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EP 2 830 324 A1
Description

[0001] The present invention relates to a headphone and a headset.

[0002] Headphones and earphones typically comprise a housing with an earpad which is placed onto the ear or around
the ear of the user. The housing and the earpad can be acoustically substantially sealed or not sealed, i.e. acoustically
open. Acoustically sealed headphones and earphones are advantageous as they have certain passive noise dampening
capabilities. However, these earphones and headphones are sometimes uncomfortable to use, due to encapsulation
effects like heat and moisture generation as well as acoustical occlusion (resulting in a changed own voice perception)
and structure borne noise amplification (e.g. cable noise). On the other hand, acoustically not sealed or opened earphones
or headphones do not have a passive noise dampening capability but are more comfortable to wear thanks to heat and
moisture evacuation as well as avoidance of acoustical occlusion and structure borne noise amplification. Moreover,
opened or semi-opened headphones are known for better audio quality thanks to the spatial hearing experience. Fur-
thermore, venting of headphones is often used for acoustical tuning reasons (e.g. for bass amplification). Similarly, this
venting impairs the passive noise dampening of the headphone.

[0003] US 5,815,583 shows a headset having an open back as well as noise reduction capabilities.

[0004] Itistherefore an object of the invention to provide a headphone and a headset which are acoustically not sealed
and have at the same time a good noise isolation capability due to an improved active noise cancellation.

[0005] This object is solved by a headphone according to claim 1 and a headset according to claim 6.

[0006] This object is solved by a circumaural or supraaural headphone comprising a housing with an open end and
at least one defined dominant acoustic opening, an acoustically sealing earpad arranged at the open end of the housing,
and at least one microphone arranged adjacent to common ear or in the vicinity of the dominant acoustical opening for
detecting noise, wherein the dominant acoustic opening is arranged within a radius of 2 cm around a midpoint of the at
least one microphone. The headphone also comprises an active noise compensation unit for performing an active noise
compensation based on the output of the microphone and for generating a compensation signal. The headphone or
earphone also comprises an electro-acoustical transducer inside the housing for reproducing the compensation signal.
The at least one microphone is arranged or positioned such that a sound transmission time from the at least one
microphone to an entrance of an ear channel of a user wearing the headphone is greater than a sound transmission
time from the electro-acoustic transducer to the entrance of the ear channel. With such an arrangement of the microphone
in the headphone, it is possible to use the additional time for the active noise compensation.

[0007] According to an aspect of the invention the headphone or earphone also comprises a sound delaying unit
arranged between the dominant acoustical opening and the open and of the housing for delaying a sound entering the
dominant acoustical opening.

[0008] According to a further aspect, the microphone of the invention the microphone is a feed-forward microphone
and the active noise compensation unit is based on a feed-forward algorithm.

[0009] According to a further aspect of the invention, the dominant acoustic opening has an area which is not larger
than 7 cm2.

[0010] According to a further aspect of the invention, the dominant acoustic opening is defined as that opening which
when closed has a significant change of the insertion loss by at least 5dB in the 1/3 octave bands from 200 Hz to 8 kHz.
[0011] Accordingtothe invention, the (feed-forward) microphone is arranged in the proximity of the dominant acoustical
opening in the housing of the headphone, earphone or heaset. The dominant acoustical opening is defined as an opening,
which when closed has an insertion loss by at least 5dB in the at least 1/3 octave bands from 200Hz to 8 kHz. If the
(feed-forward) microphone is arranged in the proximity of the dominant acoustical opening, the active noise cancelling
or active noise reduction will be enhanced greatly.

[0012] Therefore, a headphone is provided which comprises a housing with an open end towards the ear of a user
and at least one defined acoustic opening. The headphone or earphone furthermore comprises an acoustically sealing
earpad at the open end of the housing, a microphone adjacent or in the vicinity of the acoustical opening for detecting
noise, an electro-acoustical transducer inside the housing for reproducing an electrical signal into an audio signal. The
headphone or earphone furthermore comprises an active noise compensation unit for performing an active noise com-
pensation based on the output of the microphone. The active noise cancellation unit is furthermore adapted to output a
generated compensation signal to the electro-acoustic transducer, which in turn is reproducing this compensation signal.
Between the at least one acoustical opening and the first end of the housing, a sound delaying unit may be provided for
delaying the sound which is entering the acoustical opening.

