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BS.1770-2

Agenda

New Tools

Conclusion

LKFS, LUFS, LU, normalization
True-peak level, speech level

Loudness Wars Commercials, pop/rock
Sample peak level, data reduction

Harmonized metering, EBU R128
Satisfying CALM act requirements

ATSC A/85, station workflow, 
metadata, cross-platform, mobile TV





True-peak Level
Even in a linear audio 
system, analog and digital 
level is not the same.

1

2

Analog Level:
Black Line

Digital Level:
Red Dots



Listening example:

Don’t Stop, Anastacia
Original CD

Remember how loud this track is in order to
compare against distortion level in the next examples.

0 dBFS+



Same song, NAD512 CD player, listening here

0 dBFS+



Headroom
Headroom is needed several places in 
the signal-path:

• DA Converters
• Filters, analog and digital
• Sample rate converters
• Data reduction codecs (e.g. MP3)

0 dBFS+ level is hit more and more 
frequently on new pop/rock releases.

Critical Areas



Data Reduction



Data Reduction
Not before
transmission

Bandwidth doubles in 20 months.

Don’t risk compatibility or audio quality.

Data reducing music without 
attenuation leads to distortion in radio 
station archives (and in iTunes).
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BS.1770-2 True-peak

Left -12 dB 4 x Oversampling

Right

Center

L Srnd

R Srnd

LFE

InterpolationGain Display

Abs & Max

Peak

SRC

-12 dB 4 x Oversampling Abs & MaxSRC

-12 dB 4 x Oversampling Abs & MaxSRC

-12 dB 4 x Oversampling Abs & MaxSRC

-12 dB 4 x Oversampling Abs & MaxSRC

-12 dB 4 x Oversampling Abs & MaxSRC

No!







Loudness
Unlike Level, Loudness is subjective. Listeners weigh a 
number of factors differently:

Variability between listeners: BLV (Age, Culture, Gender etc.)
Variability within the same listener: WLV (Mood, Focus etc.)
Variation in reproduction equipment.

A Loudness measure must be based on solid statistics.
Listening tests together with McGill University.

- Sound Pressure Level
- Frequency Contents
- Duration



Loudness



Leq Weighting

“K”



BS.1770-2 Loudness

Left Pre Filter Mean
SquareRLB Filter

�

Right

Center

L Srnd

R Srnd

LFE Currently not used in Loudness Calculations

0.0 dB

Pre Filter RLB Filter 0.0 dB

Pre Filter RLB Filter 0.0 dB

Pre Filter RLB Filter +1.5 dB

Pre Filter RLB Filter +1.5 dB

Mean
Square

Mean
Square

Mean
Square

Mean
Square

Power Gain Sum

Works for mono, stereo and 5.1



Words: LUFS, LKFS and LU

LUFS = LKFS

Unit for relative loudness level
Compare with [dB] for level

Loudness at Target Level = 0 LU

LU

Unit for absolute loudness level
Compare with [dBFS] for level
-24.0 LUFS is the same as -24.0 LKFS 
Only the spelling is different



LUFS and LU

0 LU = Target Level.

In this example, Target 
Level is -23 LUFS.

A/85 specifies -24 LUFS.

Remember: LUFS is the 
same as LKFS.



Meter Examples: LUFS and LU



-24

-30

-36

-42

-48

-54

-60

0

-4

-8

-12

-16

-20

LUFS

Ingest Corrected

Program Loudness

Target: -23 LUFS

Measure: -28 LUFS

Use to normalize 
programs.

In this example, Target 
Level is -23 LUFS.

A/85 specifies -24 LUFS.



-24

-30

-36

-42

-48

-54

-60

0

-4

-8

-12

-16

-20

LUFS

Ingest Corrected

Program Loudness

Use to normalize 
programs.

In this example, Target 
Level is -23 LUFS.

A/85 specifies -24 LUFS, 
whereby normalize gain 
would have been +4 dB.

A static normalization 
gain of +5 dB brings 
Program Loudness on 
Target.



Why the gate in BS.1770-2?
EBU

NHK & ARIB

CRC

Independent verification by NAB/ARIB 
and by NHK support relative gating 
method and a threshold of -8 LU.

A relative gate between -10 and -6 LU 
gave significantly better normalization 
results than no gate, or other gating 
schemes.

Independent verification: -8 LU relative 
gate shows best MSD performance.



