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Abstract

Abstract. Knowing the peak to average ratio (crest factor) of the signal a loudspeaker needs to
reproduce is important for determining the maximum level a loudspeaker can attain with that signal.
An investigation has been made into the crest factor of real signals as a function of frequency. It was
found (not very surprisingly) that the crest factor increases with increasing frequency. However, in
contrast, it is easily shown that the crest-factor of pink noise (and other standard noise signals)
changes minimally with frequency. A new test signal has been created whose crest-factor-as-afunction-of-frequency is modeled after real signals. A procedure is proposed for finding the maximum
SPL that a given loudspeaker can reproduce this signal linearly. This signal and procedure has been
made publicly available so that comparable measurements can be made by multiple independent
individuals. As a signal level is increased and approaches the maximum capacity of the loudspeaker,
peaks may be clipped, frequency content may be added that was not in the original signal, and other
“non-linear” effects may occur. To measure the onset of non-linearity of a loudspeaker, a test signal
must be used which not only has the average spectrum as a function of frequency expected from
real signals, but also the crest factor as a function of frequency. Traditional distortion measurements
(while valuable) can not be used with sounds that have energy at all frequencies simultaneously. For
this reason, the proposed procedure uses coherence. Coherence is a measure of the correlation
between the input and output of a system and can be determined from quantities already produced in
the course of calculating a transfer function. The transfer function shows the reduction in sensitivity
that occurs when the input is increased but the output does not increase proportionally. These two
quantities provide a reliably repeatable of the onset of non-linearity and the corresponding maximum
SPL.
Keywords. Peak to Average Ratio, Crest Factor, Test Signal, Loudspeaker Headroom, Maximum
SPL, Onset of Non-Linearity, Distortion Measurement, Coherence.

Knowing the peak to average ratio (crest factor) of the signal a
loudspeaker needs to reproduce is important for determining the
maximum level a loudspeaker can attain with that signal. An investigation
has been made into the crest factor of real signals as a function of
frequency. It was found (not very surprisingly) that the crest factor
increases with increasing frequency. However, in contrast, it is easily
shown that the crest-factor of pink noise (and other standard noise
signals) changes minimally with frequency. A new test signal has been
created whose crest-factor-as-a- function-of-frequency is modeled after
real signals. A procedure is proposed for finding the maximum SPL that a
given loudspeaker can reproduce this signal linearly. This signal and
procedure has been made publicly available so that comparable
measurements can be made by multiple independent individuals...
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INTRODUCTION

Coherence is reduced by uncorrelated noise, distortion, and reflections which occur outside the
analysis window. A procedure has been proposed for measuring the Max Linear SPL of loudspeakers
which has both a frequency response compression criteria and a coherence reduction criteria. The
purpose of the coherence criteria is to detect the onset of distortion anywhere in the system under
test. It is usually possible to find an acoustic environment whose background noise is low enough to
start with high coherence. However, it is often useful to be able to be able to do measurements in
non-anechoic environment which has some coherence reduction due to reflections and reverberation.
A technique will be demonstrated for determining which phenomena is the cause of coherence
reduction in a given test environment.

Determining the Source of Coherence Reduction
Using Playback Level of M-Noise
by Schwenke & van Veen
Abstract

2
2.1

BACKGROUND
Coherence of the Transfer Function

Audio systems are commonly evaluated using the frequency domain transfer function. A value called
“coherence” is easily computed from the same quantities necessary to calculate the frequency domain transfer
function. The coherence is a measure of how much of the output of a system is correlated with the input (inside
of the analysis window of the Fourier Transform). The minimum mean square estimator for the frequency
domain transfer function of a system can be calculated from autospectra and cross-spectrum of the input and
output1.
!"" ($) = '[|*($)|+ ] ./0 !11 ($) = '[|2($)|+ ] ./0 !"1 ($) = '[|* ∗ ($)2($)| ]

(1)

Where X(f) and Y(f) are the Fourier transform of the input and output respectively. For a system with negligible
noise on the input, the transfer function is then:
4($) =

!"1 ($)
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The autospectra and cross-spectrum can be re-used to calculate the coherence:
5+ =

|!"1 |+
!"" !11

(3)

The coherence has a maximum value of 1 if the output energy at each frequency is caused only by the input
energy at the same frequency within the same analysis time window. Coherence is reduced by distortion2,
reverberation outside the analysis window, and noise at the output which is uncorrelated with the input signal
(such as the HVAC background noise in a room when measuring with a microphone).

