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Jak oceniaé sygnat audio?
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Peak to
Peak

|

RMS (ang. Root Mean Square) level - Srednia poziomu amplitudy
sygnatu w pewnym przedziale czasu (typowo 300 ms)

Fig. : https://unison.audio/what-is-rms-in-audio/
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Jak oceniaé sygnat audio?

C D
TP (ang. True Peek) - najwyzszy punkt w sygnale audio w systemie D
analogowym. W systemach cyfrowych obrazuje to samo dla toru
cyfrowego - 0dB powoduije clippin :
y g p je clipping \,&"

dBTP (ang. True Peek Level ref to full scale) - poziom sygnatu audio E BU

bioracy pod uwage piki miedzy probkowaniem - mierzone w dB i OPERATING EUROVISION AND EURORADIO

odniesione do petnej skali (maksymalny poziom doprecyzowany przez

R 128 to -1dBTP). Audio
Engineering

W Society
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Jak oceniaé sygnat audio?

Zakres: dynamiki i gloSnos$ci - obszar miedzy najcichszymi i
najgtosniejszymi dzwigkami.

DR (ang. Dynamic range) - uzywa peek metering (szybki pomiar),

LRA (ang. Loudnes range) - uzywa LUFS6w (wolny pomiar).

Zakres dynamiki - jest oceng kompresji poszczegdlnych grup (wokale, perkusja)
Zakres glosnosci - ocenia glosno$¢ poszcezegolnych partii utworu (zwrotka, refren etc).
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Standard Operating Level

Signal-to-Noise ratio —

Distortion

---------------- ---- — Loudest signal

Headroom

— Dynamic range

= Quietest signal

https://unison.audio/dynamic-range-audio/

Noise floor
logs.gsc.com | Differences between Dynamic
Range (DNR) and Signal-to-Noise Ratio (SNR)
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Dynamic range comparison between different music genres and speech across | [ A
frequency. The dynamics are calculated as the difference between the
99th and 30th percentiles according to the IEC 60118-15 standard. SPL
% sound pressure level. B X
https://dr.loudness-war.info/?artist=pink+floyd&album= ol 7 J
https://www.aspen-media.com/wp-
content/uploads/2017/02/EBU-Tech-3342-L oudness-
Range-gdf 5 0?2 0!5 : ; g 1‘0 kHz

Techniki Rejestracji Sygnatéw | Katedra Systeméw Multimedialnych | WETI PG | 2024


https://dr.loudness-war.info/?artist=pink+floyd&album=
https://dr.loudness-war.info/?artist=pink+floyd&album=
https://dr.loudness-war.info/?artist=pink+floyd&album=
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://www.aspen-media.com/wp-content/uploads/2017/02/EBU-Tech-3342-Loudness-Range.pdf
https://unison.audio/dynamic-range-audio/
https://unison.audio/dynamic-range-audio/
https://unison.audio/dynamic-range-audio/
https://unison.audio/dynamic-range-audio/
https://unison.audio/dynamic-range-audio/

10/30/2025

N

Co ma duzq, a co matq dynamike?

MW TR v '"”‘W""WT’"?"”'F!wr""rl R
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Jak dynamika zmieniafa sie przez lata?

MW AL AL """W""ﬂ'["“”""Nwr""r] A ——

e ——

minRMS  -50.51dB minRMS  -56.14dB minRMS  -8179dB minRMS  -101.28dB
maxRMS  -12.51dB maxRMS  -9.96 dB maxRMS  -4.97 dB maxRMS  -2.84 dB
avgRMS  -19.67dB avgRMS  -16.46dB avgRMS  -10.31dB avgRMS  -7.01dB
total RMS ~ -18.99 0B total RMS ~ -15.99 dB ol RMS 0.8 dB el RMS  -851dB
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Jak dynamika zmieniata sie przez lata?

