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Differences of loudness algorithms across the frequency spectrum
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Introduction

This day, ” Zwicker’s model” is probably the most recog-
nized method for calculating the loudness of stationary
complex sounds. It was first standardized in ISO 532 B
[3] and refined in DIN 45631 [2]. Indeed, the standard is
a simplification, allowing an easy and fast computation.
It is competed by ANSI S3.4-2007 [1], which is basically
a step-by-step implementation of the original model, but
with different concepts of critical bands and masking.
This leads to significant differences in the calculated out-
puts, especially for broadband sounds like pink noise [5].
Some studies have focused on deciding which algorithm
calculates better the loudness, however, it is also inter-
esting where and why they are different.

Comparison of specific loudness

Because of the different implementations, specific loud-
ness is the first stage where the algorithms can be com-
pared. In the case of ANSI S3.4-2007, it is given monau-
rally. However, contrary to the original order, the multi-
plication for diotic representation can also be done before
the spectral summation. It is nothing but using the dis-
tributive law and allows a direct confrontation of the two
models’ binaural specific loudness.

Another problem occurs: The algorithms use different
filters for the critical bands. ANSI S3.4-2007 takes about
40 ERB to model the human hearing range, DIN 45631
about 24 Bark. Concerning specific loudness, it means
that both axes are different. The first step is to find a
joint abscissa. Any appropriate expression of frequency
could be used. The equations for transformations of Bark
and ERB to Hertz and vice versa can be looked up at
[4] and [1]. Figure 1 uses a logarithmic frequency scale.
Because of the transformation, the area below the curves
is not loudness. The figure shows the loudness which is
produced within one critical band at a given frequency,
but it ignores the fact that specific loudness is a kind
of density. For this reason, the ratio between ERB and
Bark must be considered, too.

That’s why a transformation of the ordinate is also
needed, however, it is more difficult. As the relation
between ERB, Bark and Hertz is strongly nonlinear, a
transformation from sone/ERB to sone/Bark must be
done frequency-dependent. For the comparisons the fol-
lowing way, illustrateted exemplary, is chosen: 1kHz
is 15.59 ERB, so the limiting frequencies are 15.09 and
16.09 ERB which is the same as 936 and 1068 Hz or
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Figure 1: Binaural specific loudness of pink noise with a
third-octave level of 40dB

8.09 and 8.93Bark. This means that 1ERB at 1kHz
is 0.85 Bark there. As another example, 1 ERB is only
0.65 Bark at 4kHz or less than 0.5 Bark below 250 Hz.
Taking the inverse of these ratios, 1sone/ERB yields
1.18 sone/Bark at 1kHz, 1.54sone/Bark at 4kHz and
2.02 sone/Bark at 250 Hz.

This method was chosen because it pays attention to the
limiting frequencies and is still simple. Other possibili-
ties would be to directly use the formulae for the critical
bandwidth given in Hertz or also more complicated meth-
ods. However, the small deviations among them are neg-
ligible for comparisons between the loudness algorithms.
In addition, if the specific loudness of ANSI S3.4-2007
is integrated along this transformed scale, the result is
the same as that of the original algorithm. Moreover,
it is very important that the abscissa and ordinate are
compatible so that the area under the specific loudness
curve is the loudness. Instead of using the Bark scale,
sone/third oct. and a logarithmic frequency axis could
be used the same way leading to the same conclusions.

Now the summation property of specific loudness is taken
into account and it is possible to compare the two stan-
dards, and above all their differences along the frequency
spectrum, by inspection. A good broadband sound for
this purpose is pink noise. Because of its constant level
per third octave, masking patterns play a minor role and
specific loudness is determined by the main loudness of
the critical bands. Figure 2 shows the specific loudness of
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pink noise with a third-octave level of 40 dB. Please note
that the abscissa is the Bark scale though it is labeled
with kHz for convenience. DIN 45631 calculates a total
loudness of 8.6 sone, ANSI S3.4-2007 12.7 sone.
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Figure 2: Specific loudness of pink noise with a third-octave
level of 40dB, indicated in sone/Bark as a function of Bark

At the low frequency range, specific loudness is estimated
somewhat higher by ANSI S3.4-2007. Here, the loudness
of a single component or pure tone is predicted less by
ANSI S3.4-2007 which can be seen at the equal loudness
contours as shown by [6]. However, there is much more
spectral summation as there are many ERB per Bark.
Although equal loudness contours and spectral summa-
tion are the main differences between the standards, the
two effects compensate each other at the low frequency
range. By contrast, they add up at the range around
3kHz: Here a pure tone is estimated louder by ANSI
S3.4-2007 and the spectral summation is much larger.
That’s why the biggest area between the two curves of
figure 2, and hence greatest difference in loudness, occurs
around the most sensitive area of the human ear.

Fitting to experimental data

Of course both DIN 45631 and ANSI S3.4-2007 try to
consider all the subjective data that was available at their
times. Nevertheless, there exist some new experiments
which allow a judgement of the standards’ performance.

Last year, we compared the loudness of pink noise to the
1kHz pure tone using the method of adjustment for loud-
ness levels from 43 to 83 phon [7]. None of the two stan-
dards predicts the loudness perfectly. DIN estimates it a
bit too high for higher levels and a bit too low for low lev-
els, however, its outputs always are within the interquar-
tile range of the experimental results. As ANSI S3.4-2007
needs 5dB less level than DIN 45631 [5], its predictions
are always too high. Of course, such a broadband noise
does not give hints about a special frequency range. How-
ever, it can be assumed that DIN 45631 predicts specific
loudness pretty well because of its good overall perfor-
mance. Furthermore, the real peak in specific loudness
around 3kHz cannot be as high as predicted by ANSI
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S3.4-2007. If it was, then the considerable overestima-
tion of total loudness would have to be reduced at other
frequencies, leading to a specific loudness of almost zero
there.

Another study [8] compared a multitone complex, having
levels of 50 to 74 dB(A) and components between 650 Hz
and 4.2kHz, to the 1kHz pure tone using a paired com-
parison. The results were similar to that of our experi-
ment at the higher levels, both algorithms overestimate
the loudness of the multitone complex, ANSI S3.4-2007
by more than 6 dB. This is one more hint that the lower
specific loudness of DIN 45631 around 3kHz is closer to
the subjective results.

Apart from this, the question arises, how the specific
loudness curves could be improved. It must be kept
in mind that the total loudness of the reference tone
must not be changed. To reduce the calculated loud-
ness of broadband sounds, the spectral summation must
be decreased. This can be done by decreasing the critical
bands’ main loudness. In order to keep the total value of
a pure tone, the loudness caused by excitation outside its
critical band then must increase. Such a change to the
method must be done carefully as it also affects masking,
the slopes then become flatter.

The better performance of DIN 45631 can be explained
in a similar way. Its masking slopes cover ranges which
are not reached by the comparatively steep slopes of the
ERB filters. More important, there is more spectral sum-
mation in the case of ANSI S3.4-2007, namely, 40 ERB
instead of 24 Bark sum up. This frequency-dependent
additional broadband effect can be seen when plotting
the specific loudness in the same units.
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