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ABSTRACT

By its very nature, standardization claims to sefjue rules and procedures, thus aiming unique;éom@pa-
rable and reproducible results. Also, to be effegtihe standard and the underlying approach reéeé t
broadly accepted by the addressed user commuuwityoifie up with such general agreement it is tylyical
required that a “best” approach, covering all ratévapplications of interest, has been establistidhis
does not apply, the existence of alternative stalsda parallel may offer a way out.

The revision process of ISO 532 “Acoustics — Methéat calculating loudness” showed that it was not
possible to prove and agree on a single “best’agur. Acknowledging the legitimate demand of ajspiNe
continuity, the member bodies of ISO TC 43 “Acocsstitherefore decided to maintain the given sitraby
specifying two alternative approaches again. Watlenence to existing national standards (DIN 45831/
and ANSI S3.4), these are the Zwicker approachiexended version for time-varying sounds and the
Moore/Glasberg approach for stationary soundsstt fi

Based on a review of the revision process and arsuining justification of the resulting decisiohgetdis-
cussion of practical and theoretical consequenicé®aenewed dualism will outline the chancediimader
applications of loudness calculations. Howeves thialism also establishes the commitment to thgirigu
identify and seize the chance for final unificatifrthe standard.
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1. INTRODUCTION

Since almost 40 years psychoacoustic loudness atvans for stationary sounds can be based on
an international standard, ISO 532, which, sinc&51%ffers two alternative methods to do so: a
method A based on an approach of S.S. Stevensfimedén ANSI S3.4 and a method B based on an
approach of E. Zwicker as defined in DIN 45631:1967ook many years until this basic parameter of
subjective hearing impression gained some applieadicceptance and thus started to pioneer the
concept of psychoacoustic metrics at all. Beingniyailue to applicative restraints together withoetf
related concerns, this reserve did not seem toawsed by the availability of two standardized
methods in parallel. On the contrary, instead ohgpe handicap, these alternate approaches possibly
encouraged tentative, experimental use of the lesglitoncept in practice even.

Nevertheless, with the decades running off, it @peéd that method A continuously lost practical
attention while method B - at the same time — wiae & get more and more established as a proven
standard for loudness evaluations in practice. Thial scientific uncertainty could be overcorg
verification of practical use. However, althougloyen, this standard together with the applicatibn o
the loudness concept at all remained sensitiveh&n dense of still lacking wide and undisputed
acknowledgement in practice.

In the end, it can be stated that - for statiorsnynds - the existence of standardized approaches t
estimate the subjective hearing impression “loudhdxy calculation from measured data strongly
encouraged the use of this concept in practices banefit of an existing standard clearly excedtied
handicap of methodological (A and B) alternativ®@$course, providing two standards with differing
results concedes some scientific uncertainty. Byt @nfusion caused by this ambiguity was over-
come by the practical value of having available apglying a standard at all.

It thus seems to be evident that usefulness ofaadstrd may overcome its ambiguity in a
self-healing process and thus may have higher ipyior
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2. RETROSPECTIVE SURVEY

Although ISO 532 was kept unchanged since its finstoduction in 1975, the corresponding
normative scenario has been changed three timé®idecades since then.

2.1 Updates of Zwicker Approach

A first updating of the Zwicker method was implerntethin Germany by revision of previous DIN
45631 (from 1967) in 1991 ([2]). This new versiomproved the one before by specifying corrections
to match the ISO equal loudness contours of thmae t{ISO 226:1987) for low frequencies. Being
necessary to enable a software implementation@sthndard, this specification was in the frame of
user margins for low frequencies as previously giwéthin ISO 532 B, however. Thus being a particu-
lar implementation of ISO 532 B only, the DIN varsicould not cause any critical discontinuity in
data obtained so far. Also, if such discontinuitiyhin the margin of ISO 532 B would have played a
roll at all, it was overcome in the years thereafte

A second and last updating of the Zwicker method im&roduced as an appendix DIN 45631/A1 to
DIN 45631 in 2010 ([3]). This appendix extends thethod to arbitrary non-stationary sounds without
any changes of the stationary approach itself, gfraserving and guaranteeing full compatibility lwit
the previous version for stationary sounds (statigrsounds included as special cases).

