prog_ref_leveIT

dynamic_range_info() dyn_rng_ctl, dyn_rng_sgn

(center_mix_lev

downmixing_levels_ MPEG4

el, surround_mix_level)

TS 101 154

Down-mix

data_stream_elelement()

iprog_ref_level
Y

5.1ch

Normalisation

5.1ch

Loudness -23 LKFS

8 dB attenuation

AV
Amplifier
Output

MPEGL1 LIl
audio (pcm)

HE-AAC audio (pcm)

f

Garget_level =

-31 dBFS]

HE-AAC Audio Sub-System

Outputs
Loudness -31 LKFS

5.1 PCM and Bitstream
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System B: AV amplifier DRC

MPEG1 LII

bitstream | MPEG1LI 2.0 ch pcm, -23 LKFS TV /S_tfereo
Audio Decoder Amplifier

Output
[target_level =-23 dBFS)— [ ctrl1=1 ctrl2=0...1 j MPEGL LIl audio

(compress) (boost) (pcm)

\_¢

HE-AAC
bitstream 5.1ch,

HE-AAC audio

2.0 ch pcm (pcm)

Loudness -23 LKFS

Dynamic
Range Control f«-

target_level -

prog_ref_level
TS 101 154
Down-mix

Normalisation gain

prog_ref_leveIT

dynamic_range_info() dyn_rng_ctl, dyn_rng_sgn

8 dB attenuation

AV

downmixing_levels_ MPEG4 Amplifier
(center_mix_level, surround_mix_level) Output

data_stream_elelement()

dyn_rng_ctl,
dyn_rng_sgn

MPEGL1 LIl
audio (pcm)

iprog_ref_level
Y

. 5.1ch
51ch pcm HE-AAC audio (pcm)

5.1ch

Normalisation

f
Garget_level =-31 dBFS]

Outputs
Loudness -31 LKFS

5.1 PCM and Bitstream

HE-AAC Audio Sub-System
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System B: AV amplifier native bitstream

MPEG1 LIl
bitstream | MPEG1LI 2.0 ch pcm, -23 LKFS TV /S_tfereo
Audio Decoder Amplifier

Output
[target_level =-23 dBFS)— [ ctrl1=1 ctrl2=0...1 j MPEGL LIl audio

(compress) (boost) (pcm)

\_¢

51c

HE-AAC
bitstream 5.1ch,

HE-AAC audio

2.0 ch pcm (pcm)

Dynamic

Range Control f«-
Loudness -23 LKFS

prog_ref_level
TS 101 154
Down-mix

target_level -

Normalisation gain

prog_ref_leveIT

dynamic_range_info() dyn_rng_ctl, dyn_rng_sgn

8 dB attenuation

AV

downmixing_levels_ MPEG4 Amplifier
(center_mix_level, surround_mix_level) Output

data_stream_elelement()

dyn_rng_ctl,
dyn_rng_sgn

MPEGL LII

iprog_ref_level
v audio (pcm)

5.1 ch 51ch | HE-AAC audio (pcm)

Normalisation

T T

Garget level = -31 dBFS] ctrl1=0...1 (compress)
- ctrl2=0...1 (boost)

Outputs
Loudness -31 LKFS

5.1 PCM and Bitstream

HE-AAC Audio Sub-System
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System B: AV amplifier transcoded
bitstream

MPEG1 LII

bitstream | MPEG1LI 2.0 ch pcm, -23 LKFS TV /S_tfereo
Audio Decoder Amplifier

Output
[target_level =-23 dBFS)— [ ctrl1=1 ctrl2=0...1 j MPEGL LIl audio

(compress) (boost) (pcm)

\_¢

HE-AAC
bitstream 5.1ch,

HE-AAC audio

2.0 ch pcm (pcm)

Loudness -23 LKFS

Dynamic
Range Control f«-

target_level -

prog_ref_level
TS 101 154
Down-mix

Normalisation gain

prog_ref_leveIT

dynamic_range_info() dyn_rng_ctl, dyn_rng_sgn

8 dB attenuation

AV

downmixing_levels_ MPEG4 Amplifier
(center_mix_level, surround_mix_level) Output

data_stream_elelement()

dyn_rng_ctl,
dyn_rng_sgn

MPEGL1 LIl
audio (pcm)

iprog_ref_level
Y

5.1ch

5.1 ch 51ch | pcm HE-AAC audio (pcm)

HE-AAC audio (DD or DTS)

Normalisation

% prog_ref_level

e =
Garget level = -31 dBFS] (c dyn_rrig_ctl, dyn_rng_sgr]
- . downmixing_levels_ MPEG4

Outputs
Loudness -31 LKFS

5.1 PCM and Bitstream

HE-AAC Audio Sub-System

5.1 ch for transcode

Transcode
(DTS optional)
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System A & B key difference

» System A (DD/DD+)

— heavy “RF Mode” DRC applied to stereo (& mono)
outputs at -23 LUFS

e System B (HE-AAC)
— equivalent heavy “compression_value” DRC only
applied to monophonic RF outputs (not shown)
— stereo outputs at -23 LUFS subject to lighter
“dynamic_range_info()”
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DVB
demodulator

Native bitstreams

)
HE-AAC to DD HE-AAC HE-AAC HE-AAC S t B

t d Iti-ch I/ t /d -mi ys e m

(ors optionai) pass-hrough Bt SR et

o
top-leve

diagram
MPEG-1 Layer I (Flg 6‘4'5'1)

decoder

III

DD bitstream HE-AAC bitstream PCM - Lk = -31 LUFS PCM - Lk =-23 LUFS
\ J

PCM — Lk = -23 LUFS

Menu dependent Menu dependent Software
0/4/8 dB 0/4/8 dB changeable
attenuator attenuator 8 dB attenuator

PCM — Lk =-23/-27/-31 LUFS PCM - Lk = -23/-27/-31 LUFS PCM - Lx =-31 LUFS
J

Multi-channel
D-A converter &
analogue outputs

SPDIF D-A converter &
output analogue outputs

DD/HE-AAC bitstream or DD/HE-AAC bitstream or Analogue audio Analogue audio
PCM =Lk =-23/-27/-31 LUFS PCM = Lk =-23/-27/-31 LUFS Lk = -23 LUFS Lk =-31 LUFS
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Summary

e Essential for reducing audience complaints
— Understanding non-unity gain channels
— Accurate metadata
— Intuitive equipment set-up
— Effective receiver testing
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