M MW I'l"'f'ﬂmrlm“'i" | A walwwmmm'”m'"'“i | DL o A S it Lt Kzt

min RMS -50.561dB min RMS -56.14dB

min RMS -81.79dB min RMS -101.28dB
maxRMS  -12.51dB maxRMS  -9.96 dB maxRMS  -4.97 dB maxRMS ~ -2.64 dB
avgRMS  -19.67dB avgRMS  -16.46dB agRMS  -10.31dB agRMS  -7.01dB
tofal RMS ~ -18.99.dB fotal RMS ~ -15.99dB otalRMS  -9.91dB otal RMS  -6.81dB
Bon Jovi - “Livin’ on a Prayer” Nirvana - C?,me asyou Crossfade - “Cold” o . -
1986 are rossiade - "Co Metalilica - “Death Magnetic
1992 2004 2008
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Jak modyfikowa¢ do w praktyce?

® Zmiana DR w procesie nagrywania i miksowania
O Automatyzacja glosnosci

O Limiter

O Kompresja — parametryczna, pasmowa

O De-esser

o Sidechain compression — kompresja $ciezki wzgledem innej

Typowe zakresy DR w zaleznos$ci od przeznaczenia

Typ Reklamy (* Muzyka klasyczna | Jazz Muzyka Pop Hip-Hop,
mastering) elektroniczna country
DR 7-9 20-30 7-15 3-6 8-10 12-15
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Loudness war

® Era cyfrowa - nie tyle nosnik dzwieku, co kodek i format;
@ Stuchamy utwordw - nie phyt;

% Brak jednolitych wymagan co do poziomow;

@ |m glosniej tym lepiej?

Wolters, Mundt, Riedmiller, Katz, Lund...

Loudness War
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Remastered?

Zremasterowane wersje ——
starszych nagran

charakteryzuja sie niestety
zmniejszeniem dynamiki...
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Chris Isaak - Wicked Game:
1989 ->DR =13 dB

2006 ->DR =7dB
http://www.sfxmachine.com/docs/loudnesswar/loudness_war_slides_8

00x600.pdf
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Figure 2. Average RMS levels of ‘hottest’” pop music

CDs, 1980-2000, (data from Katz, [1]). Figure 3. Average “dynamic range” of albums listed on

“The Unofticial Dynamic Range Database” [21], 1980-
2010, measured with the TT Dynamic Range Meter [5].
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Don’t produce loudness sausage!
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Loudness War

Poczatkowo - ujednolicenie materiatdw na CD - aktualnie
glownie streaming.

“we’re making popular music recordings that have no 2z | &
20kHz | o
more dynamic range than a 1909 Edison Cylinder!” o
8 kHz
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Don’t be distracted by the
Loudness Deception
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Loudness - telewizja

@ problematyczne byly jedynie reklamy (Loudness
signals EBU R128)

kanatu rownata sie zmianie glosnosci)
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& mniejsza “wojna” niz przypadku rozgtosni radiowych,
normalization and permitted maximum level of audio

% istnialy inne glo$noSci miedzy stacjami TV (zmiana

Leq.CCIR-weighted

Loudness - kina 5.6 dB offset

® trailery do filmow -
maksymalizacja glosnosci,
@ lata 70 - glosniki kalibrowane

do 85 dBc (pink noise)
+ sposob ten byt krytykowany i
zgtaszany jako za gtosny
@ dzwiek w kinach zostat
ograniczony wytycznymi Dolby
(1997 1))
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Leq Unweighted

=100

Figure 6 Comparison of weighted and un-weighted Leq
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. Leq,
Leq Unweighted

Leq,CCIR-weighted CCIR-weighted

5.6 dB offset
5.6 dB offset

Empire Trailer (D) sm—""=]
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Figure 6 Comparison of weighted and un-weighted Leq
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C-weighted, fast

Figure 7 Comparison of Leq,, and peak levels

Peak Level

Shine Reel 4

Paziom glosnosci [Fon]
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Peaks

Loudness

Level [dBFS, LUFS]

I_, Time [s]

Figure 1: Peak level normalisation vs. Loudness level normalisation of a series of programmes

f
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ITU-R BS.1770

Peak Loudness
normalisation = normalisation

Loudness variation
is an artistic tool!

koncept R 128 ma
na celu zwiekszenie
dynamiki w miksach.

