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Acoustic Management System

Abstract:

Acoustic management system for facilitating monitoring, recording and transmission of
User-generated voice (speech) to a voice communication system. User-generated sound is
detected with a first microphone that monitors a sound field near the entrance to a user’s
car meatus, and with a second microphone that monitors a sound field in a user’s
occluded ear canal. A new mix signal is created by filtering and mixing the first and
second microphone signals. The filtering and mixing process is automatically controlled
depending on the background noise level of the ambient sound field to enhance
intelligibility of the new mix signal. When the background noise level is high, the
acoustic management system automatically increases the level of the ear canal
microphone signal relative to the level of the ambient sound microphone to create the

new signal mix.

Background

1. Field of the invention

This invention pertains to sound reproduction, sound recording, audio communications
and hearing protection using earphone devices designed to provide variable acoustical
isolation from ambient sounds while being able to audition both environmental and
desired audio stimuli. Particularly, the present invention describes a method and
apparatus for controlling a voice communication system by monitoring the user’s voice

with an ambient sound microphone and an ear canal microphone.
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2. Background.

The combination of the recent increase in Personal Media Players (PMPs) and cell
phones and rises in urban noise levels have all contributed to the ubiquity of in-ear-canal
(or insert) earphones. Such insert headphones, such as described in US Patent No.
RE38,351 afford the user of 20-35 dB of passive noise attenuation, thereby allowing an
increase signal-to-noise ratio for reproduced Audio Content (e.g. music from a PMP).
This is advantageous for loud-noise work environments; such as medical operating rooms
where sound pressure levels can reach in excess of 120 dB (Kracht et al, 2006). The
problem with such insert headphones is that the ambient sound field cannot be heard,
which is dangerous in operating environments such as a battlefield, operating room, or
emergency vehicle, as warning sounds cannot be heard. This is also dangerous in

everyday environments such as cities, as public safety announcements cannot be heard.

US Pat. No. 2006/0182287 allows for monitoring of the ambient sound environment
using Ambient Sound Microphones (ASMs) mounted on the outside of the insert-type
carphone. However, US Pat. No. 2006/0182287 does not suggest a method to detect if
user voice is active, and thus does not facilitate user voice activation of a voice operated
system, such as a walky-talky radio, mobile phone, automatic dictation or allow for
voice-commands to be directed to a computing device with a speech recognition

platform.

US Pat. No. 5,692,059 describes an earphone device for providing passive sound
isolation of the eardrum from ambient sound, with two transducers mounted in the
earplug to generate and monitor sound in the occluded ear canal of the earphone device
user. US Pat. No. 5,692,059 dose not disclose a method for a VOX, nor does it detect

ambient sound using an ASM.

US Pat. No. 5,649,055 and US Pat. No. 6,141,426 describes a voice activity detector that
uses an analysis of the changes in level of a signal to detect speech when the level

increases. US Pat. No. 6,141,426 uses a short-term estimate of the background noise
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level, and activates a VOX when the level increases above this background level by a
predetermined amount. This method can be robust when there are no other voices in the
area, or no other device which may suddenly created a speech-like sound (e.g. creating
sound in the speech frequencies) but is less robust otherwise, as there is no way to
discriminate between user and non-user voice. The present invention overcomes this
common problem by determining the origin of a sound source using multiple

microphones mounted in a user-worn earphone device.

A method for a VOX is disclosed in US Pat. No. 5,430,826, which detects the presence of
speech in a signal by an analysis of the autocorrelation. Due to the tonal nature of vowel
sounds, this method would be robust if used with isolated ECM signals. However, such a
VOX method would not be robust if non-vowel sounds were used, as is often the case for

the initial part of speech sounds.

US Pat. No. 7,039,195 describes an ear terminal device with the following features: an
ear plug forming a seal in the user’s meatus, in which is housed: an ambient sound
microphone (ASM) to monitor sound outside the users meatus; an ear canal receiver to
reproduce a mix of sound detected by the ASM and also audio content ¢.g. from a remote
user via radio; an Ear Canal Microphone (ECM) to detect sound in the blocked ear canal
of the user. US Pat. No. 7,039,195 includes an electronics circuit for undertaking active
noise cancellation using the ASM and ECR signal. At least one exemplary embodiment
of the present invention differs from US Pat. No. 7,039,195 in a number of ways. For
example, the ASM in at least one exemplary embodiment is recessed in the meatus, and
monitors sound which has been modified by transmission through a diaphragm that
modifies the sound in a number of ways. This diaphragm that covers the ASM in the
present invention may undertake the following exemplary functions for modifying the
sound field detected by the ASM:

* Passive beam-forming using holes aligned in a predetermined direction. These holes
may be filled with a material different from the material of the diaphragm. The
directional sensitivity of the ASM may therefore by increased; e.g. in the direction of the

user’s mouth or perpendicular to the direction of the user’s head so as to maximize the
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degree of electronic separation between ASM signals in opposite earphone devices (i.e.
the left and right earphone of a pair worn by the same user).