[0013] The headphone can be embodied as a circum-aural or supra-aural headphone.

[0014] The headphone according to the invention comprises a feed-forward active noise cancellation capability. In a
feedback active noise cancellation headphone, the microphone is arranged close to the position where the compensation
is to be performed, for example the entrance of the ear channel and therefore inside the housing of the headphone. This
is advantageous as noise or the audio signal can be picked up exactly at the position where it is to be compensated but
on the other hand, the noise will have already reached the position where it is supposed to be compensated and therefore,
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there is no time left to compensate the received noise. It should be noted that the generation and transmittance of the
compensation signal will also required some time. Therefore, a good compensation can only be achieved at low fre-
quencies (with slowly changing noise signals).

[0015] However, in a feed-forward active noise cancellation system, the microphone is positioned such that primarily,
the noise from outside is detected. This is advantageous as compared to a feedback active noise compensation as the
noise signals which are to be compensated are already detected outside or at the outer regions of the headphone and
thus the active noise cancelling units can have more time to generate a compensation signal. This can typically be
performed during the time that the noise requires to travel to the entrance of the ear channel. The use of the feed-forward
active noise cancellation, however, will depend on the position of the source of the noise as the noise will take different
acoustic pathways and will require more or less time to travel. This variance increases with increasing frequency and a
good compensation does not appear to be possible for frequencies above 1 kHz without using the invention. According
to an aspect of the invention, the variance in the audio signal travelling time is to be reduced. Thus, according to an
aspect of the invention, the sound transmission time from the microphone to the entrance of the ear channel is greater
than the sound transmission time from the electro-acoustic transducer to the entrance of the ear channel.

[0016] According to an aspect of the invention, the dominant acoustic opening comprises a first end and a second
end. The first end or entrance of the dominant acoustic opening is towards the outside and the second end is towards
the inside of the housing 10. Between the entrance of the dominant acoustic opening and the position inside the housing
where an entrance of an ear channel of a user wearing the housing is positioned, sound delaying units can be provided
to further delay the sound as entering the entrance of the dominant acoustic opening.

[0017] According to a further aspect of the invention, the housing comprises a ventilation opening. The ventilation
opening is advantageous as it reduces any variations in the pressure inside the housing. However, the provision of a
ventilation opening will lead to a reduced passive dampening of the housing.

[0018] Advantages and embodiments of the invention are now described in more detail with reference to the figures.

Fig. 1A, 1C and 1D  each show a schematic representation of a headphone,

Fig. 1B shows an acoustic circuit diagram of the headphone according to Fig. 1A, 1C and 1D,

Fig. 2A, shows a schematic representation of a headphone,

Fig. 2B shows an acoustic circuit diagram of the headphone according to Fig. 2A,

Fig. 3A shows a schematic representation of a headphone according to a first embodiment,

Fig. 3B shows a schematic representation of a headphone according to a second embodiment,

Fig. 3C shows an acoustic circuit diagram of the headphone according to Fig. 3A,

Fig. 3D shows a schematic representation of a headphone according to a third embodiment,

Fig. 3E shows a schematic representation of a headphone,

Fig. 4A shows a schematic representation of the measurement setup for identifying the arrangement
according to the invention

Fig. 4B shows a schematic representation of a measurement setup which is not appropriate for identifying
the arrangement according to the invention

Fig. 4C shows a schematic representation of the measurement setup for identifying the arrangement
according to the invention

Fig. 5A shows a measurement result of the measurement setup according to Fig 4A of a headphone
according to the invention,

Fig. 5B shows a measurement result of the measurement setup according to Fig 4A of a headphone
according to the invention,

Fig. 6 shows a schematic representation of a headphone according to a fourth embodiment, and

Fig. 7 shows a schematic representation of a headphone according to a fifth embodiment.