Further adaptations have been retained, thus gipieerence to the immense value of normative
continuity against following some improved procealunsight or new regulations like the equal
loudness contours of ISO 226:2003. Although beiobgject of temporary doubts, this strategy of
continuity has been widely acknowledged by the wsenmunity so far.

It can be concluded that the DIN45631/A1:2010 wensof the Zwicker method has not modified
but precisely specified and extended the ISO 532aRdard only to enable unique algorithmic formu-
lation in a computer program and application toitaaloy, stationary and non-stationary sounds.

2.2 Introduction of Moore/Glasbherg Approach

The ongoing loss of practical relevance of the 8tsvapproach was given normative attention
when considering revisions of ANSI S3.4. In 200Bsied to the complete replacement of the Stevens
method by introduction of the new Moore/Glasbergra@ach in ANSI S3.4 (revised in 2007, [4]). It
was most natural, of course, that this new methad matched to the new equal loudness contours as
specified in the revised 1ISO 226:2003 standardoAlsy applying differing concepts, the method was
able to reduce procedural compromises like sligisteadiness risks between neighbouring frequency
bands ([5]).

2.3 Consequences for ISO 532

With ISO 532 B having lost its applicative basiglahus turned to practical insignificance over the
years, the relevance of ISO 532 was completelyimet to the relevance of its method B, thus togni
it to a proven and frequently used reference. Haxealthough serving as a reference, for the most
part it was not 1ISO 532B:1975 which defined the emging calculation procedure. This was and is
due to the lack of numerically complete specifioat of the calculative procedure within 1ISO 532B
which, in 1975, had given preference to graphichd

Therefore, in practice, using the Zwicker methodhwieference to ISO 532B typically meant
applying the Zwicker method as defined in DIN 45683ince the 1980s all leading software suppliers
had implemented the 1991 version of DIN 45631 whiater was replaced by the version for
non-stationary sounds - long before their impleradots were used to define the extending standard
DIN 45631/A1 ([3]. Thus, ISO 532 or it's method Bspectively, were fully identified with extended
DIN 45631/A1:2010 in the end.

Of course, beyond ISO 532 and DIN 45631, the nev6AN3.4 approach was able to gain ground
in science and in some application areas like dadig for instance. It was therefore obvious tatsta
revision of ISO 532 to adapt it to methodologicatigractical reality in science and industry.

3. REVISION OF ISO 532

Based on a decision of ISO TC 43 “Acoustics”, it&W “Method for calculating loudness level”
started to work on the revision of ISO 532 in 20Bifst milestones of this work have been
» questionnaire based survey to all ISO TC 43 merbbeliies to explore some key positions,
¢ subsequent decision to maintain a separate staridastationary sounds,
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« subsequent decision to include two methods, thecKevi (according DIN 45631) and the
Moore/Glasberg approach (according ANSI S 3.4) meav 1ISO 532, thus maintaining the
twin status of the standard,

« difficulties in quantitatively correlating the rdsu of different approaches and their
respective uncertainties for a sufficient set aigtical sounds.

Unfortunately, discussions around the latter diffies were increasingly characterized by proce-
dural egoism. While trying to use these difficudties justification for standardizing one approasly,0
argumentative positions were taken which stronglytradicted any consensus requirement.

The related discussions mainly were about two &ealflinterest frequently conflicting with each
other: a rather dynamic request to follow any newcpdural insight and a more static demand for
continuity to allow for long term comparisons ofus@ characteristics. To give some insight into the
pros and cons, the following section roughly congigathe two approaches with respect to the basic
arguments of the standard discussions. More deltdidinitions and explanations can be found in the
respective literature ([6]).

4. COMPARISON OF METHODS

The approaches being considered here differ in gphdVhile the Method of Zwicker can be seen
to be phenomenological in the sense of describimd) gutting together relevant hearing phenomena
like spectral and temporal masking in an algorittime, method of Moore/Glasberg models the hearing
sensation in the sense of consecutive transformatomrresponding to physiological and psycho-
physical characteristics of hearing.

