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We sometimes experience uncomfortable cases, when we

el, because of the excessive change of audio loudness.

change television channels or when program changed in a same

C

The purpose of this study is to show the method to stabilize

the audio

of program in digital broadcasting

loudness

environment. And more, to adopt these schemes to domestic

broadcasting services, institutionalization ways are studied.

s
Audio Level, Audio Loudness
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o] A 3 Aol A ITU, EBU, ATSC 5 3% ¥of %3 538 =
A/AFoEA S5, VIS E AARE FAOR UAY WS 9% A

A 1 4 ITU-R %

ITU-R A& B9 Al ZFES AAst g #E oo
=& Eﬂ‘ﬂ“ﬁ SAY WS 2RSS FAA wde 9 o5 A A
e AAEaL o

O “Algorithms to measure audio programme loudness and
true-peak audio level”, ITU-R #il+ BS.1770, 200613

O “Algorithms to measure audio programme loudness and
true-peak audio level”, ITU-R #il& BS.1770-1, 2007

O “Algorithms to measure audio programme loudness and
true-peak audio level”, ITU-R #i% BS.1770-2, 20114 3¢

O “Operational practices for loudness in the international
exchange of digital television programmes”, ITU-R #il+ BS.1864,
2010 3¢

20101 3¢9 A4 ¥ ITU-R BS.1864 (HAd @dnAd =2
del FAH B PF ore AWM LPAR Aol A
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108 + «— Annoyingly Loud
56 F +— Turn Volume Down
24 £ +— Louder, but Acceptable
Comfort T0
Zone
A4 F O +— Softer, but Acceptable
-102 + «+——  TurnVolume Up
191 1 «——  Annoyingly Soft
Y

Relative Loudness (in dB) of the Listening levels
investigated , with 95% confidence intervals

[19) 5-1] Critical loudness levels.
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Relative level (dB)
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Relative level (dB)
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o] B A%y AzAe @A Nyquist DE) oA 9]
I SUA7I= Aol7] mielnh EE o
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2t A WA

O 73 (Attenuate): 12.04 dB attenuation

O 4 x over—sampling

O 93 Altm(Emphasis): Pre-emphasis shelving filter, zero at
14.1 kHz, pole at 20 kHz (A &14)

O DC block (ﬁE—V—?)

O Atk Arx
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Enphasis R
Input —»{ Aftenuate =} 4 over- sample [} (optional) Absolute L (|

Optional Max L 2

2 DChlock [P Absolute

O s BAe A% Q08 Agae T AEAdE 9@
Aol o WAL Aol 254 B FaE APE 2THA
eSS

4 x over-sampling ZHE= Als9 FH3I &L 48 kHz oA
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BS.1770 o] ¥7tE9lon, o] ¥+ LU (Loudness Unit) ¢+ LUFS

(Loudness Unit, referenced to Full Scale) #+ @9 & =43

O ZEaY &% E4e ZEaYe We &% WA ue 2 ¥

Aol el sttt

O &% W9 (Loudness Range)v HxE AHAES 7H3 49
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O [¢]
oo orle NEE Exsals o ALgE Aol

O oHe NEE 24, gof B& &% T B 54 247} JE9o)
glol AA) Dhald Zgol Hojok Het

O o] =Ao= ITU-R BS.1770 ¥ EBU Tech Doc 3341 o # &
3 S5 ME 7} ARRE ook gt

O o] &A= EBU Tech Doc 33419 WAE HACEH
(ungated) LUFS &% @™ 8LU o}lE Adl w8A=Z st Aoy W
Ho| g ojof gt}

O &#F #Me& EBU Tech Doc 33420 Z3tst AH|2 =A L] oo}

O Azt dAA 2o Ho 58 2AA H3 d¥e EBU Tech
Doc 3341 o Agtst 2% g2 =43} -1bdB TP (dB True Peak)

7} sojof g,

EBU & thee] Ag5S F7hz dudh
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O <&l el #E -23 LUFS =2 Aarste Z=ade 53 wE
HlolB = -23 LUFSE AAsHAl A% ¥ o] ofghtt.

O &% el dHolge 2o &3 gwlo] -23 LUFS & A f3}
2 ey, 4 AA a9 SH5S AgstA x| Alskefof g,

O Azt #-s ey Ay A2d" 3 24 52 EBU Tech
Doc 33439l 3slofof it}
O wjael B3 eve AHrv Alxad B 24 52 EBU Tech

Doc 3344¢) ¥-3gtalojof shr},

EBU - TECH 3341, “Loudness Metering: ‘EBU Mode metering
to supplement loudness normalisation in accordance with EBU R
128" &= EBU R 1289 4% FEATOEZAN e SHs= T
AAQ WS A S, o] 'EBU Mode' 2 W 3lal Atk o2

2] Rl A ArSE WHELS ITU-R BS 177071770-2%
F8skal Atk

o] 7]&EA o= &9 ‘EBU Mode' 2 E8|7|% 3= &% vl %
AES a7 2 Ay Hadke] aFx2AS e HAES U
Eo] xgHh