[0019] Fig. 1A, 1C and 1D each show a schematic representation of a headphone according to the prior art. Fig. 1B
shows an acoustic circuit diagram of the headphone according to Fig. 1A, 1C and 1D. An audio source 100 transmits
an audio signal or noise. The headset comprises a housing 10 with an open end 12, an earpad 20 arranged at the open
end 12, an outer microphone 30, an electro-acoustic transducer 40 and an active noise compensation unit 50. The
microphone 30 is used to detect the noise from the audio source 100 and forwards its output signal to the active noise
compensation unit 50, which performs an active noise compensation based on the output signal of the microphone 30
and forwards an output compensation signal to the electro-acoustic transducer 40 which is used to reproduce the
compensation signal.

[0020] In Fig. 1A, a headphone with a feed-forward active noise cancellation is depicted. The feed-forward algorithm
is based on the fact that the outer microphone 30 detects any noise from the outside and that there is no significant
feedback towards the electro-acoustic transducer 40 for outputting the compensation signal from the active noise can-
cellation unit ANC 50. The first path P, is the path from the sound source 100 to the feed-forward microphone 30. The
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second path P is the path from the audio source 100 through the headphone directly to the ear 200. The headphone
may comprise an earpad 20 at its open end 12.

[0021] It should be noted that the noise from the audio source 100 can reach the ear 200 via different acoustical paths.
In Fig 1A a transmission path through an acoustically not sealed earpad is depicted. In addition, the ear 200 can also
receive the output signal of the electro-acoustic transducer 40.

[0022] In Fig. 1B, the acoustical circuit diagram is depicted, wherein the filter F corresponds to the active noise
compensation unit 50 and the block S corresponds to the signal path of the output signal of the electro-acoustic transducer
to the ear 200. When the filter F is a digital filter, the path S also includes the transmission characteristics of the digital
signal processing hardware.

[0023] Accordingly, the required transmission function of the filter for the active noise compensation unit is F =
-Pg/(Py*S). It should be noted that the performance and the quality of the feed-forward active noise compensation
depends on the causality and the invariance of the coefficient Pg/(Py,*S). Causality, since only causal filters can be
realized. Invariance, since maximum performance can be reached in each case using the one optimal invariant Filter.
The causality issue is e.g. described in US 2009/0046867, where a solution is proposed to minimize the latency of the
digital signal processing in S so that causality holds. One aspect of the arrangement according to the present invention
proposes an acoustical solution to maximize the latency of the coefficient Pc/P), so that causality holds.

[0024] The variance issue has different causes, like production differences, inter-individual differences and external
sound field differences. Adaptive ANC systems can be a solution to adapt to occurring variances, while for non-adaptive
ANC systems variances have to be minimized to guarantee performance. Production differences are treated by appro-
priate calibration during the production process. Inter-individual differences mostly occur when the seat of a headphone
or earphone in, on or around the ear leads to a varying leakage depending on the user. Both the transmission path of
the transducer to the ear (Path S) and the quantity of noise penetrating to the ear (Path Pg) are varying depending on
the seat condition. This fact is described e.g. in US 2012/0148061, where a solution is proposed for decreasing the
variance arising from inter-individual seat differences.

[0025] The third cause of variance, the external sound field differences, is relevant for circumaural and supra-aural
headphones (no significant effect on earphones). It means that the coefficient PE/PM depends on the relative position
of the sound source. In the case of in-ear headphones or hearing aid devices the coefficient PE/PM is not suffering from
variance, due to the small design size of in-ear headphones, where acoustical transmission paths, openings and trans-
ducers are collocated in a confined space. Thus, variances occur only in the high frequency range (> 5 kHz) at which
in any case no ANC effect can practically be achieved. One further aspect of the arrangement according to this invention
proposes a solution to minimize this kind of variance for circumaural and supraaural headphones. It should be noted
that circumaural or supraaural headphones are advantageous as they allow an improved wearing comfort in relation to
earphones worn in the ear. Earphones worn in the ear of the user may increase a sweating in the ears and may lead to
skin irritations. Therefore, according to the invention, circumaural or supraaural headphones are used enabling a good
wearing comfort.

