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(57) Abrege/Abstract:
An apparatus for sound enhancement has at least two microphones (9) that provide a directional microphone array which Is
arranged to be pointed In the direction of a sound source. The directional microphone array thereby recelives sound emitted by the
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(57) Abrege(suite)/Abstract(continued):

sound source and generates sound signals. A processor (20) processors the sound signals generated by the microphone array to
enhance the sound received by the directional microphone array from the sound source relative to other sound received by the
directional microphone array. The processor (20) generates a corresponding enhanced signal (ES). Loud speakers (22)
reproduce the enhanced signal as audible sound. Furthermore, sound suppression devices (7, 7a) are provided to suppress
ambient should from reaching the eardrums of the user. This sound suppression acts In conjunction with the directional
microphone array and the processor (20) which enhance the SOI to provide a listening environment in which the SOl is enhanced.
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(54) Title: APPARATUS AND METHOD FOR SOUND ENHANCEMENT

(57) Abstract: An apparatus for sound enhancement
has at least two microphones (9) that provide a
directional microphone array which is arranged to
be pointed in the direction of a sound source. The
directional microphone array thereby receives sound
emitted by the sound source and generates sound
signals. A processor (20) processors the sound signals
generated by the microphone array to enhance the
sound received by the directional microphone array
from the sound source relative to other sound received
by the directional microphone array. The processor
(20) generates a corresponding enhanced signal (ES).
Loud speakers (22) reproduce the enhanced signal
as audible sound. Furthermore, sound suppression
devices (7, 7a) are provided to suppress ambient
should from reaching the eardrums of the user.
This sound suppression acts in conjunction with
the directional microphone array and the processor
(20) which enhance the SOI to provide a listening
environment in which the SOI is enhanced.



CA 02621916 2008-03-07

WO 2006/026812 A3 U HIHA!H HURO AL 00 AR 0 A RO A

Published: For two-letter codes and other abbreviations, refer to the "Guid-
—  with international search report ance Notes on Codes and Abbreviations" appearing at the begin-

(88) Date of publication of the international search report: ning of each regular issue of the PCT Gazette.
21 December 2006



CA 02621916 2008-03-07
WO 2006/026812 PCT/AU2005/001353

“Apparatus and Method for Sound Enhancement” .

Field of the Invention

This invention relatés parficularly to the field of speech communication. in adverse
acoustic environmenis | such as crowded places, hotels, discotheques, n‘ight clubs,
industry environments and other noisy environments. However, the present
invention is not limited in application to noisy environments where improvements
in speech communication is required, but has applicability where a particular
sound is to be enhanced in an environment wheré other, but not requi"red, sounds
are present,

Background Art

Qccupational health is of very serious concern in today’s saciety and people are
also becoming more aware of bodily health. To mitigate potential hearing damage
in noisy environments, different forms of hearing protection are readily available.
Hdwever using these hearing protection devices has a negative impact on
people’s ability to hear and so fo communicate. |

In addition to the sound source that is desired to be heard being the voice of a
‘person, other environments or situations may require a person to hear a sound,
other than a voice of a person, in environments where there is unwanted noise
that interferes with this process. Si’mil’ar considerations as discussed above apply
in these situations as well. Thus, whilst in typical Situations it is the voice of a
person that is desired to be heard over other sounds in the environment, the
sound desired to be heard may be other than a human voice.

Disclosure of the Invention

In accordance with one aspect of the present invention, there is provided an
apparatus for sound enhancement comprising:



PCT/AU2005/001353

~ CA 02621916 2008-03-07 .
) Received 07 July 2006

e

-2

. at least two microphones providing a directional microphone array arranged 1o be
pointed in the direction of a sound source to receive sound emitted by said sound
source and generate sound signais,

processing means to process the sound signals generated by said directional
‘microphione array to enhance sound recelved by said directional microphone -
array from said sound source relative to other sound received by sald directional
microphone array and Qenerate a corresponding enhanced signal,

loud speaker means to raproduce the enhanced signal as audible sound, and

sound suppression means arranged to be located adjacent each ear of the usar to
suppress ambient sound reaching the ear drums of the user, said sound
suppression means able o provide sound suppression of at least 15dB. |

More preferably, the sound suppression means provides sound suppression in the
range of from substantially 15dB to substantially 50dB.

Preferably, said processing means provides adaptive processing of the sound
signals generated by said directional microphone array dependent upon the levels
of the ambient sound in the environment in which the sound source is located.