1. EBU Mode

&% "EE 'EBU Mode' & ?Lf‘ﬂéHO]: A, "EBU Mode' 7} <3 1]
Bl Wellx &A4stEm, o] mHES & EFd AfsloF st (g ITU

j5e 2
£73} gold A9 EBU H7o %ﬁ%t‘r. AHgAE %01, A 9
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T uE A4S AdE 75 dou, ofg A9+ ¢ o4 'EBU Mode'
7F ot

'EBU Mode’ 9] 7]AMFS mlE 9] 2gjgolt Ul &2 FdWHs o
HolAE &vth 'EBU Mode' = 574 detulgEd of& 459, o
Fe HEE A A8d F dE HEE JAs(FH)ES 19 2

<HE 54> HAE AFYY HAE AT E

Test Test signal Expected response and
case accepted tolerances

' Steren sine wave, 1000 Hz, -23.0 dBFS (per-channel peak level); sienal | M, 5, 1=-23.0 +0.1 LUFS

applied in phase to both channels simultaneous; 20 s duration M5 1=00:0.1LU

M, 5, 1=-33.0 +0.1 LUFS

1 | As#1at-33.04dBFS WS, 1=-10.0 0.1 LU
3 As #1, preceded by 20 s of -40 dBFS stereo sine wave, and followed by | 1=-23.0 £0.1 LUFS

20 5 of -40 dBFS stereo sine wave |=0.040.1LU
s As 73, preceded by 20 s of -75 dBFS stereo sine wave, and followed by | 1=-23.0 +0.1 LUFS

20 5 of -75 dBFS stere sine wave 1=0.0+0.1LU
5 As #3, but with the levels of the 3 tones at -26 dBFS, -20 dBFS and | =-23.0 £0.1 LUFS

-26 dBFS, respectively [=0.0+0.1LU

5.0 channel sine wave, 1000 Hz, 20 s duration, with per-channel peak

levels as follows:

6 , |=-23.0 +0.1 LUFS
-18.0 dEFS?I’LL and R 1=0,00.1LU
-24.0dBFS in €
-30.0 dBFS in Ls and Rs

7 Authentic programme 1, stereo, narrow loudness range (HLR) [ =-23.0 +0.1 LUFS

programme segment; similar in genre to @ commercial/promo [=0.0+0.1LU

3 Authentic programme 2, stereo, wide loudness range (WLR) programme | 1 =-23.0 +0.1 LUFS

sepment; similar in genre to a movie/drama [=0.0+0.1LU
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2. EBUY A% 7lol= <l

EBU - TECH 3341 °] &% 74l tgt 7Ie=< AAsta 9lem,
20113 4€e)] A|"d¥ EBU - TECH 3344, “Practical guidelines for
distribution systems in accordance with EBU R 1287 += o|& v
g Al A-88t7] gk 7AA < ‘jo“jqo TSk Tk

58] AHA AFNM Y vdFgE A 8 vke BE S9E HE
Ago] golatAl FAAQ WEEE T Ak

[2385-9]= goket Z2ad vl 9SSy AF 34L HojFd, ~
Fr QoA gegh & wie] AAs o] wixrt Hrt OPIﬂB} lﬂi'&
FAEAANA o] HEE fAtE A golskA Frh HAl F4AlEH ol
A AdE e &% dEe gasAY SdE 5 len, Olﬂi'& S

ANZS A3 ARGl BE shol=ekels AAsL 3]
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8
O Public | [Commerciall | Regional Video on Show
3 channels | | charnes | | channels chumels |rserhon demand channels

Distribufion system

l o I Integrated Receiver Decoder
recever

weec-1wi) [oomps ) [ haiive | [Hesc) [ooiocs] [ ko )
decoder decoder bitstreams gecoder | |t '1

1 1 | | 1 |
Iﬂpl.nmd mnpm:elecﬁon ]

| ! l
l“““"'leJ[w] le e

[ AT ] [ ik Integrated Digital TV Receiver | mr I iAmel
----------------------------
& l[*’“’“] — s mu-”m]
titsreams | | decoder nmm; e

Input and output selection

["Ml [ =) [‘“ = [““’”“““']

= EEEE

= & 1[ 5 x
1 |
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(1) 55340149 &3 g4 o]
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Astrl71an Al Ak =Rk o] Al
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4 7 A Tt sAld ol &3 e ot FAES wjAAA
7 Ht.
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A7) elolu], FAAE SJulsAE ehe

& nAFFoE FAH)