2.2

Coherence is reduced by uncorrelated noise, distortion, and reflections
which occur outside the analysis window. A procedure has been proposed
for measuring the Max Linear SPL of loudspeakers which has both a
frequency response compression criterion and a coherence reduction
criterion. The purpose of the coherence criterion is to detect the onset of
distortion anywhere in the system under test. It is usually possible to find
an acoustic environment whose background noise is low enough to start
with high coherence. However, it is often useful to be able to be able to do
measurements in a non-anechoic environment which has some coherence
reduction due to reflections and reverberation. A technique will be
demonstrated for determining which phenomenon is the cause of
coherence reduction in a given test environment.

M-Noise Signal and Procedure

A signal called M-Noise has been proposed which has a crest-factor as a function of frequency which is similar
to music3. M-Noise is accompanied by a procedure for finding the maximum linear SPL of a loudspeaker4. The
Vol. 42. Pt. 3. 2020
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Conditions that Affect Coherence
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Abstract

ABSTRACT
M-Noise is a new scientifically derived test signal whose crest factor as a function of frequency is modeled after
real music. M-Noise should be used with a complementary procedure for determining a loudspeaker’s
maximum linear SPL. The M-Noise Procedure contains criteria for the maximum allowable change in coherence
as well as frequency response. When the loudspeaker and microphone are positioned as prescribed by the
procedure, reductions in coherence are expected to be caused by distortion. Although higher precision methods for
measuring distortion exist, coherence has the advantage that it can be calculated for wide-band signals such as
M-Noise as well as music. Examples will demonstrate the perceived audio quality associated with different
amounts of distortion-induced coherence loss.

1 Introduction
Coherence has a maximum value of 1 or 100% when
a system’s signal output power at a given frequency
is
caused
exclusively
by
the
system’s
signal input power at that frequency within the same
analysis time window.
Coherence
is
affected
by
uncorrelated
noise,
distortion,
misalignment
(bias),
loudspeaker-to-loudspeaker
interaction
and
room-interaction
such
as
reflections
and
reverberation arriving outside the analysis time
window.
When a measurement microphone is placed close
enough to a sole loudspeaker, the reduction in
coherence due to uncorrelated noise and
room-interaction is negligible. Under these
circumstances, any further reduction in coherence is
primarily caused by distortion.

While other metrics for distortion exist, none of them
can be used with wide-band signals that contain
energy at all frequencies simultaneously such as
music. For this reason, coherence has been chosen as
indicator of distortion using a specific procedure and
accompanying test signal called M-Noise [1].
1.1

Coherence Definitions

Coherence is a statistical measure of the correlation
between a system’s input X and output Y, and can be
determined from quantities already produced in the
course of calculating a transfer function.

M-Noise is a new scientifically derived test signal whose crest factor as a
function of frequency is modelled after real music. M-Noise should be
used with a complementary procedure for determining a loudspeaker’s
maximum linear SPL. The M-Noise Procedure contains criteria for the
maximum allowable change in coherence as well as frequency response.
When the loudspeaker and microphone are positioned as prescribed by
the procedure, reductions in coherence are expected to be caused by
distortion. Although higher precision methods for measuring distortion
exist, coherence has the advantage that it can be calculated for wide-band
signals such as M-Noise as well as music. Examples will demonstrate the
perceived audio quality associated with different amounts of distortioninduced coherence loss.

What is colloquially referred to as simply
“coherence” actually comes in two slightly different
flavours [2].

Coherence is a statistical measure of the correlation
between a system’s input X and output Y.

INPUT
INPUT

OUTPUT
OUTPUT

It can be determined from quantities
already produced in the course of calculating a transfer function.