[0026] In the Figs. 1C and 1D, a headphone according to the prior art is shown. The headphone has an earpad 20
which is not acoustically sealed, a second path Pg from the audio source 100 to the human ear 200 may lead through
the earpad 20. In the Figs. 1C and 1D, situations are shown where the position of the audio source 100 is different.
Different positions of the audio source 100 can lead to different time delays in the different paths from the audio source
100 to the human ear 200.

[0027] The first condition for a good ANC performance is the causality of the coefficient Pg/(Py,*S). This condition is
fulfilled if the time delay data Apg of the path Pg corresponds to or is greater than the sum of the delays ATp, + ATg of
the paths Py, and S. In Fig. 1C, a situation is shown where the time delay of the path Pg is greater than the sum of the
time delay of the path P, and the path S. However, in the situation as shown in Fig. 1D, the time delay of the second
path Pg is smaller than the sum of the time delay of the first path P, and the path S. Accordingly, the performance of
the headphone shown in the Figs. 1A, 1C and 1D is not optimal, since causality is not guaranteed for all situations. The
second condition for a good ANC performance is the invariance of the coefficient P/(P),*S). As shown in Figs 1C and
1D, the different transmission paths P of sound from the audio source 100 to the ear via the earpads 20 and the different
transmission paths Py, of sound from the audio source 100 to the feed-forward microphone 30 lead to a variance of the
coefficient Pg/(Py*S). This leads to the situation where a specific ANC filter is required for each of the different relative
positions of the audio source 100 relative to the ears 200 of the user. Accordingly, in the situation shown in the Figs.
1A, 1C and 1D, the performance of the headphones is not optimal.

[0028] Fig. 2A shows a schematic representation of a headphone. The headphone has an earpad 20 which is acous-
tically sealed, but comprises a venting 11 at its ear cup 10. The sound transmission form a first audio source A 100 and
a second audio source B 110 to the human ear lead through this opening 11. The (second) path P g is the transmission
from a first audio source A 100 to the human ear 200. The (second) path Pgg is the transmission from a second audio
source B to the human ear 200. The (first) path P,y is the transmission from a first audio source A 100 to the feed-
forward microphone 30. The (first) path Pg,, is the transmission from a second audio source B to the feed-forward
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microphone 30.

[0029] In Fig. 2B, the acoustical circuit diagram corresponding to Fig 2A is depicted, wherein the filter F corresponds
to the active noise compensation unit 50 and the block S corresponds to the signal path of the output signal of the electro-
acoustic transducer to the ear 200. Accordingly, the required transmission function of the filter for the active noise
compensation unit depends on the acoustic source position. For compensation of sound emitted by acoustic source A,
the filter required is F = -Pg/(P\*S). For compensation of sound emitted by acoustic source B, the filter required is F
= -Pge/(Pgy*S). Accordingly, in the situation shown in the Fig. 2A, the performance of the headphone is not optimal,
since invariance does not hold.

[0030] Fig. 3A shows a schematic representation of a headphone according to a first embodiment of the invention.
The headphone according to the first embodiment comprises a housing 10 with an open end 12, an earpad 20 arranged
or attached around the open end 12, a collector or acoustical opening 11 in the housing, a microphone 30 arranged in
or adjacent to or near the collector opening 11 in the housing 10, an electro-acoustic transducer 40. The microphone
30 is used to detect noise from an audio source 100 and forwards its output signal to the active noise compensating unit
51 which performs an active noise compensation ANC based on the output signal of the microphone and forwards an
output compensation signal to the electro-acoustic transducer 40 which is used to reproduce the compensation signal.
The sound entering via the collector or acoustical opening 11 can enter the human ear 200 and in particular an ear
channel of the user.

