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In order to evaluate the subjective quality of different headphones. a real time simulation of transier functons is
achieved by adding filters to a reference heaézhone. Listening with quick switching from headphone to another one be-
comes possible, then subjective quality evaiuation method is improved. The results obtained with this method are com-

pared with those obtained with real headphores.

0 INTRODUCTION

Listeners™ subjective guality assessments are tecoming
more and more commonly used to evaluate
electroacoustical equipment rather than objectively
mesuring selected parameters. [t is still difficult
however to link up the objective acoustical
characteristics of a given device with the subjective
preferences.

[t has therefore become necessary to improve the
methodology of listening tests. An ideal listening test
should produce results that are reproducible at any time
and should reflect only the audibly perczptible
characteristics of the electroacoustic equipment.

Many studies have been carried out on the subjective
evaluation of loudspeakers [1], {2]. (3]. (2] and the
listening tests have been quite well standardized [3].
This is not so in the case of headphones. on which only
a tew studies have been carried out (6], (7], (8].

A magnitude estimation method is proposed here for
assessing and comparing the subjective quality of
several headphones. In order to improve the
conventional method and to be sure that only the
audibly perceptible characteristics of the headpnone are
taken into account in making the subjective estimations.
a new experiment was designed : the acoustical
characteristics of the basic headphone were modified by
means of filters in order to simulate various other
headphones. It is possible in this way to listen with a
single headphone to the sound produced by several
headphone models.
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1 EXPERIMENTAL METHQD

There exist several forma! metheds of measuring
subjective responses.

The pair comparison method consists ot asking the
listener “which is better than™ or “worse than™ the other.
With this method one can obtain a simple rank ordering
which does not reflect the distances between the
subjective impressions.

With scaling methods (9]. the listener is given a scale.
which is often a verbal one ranging from excellent 1o
fair or bad. When the scale is a numerical one, the
listener is usually required to rate his impresssions
betwezn 0 and 10.

A more direct method is “magnitude estimation™ (10].
involving no imposed scale. in which listeners are
required to estimate the strength of an event as a
proportion of its original or reference intensity. This
method. which has also been used in sociology and in
psychology (to make esthetic assessments), was used
first by Stevens to mesure the reiationship between
loudness and sound intensity.

In the first part of the present studv. the subjective
quality of twelve different headphones was evaluated by
twenty listeners, using the magnitude estimation method
(11].

Each listener was asked to rate the quality of the
headphones successively by giving a number
proportional to the quality of the sound. The subjects
could choose any numerical scale since no fixed scale
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was imposed. The tests were all carried out with the
same musical passage lasting 1 mn (Glenn Miller. “In
the Mood™). The headphones were presented in the
same order to all the listeners.

The experiment was repeated a few days later under the
same conditions. except that the order of presentation of
the headphones was different.

The results presented in figure 1 are the averages of the
twenty listeners’ ratings in the first and second
experiments.

Geometrical averages of 22 listeners’ ratings
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The results were consistent since the corr2lation
between the two sets of ratings was equal to 0.93.

The magnitude estimation method is therefore a suitable
means of evaluating the subjective quality of
headphones.

In order to improve the conventional method however
we developed a modified version of the above
experimental procedure with which it is possible to
listen on a single headphone to the sound producad with
several headphone models (12]. Here the acoustical
characteristics of the basic headphone (namsad the
simulator headphone). were modified by means of filters
in order to simulate various headphones.

2 EXPERIMENTAL DESIGN

2. 1 Experimental set-up

The signals reaching the listener’s ears are filtzred by
the headphone. If we assume a headphone to be a linear
system, its acoustical characteristics will be given by its
transfer function (or its impulse response). The input
signal is convolved by the impulse response of the
headphone [13].

Due to the filtering. the simulator headphone will have
the same acoustical characteristics as any given
headphone. To perform the simulation. the transfer
function of the filter is taken to be the ratio of the
transfer function of the headphone to the transfer
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function of the simulator headphone(14] (for further
details, see part 1).