Preferably, the processing means provides spatial processing, temporal
processing and post processing of the sound signals generated by said directional

microphone array.

Preferably, the loud speaker means is arrénged to be provided adjacent an ear of
the user of said apparatus.

The sound suppression means may be provided as a pair of ear muffs.

Alternatively, or additionally, the sound suppression means may be provided as a |
pair of ear plugs,

Amended Sheet
IPEA/AU
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In one embodiment, a microphone is provided adjacent each sound suppression

means.

Preferably, a controller circuit means is provided which is arranged to receive said
-enhanced signal prior {o said enhanced signal being fed to said loud épeaker
means and said controller circuit means is arranged to receive sound sighals
generated by said microphones provided adjacent said sound suppressioﬁ means
prior 10 being fed to said loud speaker means, wherein the controller circuit means
generates cancellation signals o -cancel the sound signals generated by said
microphones such that reproduction of these sounds at the loud speaker means is

atienuated.

The controller circuit means comprises a respective contraller circuit for each loud

speaker means.

~ In accordance with another aspect of the present invention, there is provided a
method for sound enhancement comprising:

receiving sound signals emitted by a sound source and at least two microphones
providing a directional microphone array,

generating sound signais corresponding fo the sound recéived at the directional

microphone array,

processing the sound signals generated at said microphone array to enhance
sound received by the directional microphone array from said sound source
relative to other sound.received by said directional microphione array,

generating a corresponding enhanced signal,
reproducing the enhanced signal as audible sound, and

suppressing ambient sound from being heard by at least 15dB.

Afne nded Sheet
IPEA/AU
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More preferably, suppressing ambient sound provides sound suppression in the
range of from substantially 15dB to substantially 50dEB,

Preferably, processing the sound sighals comprises adaptive processing of the
sound signals generated by said directional microphone array dependent upon
the levels of the ambient sound in the enviranment in which the sound source is
located.

Preferably, processing the sound signals comprises spatial processing, temporal
processing and post processing of the sound signals generated by said directional

microphone array.

Preferably, the method further -comprises, :processing sound sighals that are
representative of ambient sound that i not suppressed and generating
cancellation signals to cancel the ambient sound that is not suppressed such that

reproduction of those sounds is atienuated.

Some of the embodiments of the present invention provide a combination of an
active and passive headset for suppression of outer noise, alorig with a muiti-
microphane system for spatially selective reception of sound desired to be heard
and for sound enhancement. The active part (processor and controller circuit) of
the headsetl suppresses the low frequency content of outer sounds and the
passive part (earmuffs and earplugs) of the headset the higher frequency content,
The multi-microphcné gystem includes a highly directive microphone array that is
gain selective in space to the look direction of the sound desired 10 be heard, e.g.
the voice of a sbeaker, and sUppresses recepiion of sounds from all other
directions. The reference to the look direction of the speaker refers to the direction
that the user of the apparatus locks to when faéing the speaker, i.e. the sound
source. It furthermore makes use of a postfiltering technique to further imprave
the noise suppression and enhance the speech further. The headset can also
integrate a wireless communication system fo integrate with mobile phones or
voice over IP sysiems.

Amended Sheet
[PEA/AU
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integrate a wireless communication system 1o integrate with mobile phones or

voice over |P systems,

In one embodiment, the invention can be used as an integrated part of an
active/passive earmuff to provide high quality voice input signal while protecting
the user from high level noise. The earmuif combines the active noise attenuation
in the lower frequency range to assist the speech enhancement technique 1o
operate fo its best capability. The use of multi-microphone array technique gives
low spatial resolution in the low frequency range and the speech signal is
therefore blocked below 260 Hz. Necessary suppression in the low frequency

range is of high importance.

In another embodiment, the invention can be integrated into a safety helmet
(hardhat) and as such can work under industrial nolse environment conditions.

This application allows integration of other functions in the helmet, such as RFID,

temperature, humidity, movement sensing, and GPS.

In the embodiments of the present invention, the speech enhancement technigque
utilizes spatial processing from at least two microphone elements that form a
i directional microphone array. ‘The provision of at least two microphone elements
in the microphone array enables directivity, that is spatial separation, of the sound

received by the microphane array.