ITU-R BS.1770
https://www.itu.int/dms_pubrec/itu-
rlrec/bs/R-REC-BS.1770-2-201103-

S$%21%21PDF-E.pdf
https://tech.ebu.ch/docs/tech/tech3343.pd

N

peek normalization

loudness normalization
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2010? LKFS - gtosnos¢ wazona krzvwa K w odniesieniu do petnei skali
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Figure 5 - Mean Loudness (ITU-R BS.1770) and Standard Figure 7 - Mean Loudness (ITU-R BS.1770) and Standard
Deviation for different Music Genres. Deviation vs. Year.

Martin Wolters, Harald Mundt, and Jeffrey Riedmiller, Loudness Normalization In The Age Of Portable Media Players. 2010

LKFS to parametr ustandaryzowany przez ITU-R BS.1770 w 2011 roku. Stosowany do pomiaru i normalizacji gto$nosci w materiatach
audio dla broadcastu, video i systeméw stremingowych.
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Co jest nie tak z Peak Level Normalization?
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Literatura: £ SHEEFEEHEEEE
Lund T., 2011: https://toneprints.com/media/1017421/lundt013011.pdf 66 - el Elogojap<j=zjaopo )z
ITU-R BS.1770 https://www.itu.int/dms_pubrec/itu-r/rec/bs/R-REC-BS.1770-2-201103-
S%21%21PDF-E.pdf Fig 7. Pro audio is moving away from peak level normalization (left) towards standards based on loudness (right),
ShelhclPUP-L.0A thereby removing the main cause for systematic level differences between broadcast programs and commercials.
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Loudness - kina domowe?

% trudniejsza kontrola niz w przypadku sal kinowych
+ wiele producentow sprzetu,
* Drak kalibracji,
* rozne media.

® time-varying-metadata - kontrola gain w zaleznosci od
warunkow odstuchowych (AC-3, AAC)

Reference Loudness

Mode (LKFS) Application
Line -31LKFS Home Theatre Playback — Provides Full "cinema" Dynamic Range
RF -20 LKFS TV Speaker Playback — Provides Typical "broadcast" Dynamic Range
Portable ~11 LKFS Portable Device Speaker & Headphone Playback — Provides Minimum Dynamic Range (similar to

music production/mixing/mastering techniques)
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Dynamic Range Compression AC-3

¢ Output Level

10 [dBFS]
-20 | = |
@ | Target Lgvel, d:q/norm value \
-30
-40 !
l Film Standard |
-50 o
4 Film Light |
7 e i 1 i
-60 (R = | Music Standard |
-70 — | Music Light |
-80 = | Speech
Input Level |

[dBFs] |
-80 -70 -60 -50 40 -30 -20 -10 0

Figure 11: Dynamic Range Compression curves of the Dolby AC-3 system
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Czym sq LUFSy?

LUFS - jednostka gto$nosci nagrania audio,
- typowo stosowane w serwisach streamingowych, filmach
czy TV,

loudness units relative to full scale

Ustandaryzowanie poziomow gtosnosci w LUFS powinny
niwelowac konieczno$¢ zmiany glosnosci miedzy
nastepujacymi po sobie utworami.
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® Pomiar audio wykonywany jest z uwzglednieniem percepcji
czlowieka.
¢ Fletcher Munson curves,
¢ Wieksza czuto$é w Srodkowym pasmie niz dla niskiego.
® Miara odczucia gtosno$ci przez cztowieka, nie tyle co reprezentacji
cyfrowej.

Dwa pliki audio z jednakowym poziomem LUFS powinny dac te same
WRAZENIE glo$nosci.

Techniki Rejestracji Sygnatéw | Katedra Systeméw Multimedialnych | WETI PG | 2024

36

14



10/30/2025

N

Jak oceniaé sygnat audio?

LUFS (ang. Loudness Units Full Scale) - to RMS uwzgledniajacy percepcje dzwieku
przez cztowieka (rowniez wzgledem 0dB) (EBU R 128).

LKFS, L, (ang. Loudness, K-weighted, relative to full scale) - ustandaryzowany pomiar
glosnos$ci stosowany przy normalizacji audio dla telewizji, video i serwisow
streamingowych oficjalnie ustandaryzowany w 2011 roku (ITU-R BS.1770).

Warto$¢ zalecana to -23 LUFS dla
przemyslu filmowego.

