N

N

Effects of headphone transfer function scattering on
sound perception

Mathieu Paquier, Vincent Koehl, Brice Jantzem

» To cite this version:

Mathieu Paquier, Vincent Koehl, Brice Jantzem. Effects of headphone transfer function scattering on
sound perception. 2011 IEEE Workshop on Applications of Signal Processing to Audio and Acoustics
(WASPAA), Oct 2011, New Paltz, NY, United States. pp.181-184, 10.1109/ASPAA.2011.6082317 .
hal-00648705

HAL Id: hal-00648705
https://hal.univ-brest.fr /hal-00648705
Submitted on 18 Nov 2016

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.univ-brest.fr/hal-00648705
https://hal.archives-ouvertes.fr

2011 IEEE Workshop on Applications of Signal Preoeg to Audio and Acoustics

October 16-19, 2011, NeWR &Y

EFFECTS OF HEADPHONE TRANSFER FUNCTION SCATTERING O N SOUND
PERCEPTION

Mathieu Paquier, Vincent Koehl

University of Brest (UEB)

European Center for Virtual Reality (LISyC EA 3883)

25, rue Claude Chappe
29280 Plouzané, France

ABSTRACT

This study aims at evaluating the audibility of cipal
modifications induced by slight but realistic cheagn the head-
phone position over a listener’s ears. Recordirgebeen per-
formed on a dummy head on which 2 different headphmod-
els were placed 8 times each. Music excerpts amdrmise were
played over the headphones and recorded with nfiomgs lo-
cated at the entrance of the blocked ear canakeThecordings
were then presented to expert and naive listenags @ single
test headphone. The subjects had to assess theling=in a
3I3AFC task to discriminate between the differeeadiphone
positions. With the exception of one music excdipt naive
listeners only, subjects were able to discriminétween the
headphone positions.

1. INTRODUCTION

Sound reproduction over headphones is used in rmuseppli-
cations such as sound quality assessment, binamaéring and
domestic use. Sound engineers often use headptmmesnitor
their recordings and mixes. When choosing a heatpmiodel
for a specific use, attention is paid to its typel &specially to
the quality of its transducers. Nevertheless, theting between
the headphone and the listener’s ears is not tiakeraccount.
The HeadPhone Transfer Function (HPTF) describék te
headphone response and the coupling to a listerears For
binaural restitution (based on recordings or syif)e the
HPTFs can be measured, averaged (for repeated repasus)
and inverted to compensate for the headphone mdkieand
recreate the exact signals at the listener's easording to
Pralong and Carlile [1], the equalization need$®¢ospecific to
the listener: they have measured the HPTFs of lfjesis
equipped with the same headphone by using an inmeearding
system. They found significant inter-individualfdifences in the
4 to 10 kHz range and showed that the use of ndividtualized
equalization can lead to errors in localizatiork$as
Nevertheless, the signals being equalized or astit is the case
for stereo recordings listened to over headphonésexen for
numerous cases of binaural restitution - the stagiecaused by
differences in the headphone position over therists’ ears is
not taken into account. However, it has been shthan slight
modifications in the headphone placement can leddrgje spec-
tral differences. Toole [2] reported that thesdedénces are less
than 5 dB below 2 kHz, but ranged from 8 to 15 dBwe 4-5
kHz. These differences were observed on 3 suceessplace-
ments on 3 human heads and on 3 dummy heads medsure
different types of headphones. Wightman and Kisf&rand
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Pralong and Carlile [1] measured respectively tieTFs on 10
humans for 10 headphone placements and on 10 huamah4
manikin for 6 headphone placements. They repohatistandard
deviations of the magnitudes could reach up to 5rd& 200 Hz
to 14 kHz. McAnally and Martin [4] measured HPTKs 20
headphone placements on 6 human heads. Standaatiatey
were generally smaller than 2.5 dB for frequenciggo 10 kHz,
and be as high as 9 dB above 10 kHz. Kulkarni aol@n [5]
also observed a standard deviation of 9 dB on HRWé&asured
for 20 headphone placements on an acoustic maiffidkirire-
quencies ranging from 9 to 14 kHz.