Sategories of processing techniques can be blind signal separation (BSS), |
adaptive beamforming (ABF) or multi-channel spectral subfraction. In order to
urther enhance the signal it can be combined with post-filtering fechniques. 1t is
jesirable to maintain the desired speech signal as intact as possible while
suppreési'hg the undesired signals. As such, the processing technique includes
spatial  propetties, spectral properties, source distribution and noise
characteristics. It is furthér desirable that the processing provides low delay
processing, and that the earmuffs suppress the noise signal over the hearing
range to create a relatively naise free environment in the eardrum allowing the
. wanted speech signal fo be injected while maintaining high intenigib_mty; |
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Brief Description of the Drawings

The present invention will now be described, by way of example, with reference to
the accompanying drawings, in which:

Figure 1 is an embodiment of the present invention incorporated into a headset to

be worn by a wearer;

Figure 2 is a second embodiment of the present invention incorporated info a

safety helmet;

Figure 3 shows a schematic diagram of an embodiment of the present invention
incorporated into a headset,

Figure 4 shows an embodiment of the processor functions of the headset shown

in Figure 3; and

Figure & lshows a third embodiment of the present invention ingorporated into a
headband sar plug set to be worn by a wearer under the chin of the wearer,

Best Mode for Carrying Out the Invention

Figure 1 illustraies an embodiment of the present invention incorporated inio a
headset 3. The headset comprises a headband 5 and a pair of ear muffs 7. Loud

speakers 22 are provided ih the ear muffs 7. Highly directional microphones 2
may be provided on the headband & fo form a directional microphone array. Such
highly directional microphones 9 are more sensitive to reception of sound signals
approaching from directly in front of the microphones 9 as compared with sounds
approaching from other directions, such as from the rear of the microphones 9,
the sides, above or below. Providing at least two such microphones 9 in the array
provides the ability to spatially differentiate sounds received for processing as will
later be hereinbefore described, Using more that two such mictophones © in the
array improves the ability to spatially differentiate the sounds.  In Figure 1; four
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such highly directional microphones 2 are shown. The microphones 9 are pointed
in the direction in which the wearer of the headset 3 faces the sound source.

The eammuffs 7 are provided with cushions 8. The cushions 8 are flexible and
conform to the head of the wearer around the ears of the wearer. The earmuifs 7
suppress ambient sounds, from the environment in which the sound source is
located, from reaching the eardrum of the wearer. The suppression of the sounds
by the earmuifs is at least 15dB. A sound suppression of 15dB would generally
be sufficient ta suppress unwanted sounds in an environment such as a noisy
restaurant. In environments that are hoisler, a greater level of suppression is
desirable. For example, in an environment such as a nighfclub, suppression of
approximately 30d8 is desirable. In other environments that are even noisier,
greater suppression would be required. Some environments, where the ambient
sound is ai very high levels, e.q. in’ the vicinity of aircraft or other iﬁd-ustn‘a[
enviranments, suppreésion’of approximately 50dB is desirable.

Figure 2 shows an emboﬂinﬂen’: of the invention incorporated into a safety helmet
15. The highly directional microphones 9 are shown as being positioned on the
brim 16 of the helmet 156.

The embodiments shown in Figures 1 and 2 are provided for illustration of how
the invention can be incorporated into a headset and a safety helmet. Further
refinements can be made so that the microphones 9 can be‘embedded into the

structure of the headset 3 and the safety helmet 15 in an acoustically appropriate
manner. This would reduce vibrations and self-generated noise caused by the

wearer which wOuld enhance the operation of the invention. Adoditionally, the

microphones ¢ may be embedded in the headset 3 and the safety helmet 15 fo
ald the microphones 9 in picking up the sound so that the sound Is picked up
prédominantly from the direction in which the wearer faces, i.e. the “look-

direction”, which will generally be the direction of the” sound source.

The embodiments shown in Figure 5 illustrates the manter inn which the invention
can be incorporated into a headband earplug set. The microphones 9 form the
directional microphone array 9a. The microphone array 9a Is supported by the
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headband 5a. Earplugs 8a are provided at the ends of the headband 5a. The
earplugs 8a may be in form of soft earpieces with inbuilt loud speakers 22a.

A combination of earplugs 8 and earmufis 7 may a!soabe used. The use of both
earplugs 8a and earmuffs 7 provides greater suppression of sounds. The
suppreasion may be approximately 50dB.