-23 to usredniona warto$¢, dopuszcza sie odchylenie o 0,5 LU dla sygnatéw mowy, i 1 LU dla muzyki przy
czym obowigzuje dalej -1dBTP.

Inne wytyczne dla innych nos$nikéw.
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Jak oceniaé sygnat audio?

LU (ang. Loudness Unit) pomierzona gto$nos¢ relatywna. 1 LU i
odpowiada 1 dB na skali cyfrowej, stosowane rowniez przy 23 0
porownywaniu poziomow miedzy prébkami. 26 3

Crest factor (Peak-to-average ratio) - roznica w dB miedzy peak level a
$rednim poziomem sygnatu

0dB oznacza najgto$niejszy punkt przed przesterem (clipping), “‘\
Zakres dynamiki omawiamy bardziej w ocenie réznic miedzy
amplitudami w waveformie, a nie typowy digital peek.
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LU - | - integrated (mierzone dla diuzszego fragmentu, a
typowo dla catego utworu)

LU - S - short-term, krotkookresowe (zazwyczaj 3 sekundy)
LM - Momentary - chwilowe (400ms)

Wytyczne do opracowania wtasnych miernikow? TECH
3341
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stic effects of the head

v Response of the pre-filter used to account for the acou
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Jak mierzymy loudness?

K-weighting
| Pre-Filter H RLB Filter F" Mean square H—\
'—b Pre-Filter H RLB Filter F—{ Mean square /] Gg

. Loudness
——| Pre-Filter H RLB Filter }——{ Mean square W
r'—b— Pre-Filter H RLB Filter F—{ Mean square }—-—//)V
—— Pre-Filter H RLB Filter }-“—{ Mean square

Figure 1 - ITU-R Loundnes

@
® -
4

ITU Loudness = —0.691 + 10log,, Z G,ez,, in dB

https://www.itu.int/dms_pubrec/itu-r/rec/bs/R-REC-BS.1770-0-200607-S!! PDF-E.pdf

40

Figure 2 - ITU-R BS.1770 Frequ

Pre-filter - filtr gérno przepustowy uwzgledniajgcy akustyczny wptyw gtowy cziowieka na dzwigk. Za$ filtr weighing (dashed)
RLB - Revised-low-frequency to zmodyfikowana krzywa wazona IEC-B
Wartosci te zostaty dobrane w sposéb eksperymentalny na podstawie przeprowadzanych testéw

odstuchowych.
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DZwigk wielokanatowy
Loudness Meter Structure with 5.1 inputs

Mean
Square

Mean
R > Square

Mean
Square

1L

Ls

Mean
> Square

Rs

i

LFE —Not Used

W pomiarze gtosnosci materiatow wielokanatowych nie uwzgledniamy
LFE, a kanaty surround maja dodatkowe wzmocnienie
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Jak mierzymy loudness?

The summed mean-squares of il
the input signals are integrated |
over a 400ms period which is
updated every 100ms.

If the average is below 70LUFS

~70LUFS it is gated out.

The Integrated loudness is
calculated over the entire
duration of the audio track, the
period being set manually or
automatically depending on the
system involved.

If the average level drops more
than 10LU below the current
integrated value it is gated out

The Integrated Loudness value
is provided as an LUFS figure

Gate Threshold

Average

-10LU
> Gate Threshold

}

Average

Integrated
Loudness

Pre-filter - filtr gérno przepustowy uwzgledniajgcy
akustyczny wptyw gtowy cztowieka na dzwiek.
Zas filtr RLB - Revised-low-frequency to
zmodyfikowana krzywa wazona |IEC-B
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Spotify: -14 LUFS

Apple Music: -16 LUFS
Amazon Music: -9 to -13 LUFS
Youtube: -13 to -15 LUFS
Deezer: -14 to -16 LUFS

CD: -9 LUFS

Soundcloud: -8 to -13 LUFS

(przy czym warto nie dobijaé pod kreske, a zachowaé
troche zapasu by nie ryzykowag utraty dynamiki)
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Aktualne wymagania:

Lund, 2011:

Production Guidelines:

Regular speech: -26 to —-23 LUFS

Regular music: -24 to —21 LUFS

True-peak level: Max -1 dBFS

Delivery Specs:

Program Loudness: -23 LUFS +- 1 LU Max
Loudness (short programs): < -20 LUFS
Loudness Range: < 20 LU for HDTV, < 12 LU for
legacy platforms, < 8 LU for mobile platforms.

https://youlean.co/loudness-standards-full-comparison-table/
https://partnerhelp.netflixstudios.com/hc/en-us/articles/360001794307-Netflix-

Sound-Mix-Specifications-Best-Practices-v1-1

Online loudness - where IS the sweet spot ?
(How loud is loud enough, and how loud is too loud ?)