<3# 5-5> MPEG-1 Layer II H|JE~EY A& AlxHo] O3l Gain

Adaptation
Input loudness 1t} Loudness error Level change to  Corrected loudness

LUFS Lu apply @, LU LUFS

-5.0 +18.0 -18 -23.0

-6.0 +17.0 -18 -24.0

-1.0 +16.0 -16 -23.0

-8.0 +15.0 -16 -24.0

9.0 +14.0 -14 -23.0

-10.0 +13.0 -14 -24.0

-11.0 +12.0 -12 -23.0

-12.0 +11.0 -12 -24.0

-13.0 +10.0 -10 -23.0

-14.0 +9.0 -10 -24.0

-15.0 +8.0 -8 -23.0

-16.0 +7.0 -8 -24.0

-17.0 +6.0 -6 -23.0

-18.0 +5.0 -6 -24.0

-19.0 +4.0 -4 -23.0

-20.0 +3.0 -4 -24.0

-21.0 +2.0 -2 -23.0

-21.9 ks -2 -23.9

-22.0 +1.0 0 -22.0 1
-23.0 0.0 0 -23.0 Unity gain range
-24.0 -1.0 0 -24.0 !
-24.1 -1.1 +2 -22.1

-23.0 -2.0 +2 -23.0

-26.0 3.0 +4 -22.0

-27.0 4.0 +4 -23.0

-28.0 3.0 +6 -22.0

-29.0 -6.0 +6 -23.0

-30.0 1.0 +8 -22.0

-31.0 -8.0 +8 -23.0

-32.0 9.0 +10 -22.0

Note 1:

Note 2;

The correction shall be applied in integers. For the unity eain range of +1 LU, no offset

is required.

The indicated range of the level correction (-18 to +10 LU) is a practical example and
does not signify a limitation.
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<3 5-6> DD/DD+ "E} Ho]y 28 A"l th3k Gain

Adaptation
Input loudness " 3 Loudness error  Dialnorm change to Corrected loudness

LUFS LU apply LUFS

-13.0 +18.0 +18 -31.0

-14.0 +17.0 +17 -31.0

-15.0 +16.0 +16 -31.0

-16.0 +13.0 +15 -31.0

-17.0 +14.0 +14 -31.0

-18.0 +13.0 +13 -31.0

-19.0 +12.0 +12 -31.0

-20.0 +11.0 +11 -31.0

-21.0 +10.0 +10 -31.0

-12.0 +9.0 +9 -31.0

-23.0 +8.0 +8 -31.0

-24.0 +1.0 + -31.0

-25.0 +6.0 +6 -31.0

-26.0 +5.0 +5 -31.0

-27.0 +4.0 +4 -31.0

-18.0 +3.0 +3 -31.0

-29.0 +2.0 +2 -31.0

-19.9 +1.1 +1 -30.9

-30.0 +1.0 0 -30.0 T
-31.0 0.0 0 -31.0 Unity gain range
-32.0 -1.0 0 -32.0 !
-32.1 151 -1 311

-33.0 -2.0 -2 -31.0

-34.0 -3.0 -3 -31.0

-35.0 -4.0 -4 -31.0

-36.0 -5.0 3 -31.0

-37.0 -6.0 -6 -31.0

-38.0 -7.0 -7 -31.0

-39.0 -8.0 -8 -31.0

-40.0 9.0 -9 -31.0

Note 1: The measured loudness is the value including metadata correction factor.

Note 2: The correction shall be applied in integers. For the unity gain range of +1 LU, no offset
is required.

Note 3: The indicated range of the Dialnorm correction (+18 to -9) is a practical example and
does not signify a limitation.
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<3 5-7> HE-AAC #lg} dlojy A& Al~gle] thgk Gain
Adaptation

Table 3: Gain adaptation for HE-AAC metadata adaptation system

Input loudness .2 Loudness error PRL change to  Corrected loudness

LUFS L apply @ LUFS

-5.0 +18.0 +18 -23.0

-6.0 +17.0 +17 -23.0

7.0 +16.0 +16 -23.0

-8.0 +15.0 +13 -23.0

-9.0 +14.0 +14 -23.0

-10.0 +13.0 +13 -23.0

-11.0 +12.0 +12 -23.0

-12.0 +11.0 +11 -23.0

-13.0 +10.0 +10 -23.0

-14.0 +9.0 +9 -23.0

-15.0 +8.0 +8 -23.0

-16.0 +7.0 +7 -23.0

-17.0 +6.0 +6 -23.0

-18.0 +5.0 +5 -23.0

-19.0 +4.0 +4 -23.0

-20.0 +3.0 +3 -23.0

-21.0 +2.0 +2 -23.0

-21.9 +1.1 +1 -22.9

-22.0 +1.0 0 -22.0 T
-23.0 0.0 0 -23.0 Unity gain range
-24.0 -1.0 0 -24.0 4
-24.1 -1.1 = -23.1

-25.0 -2.0 -2 -23.0

-26.0 -3.0 -3 -23.0

-27.0 -4.0 -4 -23.0

-28.0 -5.0 -5 -23.0

-29.0 -6.0 -6 -23.0

-30.0 -7.0 -7 -23.0

-31.0 -8.0 -8 -23.0

-32.0 9.0 9 -23.0

Note 1: The measured loudness is the value including metadata correction factor.

Note 2: The correction shall be applied in integers. For the unity gain range of +1 LU, no offset
is required.

Note 3: The indicated range of the Programme Reference Level correction (+18 to -9) is a
practical example and does not sienify a limitation.
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