Figure 2 also illustrates another microphone 10. The micraphone 10 is part of a
wireless communication sysiem that can be integrated into the safety helmet 15,
An anfenna that forms part of this communicaiion system may be incorporated
into the safety helmet 15. This communication systerri enables the wearer o the
headset 3 or safety hel"met 15 to communicaie with a remote party. However, it is

not, in itself, required for the operation ot the present invention.

Additionally, whilst the headset 3, safety helmet 15 and headband earpug set

show the mictophones 9 incomporated therewith, it is possible that the
microphones 8 may be located separate from the headseat 3, safety helmet 15 or

headband earplug set that is worn by the wearer. The microphones 9 would
nevertheless, be directed so as to point in the direction of the sound source
whose sound is to be enhanced. As already described herein, the sound source
‘will typically be a person speaking and the sound to be enhanced is the speech of
that person so that it is more audible "to the person wearing the headset or safety
helmet 15.

Referring to Figure 3 if can be seen that the headset 3 containg four or more
microphones 9 which have different functionality due to thelr spatial position. The
microphones 9 are directional microphones pointing forward in the look direction
of the wearer of the headset 3. Each microphone @ in the amay receives the
sound signal of interest, L.e. sound from the sound source, togéﬂ'ner with the
unwanied (noise) signals. A processor, or speech enhancer, 20 combines spatial
information, non-stationary information, tempofal information, (noise) envelope
distribution information and spectral information to enhance the signal of interest
(80l). The processor 20 incorporates a measurement apparatus that fracks
background noigse statistics and discriminates between the background noise and
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the S0l based on their different statistical properiies and spatial differentiation.
The spatial information obtained from the multiple microphones 9 is. beneficial for
this purpose in combination with spectral analysis performed by a sub-band filter
bank of the processor 20. This allows analysis of the signal and improves spatial
processing periormed by the processor 20. Additionally, the arrangement allows
directional infonnatibn and also ambieni environment information fo be included in
the signals since two loud speakers 22 are provided. The enhanced signal ES is
then fed into both loudspeakers 22. |

A microphone 24/24a is mounted close fo each loudspeaker 22. Their task is to
pick-up the noise, i.e. ambient sound that pehetrates the ear muffs 7 or ear plugs
7a, and feed it back to the loudspeakers 22 through respective controller circuits
23. As such, it creates a virtual silence in the microphone point. The enhanced
signal ES is also ted to the controller circuits 23. The controller circuits 23 act to
cancel the noise in the signals fed to them. Tﬁe controller circuits 23 generate a
signal, referred o as a cancellation sighal, corresponding to the ambient sound
picked up by the microphones 24/24a. This cancellation signal is fed to the loud
speakers 22 and thereby cancels the ambient sound that penetrates the earmuffs
7 orthe earplugs 7a. Since the cutput from the speech enhancer 20 is added into
the feedback , i.e. to the controller circuits 23, lt is not suppressed by the active
headset if the gain of the feedback loop is Iarge |

In other embodiments, the microphones 24/24a may be omitted. This may be
done in situations where the unwanied noise penetrating the ear muff 7 or ear
plugs 7a is nof of a level that reguires cancellation. in such case, the enhanced
signal BES generated by the pr;ocessozr 20 may be fed direct to the loud speakersq

22.

Figure 4 shows the sound enhancement process of the processor 20. Typic:ally,
the sound to be enhanced is a human voice and so the process is also referred to
herein as speech enhancement. The speech enhancement processing is divided
into three main parts spatial being: processing 101, temporal processing 102 and
post-processing 103. The spatial processing 101 makes use of a spatial
differentiation technique in such a manner that if the SOI is spatially located in a
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position different from that of the noise, it can be separated by a spatial filter. This
spatial technique separates the information inthe microphones in a number of
signals representing different spatial locations. Since it can not be performed
perfectly there is still remaining noise to be suppressed in the output of the spatial
filter for the SOI. The temporal processing 102 is thus used to further boost the
noise suppression. To avoid SOI cancellation it needs to be a controlied process
allowing a noise canceller to adapt only when SOl is not active. The temporal
processing 102 also incorporates adaptive processing which provides processing
that is dependent upon the change in noise levels in the background. To further
enhance the sighal a post-processing 103 is performed. The post processing 103
uses one channel enhancement techniques such as spectral subtraction. As such,
the processing is done in the frequency domain to get a computationally efficient
solution.

Modifications and variations such as would be apparent to a skilled addressee are
deemed to be within the scope of the present invention.
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We Claim:

1.