News Speaker (NLR)

LUFS

Green: Ungated Red: Gated



Episode of Friends (MLR)

Green: Ungated Red: Gated

LUFS



The Matrix Movie (WLR)

Green: Ungated

Red: Gated

LUFS



Four Programs:
1. Movie
2. Commercial
3. Drama
4. Pop

Speech normalized
ATSC A/85

= Too simplistic
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Program 
Loudness I The loudness of a full program.

Gated measure. Same as BS.1770-2.

EBU: Harmonized Metering



Program 
Loudness

400 ms measure of loudness.
Un-gated rectangular window.

Momentary
Loudness

I
M

The loudness of a full program.
Gated measure. Same as BS.1770-2.

EBU: Harmonized Metering



Program 
Loudness

3 sec measure of loudness.
Un-gated sliding window.

400 ms measure of loudness.
Un-gated rectangular window.

Momentary
Loudness

Short-term
Loudness

I
M
S

The loudness of a full program.
Gated measure. Same as BS.1770-2.

EBU: Harmonized Metering



Program 
Loudness

The loudness of a full program.
Gated measure. Same as BS.1770-2.

The loudness variations of a program.
Independent of absolute level.

3 sec measure of loudness.
Un-gated sliding window.

400 ms measure of loudness.
Un-gated rectangular window.

Loudness
Range

Momentary
Loudness

Short-term
Loudness

I
M
S
LRA

EBU: Harmonized Metering



Momentary Loudness
400 ms window

Short-term Loudness
Radar, 3 sec window history

Target Level
At 12 o’clock and at bold circle

Loudness Range
Loudness variation of program

Program Loudness
Same as BS.1770-2 

Target LevelEBU Meter Example

6 LU



Loudness Range

Example:
LRA = 10 LU

To keep a constant 
loudness during the 
program, a +- 5 dB 
fader gain ride would 
be required.



Fader ride

Loudness Range

Example:
LRA = 10 LU

To keep a constant 
loudness during the 
program, a +- 5 dB 
fader gain ride would 
be required.



Fader ride

Loudness Range

Example:
LRA = 10 LU

To keep a constant 
loudness during the 
program, a +- 5 dB 
fader gain ride would 
be required.



Compatibility

Delivery Specs

Loudness Range predicts if a 
program fits consumer requirements, 
or if platform processing is needed.

Guideline: Settle expectations.
Not FM radio, not cinema.

“Fingerprinting” To check downstream signal-path incl.
satellite, cable and STB.

Loudness Range



Loudness Range

The ideal loudness 
range depends on 
the listener.

A high background 
noise calls for a low 
loudness range.

<6 L
U

Target Loudness Range

<12
 LU<20

 LU

<8 L
U



IRT NoTube project



2003 “Comfort Zone” paper
- Blind to anything but speech
- Study not based on BS.1770 when measuring segments

Loudness Jumps

How much can be tolerated between programs?

AES 2009 paper: New study based on BS.1770
- Commercials, drama, news, pop music, movie
- Measures all sources



Loudness Jump Tolerance
Tests with mostly speech

Tests with mostly music and effects



50% would adjust volume
for a loudness increase of 3 LU
for a loudness decrease of 6 LU

95% would adjust volume
for a loudness increase of 5 LU
for a loudness decrease of 8 LU

Results

Loudness Jump Tolerance

Any type of sound could trigger a 
level-adjustment

Conclusion



Transparency when normalizing commercials is a must

- for the advertiser
- for the broadcaster

CALM Act



Commercial, un-gated BS.1770 and BS.1770-1



Commercial, Program Loudness BS.1770-2



One commercial
Two results

Target

Gating gives focus to foreground 
sound: Louder and potentially 
annoying parts of a program.
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Leq(K)  “Loudness”

Includes silence Focus on foreground

Application critical Application friendly

Cross-genre critical Cross-genre friendly

S i m i l a r  n u m b e r s  w i t h  N L R  m a t e r i a l

D i f f e r e n t  n u m b e r s  w i t h  W L R  m a t e r i a l

Un-gated
ATSC A/85 (maybe)

Gated @ -10 LU
BS.1770-2, R128, TR-B32



Where is ATSC on Loudness?
July 25, 2011



CALM Act
Alternative solution:
Use Max Loudness

BCAP procedure.

Max Loudness prevents 
short programs from ever 
getting annoyingly loud.