In order to obtain a stereophonic input signal. two filters
are needed, one for each channel. to simulate a given
headphone.

The filtering is achieved by means of two DSP boards
(Motorola 56001) connected to Macintosh II : the signal
can be convolved with the impulse responses of the
parallel filters (200 taps) in real time at a sampling
frequency of 44.1 kHz.

In the present experiment. filters were computed for use
with several simulators in order to simulate the
acoustical characteristics of various headphones .

With this experimental set-up. the listener wearing a
single simulator headphone can listen in tumn to severl
headphones simulated by the various filters and assess
their quality taking only their acoustical characteristics
into account (with real headphones. other factors such as
comrort. weight etc. might influence the listener's
estimations). Switching from one simulated headphone
to another. by simply changing the coefficient ot the
digual filters. takes less than 30ms: the testing time is
thus considerably reduced. The whole experiment can
be managed by the computer. which means that the
expenmental error is also reduced.

2.2 Experimentey interface

The interface wiih the experimenter was provided by
HyperCard. Some exiernal commands were added to
HyperCard in order to run the DSP boards.

The expenimenter could eusiiv it up the experiment and
select:

-the simulated headphones (lilters) to be presented to the
listenar.

-the simulator headphone to be used for the experiment.
-the source of the sound (a CD playver or a DAT).

The 2xperiment was managed by the host computer.
Each simulated headphone was chosen at random
amonz those selected and the filtering was carried out
by the DSP boards. At the end of the musical extract.
the listener was asked to rate the simulated headphone
qualitv. The listener’s ratings were recorded.

23 Listener interface

The listener intertace (VT320 terminal) was connected
to the Macintosh II through the serial port. The subject
was piaced in a sound proof room and was informed
about the experiment through the terminal screen and
asked 0 use the numerical keypad to rate the quality of
the headphone he was listening to.

3 LOUDNESS EQUALIZATIONS
If all the headphones to be compared do not have the
same ioudness, the listener might be disturbed and the

ratings affected (15]. (16].
The loudness of all the simulated headphones was
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therefore adjusted. Two methods were used. namely
subjective and objective equalization methods.

3.1 Subjective loudness equalization on a white noise
Subjective equalization of the simulated headphones
was carried out by six listeners on a white noise. at a
level of around 70 phones.

The listener was asked to adjust the level of all the
simulated headphones to the same loudness. using a
digital attenuator. He had to set a reference loudness by
selecting one of the simulated headphones and then
adjust the level of the other headphones to it. one by
one, using a pair comparison method.

The listeners required on the average a dynamic range
(max level -min level) of 9 dB to equalize the loudness
of the twelve simulated headphones. The standard
deviation of six listeners’ adjustments was less than
1dB. with each simulated headphone. The various
listener adjustments were in excellent agreement: the
correlation coefficient berween each of the lisiener’s
adjustments pertormed on the twelve simulated
headphones and the average ol all the listeners
combined was greater than 0.90.

The consistency of the listeners”™ adjustments was
mainly due to the experimental set-up : since swiiching
from one headphone to another one takes very litiz time
(only 30ms). the task of loudness equalization is not
really very difficult.

3.2 Objective equalization on a white noise
Objective equalizations were computed in crder to
standardize the energy of the various output signals
from all the simulated headphones. Several studies have
been carried out on this topic (17]. [18]. We used a
simple method: with a white noise as input signai. we
computed for each simulated headphone the power
spectrum (Ei) of the output signal in the 0 to I kHz
frequency range (the output signal was weighted 2y the
equal loudness contour at 70 phones). If the iowest
energy is EQ. the attenuation of each headphone s equal
to:

Al = 10 log (EVEOQ)
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Figure 2 gives the objective and subjective adjustments
with various simulated headphones.