The perception of the sound scene might also keedltby HPTF
variability if the localization cues are modifiebhe variability of
the HPTF group delays being less than the minimusma d
criminable interaural time difference [4], the peptual conse-
quences of HPTFs variability would rather be preddy spec-
tral differences. Kulkarni and Colburn [5] and Mchly and
Martin [4] showed that HPTF and HRTF can exhibihitr
spectral features. Martin et al. [6] have asseshedability of
listeners to localize sound presented via a virtualio display
that incorporated listener-specific equalizatiosdzhon a single
HPTF measurement. They found that listeners coatdlize
virtual sound with free-field equivalent accuracy ight head-
phone placements. So the headphone placement séeimade a
minor influence on this localization task. The waaility ob-
served on HPTF magnitudes (characterized by higlegks and
dips in high frequencies) is highly reduced whesspay them
through a cochlear filter model. McAnally and Mar{4] ob-
served that the variability of the magnitudes tiéfed HRTFs is
generally considerably higher than that of the nitages of
filtered HPTFs. This suggests that the spectrarimétion used
by listeners to localize sound is unlikely to besked by the
variability of the HPTF magnitude. However, evewoubgh the
variability of HPTFs across headphone placements dot have
an adverse effect on localization task, it couldpleeceived an-
other way. As an example, for purposes of pure-trdiometric
testing, differences up to 15 dB have been obseivdtkaring
thresholds because of bad headphone positionindBggides, a
modification of the timbre could also be perceived.

The aim of this study is to evaluate whether réalishanges in
the headphone placement can lead to audible changtse
sound perception. In this test, it is not possitdlecarry out a
blind test by placing/removing the headphone okierlistener’'s
ears for the comparison of two consecutive placesn&o, in the
same way as for loudspeaker comparisons [8], tierelnt head-
phone positions have to be recorded beforehangyed back
over a fixed headphone. Three different monophaeiguences
(one pink noise and two musical excerpts) were gulagver 2
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different headphones and recorded with a dummy.HEael om-

nidirectional microphones were located at the emgaof the
blocked ear canal. The recorded sequences wer@bged back
to expert and naive listeners on a unique headpfien¢he

whole test. These sequences were also filteredrtgpensate for
the HPTFs of the test headphone. The listenerdsvas to com-
pare recordings differing only in the headphone@haent.

2. EXPERIMENTAL SETUP

2.1. Program material

Three short excerpts were used in this study. Tisé éxcerpt
was a pink noise (3.5 s) and two music excerpte wgetected
from commercially available stereo material. Thegrev ex-
tracted from CDs as 16-bit, 44.1-kHz Wave form&tsfi The
second excerpt (Ben Harper, 5 s) included drumsacoustic
guitar, a male human voice and choir voices. Tliel thxcerpt
(Leonard Bernstein, 4 s) included a symphonic asthe As all
of the 3 excerpts were presented in monophoniéutsh, the
left channels only were kept for the musical extgrixing
two recorded channels being generally not recomef@].

2.2. Recordings

The recordings were made by using a dummy headniisen
KU 100) whose microphones (omnidirectional) areated at
the entrance of the blocked ear canal. Severalestudhve high-
lighted the benefits of this type of recording. frthis point and
up to the eardrum, the complete spatial informatsomcluded
in the signal, but the inter-individual variability much lower at
the entrance because mainly caused by differemcései shape
of the ear canal [11]. This technique also enaliesuse of
rather large diaphragm microphones having bettgnasito-
noise ratios than the probe tubes used to medseisotind pres-
sure within the ear canal [12]. Nevertheless, Madteal. [10]
put the emphasis on the fact that a blocked eaal carasure-
ment is only valid in case of headphone with Fried=quivalent
Coupling to the ear (FEC) which means that the siical load-
ing applied by the headphone on the ear canal gligiae. If
the headphone does not fulfill the FEC conditiomiich is the
case for the closed headphones, the measure sheutdrried
out in the open ear canal. The change in acoustpedance
occurring to the eardrum-ear canal system becafitkeoear
closure by the headphone is thus taken into accduatdevia-
tion of up to 4 dB in the Pressure Division RatRDR: ratio
between the pressures measured at the entranceheof
open/blocked ear canal, with and without the headpt10]) is
tolerated, then most of the “open” headphones F&@ proper-
ties. Since the inter- and intra-individual diffeces observed on
HPTF measurements are largely above 4 dB, thisoappation
is not excessive. In this paper, 2 different heatghmodels
were under study:

¢ A: Sennheiser HD497 (supra-aural)

« B: Sony MDR CD580 (circum-aural)

These headphones were open and considered as Haiiig
properties. Each of them was placed and then rednover the
dummy head by two different experimenters. The erpnters
did not attempt to place the headphones in cripesitions but
only tried to reposition them as they should bemadly placed
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over a listener’'s head. The 3 excerpts were thosrded in 8
different positions for each headphone model.