[0031] Preferably, the headphone is embodied as a circumaural or supraaural headphone which enables an improved
wearing comfort in comparison to in-ear phones worn in the ear of the user.

[0032] Fig. 3B shows a schematic representation of a headphone according to a second embodiment of the invention.
The headphone according to the second embodiment comprises a housing 10 with an open end 12, an earpad 20
arranged or attached around the open end 12, a collector opening 11 in the housing 10, a microphone 30 arranged in
or adjacent to or near the collector or acoustical opening 11 in the housing 10, an electro-acoustic transducer 40 and a
baffle 60 which is arranged inside the housing 10 between the collector opening 11 and the earpad 20. The baffle 60
can be implemented as a wall 60a which comprises at least one opening 61 through which the sound entering via the
collector opening 11 can enter the human ear 200. The baffle 60 can also be implemented in form of a bypass.

[0033] In the housing 10, a front volume 13 in front of the electro-acoustic transducer 40 and a rear volume 14 behind
the electro-acoustic transducer 40 can be provided. The front volume 13 is present between the electro-acoustic trans-
ducer 40 and the open end 12 of the housing where the earpads 20 are arranged. The rear volume 14 is arranged behind
the electro-acoustic transducer 40 and is enclosed by parts of the housing 10. The baffle or the bypass 60 is arranged
between the front volume 13 and the rear volume 14. Via the openings 61 in the baffle unit 60, sound can enter via the
collector opening 11 in the housing 10 and reach the ear 200.

[0034] The sound paths Pg + Pgg from the audio sources 100, 110 to the ear each comprise two sub-paths, namely
the path Ppg, Pgo from the sound source 100, 110 to the collector opening 11 and the invariant path Pog from the
collector opening 11 to the ear 200. According to the invention, the feed-forward microphone 30 is placed in, near or
adjacent to the collector opening 11. Thus, the path P,y;, Pgy from the sound source 100, 110 to the feed-forward
microphone 30 is the same as the path Ppg, Pgg from the sound source 100 to the opening 11. Thus, as shown in Fig
3C, the required transformation function of the ANC filter 51 is reduced to:

F= -POE/S.

[0035] This means that sound coming from an arbitrary direction does have a unique invariant quotient of transmission
Pg/Py, which is P, the sound transmission from the collector opening 11 or the microphone 30 to the ear 200 of the
user. Accordingly, the condition of the invariance of the ANC filter 51 can be fulfilled irrespective of the position of the
sound source relative to the ear.

[0036] In acoustically not sealed headphones ambient sound propagates through the openings of the headphone to
the ear, which impairs their passive dampening. With the acoustical configuration of the headphone, or headset according
to the invention, the penetrating noise can be actively damped at a much higher level than in prior art headphones.
According to the first aspect of the invention, the openings 11 of the headphone can be reduced to one dominant collector
opening, where the external sound is collected and enabled to propagate inside the ear. The sound penetrating through
the collector opening 11 will then propagate to the ear with one invariant transfer function regardless of its original source.
When a microphone 30 is placed near the one dominant collector opening and used for a feed-forward noise cancellation
system, one invariant transfer function for the ANC filter 51 is present that cancels out optimally any sound penetrating.
Thus a one-channel feed-forward active noise cancellation system using the microphone 30 placed near the collector
opening 11 will offer a high active damping performance. In fact, the penetrating sound through the collector opening
11 can be cancelled out actively at a very high degree, restoring the passive dampening that the headphone would have,
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if it the collector opening 11 is closed. Good noise isolation is achieved thanks to improved active noise compensation
while the advantages of an open or vented headset or headphone can be maintained.