* Acoustically tuned sound absorbers to compensate for the frequency response of the
ASM transducers. For instance, the diaphragm may be configured so as to transmit those
frequencies that the ASM is less sensitive to with less attenuation.

* Wind, headwear-abrasion, dust and debris shicld to protect the ASM.

* Use as a marketing tool for displaying a product brand or logo.

* Use as a user interface, e.g. a button for activating a particular “sound pass-through”
mode.

* Use as a display to indicate operational status of the earphone device using front-lit or
backlit illuminating means e.g. a multicolored LED.

* Use as a diaphragm for creating sound to be monitored by other individuals near the

carphone user, using a sound-creating object coupled to the diaphragm.

US Pat. No. 6,728,385 describes a system that uses the assembly described in US Pat.
No. 7,039,195 to detect user-created voice by comparing the signal level of the ECM and
ASMs in one earphone device to operate a VOX automatic “push-to-talk” switch. US Pat.
No. 7,039,195 also describes for in-situ estimation of the overview attenuation provided
by the earplug (i.c. a NRR). The present invention has a method for operating the VOX
that differs from US Pat. No. 6,728,385 in the following ways:

* In one embodiment, the difference in level between ASM and ECM signal in the same
carphone is used to generate a VOX decision in one earphone device, similar to the
intention of the VOX in US Pat. No. 6,728,385. However, with the present invention, the
VOX decision of both left and right earphones are used to generate a single VOX
decision for the pair of earphones, e.g. using an AND or OR-type logic operation on the
VOX decision from each earphone.

In another exemplary embodiment of the new invention, the VOX is activated by an
analysis if the measure of the cross-correlation between the ASM and ECM signals in
each earphone device.

In yet another exemplary embodiment of the new invention, the VOX is activated by an

analysis if the measure of the cross-correlation between the ASM signal of the left
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earphone and the ASM signal of the right earphone (i.e. for a pair of earphones worn by a
user).

In yet another exemplary embodiment of the new invention, the VOX is activated by an
analysis if the measure of the cross-correlation between the ECM signal of the left
earphone and the ECM signal of the right earphone.

In yet another exemplary embodiment of the new invention, the VOX is activated by an
analysis if the measure of the coherence between the ASM signal of the left earphone and
the ASM signal of the right earphone (i.e. for a pair of earphones worn by a user).

In yet another exemplary embodiment of the new invention, the VOX is activated by an
analysis if the measure of the coherence between the ECM signal of the left earphone and

the ECM signal of the right earphone.

US Pat. No. 6,661,901 describes a system that uses the assembly described in US Pat.
No. 7,039,195 and a signal processing circuitry to transform the ECM signal into a signal
that sounds natural to the user after processing and auditioning with the ECR. Again, the

present invention does not describe a method or object related to this object of US Pat.
No. 6,661,901.

US Pat. No. 6,567,524 describes a system that uses the assembly described in US Pat.
No. 7,039,195 and a signal processing circuitry to determine if the ear plug is correctly
fitted by reproducing predefined test signal with the ECR and measuring the response
with the ECM and comparing this new measured response to a stored measured response.
Again, the present invention does not describe a method or object related to this function

of US Pat. No. 6,661,901.

Summary

This invention provides a method and assembly for automatically mixing the audio
signals produced by a pair of microphone signals that monitor a first ambient sound field

and a second ear canal sound field, to create a third new mix signal. The Ambient Sound
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Microphone (ASM) and Ear Canal Microphone (ECM) are housed in an earplug that
forms a seal in the ear meatus in one or both ears of a User. The third mix signal may be
auditioned by the user with an Ear Canal Receiver (ECR) mounted in the earplug, which
creates a sound pressure in the occluded ear canal of the user. Alternatively, or
additionally, the third mix signal may be transmitted to a remote voice communications
system, such as a mobile phone, PMP recording device, walky-talky radio etc. Before the
ASM and ECM signals are mixed, they are subjected to a different filter and an optional
additional gain.