2.3. Normalization of the recording levels

Even though recordings made on different headphaees not
to be compared in the listening test, the meanideper head-
phone were matched. So the possible differencesdibility of
the positioning variability among the two headphonannot be
charged to differences in listening levels. Theording levels
were thus normalized so that the average over thia@&ments
is alike for the two headphones. This is equivaterd compen-
sation of the two headphone sensibilities. Howetles, relative
levels of the 8 recordings made using one singelpleone were
not modified. The differences in these levels aased by dif-
ferences in the headphone position and shall nebhwensated
as they are a clue to perceive the positioningablity.

2.4. Test headphone equalization

The headphone used to perform all the subjectigesasnents
was the Sony MDR CD2000, exhibiting particularigtde and
broadband HPTFs. This headphone has been equdlizéd

verse filtering [10], when averaging over 8 HPTFasw@ements
(Figure 1). These transfer functions have beenidédaby plac-
ing the headphone over the dummy head. A sweelsigs
been played over the headphone and recorded usndutmmy
head microphones. A headphone transfer functiogeigerally
characterized by smooth fluctuations in the lowgfrencies and
by individual high-Q peaks and dips at high frequies. An

individualized headphone equalization can be aehidw con-
sidering the HPTFs measured on each subject. Adthdbis

kind of equalization seems preferable, an averggelzation is
acceptable and used in most cases [10]. Moreokergoal of
this study is the subjective comparison of différezcordings
for which the restitution artifacts are identicatigualized. An
exact and individual equalization is thus not maodea
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Figure 1: Transfer function (mean and standardadiewi) of the
Sony MDR CD2000 headphone for the left (up) andhtrigar
(down).
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2.5. Test procedure

The recordings made using the dummy head were miezbe
during a listening test to determine whether differes in the
headphone positions are noticeable. The test témtedn an
audiometric booth, the listener was sitting in froha screen on
which the answering buttons were displayed anddcbel acti-
vated by using a mouse. The stimuli were played lmaer the
Sony MDR CD2000 headphone for the whole test. Thgest
was told to place it comfortably on his head andhad modify
this position hence the test had started. Thenkste task was to
discriminate recordings differing only by the hehdpe place-
ment using a 3I3AFC (3 Interval 3 Alternative Fatdghoice)
response paradigm. During a trial, 3 intervals warecessively
presented: one containing a certain recording iposénd two
containing a different recording position. The neliogs were
randomly assigned to the intervals. The stimulu thas pre-
sented once (referred to as oddball stimulus) cthdt appear
in first, second or third position. After havingtined to the 3
stimuli (no repetition allowed), the subject hadnidicate which
one of the 3 intervals was the oddball one. Theerisr had to
validate his choice to go on to the next trial. d@ampare this
way all recordings made for one excerpt played @rex head-
phone model (i.e. to compare the 8 positions)padisible com-
binations of 2 among 8 must be proposed (28 tamsneeded to
compare 8 stimuli). A “sub-session” was composedlbyrials
needed to compare all the recordings made usingsorge
headphone model. Since 3 different excerpts wererded for
each headphone, a sub-session was made of 84 Diaing a
sub-session, the listener had to assess the 28 associated
with the first excerpt, then the 28 trials for thecond one and
finally the 28 trials for the third one. The excegoder was ran-
domized as well as the headphone model was selattaddom
for each sub-session.

A session lasted 45 min and was made of two sufieses the
listener having a 5-min break between them. Theves pre-
ceded by a 5-min pre-test to familiarize the listewith the
answering interface and the stimuli. The listeniegel was
identical for all listeners and was set to a réialigstening level
for each excerpt, according to its content.

The listeners involved in this experiment were &@gert” and
10 “naive” (without music or listening backgrounaysessors
according to the 1ISO 8586-2 standard [13].

3. RESULTS
3.1. Audibility of the positioning variability

A t-test indicated that the average detection rgigsre 2) were
always significantly higher (p<0.003 in the ledagh#ficant case)
than 33.33% (equivalent to chance with a 3I3AFCpoese
paradigm), except for the case “naive listenerdpkane A,
excerpt 3 (Leonard Bernstein)”, for which the mefaiection
rate (40%) was not significantly different (p=0ftd)m chance
level (33,33%).