[0037] Fig. 3D shows a schematic representation of a headphone according to a third embodiment. The headphone
comprises a headband 500 and at least one housing 10 attached to the headband. The cross-section of the collector
opening 11 can be so large that the headphone or earphone acts as a nearly open headphone. But it should be noted
that the principle of the invention (collecting the environmental sounds at one point from which they propagate invariantly
to the ear) works best when the cross section of the collector opening 11 is limited. The bigger the collector opening,
the smaller the frequency at which sound propagates from the collector opening to the ear invariantly (independently
from the original source position). E.g. for a frequency of 1 kHz (wavelength 34 cm) a collector opening 11 of 5 cm
diameter acts approximately as a collecting point. For a frequency of 6 kHz (wavelength 5,7 cm) a collector opening of
5cmdiameter doesn’tact as a collecting point, but rather as a space that the sound wave trespasses differently depending
from its direction of arrival. With such a collector opening dimension the compensation of higher frequencies will be
impaired. For good performance at higher frequencies, the collector opening should have an area not bigger than 7 cm?2
(3 cm diameter for a circular opening). Optimally the collector opening 11 is circular with the microphone 30 placed in
the middle and e.g. held by arms 31 in front of the opening 11.

[0038] Fig 3E shows a schematic representation of a headphone. Although the headphone has one dominant opening
11 as well as a feed-forward microphone 30 placed in the opening, the third condition of a limited cross section of the
collector opening is not fulfilled. The opening is so big, that the intended effect of the invention doesn’t hold, since sound
coming from an arbitrary direction doesn’t have a unique invariant quotient of transmission Pg/P,. This opening doesn’t
match the collector function of the collector opening, as described in the invention.

[0039] Summarized, ambient sound penetrating to the ear via the headphone could only be cancelled out at a high
degree by a non-adaptive feed-forward active noise cancellation system ANC when the conditions are fulfilled: a) the
sound dominantly penetrates via one dominant collector opening, b) the feed-forward microphone is placed in or near
the collector opening and c) the size of the collector opening is limited, typically to max. 7 cm2.

[0040] For the characterisation of the dominance of the transmission path of the collector opening, the insertion loss
of the headphone with the collector opening being opened and closed has to be measured. The difference of the insertion
loss in both cases gives the amount of sound which penetrates to the ear through the collector opening. E.g. if the
insertion loss at a certain frequency is increased by 10 dB when closing the collector opening, it means that a feed-
forward ANC system according to the invention will provide an active noise cancellation of 10 dB, since all the sound
penetrating via the collector opening can be cancelled out at a high degree. Differing from the invention, if there is at
least one further dominant opening than the collector opening, closing the collector opening will not increase the insertion
loss significantly (e.g. only 3 dB, since the sound still penetrate highly to the ear via the second dominant opening) and
thus, there is only the few potential of 3 dB for feed-forward active cancellation performance, with a feed-forward micro-
phone placed at the collector opening.

[0041] Fig. 4A shows a schematic representation of a measurement setup. As described above, the principle of the
first aspect of the invention holds when a dominant transmission path from ambient sound source into the ear leads
near the feed-forward microphone. Thus, for identifying if such a path exists, a putty ball of 2 cm radius is placed around
the feed-forward microphone, as shown in Fig 4A. Then a measurement of the insertion loss is accomplished according
to ISO 4869-3. This measurement is then compared with an insertion loss measurement of the original headphone. If
a significant change of the insertion loss is measured, this proves that a dominant transmission path according to the
first aspect of the invention exists. A significant change is when there is an insertion loss change by at least 5 dB in at
least one of the 1/3 octave bands from 200 Hz to 8 kHz. No significant change of the insertion loss will occur in the cases
where there is no performance advantage for a feed-forward ANC system according to the invention: a) If there is no
dominant opening near the feed-forward microphone (other openings may exist but are too distant from the feed-forward
microphone), b) if there is an opening near the feed-forward microphone, but the opening is too small and does not
transmit enough sound to inside the ear, c) if there is a significant opening near the microphone but there exist at least
one further dominant opening such that closing the opening near the feed-forward microphone does not significantly
effects the insertion loss and finally d) if there is an opening near the feed-forward microphone which is so big that the
defined 2 cm radius putty ball could not close the whole area of the opening, which leads to the unchanged insertion
loss. The radius of 2 cmis defined because this represents the distance from the feed-forward microphone to the collector
opening at which a significant performance increase is achieved thanks to the positioning of the microphone according
to the invention (where the necessary conditions Ppy; = Pag & Pgy = Ppo still hold),

[0042] A ball of putty is defined instead of a cover of putty, because a collector opening according to the invention
may exist inside the headphone not visible from outside, and so, it could not be covered by a cover of putty placed on
the headphone to test insertion loss change.