The characteristic response of the ASM and ECM filter are different, and in some
exemplary embodiments, the filter response is dependant on the measured Background
Noise Level (BNL). The gain of the filtered ASM and ECM signals may also be
dependant on the BNL. The (BNL) is calculated with a system that uses as it’s input
either or both the conditioned ASM and/or ECM signal(s). The BNL is a slow time
weighted average of the level of the ASM and/or ECM signals, and may be weighted
using a frequency-weighting system, ¢.g. to give an A-weighted SPL level (i.c. the high
and low frequencies are attenuated before the level of the microphone signals are
calculated).

The basic trend for the ASM and ECM filter response at different BNLSs is that at
low BNLs (e.g. <60 dBA), no ECM signal is mixed with the ASM signal for monitoring
by the user or transmission to a mobile phone, PMP etc (although the ECM signal may
still be used to operate a Voice Operated Switch, i.e. VOX). At medium BNL; a mixture
of ASM and ECM signal is taken, though the ASM filter attenuates low frequencies of
the ASM signal, and attenuates high frequencies of the ECM signal. At high BNL (e.g.
>85 dB), the ASM filter attenuates all low frequencies of the ASM signal, and the ECM
filter attenuates all high frequencies of the ECM signal. In another embodiment of the
Acoustic Management System, the ASM and ECM filters may be affected by the spectral
profile of the background noise measurement. For instance, if there is a large Low
Frequency noise in the ambient sound field of the user, then the ASM filter may attenuate
the low-frequencies of the ASM signal, and boost the low-frequencies of the ECM signal
using the ECM filter.
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Acoustic Management System

Embodiments

1. An Acoustic Management System (AMS) that allows a
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User and a remote voice communication system to
monitor the sound produced by a User using an earphone
apparatus for use in high-noise environments. The
earphone device is fitted in the ear canal of a user, and
detects sound at the entrance to the occluded ear meatus
and in the same occluded ear canal. The two sound fields
are detected with microphone, and the electronic output
signal is automatically mixed in a ratio dependant on the
Ambient (Background) Noise Level of the User. The
earphone device operates a variety of speech
communication systems such as user self-monitoring
systems, speech-to-text systems, speech recognition
systems, voice dictation systems, and telecommunication
systems such as mobile phones and walky-talky radio.

One exemplary embodiment of the earphone comprises:

A. An carplug that forms a seal in the ear canal of the user.
B. One or more optional pressure equalization tubes to equalize the pressure on

the ear-drum side of the earplug relative to the ambient pressure.
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C. An assembly to monitor the acoustic field in a User’s immediate environment

using one or more Ambient Sound Microphones (ASMs) to monitor sound at

the entrance to one or both occluded ear canals.

D. A signal processing circuit to amplify the signal from the ASM(s) and to

equalize for the frequency sensitivity of the microphones.

E. An optional diaphragm to cover the ASM and provide the following

exemplary capabilities:

Passive beam-forming using holes aligned in a predetermined direction.
These holes may be filled with a material different from the material of the
diaphragm. The directional sensitivity of the ASM may therefore by
increased; e.g. in the direction of the user’s mouth or perpendicular to the
direction of the user’s head so as to maximize the degree of electronic
separation between ASM signals in opposite earphone devices (i.e. the left
and right earphone of a pair worn by the same user).

Acoustically tuned sound absorbers to compensate for the frequency
response of the ASM transducers. For instance, the diaphragm may be
configured so as to transmit those frequencies that the ASM is less
sensitive to with less attenuation.

Wind, headwear-abrasion, dust and debris shield to protect the ASM.

Use as a marketing tool for displaying a product brand or logo.

Use as a user interface, e.g. a button for activating a particular “sound
pass-through” mode.

Use as a display to indicate operational status of the earphone device using
front-lit or backlit illuminating means e.g. a multicolored LED.

Use as a loudspeaker diaphragm for creating sound to be monitored by
other individuals near the earphone user, using a vibrating sound-creating

means coupled to the diaphragm.

F. An assembly to monitor the acoustic field in an occluded ear canal consisting

of a microphone mounted in an earplug that forms an acoustic seal of one or

both car canals of a User. (This is the Ear Canal Microphone; ECM.)
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G.

H.

A signal processing circuit to amplify the signal from the ECM and to
equalize for the frequency sensitivity of the ECM.