They differed by less than 1 dB in the case of all the
headphones. Similar results were obtained with
loudspeakers [18].

3.3 Loudness equalization on various musical
excerpts

The subjective loudness equalization procedure was
repeated with two different pieces of music.

In the case of music. objective equalizations can be
computed using a low pass filtered white noise
(Fc=5kHz, 3dB/octave) as the input signal. in order to
keep roughly within the spectrum of the pieces of music.
Similar results were obtained to what was observed with
a white noise : excellent agreement between various
subjective adjustments (correlation coefficients greater
than 0.90) and differences of less than 0.5 dB between
objective and subjcective adjustments with each
simulated headphonz. '

With this experimental set-up. the loudness of the
various simulated headphones can theretore be
satisfactorily equalized either by performing objective
calculations or by asking a tew listeners to perform
subjective cqualizatons.

4 INITIAL RESULTS OF SUBJECTIVE QUALITY
ESTIMATIONS

4.1 Reliability of the quality estimations

The subjective quality of eleven different simulated
headphones was evaluated by nine listeners. using the
same exmact from a spoken recording. lasting 15 s. The
simulator headphone used for this experiment was
headpnone n®5 (STAX lamda Pro). The magnitude
estimation method was used to assess the quality.

Each listener parucipated in six experiments. and
therefore rated each headphone six times on various
occasions. At each experiment the headphones were
present2d in random order.

Arithmetical averages of 6 listener's ratings
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Figure 3 gives one listener’s average rating and the
standard deviation.

With each listener. the correlation coefficient (Eravais-
Pearson) was computed between all the sets of mtings,
two by two. This coefficient was always highar than
0.60 (0.60<r<0.96) which means that all the ratings
produced by each listener were significantly ccrreiated
at a probability threshold of p = .05 [19].

In experiments with real headphones, the twenty
listeners participated in two experiments. Eere the
correlation coefficient between two sets of esumations
was greater than 0.30 with only twelve of the subjects
(the correlation between the two sets of estimancns was
significant at a probability threshold of p = .i0) and
greater than 0.70 with only six of them (significant at a
probability threshold of p = .01).

With the simulated headphones. the lisizners’
estimations of the various headphones™ gual:iy were
more reliable, mainly because it took only a siomttuime
to switch from one headphone to another with :3is set-
up (around 30ms with simulated headphcazs as
compared to 5 or 10s with real headphones).

4.2 General agreement among the listeners

In these experiments. since no scale was imgcszl. the
listeners used quite different rating scales -znz2ing
between 4 to 6 and 1510 75.

In order to balance out the ratings. we normai:z2d the

data as suggested by Stevens [10]: each lisizner’s

individual ratings were divided by the geometriiZ mean
of his ratings. The average of the combined l:si2ners’
ratings was the geometrical mean ot the nermalized
data. In this way. the relative values were preser24d and
the preponderance of large number: was
conterbalanced.

Figure 4 gives one of the listeners’ normalizec -2ungs
on the various headphones and the average: :f the
combined listeners’ ratngs.

Comparison between one llstener's rating
and the average of eight llsteners’'s ratnags
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The correlation coefficient was calculated betwezn each
individual listener’s ratings and the average of :il the
listeners’ estimations. In eight cases. this coefficiznt was
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higher than 0.80 (which means that the correlation was
significant at a probability threshold of p = .003) and in
one case only. it was equal to 0.45 (which means that
this listener’s ratings of the various headphones were
not correlated with the average combined listeners’
ratngs).

In order to compute the average of the other eight
listeners” ratings and the standard deviation we used
another type of normalization [20] which gives the
advantage of normalizing the rating dvnamic range used
by the listeners. With each listener. the average of each
set of normalized ratings was equal to O and the standard
deviation equal to 1 (z transtormation). The average of
all the listeners’ ratings combined was theretore the
arithmetic mean of the normalized data.