[0043] Fig. 4B shows such a headphone, where the dominant transmission path from outside to inside leads through
a lateral gap between the ear cup of the headphone and a cover plate, and then enters to the headphone interior via a
collector opening. The feed-forward microphone 30 is placed centric between the ear cup and the cover plate hearing
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to the collector opening, with the cover plate perforated in the centre just above the feed-forward microphone. A cover
of putty used outside the ear cup would covers only the apparent opening of the cover plate, while the actual dominant
transfer path near the feed-forward microphone was not closed for the insertion loss test. Using a ball of putty around
the feed-forward microphone a shown in Fig. 4C enables to clearly test the existence of a dominant transfer path according
to the invention, leading near the feed-forward microphone, regardless of the headphone shape.

[0044] Fig. 5A shows an insertion loss measurement of a headphone according to the first or second embodiment of
the invention with and without a putty ball around the feed-forward microphone. The insertion loss is given for 1/3 octave
bands between 20 Hz and 10 kHz. It is a positive value when noise is damped. The headphone has a high collector
opening, acting nearly open or semi-open. It has the advantages of open headphones but also a poor insertion loss.
With a feed-forward microphone placed in the collector opening, the good insertion loss of the headphone having its
collector opening closed can be restored actively.

[0045] Fig 5B shows an insertion loss measurement of a second headphone according to the third embodiment of the
invention with and without a putty ball around the feed-forward microphone. The headphone is a closed headphone with
a venting designed for acoustical tuning. The venting decreases the insertion loss moderately. Using the acoustical
arrangement according to the invention, with the venting being the collector opening where a feed-forward microphone
is placed, the insertion loss of the non-vented headphone can be restored actively.

[0046] The variation of the insertion loss directly gives the potential for active noise cancellation enhancement using
a feed-forward ANC system according to the invention. A significant performance effect is achieved when a significant
change of the insertion loss according to the measurement described above occurs. A significant change of the insertion
loss was defined above as being a change by at least 5 dB in at least one 1/3 octave band from 200 Hz to 8 kHz, since
this corresponds to a significant enhancement of the active noise cancellation.

[0047] Itshould be noted that the system according to the invention can be extended to a multiple channel feed-forward
ANC system with multiple dominant collector openings, each of them adjacent to a feed-forward microphone. Each feed-
forward microphone feeds an own ANC filter and its filter response which is a portion from the total antinoise will highly
damp the portion of ambient sound which penetrates to the ear via the dominant opening where the microphone is
placed. For the testing of the existence of a dominant transmission path near a microphone, all the feed-forward micro-
phones are covered by a 2 cm ball of putty and each microphone is tested alone by removing the putty from it and
comparing the insertion loss with and without putty at this microphone. When a significant change of the insertion loss
is measured at a microphone, this means that a performance advantage is achieved according to the invention, since
the related ANC channel will highly damp a significant portion of the sound penetrating to the ear. A second aspect of
the invention deals with the causality condition of the transfer function of the optimal filter F = - P5g/S.

[0048] Fig. 6 and Fig. 7 each show a schematic representation of a headphone or headset according to a fourth and
fifth embodiment implementing the second aspect of the invention. The headphone according to Fig. 6 comprises a
housing 10, an earpad 20, an opening 11 in the housing 10, a feed-forward microphone 30 arranged in, adjacent or near
the opening 11, an electro-acoustic transducer 40 and an active noise compensation unit (not shown). In the housing
10, a time delay unit 60 is shown which comprises a wall 60a and an opening 61. The time delay unit 60 is arranged
between the front volume 13 and the rear volume 14 inside the housing 10. The opening 61 of the time delay unit 60 is
positioned relatively to the opening 11 such that any sound entering via the opening 11 is delayed before it reaches the
ear 200 of the user. This delay is intentional to allow the active noise compensation algorithm to determine the required
compensation signal.

