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The AES Standards Committee is the organization responsible for the standards 
program of the Audio Engineering Society.  It publishes technical standards, 
information documents and technical reports.  Working groups and task groups with a 
fully international membership are engaged in writing standards covering fields that 
include topics of specific relevance to professional audio.  Membership of any AES 
standards working group is open to all individuals who are materially and directly 
affected by the documents that may be issued under the scope of that working group. 

Complete information, including working group scopes and project status is available 
at http://www.aes.org/standards.  Enquiries may be addressed to standards@aes.org  
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Abstract 

This standard details a procedure for measuring maximum linear sound levels of a loudspeaker system or driver 
using a test signal called M-Noise. In order to measure maximum linear sound levels meaningfully and 
repeatably, a signal is required whose RMS and peak levels as functions of frequency have been shown to be 
representative of program material. Various existing standards define noise-based test signals which, like 
M-Noise, have incorporated the knowledge that typical program material has a diminishing RMS level with 
increasing frequency, but M-Noise uniquely also features a relatively constant peak level as a function of 
frequency, so that the crest factor (peak level – RMS level) increases with frequency, which an analysis on a 
large variety of music and other content has revealed is an important additional characteristic of typical program 
material. The specified procedure determines a loudspeaker’s maximum linear sound levels by incrementally 
increasing the Playback Level of M-Noise until a stop condition is met: either an unacceptable change in the 
transfer function’s magnitude or an unacceptable change in the coherence of the transfer function. 

 

 

 

 

 

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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Foreword 

This foreword is not part of the AES-X250 AES standard for acoustics – Measuring loudspeaker maximum 
linear sound levels using noise. 

This document was developed in project AES-X250, in the SC-04-03-A task group on measurement of 
maximum linear sound levels using noise, under the leadership of Merlijn van Veen and Roger Schwenke. 

Members of the writing group that contributed to this document in draft are: Joan Amate, Filippo Bartolozzi, 
Ivan Beaver, Fabio Blasizzo, David Blore, Joel Vieira de Brito, Joe Brusi Lopez, Marshall Buck, Richard Bugg, 
John Busenitz, Doug Button, Benoit Cabot, Richard Cabot, Marc Chutczer, Dario Cinanni, Mattia Cobianchi, 
Rob Cowles, Calvert Dayton, Sebastien Degraeve, Mario Di Cola, Pablo Espinosa, Laurie Fincham, Tim 
Gladwyn, Kurt Graffy, Michael Hedges, Charles Hughes II, Steve Hutt, Niels Elkjær Iversen, Paul Jarvis, 
Balazs Kakonyi, Rafael Kassier, Don Keele, Wolfgang Klippel, Thomas Lago, Jason Linse, Brian Long, 
Morten Lydolf, John Malek, Peter Mapp, Paolo Martignon, Pietro Massini, Brian McLaughlin, John McMahon, 
Todd Meier, Jim Meyer, Swen Müller, David Murphy, Lon Neumann, Gunter Oehme, Bruce Olson, Scott Orth, 
Michael Poimboeuf, Daniele Ponteggia, David Prince, David W. Robb, Ian Robertson, James Rush, Robert 
Schulze, Roger Schwenke, Rafael Serra Giménez, Jorge Serrano, Rahul Shakya, Ed Simon, Michael Smithers, 
Bob Snelgrove, Javier Sorribas, Christopher Struck, Steve Temme, Merlijn van Veen, Remi Vaucher, Brian A. 
Vessa, Alex Voishvillo, John M. Woodgate, Renato Yamane, Marco Zanettini. 

 

Steve Hutt 
Chair, working group SC-04-03 
2021-11-02 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note on normative language 

In AES standards documents, sentences containing the word “shall” are requirements for compliance with the 
document. Sentences containing the verb “should” are strong suggestions (recommendations). Sentences giving 
permission use the verb “may”. Sentences expressing a possibility use the verb “can”. 
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AES standard for acoustics –  
Measuring loudspeaker maximum 

linear sound levels using noise 
 

0 Introduction 

0.1 General 
This standard specifies a method for measuring the maximum linear sound levels of a loudspeaker system or 
driver. It uses a mathematically derived test signal called M-Noise that effectively emulates the dynamic 
characteristics of music. It measures loudspeaker maximum linear sound levels in a repeatable manner which 
closely represents the values determined in practice with typical program material. 

In order to measure maximum linear sound levels meaningfully and repeatably, a signal is required whose RMS 
and peak levels as functions of frequency have been shown to represent program material. Previous standards 
have incorporated the idea that typical content has a diminishing RMS level with increasing frequency. In 
research leading to this standard, a large variety of music has been analyzed, and it has additionally been found 
that peak levels do not reduce, but rather are relatively constant with frequency. The M-Noise test signal 
features a relatively constant peak level as a function of frequency, but a diminishing RMS level with 
increasing frequency. 