Figure 5 gives the average of the other eight listeners’
ratings and the standard deviation.

Averages of eight listeners’ ratings i1z transform)
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Allowinz tor a scaling factor. the results obtained after
this ncrmalization were very similar (0 those obrained
with th2 normalization procedure recommended by
Stevens.

4.3 Possible influence of the simulator headphone

Up to now, we have always used the headphone N5 as
simula:or for our experiments. The acoustical
characzeristics of this headphone are really good (the
frequercy response is flat), so it is quite 2asy 0 modify
the transfer function of this headphone in order to
simuiate others with less satisfactory acoustical
characteristics. It is worth noting that headphone N°3
was raizd by all the listeners as the best of all the
simulatzd headphones.

Two experiments were carried out with two other
simulaior headphones. One of these was headphone
N°1: it acoustcal characterisucs included large spectral
alterations and it was rated by all the listeners as a poor
quality headphone. The other one was headphone N°2.
which was rated as a good headphone.

The sutiective quality of the same eleven headphones.
simulatad by these two different headphones, was
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evaluated by six listeners using the same spoken
passage.

The averages of all the listeners’ normalised ratings with
these three simulators are given in figure 6.

Averages of listeners’ ratings on various simulator headphones
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[t can be seen from this figure that headphones N°3, N7
and N°6 were always rated higher when they were
simulated by themselves (i.e. when the impulse response
of the simulator filtcrs was a Dirac) than wien they
were simulated by another headphone. This is probably
due to the precision of the filters: it was necessary (0 use
200 taps on-line for the impulse responses ot the FIR
filters (at a sampling trequency of 4.1 kHz) to be able
to work in the reai-time mode: otherwise the fiiters were
not precise enough to simulate the acoustical
characteristcs of the real headphone.

The main point however is that the ratings obtained with
different simulators were highly correlated (0.82<r<0.86
and 0.84<rs<0.87). In conclusion. it can be said that the
listcners gave the various headphones the same quality
ratings whichever headphone was used as the simulator.

5 CONCLUSIONS

An improved listening test procadure is decrited here
whereby the acoustical characteristics of the basic
headphone were modified by means of filters in order to
simulate various other headphonss. In this way. subjects
are able to listen with a single headphone to the sound
produced by several headphone models.

The simulation was carefully controlled from the
acoustical point of view: the correlation coefficient
between the measured transter function of a real
headphone and that of the simulated headphone was
found 0 be higher than 0.85 (for futher details see part
1). This simulation method was also found to be
satisfactory from the perceptual point of view: the
ratings of the various simulated headphones were highly
correlated whichever headphone was used as the
simulator.

This experimental procedure is an improvement for
several reasons: it considerably reducss the

experimental time (in the case of headphones. switching
from one headphone to another takes around 5 to 10s:
with simulated headphones it takes less than 0.5s) and
the experiment can be managed entirely by the
computer, which makes for a lot of flexibility in
randomizing the order of presentation of the stimuli and
collecting and analyzing the data.

Furthermore, it is now possible to state with certainty
that listeners” assessements reflect only the audibly
perceptible characteristics of the electroacoustic
equipment. In addition. we noted that the consistency of
the listeners’ assesements was improved. which makes it
possible to link up the objective acoustical
characteristics with the subjective preferences.

One most important results of this study is the finding
that the quality of a headphone of poor or fair quality
can bte considerably improved simply by simulating on
it the acoustical characteristics of an excellent
headphone. This can be done in real time. with 2C0 taps
FIR filters at a sampling trequency of <<4.1 kHz.

In the case of headphones. the distortion is very small so
that they can be modelled with a linear system and their
acoustical charactaristics can be said to be given by their
transter function. If this holds true in the case of other
acoustical equipment such as loudspeakers. amplifiers
and microphones. this simulation technigue will also be
applicable to these devices as a means of improving the
listening tests as well as enhancing the quality of the
actual equipment.
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