Coherence
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Distortion and Noise in Band Spectra
SC-04-03-A • X250 • MEASURING MAXIMUM LINEAR PEAK SPL USING NOISE

GXY

2

GXXGYY

(f)

THD

Distortion in Transfer Functions

100%
83%

∞

92% / 10,4 dB

7

67%

3

50%

0

33%

-3

5% THD

17%
0%

31

63

125

10% THD
250

15% THD
500

20% THD

1k

2k

frequency (Hz)

Coherence vs. THD with M-Noise
SC-04-03-A • X250 • MEASURING MAXIMUM LINEAR PEAK SPL USING NOISE

25% THD
4k

8k

-7
16k

-∞

SDR (dB)

magnitude-squared coherence

SC-04-03-A • X250 • MEASURING MAXIMUM LINEAR PEAK SPL USING NOISE

AES-X250
SC-04-03-A
AES_M-Noise_DRAFT_REV_210318.doc

1

DRAFT
AES standard for acoustics –
Measuring loudspeaker maximum
linear peak SPL using noise

2
3
4
5
6
7
8
9

AES-X250
SC-04-03-A • MEASURING MAXIMUM LINEAR PEAK SPL USING NOISE

Measuring maximum linear peak SPL using noise

Published by
Audio Engineering Society, Inc.
Copyright ©2020 by the Audio Engineering Society

by SC-04-03-A

10

Abstract

11

Abstract

12
13
14
15
16
17
18

This standard details a procedure for loudspeaker test and measurement using a test signal called M-Noise. This
test signal features a relatively constant peak level as a function of frequency, but a diminishing RMS level with
increasing frequency. To measure maximum linear SPL of a loudspeaker meaningfully, a signal is required
whose RMS and Peak Levels as functions of frequency approximate actual content. Previous standards
incorporated the idea that typical content has a diminishing RMS level with increasing frequency. In research
leading to this standard, a large variety of content has been analyzed and it has been found that Peak Levels do
not reduce, but rather are relatively constant with frequency.

19
20
21
22

Imagine a long period of silence with a single loud drum hit in the middle. The peak SPL of this signal can be
measured. Now imagine the same drum being hit with exactly the same strength over and over again at an
increasing rate. The peak SPL of this signal is the same as the single drum hit. However, the RMS level
increases as the rate of drum hits increases.
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An AES standard implies a consensus of those directly and materially affected by its scope and provisions and
is intended as a guide to aid the manufacturer, the consumer, and the general public. The existence of an AES
standard does not in any respect preclude anyone, whether or not he or she has approved the document, from
manufacturing, marketing, purchasing, or using products, processes, or procedures not in agreement with the
standard. Prior to approval, all parties were provided opportunities to comment or object to any provision.
Attention is drawn to the possibility that some of the elements of this AES standard or information document
may be the subject of patent rights. AES shall not be held responsible for identifying any or all such patents.
Approval does not assume any liability to any patent owner, nor does it assume any obligation whatever to
parties adopting the standards document. Recipients of this document are invited to submit, with their
comments, notification of any relevant patent rights of which they are aware and to provide supporting
documentation. This document is subject to periodic review and users are cautioned to obtain the latest edition.

This standard details a procedure for loudspeaker test and measurement
using a test signal called M‑Noise. This test signal features a relatively
constant peak level as a function of frequency, but a diminishing RMS
level with increasing frequency. To measure maximum linear SPL of a
loudspeaker meaningfully, a signal is required whose RMS and Peak
Levels as functions of frequency approximate actual content. Previous
standards incorporated the idea that typical content has a diminishing
RMS level with increasing frequency. In research leading to this standard,
a large variety of content has been analyzed and it has been found that
Peak Levels do not reduce, but rather are relatively constant with
frequency…
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Imagine a long period of silence with a single loud drum hit in the middle. The peak SPL of this signal can be
measured. Now imagine the same drum being hit with exactly the same strength over and over again at an
increasing rate. The peak SPL of this signal is the same as the single drum hit. However, the RMS level
increases as the rate of drum hits increases.
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•

Derivation of the test signal

•

Filtering

•

Finished Products vs. Components / Transducers

•

Stop Conditions

•

Coherence

•

Frequency Weighting

1. Determine Maximum Playback Level
i.e., increase drive level until:
• At least 2 dB compression
over at least two contiguous octaves
• At least 3dB compression anywhere
• Coherence < 91% (SDR < 10 dB)
over at least 1/3-octave anywhere
2. Determine SPL at the Preferred Listening Position,
at previously determined Maximum Playback Level
i.e., recall Maximum Playback Level

Maximum Linear SPL Procedure
SC-04-03-A • X250 • MEASURING MAXIMUM LINEAR PEAK SPL USING NOISE

AES-X250
SC-04-03-A
AES_M-Noise_DRAFT_REV_210318.doc

1
2
3
4
5

DRAFT
AES standard for acoustics –
Measuring loudspeaker maximum
linear peak SPL using noise