It is not surprising that the difference in concéeptinked to differences in results when applying
the methods to sounds. Obviously, any attempt $tesyatically evaluate or even correlate such result
is strongly complicated by the unlimited variety differing sounds and sound characteristics. To
illustrate this, two comparisons shall be revievhede,

« acomparison for sinusoidal sounds as used foevh&iation of equal loudness contours, and
e a comparison for pink noise.

As can be seen from figures 1 and 2, ANSI S3.4:208fer matches the new 1ISO 226:2003 con-
tours defined in 2003 than DIN 45631:1991 ([7])idts evident because the respective DIN approach
had been introduced 12 years before the respel@®e226 contours. Consequently, they better match
the previous ISO 226 contours defined in 1987.

As purely sinusoidal sounds represent a particalass of sounds only, their use in being repre-
sentative for a broader class of sounds includeag life sounds is very limited. Also, it should kept
in mind that serious doubts had been brought fodvwierm the very beginning against poorer low fre-
quency weightings by the new ISO 226 curves whensieg their predecessors from 1ISO 226:1987
(18l
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Figure 1 — Comparison of equal loudness contouabtsned from DIN 45631:1991 with ISO 226:2003
curves ([7]).
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Figure 2 — Comparison of equal loudness contouobtsned from ANSI S3.4:2007 with ISO 226:2003
curves. ([7])

Also, the argument of more ISO 226 consistency fuather doubted by new insight that loudness
models matching previous ISO 226:1987 contoursnofige better agreement with subjective impres-
sions than loudness models matching more recent2B2003 contours ([6],[9]).

For these reasons the argument of better matclin§® 226 contours was highly controversial
when being used to justify a general preferencersd method with respect to the full spectrum of
applicable sounds.

To further illustrate the difference of the methpflg 3 shows results for pink noise as obtained
from the calculation procedures of DIN 45631:199M aANSI S3.4:2007 ([10]). By tendency, this
results seems to be representative in statinghledtloore/Glasberg approach tends to higher lousines
values for broadband sounds. Typically, this diéfere relates to level differences of up to 5 dB.
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Figure 3 — Comparison of calculated loudness fok pioise as obtained from DIN 45631:1991 and ANSI

S$3.4:2007 ([10]).

In conclusion, it may be stated that the ANSI apglotends to higher loudness values for broad-
band sounds as well as to stronger suppressiotmwfrequency sound contributions. Although the
results show unpredictable differences, these wdiffees are found to be in the range of subjective a
sessment uncertainties.
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5. SCIENTIFIC DEVELOPMENT AND NORMATIVE CONTINUITY

Standards — by their very nature — define a confiliea between the dynamical request of science
to continuously follow any improvement or adaptatio new procedural insight and the static demand
of industry for continuity to ensure widespread asel to allow for long-term comparison of sound
characteristics. It is obvious that normative coatiy is an important and legitimate requirement of
the standard user community, crucially determinting benefit of a standard and thus representing a
high value. This is because continuity only may rgméee long term comparability of results. This
seems to be of particular importance for psychoatiounetrics which did hard to get introduced and
acknowledged after many years.

Therefore, particular care in changing standardededed to ensure long term reliability and
consistency in use against any desire for premathogt term improvements. Significant improve-
ments only justify the effort of essentially revigi or modifying a well accepted and acknowledged
standard. This is particularly true if this revisibreaks off long term data continuity by introdugi
differing results for the same input data. Consedlygeit was this requirement of continuity whichh
prevented the supporters of the Zwicker methodrplément more than slight adaptations by now.

Of course, this legitimate interest of industry sahbe an excuse for inappropriate inflexibility
against improved insight and scientific progresst &ience really needs good and strong arguments
to justify essential changes of established stadglasthout risking or even loosing their credibjlit
and convinced acceptance.

In spite of year long search for doubtless evideofcbetter results (with respect to better match
with subjective impressions), no systematic, uniguperiority of any approach could be found. The
only convincing and traceable improvement with exdpto “better” results could be proven for
standardized (sinusoidal) hearing impressions ések by ISO 226 equal loudness contours. How-
ever, the limited practical relevance of purelyusiaidal sounds together with serious doubts inebbett
basing assessments of complex sounds on the méttcmew instead of previous ISO 226 curves pre-
vented ISO TC 43 WG 9 from finding respective corses.