-24

-30

-36

-42

-48

-54

-60

0

-4

-8

-12

-16

-20

LUFS
Loudness

Start End

3 sec sliding window

I N T E R S T I T I A L

Max
Target
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Loudness Range

Speech

Get expectations cleared early

Production Guidelines

Music

True-peak Level

Regular speech: -27 to -23 LUFS

Foreground: -24 to -21 LUFS

No higher than -1 dBTP
May need further lowering downstream,
depending on platform and codec



Example from Pirates movie 
which clearly falls outside 
broadcast specs



Loudness meter easier to use than peak or VU

Look at a Sliding measure and Program Loudness

Start 1 LU below the Target

Use your ears

Peak meters are only there to avoid overload

Move up to the Target at the end 

Live Metering



Live Sports Sliding Window and Program Loudness 



At the station or using metadata?

EBU recommends normalization at the station:

- one thing less to go wrong
- a benefit to all platforms
- more predictable
- lower workload
- cheaper (fewer Dolby boxes)

Where to Normalize
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Normalize first.

Automatic LRA 
restriction around the 
Target level for lo-res 
platforms is the audio 
friendly and low 
workload solution.

Note:
0 LU = -24 LUFS
LUFS is the same as LKFS

Platform
Trickle-down



Apple Sound Check aims at -16.5 LUFS 
using BS.1770-2

LRA TPG8no G Max

Program Loudness at -24 LUFS is 
too low for pod/mobile platforms
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1. Normalize
2. LRA and Limit
3. Make-up gain

Note:
0 LU = -24 LUFS
LUFS is the same as LKFS

Platform
Trickle-down:
Mobile Platforms
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Getting the best out of AC3
Normalize

Metadata

Limit

Normalize programs at the station
using BS.1770-2

Change metadata only when switching 
between stereo and 5.1
Enter -24 as dialnorm number
Note: The AC3 decoder is not speech based.
Dialnorm just tells the average level of a program

Protect AC3 from peak overload, 
especially when transmitting 5.1 format



St

Check
Point

5.1 Dec
Dolby EE

5.1
Server

Ingest Master Control

Switch

Check
Point Encode

Dolby AC3

AC3
Metadata set (static)

Production
ATV

St

E

5.1
Server

Ingest Master Control

Switch

Encode
Dolby AC3

Metadata (floating)

Production
ATV

Encode
Dolby E

Decode
Dolby E

Encode
Dolby E

Check
Point

QC
MD Check

QC
MD CheckCheck

Point

Linear Stereo

Normal stereo
procedures

XTV

AC3

XTV
Codec?

Linear 5.1 Reduced 5.1

Platform Strategies including AC3
Recommended by EBU

Recommended by Dolby

 

Half a solution for only one platform 
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Linear Stereo

Normal stereo
procedures

XTV

AC3

XTV
Codec?

Linear 5.1 Reduced 5.1

Recommended by EBU. Fixed Target -23 or -24 LUFS

Recommended by Dolby

 

Platform Strategies including AC3



Broadcast is not cinema

Picture is modified heavily

Expensive, unpredictable not to normalize

Plenty of headroom with Target at -24 LUFS
You may transmit The Matrix or Bolero without processing!

Normalize audio?