6
7
8
9

Published by
Audio Engineering Society, Inc.
Copyright ©2020 by the Audio Engineering Society

10
11

Abstract

12
13
14
15
16
17
18

This standard details a procedure for loudspeaker test and measurement using a test signal called M-Noise. This
test signal features a relatively constant peak level as a function of frequency, but a diminishing RMS level with
increasing frequency. To measure maximum linear SPL of a loudspeaker meaningfully, a signal is required
whose RMS and Peak Levels as functions of frequency approximate actual content. Previous standards
incorporated the idea that typical content has a diminishing RMS level with increasing frequency. In research
leading to this standard, a large variety of content has been analyzed and it has been found that Peak Levels do
not reduce, but rather are relatively constant with frequency.
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Imagine a long period of silence with a single loud drum hit in the middle. The peak SPL of this signal can be
measured. Now imagine the same drum being hit with exactly the same strength over and over again at an
increasing rate. The peak SPL of this signal is the same as the single drum hit. However, the RMS level
increases as the rate of drum hits increases.
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An AES standard implies a consensus of those directly and materially affected by its scope and provisions and
is intended as a guide to aid the manufacturer, the consumer, and the general public. The existence of an AES
standard does not in any respect preclude anyone, whether or not he or she has approved the document, from
manufacturing, marketing, purchasing, or using products, processes, or procedures not in agreement with the
standard. Prior to approval, all parties were provided opportunities to comment or object to any provision.
Attention is drawn to the possibility that some of the elements of this AES standard or information document
may be the subject of patent rights. AES shall not be held responsible for identifying any or all such patents.
Approval does not assume any liability to any patent owner, nor does it assume any obligation whatever to
parties adopting the standards document. Recipients of this document are invited to submit, with their
comments, notification of any relevant patent rights of which they are aware and to provide supporting
documentation. This document is subject to periodic review and users are cautioned to obtain the latest edition.
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Procedure
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Example of Distorted Loudspeaker
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Beginning of 5 Minute Test

Example of Distorted Loudspeaker
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Example of Distorted Loudspeaker
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Ripple Effect
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• SMPTE's “B‑Chain Characteristics and
Expectations Working Group” continues to
evaluate the M‑Noise signal—in the context of
an in‑situ application—to measure cinema and
post‑production facilities’ sound systems.

• AVIXA is considering the inclusion of M‑Noise in
validating the end‑to‑end transmission quality
throughout the entire signal chain in sound
reinforcement and playback systems.
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Forecast
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• Push the standard draft to parent committee
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This standard details a procedure for loudspeaker test and measurement using a test signal called M-Noise. This
test signal features a relatively constant peak level as a function of frequency, but a diminishing RMS level with
increasing frequency. To measure maximum linear SPL of a loudspeaker meaningfully, a signal is required
whose RMS and Peak Levels as functions of frequency approximate actual content. Previous standards
incorporated the idea that typical content has a diminishing RMS level with increasing frequency. In research
leading to this standard, a large variety of content has been analyzed and it has been found that Peak Levels do
not reduce, but rather are relatively constant with frequency.
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Imagine a long period of silence with a single loud drum hit in the middle. The peak SPL of this signal can be
measured. Now imagine the same drum being hit with exactly the same strength over and over again at an
increasing rate. The peak SPL of this signal is the same as the single drum hit. However, the RMS level
increases as the rate of drum hits increases.
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An AES standard implies a consensus of those directly and materially affected by its scope and provisions and
is intended as a guide to aid the manufacturer, the consumer, and the general public. The existence of an AES
standard does not in any respect preclude anyone, whether or not he or she has approved the document, from
manufacturing, marketing, purchasing, or using products, processes, or procedures not in agreement with the
standard. Prior to approval, all parties were provided opportunities to comment or object to any provision.
Attention is drawn to the possibility that some of the elements of this AES standard or information document
may be the subject of patent rights. AES shall not be held responsible for identifying any or all such patents.
Approval does not assume any liability to any patent owner, nor does it assume any obligation whatever to
parties adopting the standards document. Recipients of this document are invited to submit, with their
comments, notification of any relevant patent rights of which they are aware and to provide supporting
documentation. This document is subject to periodic review and users are cautioned to obtain the latest edition.
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• Call for comments within the parent committee
• Call for public comments

SC-04-03
Working Group on
Loudspeaker Modeling and Measurement
Contact Standards Manager

Join the Conversation
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AES Standards
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