[0049] The headphone according to Fig. 7 substantially corresponds to the headphone according to Fig. 6, wherein
the sound delay unit 60 comprises a first and second portion, wherein the first portion comprises a wall 60a and at least
one opening 61. In the second portion which is arranged in the rear volume, a wall 62 is present which also comprises
at least one opening 63. The sound entering via the opening 11 must travel through the openings 63 of the second
portion and then via the openings 61 in the first portion before it reaches the ear of the user. According to the second
aspect of the invention a delay is added to the transmission path Pog which compensates for the delay of the Path S
and the optimal feed-forward filter F = -P5/S becomes causal. The sound delay unit can introduce a time delay of for
example 80 ps.

[0050] The sound delaying unit 60 can be implemented as a labyrinth to elongate the path that the sound signal must
travel from the opening 11 to the ear.

Claims

1. Circumaural or supraaural headphone, comprising
a housing (10) with an open end (12) and at least one defined dominant acoustic opening (11),
an acoustically sealing earpad (20) arranged at the open end (12) of the housing (10),
at least one microphone (30) arranged adjacent to, near or in the vicinity of the dominant acoustical opening (11)
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for detecting noise,

wherein the dominant acoustic opening (11) is arranged within a radius of 2 cm around a midpoint of the at least
one microphone (30),

an active noise compensation unit (51) for performing an active noise compensation based on the output of the at
least one microphone (30) and for generating a compensation signal, and

an electro-acoustic transducer (40) inside the housing (10) for reproducing the compensation signal,

wherein the at least one microphone (30) is arranged such that a sound transmission time from the at least one
microphone (30) to an entrance of an ear channel of a user wearing the headphone is greater than a sound trans-
mission time from the electro-acoustic transducer (40) to the entrance of the ear channel.

Circumaural or supraaural headphone according to claim 1, wherein
a sound delaying unit (60) arranged between the dominant acoustical opening (11) and the open end (12) of the
housing (10) for delaying the sound entering the acoustical opening (11).

Circumaural or supraaural headphone according to claim 1 or 2,
wherein the microphone (30) is a feed-forward microphone and the active noise compensation unit (50, ANC) is
based on a feed-forward algorithm.

Circumaural or supraaural headphone according to claim 1, 2 or 3, wherein the opening (11) has an area which is
not larger than 7 cm2.

Circumaural or supraaural headphone according to one of the claims 1 to 4, wherein

an acoustic opening is a dominant acoustic opening when a change of an insertion loss is measured when the
opening is closed and when there is an insertion loss change by at least 5dB in at least one of the 1/3 octave bands
from 200 Hz to 8 kHz, wherein the measurement is performed according to ISO 4869-3.

Circumaural or supraaural headset, comprising

a housing (10) with an open end (12) and at least one defined acoustic opening (11),

an acoustically sealing earpad (20) arranged at the open end (12) of the housing (10),

at least one microphone (30) arranged adjacent to, near or in the vicinity of the dominant acoustical opening (11)
for detecting noise,

wherein the dominant acoustic opening (11) is arranged within a radius of 2 cm around a midpoint of the at least
one microphone (30),

an active noise compensation unit (51) for performing an active noise compensation based on the output of the at
least one microphone (30) and for generating a compensation signal, and

an electro-acoustic transducer (40) inside the housing (10) for reproducing the compensation signal,

wherein the at least one microphone (30) is arranged such that a sound transmission time from the at least one
microphone (30) to an entrance of an ear channel of a user wearing the headphone is greater than a sound trans-
mission time from the electro-acoustic transducer (40) to the entrance of the ear channel.
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