2010-09-16! 08:29:46! -24.5
2010-09-16! 08:29:47! -24.7
2010-09-16! 08:29:48! -24.1
2010-09-16! 08:29:49! -23.5
2010-09-16! 08:29:50! -22.3
2010-09-16! 08:29:51! -24.8
2010-09-16! 08:29:52! -24.5
2010-09-16! 08:29:53! -24.3
2010-09-16! 08:29:54! -24.5
2010-09-16! 08:29:55! -25.4
2010-09-16! 08:29:56! -25.6
2010-09-16! 08:29:57! -25.2
2010-09-16! 08:29:58! -24.2
2010-09-16! 08:29:59! -23.0
2010-09-16! 08:30:00! -23.2
2010-09-16! 08:30:01! -24.6
2010-09-16! 08:30:02! -24.9
#
# --- Program #0002 Statistics -------------
#
# Program Name: National News
# Channel Name: DR Update
#
# Start time:! 2010-09-16! 08:00:02
# End time:  ! 2010-09-16! 08:30:02
#
# Program Loudness:! -23.2! LUFS
# Short-term Max:! -20.5! LUFS
# Momentary Max:   ! -19.1! LUFS
# Loudness Range:     !   8.7! LU
# Max True-Peak:       ! -11.5! dBFS
# Short-term Overs:! 0
#
2010-09-16! 08:30:03! -25.1
2010-09-16! 08:30:04! -25.3
2010-09-16! 08:30:05! -25.2
2010-09-16! 08:30:06! -25.3
2010-09-16! 08:30:07! -24.9
2010-09-16! 08:30:08! -25.0
2010-09-16! 08:30:09! -24.9
2010-09-16! 08:30:10! -25.5
2010-09-16! 08:30:11! -25.3
2010-09-16! 08:30:12! -25.1
2010-09-16! 08:30:13! -24.7
2010-09-16! 08:30:14! -25.0
2010-09-16! 08:30:15! -25.2
2010-09-16! 08:30:16! -25.2
2010-09-16! 08:30:17! -24.9
2010-09-16! 08:30:18! -25.0
2010-09-16! 08:30:19! -25.2
2010-09-16! 08:30:20! -25.3
2010-09-16! 08:30:21! -25.2
2010-09-16! 08:30:22! -25.0
2010-09-16! 08:30:23! -24.9
2010-09-16! 08:30:24! -24.9
2010-09-16! 08:30:25! -24.8
2010-09-16! 08:30:26! -24.6
2010-09-16! 08:30:27! -25.1
2010-09-16! 08:30:28! -25.8
2010-09-16! 08:30:29! -26.8
2010-09-16! 08:30:30! -26.8
2010-09-16! 08:30:31! -27.1
2010-09-16! 08:30:32! -27.0
2010-09-16! 08:30:33! -26.9
2010-09-16! 08:30:34! -26.7
2010-09-16! 08:30:35! -26.5
2010-09-16! 08:30:36! -26.7
2010-09-16! 08:30:37! -26.8
2010-09-16! 08:30:38! -26.2
2010-09-16! 08:30:39! -25.5
2010-09-16! 08:30:40! -24.8
2010-09-16! 08:30:41! -24.3
2010-09-16! 08:30:42! -23.9
2010-09-16! 08:30:43! -22.9
2010-09-16! 08:30:44! -21.6
2010-09-16! 08:30:45! -20.1
2010-09-16! 08:30:46! -19.2
2010-09-16! 08:30:47! -18.7
2010-09-16! 08:30:48! -17.7
2010-09-16! 08:30:49! -15.9
2010-09-16! 08:30:50! -16.7
2010-09-16! 08:30:51! -18.4
2010-09-16! 08:30:52! -19.0
2010-09-16! 08:30:53! -19.8
2010-09-16! 08:30:54! -21.0
2010-09-16! 08:30:55! -22.6
2010-09-16! 08:30:56! -23.3
2010-09-16! 08:30:57! -22.5
2010-09-16! 08:30:58! -22.5
2010-09-16! 08:30:59! -22.8
2010-09-16! 08:31:00! -23.9
2010-09-16! 08:31:01! -25.0
2010-09-16! 08:31:02! -25.6
2010-09-16! 08:31:03! -25.9
2010-09-16! 08:31:04! -25.7
2010-09-16! 08:31:05! -25.7
2010-09-16! 08:31:06! -25.5
#
#
#
#
#

Logging Use the same Loudness Tools to 
gather Logs, and for calculating 
Statistical Program Summaries:

production

ingest

transmission

logging

Check & Improve

Make it a goal not to 
process more than 
needed





HDTV Only Focus
Anchor for WLR

A/85 R128
All Platforms
One Number

Monitoring guidelines
AC3 manual

Distribution guidelines
Open standards

Harmonized metering
Tools to control commercials

Globa l  unders tand ing:  Loudness  ins tead o f  Peak  leve l



Better at controlling commercials
Better at normalizing WLR content
B e t t e r  a t  s e t t i n g  metada ta

than a speech or a 
peak based measure

Open standard, no proprietary technology
Automated handling, runs on a server
Harmonized metering across brands

=> cheaper

Enables transparent normalization across all platforms

BS.1770-2 and R128





1. Danish Pop
2. Kelly Clarkson
3. Metallica
4. Pink Noise (FS)

Ugly CD Examples

PROGRAM LOUDNESS 

-7.2
-4.2
-3.0
-8.7

LUFS

PROGRAM LOUDNESS 

LUFS

Don’t let the same happen to broadcast
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Read More

End

Oct 20, 16:30-18:30 - Papers on loudness
Oct 21, 14:00-15:30 - TV Loudness panel
Oct 22, 11:00-13:00 - Loudness War Tribunal

http://www.tcelectronic.com/loudness
http://www.tcelectronic.com/loudness
http://www.notube.tv
http://www.notube.tv
mailto:thomasl@tcelectronic.com
mailto:thomasl@tcelectronic.com