The maximum sound levels of a loudspeaker are determined by incrementally increasing the Playback Level of 
M-Noise until a stop condition is met: either an unacceptable change in the transfer function’s magnitude, or an 
unacceptable change in the coherence of the transfer function. 

To help clarify the relationship between the terms peak level and RMS level it is useful to consider a period of 
silence interrupted by a drum strike followed by more silence. The peak sound level 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 sound level of this signal is the same as the single drum hit. However, the 
RMS sound level increases as the rate of the drum hits increases. 

Observations like this led to the development of the M-Noise (“Music Noise”) test signal used in this standard 
as a more appropriate signal than the commonly used pink noise signal. Even if a filter, such as the 
ANSI/CTA-426-B filter, is applied to a pink noise signal to shape its magnitude to more closely match the 
magnitude of typical music content, the resulting crest factor versus frequency will not match that of typical 
music like M-Noise will. The RMS magnitude spectra for M-Noise and other signals are shown in figure 0. The 
magnitude is shown as signal power per 1/n octave-based frequency bands. Pink noise would be a horizontal 
line at 0 dB. 
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Figure 0 – RMS spectra of various Simulated Programme Content  

normalized at 500 Hz 

0.2 Patents 
The AES draws attention to the fact that compliance with this document involves the use of US patent 
10,841,717 dated 2020-11-17. 

The AES has no position concerning the evidence, validity and scope of this patent right. 

The holder of this patent or intellectual property rights has agreed to license them under the End User License 
Agreement (EULA) in Annex C. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights other than those identified above. The AES shall not be held responsible for identifying any or all such 
patent rights. 

0.3 Documentation conventions 
Following ISO convention, decimal points are conventionally shown as commas (,). 

1 Scope 
This standard specifies a method for measuring the maximum linear sound levels of a loudspeaker driver or 
system. It uses a mathematically derived test signal that effectively emulates the dynamic characteristics of 
music as a function of frequency as well as its spectral content. 
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2 Normative references 
The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced document 
(including any amendments) applies. 

IEC 61672-1:2013, Electroacoustics - Sound level meters - Part 1: Specifications, International 
Electrotechnical Commission (IEC), Geneva, Switzerland, http://www.iec.ch 

IEC 60942-1:2017, Electroacoustics - Sound calibrators - Part 1: Specifications, International Electrotechnical 
Commission (IEC), Geneva, Switzerland, http://www.iec.ch 

3 Terms, definitions, and abbreviations 
For the purposes of this document, the following terms, definitions, and abbreviations apply. 

3.1 System Frequency Range 

The manufacturer’s stated operating frequency range of the System Under Test, whether it is a single 
loudspeaker, a small array, or an entire system. 

3.2 Playback Level 

A level adjustment to the M-Noise test signal, which is applied before the signal arrives at the reference channel 
of the frequency analyzer. 

3.3 Provisional Linear Frequency Response Level 

A relatively low Playback Level used to establish the linear frequency response of the system. It is the 
Playback Level of the test signal, which produces a coherence of nearly 100% when a microphone is placed 
close to the loudspeaker, as described by sections 3.6 and 5.3. 

3.4 Confirmation Linear Frequency Response Level 

A Playback Level that is at least 3 dB louder than the Provisional Linear Frequency Response Level. If the 
frequency responses at the Provisional and Confirmation Levels match, this is the linear frequency response of 
the System Under Test. 

3.5 Compression Target 

The stored linear frequency response, offset by -2 dB. 

3.6 Minimum Linear Frequency Response Coherence Criterion 

The coherence should correspond to 15 dB SNR (γ2 ≥ 97%)  or greater within the System Frequency Range 
when measuring the linear frequency response. See Annex A.1 for more information regarding the conversion 
of SNR to Magnitude Squared Coherence (γ2). 

3.7 Coherence Reduction Target 

A coherence corresponding to 10 dB SNR (γ2 ≤ 91%) or less for more than 1/3rd octave within the System 
Frequency Range. See Annex A.1 for more information regarding the conversion of SNR to Magnitude Squared 
Coherence (γ2). 

3.8 Maximum Linear Sound Levels 

The maximum weighted sound levels at a documented position using the test signal when the Compression 
Target or Coherence Reduction Target are reached. 

LZSmax is the maximum Slow time-weighted sound level measured over the duration of the test signal using 
Z-frequency weighting. 

LZpeak is the maximum Peak sound level measured over the duration of the test signal using Z-frequency 
weighting. 
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