6. RECENT DEVELOPMENTS AND OUTLOOK

Although being split and thus being far away frony &onsensus, a majority within ISO TC 43
WG 9 felt self-confident enough to remove the Zvecknethod from being an ISO standard any more.
However, the many passionate and intensive pregediscussions within WG 9 were taken up with
high interest and commitment by the interested comity, in particular by those having fixed long
term evaluation and specification procedures onhsis of ISO 532 B. Missing any convincing
evidence of the practical superiority of the newi@ach, many external institutions including scienc
and industry expressed their strong concerns ajettibns against the tendency to remove ISO 532 B.
Among these were the relevant suppliers of psychostic evaluation software who expressed their
strong opposition against any removal of a proviamdard.

However, all such involvement was not able to pu@ Woff going on with exclusively prioritizing
the new ANSI approach. Consequently, the initiaisien to include both methods into new ISO 532
was given up by recommending the removal of theckei method from ISO/DIS 532-1. Before
adopting this recommendation, ISO TC 43 thorough$gussed the many aspects of dissent and of the
resulting normative discontinuity and finally expsed confidence that this controversial issue was
going to be decided in a high sense of respongjthly the member bodies voting.

The discussions within TC 43 together with the maxjernal involvements brought forward be-
fore now were taken up by intensive discussionsvbeh the member bodies of ISO TC 43 and
interested institutions within their sphere of irdhce. Finally, these discussions ended up inar cle
disapproval of ISO/DIS 532-1 by the member bodietevogether with the requirement to preserve
the proven standard for the Zwicker method.

This requirement was picked up by ISO TC 43 WG 4 aesulted in preparing two separate
standards,

¢ 1S0O 532-1 “Methods for calculating loudness — ParZwicker method” and
« 1S0O 532-2 “Methods for calculating loudness — PariMoore/Glasberg method”

Meanwhile, respective committee drafts (ISO/CD) haen circulated to the ISO TC 43 member
bodies for comments. Based on these comments,e@viecuments will be circulated as committee
drafts again and it is planned to submit a formrafidof ISO 532 (ISO/DIS 532) by the end of the yea

ISO 532-1 will fully incorporate DIN 45631/A1 witfull disclosure of all necessary implementa-
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tion details including well documented software dgurce code. Thus, the implementation of the
Zwicker method will be available in a traceable way arbitrary non-stationary sounds including
stationary sounds as a special case. By this,chitinuity with previous implementations will be

guaranteed.

By ISO 532-2 the Moore/Glasberg method will be #afale as a procedural alternative. Starting
from an implementation of the approach for statignaounds first, it is intended to extend the
standard for non-stationary sounds later.

With these standards being introduced, the norreaiatform will be led back to widespread prac-
tice on an international level. This will help torther establish psychoacoustic metrics as anunstr
mental estimate of subjective hearing impressi@fscourse it would be favourable to have better
agreement between the results of each method hedirhe being, unless further research results give
new insight, the differences in numerical metricgsinbe handled by clear reference to the method
used in each case.

7. SUMMARY

There are good reasons for a twin solution intradgi¢wo separate standards, 1ISO 532-1 and ISO
532-2, both defining alternative methods for cadtidn of loudness. Conceding that no practical
superiority could be shown with respect to the mplitity of real life sounds, this concept will
maintain normative continuity by updating ISO 532aB®ng common practice only while following
recent progress in replacing 1ISO 532 A by the né\sAapproach.

This opens the floor for comparing the approacimgsractice. In the long term, this should allow
that proven practical value and usefulness — tagetlith new scientific insight — may offer a solid
basis for establishing a unique standard later.then

REMARK

This paper was motivated by repeated requests delwidisseminate background information on
the process and the related discussions and argamiich altogether finally led to the two separate
standards as described above. The author gratefcKgowledges this widespread interest and is glad
to present this information — after previous preéatan on the European level (Euroregio 2013) — on
the international level of Inter-Noise 2014 agaiowever, it should be mentioned that apart from
some updating information on progress in the reld&0O project, the content of this paper closely
matches with [11].
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