A hearing protector for providing enhancement of a sound signal of interest and

protection from at least one other sound for a wearer of the hearing protector in an environment
that includes high level noise in addition to the sound signal of interest comprising:

2.

at least two fixed microphones adapted to work together to provide a directional

microphone. array arranged to be pointed in the wearer's look direction for receiving the

sound signal of interest and generating sound signals corresponding to sounds detected
at the array,

a processor to process the sound signals generated by said directional microphone

array to enhance the sound signal of interest relative to a signal generated by the high
fevel noise and generate a corresponding enhanced signal,

at least one speaker operatively connected to the processor for presenting sound based
on the enhanced signal to the wearer, and

at least one passive sound suppressor arranged to be located adjacent each ear of a
wearer to suppress the high level noise reaching the ear drums of the wearer, said

suppressor able to provide passive sound suppression of at least 15dB.

A hearing protector according to claim 1, wherein the passive sound suppressor

provides passive sound suppression in the range of from substantially 15dB to substantially

50d8B.

3.

A hearing protector according to claim 1 or 2, wherein said processor provides adaptive

processing of the sound signals generated by said directional microphone array dependent
upon the levels of ambient sound in the environment in which the sound signal of interest is
located.

4,

A hearing protector according to any one of claims 1 to 3, wherein said processor

provides spatial processing, temporal processing and post processing of the sound signals
generated by said directional microphone array.

11437211.1
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5. A hearing protector according to any one of claims 1 to 4, wherein said speaker is
arranged to be provided adjacent at least one ear of the wearer.

6. A hearing protector according to any one of claims 1 to 5, wherein said hearing protector
comprises an ear muff arrangement and wherein said sound suppressor comprises ear muffs.

7. A hearing protector according to any one of claims 1 to 6, wherein said sound
suppressor comprises ear plugs.

8. A hearing protector according to any one of claims 1 to 7, wherein at least one
microphone is provided adjacent each sound suppressor.

0. A hearing protector according to claim 8, wherein a controller circuit is provided which is
arranged to receive said enhanced signal prior to said enhanced signal being fed to said at least
one speaker and said controller circuit is arranged to receive sound signals generated by each
said microphone provided adjacent each said sound suppressor prior to being fed to said at
the sound signals generated by each said microphone such that reproduction of these sounds
by said at least one speaker is attenuated.

10. A hearing protector according to claim 9, wherein said controller circuit comprises a
respective controller circuit for each said speaker.

11. A method for providing enhancement of a sound signal of interest and protection from at
least one other sound for a person in an environment that includes high level noise in addition to
the sound signal of interest, the method comprising:
providing at least two fixed microphones working together to provide a directional
microphone array arranged to be pointed in the persons look direction for receiving the
sound signal of interest,

receiving the sound signal of interest at the microphone array,

generating sound signals corresponding to sound received at said array,

11437211.1
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processing the sound signals generated at said array to enhance the sound signal of
interest relative 10 a signal generated by the high level noise,

generating a corresponding enhanced signal,

reproducing the enhanced signal and presenting it to the person, and

passively suppressing the high level noise at the person’s ears by at least 15dB.
12. A method according to claim 11, wherein passively suppressing the high level noise
comprises providing sound suppression in the range of from substantially 15dB to substantially
50dB.
13. A method according to any one of claims 11 or 12, wherein processing the sound signals
comprises performing adaptive processing of the sound signals generated by said directional
microphone array dependent upon the levels of the ambient sound in the environment in which
the sound signal of interest is located. |
14. A method according to any one of claims 11 to 13, wherein processing the sound signals
comprises performing spatial processing, temporal processing and post processing of the sound
signals generated by said directional microphone array.

15. A method according to any one of claims 11 to 13, further comprising:

processing sound signals that are representative of ambient sound that are not
suppressed, and

generating cancellation signals to cancel the ambient sound that is not suppressed such
that reproduction of those sounds is attenuated.

16. A method according to any one of claims 11 to 15, wherein passively suppressing the
high level noise comprises providing ear plugs for the wearer's ears.

11437211.1
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17. A method according to any one of claims 11 to 15, wherein passively suppressing the
high level noise comprises providing ear muffs for the wearer's ears.

18. A method according to any one of claims. 11 to 15, wherein passively suppressing the
high level noise comprises providing ear muffs and ear plugs for the wearer's ears.

19. A hearing protector according to any one of claims 1 to 10, wherein said sound
suppressor comprises ear muffs and ear plugs.

11437211 1
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