T00 LOUD
Platform PLR &

target loudness.
In LUFS (integrated)

148 TP
PLR1S
(~DR13)

16 LUFS -

bettes - there &
e barait © masteri this foud

@ Sound Check (/&

Allows the greatest dynamics of all online platforms. Peak levels above -1 dBFS may trigger further level reduction
Requires Sound C X y ol meets with 9

PR ul

e

1T Py

SoundClowd & Cs warls
Howsrver SoundCloud o the i’

T B ERRSRECIr S —— S e PR

Pmut

Online music services manage loudness. Each has a different “target” replay loudness level
Loud songs are turned down, quieter songs are turned up - and that's where things get interesting

(M Tube)

" Very dynamic songs (higher PLR) won't be lfted to the full target loudness on YouTube. No fimiting s used
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Wtyczki

@

YouLean - darmowa, eksport wynikow
analizy

Mastering the Mix - 66$

WLM (Waves) 399 $

Insight 2 (iZotope)

Initial Clipper (darmowe)

© © @@
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Czesc bez LUFS, ale przydatne

% TT Dynamic Range Meter (darmowa)
% TBProAudio — dpMeter 5 (darmowe)

® eMastered - mastering przez Al
- nie kazda wtyczka dziata z 5.1,
- ©zes¢ posiada narzedzia wspomagajace prace pod konkretny

gatunek lub plik odniesienia .~ =
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https://youlean.co/youlean-loudness-meter/
https://youlean.co/youlean-loudness-meter/
https://www.masteringthemix.com/products/levels?currency=USD
https://www.masteringthemix.com/products/levels?currency=USD
https://www.waves.com/plugins/wlm-loudness-meter#how-to-set-loudness-levels-for-streaming-wlm
https://www.waves.com/plugins/wlm-loudness-meter#how-to-set-loudness-levels-for-streaming-wlm
https://www.izotope.com/en/products/insight.html
https://www.izotope.com/en/products/insight.html
https://freevstplugins.net/initial-audio-initial-clipper/
https://freevstplugins.net/initial-audio-initial-clipper/
https://freevstplugins.net/tt-dynamic-range-meter-v1-4a/
https://freevstplugins.net/tt-dynamic-range-meter-v1-4a/
https://freevstplugins.net/tbproaudio-dpmeter-5/
https://freevstplugins.net/tbproaudio-dpmeter-5/
https://freevstplugins.net/tbproaudio-dpmeter-5/
https://freevstplugins.net/tbproaudio-dpmeter-5/
https://emastered.com/
https://emastered.com/
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Faith that:

e "Loudness" has no effect on sales - here's the
research

e People don't like the "loudness war" sound -
here's the evidence

e Replay volume is adjusted so "loud" CDs never
sound louder than anything else
"Loudness war" levels sound worse on the radio

e Dynamic sound is a great way to make your
music stand out
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Do poczytania

It Came From The VU Meter — Some Audio Metering History

izotope — lean rms levels
What Are LUFS? The Complete Guide lan Stewart, 2023
What Is a True Peak Limiter? by lan Stewart, 2023

https://aes2.org/resources/audio-topics/loudness-project/resources-and-references/
Pro Audio Reference (StyleGuide)

Cambridge Music Technology
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http://productionadvice.co.uk/research-loudness-sales/
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http://dl.dropbox.com/u/8441718/DRD/project%20dissertation.pdf
http://tech.ebu.ch/docs/r/r128.pdf
http://tech.ebu.ch/docs/r/r128.pdf
http://productionadvice.co.uk/loudness-means-nothing-on-the-radio/
http://productionadvice.co.uk/u2-21st-century-loudness-secret/
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