3.2. Headphone effect
The analysis of variance showed that the headpkéaet was

significant (F(1,108)=98.19; p <0.0001). The detetttask for
the oddball stimulus appeared then to be signifiganore dif-
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ficult for the recordings made using the headphénéSenn-
heiser HD497) than for the headphone B (Sony MDRB&D).

3.3. Listener’s background effect

The analysis of variance showed that the listenesiskground
effect was significant (F(1,108)=47.39; p <0.000Lhe detec-
tion task for the oddball stimulus appeared themeosignifi-
cantly more difficult for the naive listeners thior the expert
ones (Figure 2).

3.4. Excerpt effect

The analysis of variance showed that the excefpttefvas also
significant (F(1,108)=39.75; p<0.0001). The Fish&SD test
indicated that the detection rate was significahtgher with the
pink noise than with the two musical excerpts (§801). The
two musical excerpts did not obtain significantfeliént detec-
tion rates (p=0.09). So the detection task foratidball stimu-
lus appeared to be significantly easier for theomings made
using pink noise than music (Figure 2).

4. DISCUSSION

The most important result regarding this studyhis ¢onfirma-
tion that headphone positioning variability prodsicaudible
differences in most cases. The detection rate Her addball
sequence varies significantly across the headphae=rpts
and listener’s background. The naive listenerstdsighificantly
detect the oddball stimulus with the Leonard Bezimsexcerpt.
However, for all the other cases, detection sceree always
significantly higher to the value that could be abéd by
chance. As it could be thought from past studiesb[4the ac-
tion of placing and replacing a headphone ovestader's head
causes significant modifications to the signal ¢ahijely and
perceptually). So the frequency smoothing appligdhe inner
ear [4] doesn't totally filter out the differencesluced by suc-
cessive replacements. In this study, the stimutevabtained by
recording the headphones using a dummy head, they then
placed by the experimenters themselves. It mighhbeght that
the successive headphones replacements would leaverbore
repeatable if carried out by the listeners thenese[20]. Never-
theless, the results significance, highlighting ti®vious audi-
bility of the differences caused by successive timos over a
dummy head, could get to think that similar resultauld have
been obtained for listener specific headphone ipogitg vari-
ability.

The audibility of the modifications induced by hphdne posi-
tioning variability does not necessary signify thatequalization
is mandatory to compensate for these differenaeinaural
synthesis, it has been shown that the peaks ckazcy the
HPTFs were so high that the HPTF variability wagligible [4].
In the same way, it can be thought that the micoopk, equali-
zations or treatments used by sound engineers yntidifsignal
in a more significant manner than the differenceséadphone
placement. In addition, it would be quite hard ¢onpensate for
these differences: a real-time headphone equalizatvould
require an in-situ (i.e. in the listener's ears@gaure measure-
ment that would be by definition carried out in opear canal
conditions. This kind of measurement would be aqatsined
by using a probe tube and would therefore be of pelability
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Figure 2: Mean detection rates for the headphongs) And B ¢), the 3 excerpts, and the two listener groupsiwitheir 95% con-

fidence interval.

because of the positioning accuracy, the frequeasponse of
the probe microphones and the calibration difficult

In summary, the main conclusion that can be dranem fthe

results of this study would be a recommendationatdvwhead-
phone users: the headphone positioning variabifityhighly

perceptible and should be taken into account. Tifferences

caused by variability in the headphone placemereweore

easily perceived using pink noise than musical gtse This

statement may have several explanations: on one tienpink

noise is an almost steady-state signal which fatés the memo-
rization effort, which might be tough for musicaicerpts, even
very short. On the other hand, the spectral coménhe pink

noise ensure that the spectral modifications cabygeal specific
position, with possible high-Q peaks and dips, W high-

lighted. This will not necessary be the case forsimwhose
spectral content is much less regular and much rtiare-

varying. Biicklein [14] observed that the detectmmnspectral

peaks and dips was more accurate using white tleesemusic.
He assumed that the audibility of the resonance=ased with
the spectral content.

5. CONCLUSION

Past papers indicated that spectral modificatiomescaused by
headphone positioning variability. The present gtstiowed
that these spectral modifications led to audiblfedinces in
most cases. However expert and naive listeneraaticexhibit
the same discrimination accuracy. The modificatioaused by
differences in the headphone position were alwatsated by
expert listeners whereas they were not perceivedglye listen-
ers when the symphonic music excerpt was presentedone
of the two different headphone models.
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