An optional signal processing circuit to amplify and process an Audio Content
input signal (e.g. from a Personal Media Player, Cell Phone, or automatically-
generated auditory warning signal).

An electronics assembly to undertake analog signal processing on the signals
produced by the ECM and ASM.

An optional microprocessor assembly to undertake digital signal processing
on the signals produced by the ECM and ASM.

A communications assembly to transmit audio signals and control data signals
from the ECM and ASM signals from one earphone device to the other
earphone device.

A communications assembly to transmit audio signals and control data signals
from both earphone devices to an external system, such as a voice

communication system or a second signal processing unit.

. An Acoustic Management System (AMS) which takes as it’s input the signals

produced by the ASM and ECM in the same or different earphones, and
produces a new signal which is then transmitted to a voice communications
system and/or is monitored by the User with the Ear Canal Receiver in either
or both a left and right earphone device.

An optional Ear Canal (loudspeaker) Receiver (ECR), which is housed in the
carphone body and creates a sound in the occluded ear canal of the user. The
ECR signal may be equalized to account for frequency sensitivity of the
transducer. The ECR receives an audio signal from the analog or digital (or
combination thereof) electronic circuity, and may be used to monitor the
mixed ASM/ECM signal and/or to monitor reproduced Audio Content (audio
signal received from an external Audio content source, such as a PMP, mobile

phone, computer device etc).
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Another embodiment of the AMS system includes the
apparatus of embodiment 1, wherein the earphone device

comprises:

A. A battery, low-battery warning, and battery charging assembly to power the

electronic circuits in the earphone device.

Another embodiment of the AMS system includes the
apparatus of embodiment 1, wherein the earphone device

comprises:

A. An electronic power communications system to receiver power from an
external source (e.g. battery, power from a different device via a USB

connector ctc) to power the electronic components on the earphone device.

Another embodiment of the AMS system includes the
apparatus of embodiment 1, wherein the earphone device

comprises:

A. A signal filtering means to process the ASM and ECM signals before
processing with the AMS system. The signal filtering may be accomplished
with analog or digital electronics, and the filter response is a band-pass filter

type which approximates the average spectral profile of normal speech,

Yet another embodiment of the AMS system includes the

apparatus of embodiment 1, wherein:
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A. There is one microprocessor that is housed in one earphone device out of a left
and right earphone pair, and the signal processing using microphone signals

from both earphone devices is undertaken in this single microprocessor.

Another embodiment of the AMS system includes the

apparatus of embodiment 1, wherein:

A. There is one microprocessor that is housed in each earphone device of a left
and right earphone pair, and the signal processing using microphone signals
from both earphone devices is undertaken in both microprocessors as part of a

distributed signal processing system

Another embodiment of the AMS system includes the

apparatus of embodiment 1, wherein:

A. The signal processing for the AMS is undertaken on a first digital or analog
signal processing device in one earphone device and on a second remote

digital or analog signal processing device.

Another embodiment of the AMS system includes the

apparatus of embodiment 1, wherein:

A. The signal processing for the AMS is undertaken on a first digital or analog
signal processing device in one left earphone device and on a second digital or
analog signal processing device in one right earphone device and on a third

remote digital or analog signal processing device.

Another embodiment of the AMS system includes the
apparatus of embodiment 1, wherein the AMS of part

(M) comprises:



A. An operating mode selection process whereby the input ASM signal to the

AMS is from either the same earphone device as the ECM input signal (i.e.
ipsi-lateral mode) or the ASM signal is from the other earphone device

(contra-lateral mode).

B. A system to calculate the Background Noise Level (BNL) of the ambient

sound field of the User.

C. A filtering system to filter the selected ASM signal prior to mixing with the
filtered ECM signal.

D. A filtering system to filter the ECM signal prior to mixing with the filtered
ASM signal.

E. A summing signal to sum the filtered signals of (C) and (D) to create a single

new output signal.

10. Another embodiment of the AMS system includes

the apparatus of embodiment 9, wherein the filter
response characteristics for the ASM filter (C) and ECM
filter (D) are loaded from predefined filters stored in
computer memory, and the chosen filter is selected
depending on the BNL measurement. (The filter response

of the ASM filter and ECM filter are different.)

11. Another embodiment of the AMS system includes
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the apparatus of embodiment 9, wherein the filter
response characteristics for the ASM filter (C) and ECM
filter (D) are calculated using an algorithm stored in

computer memory, which uses as it’s input the measured
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12.

13.

BNL. (The filter response of the ASM filter and ECM

filter are different.)

Another embodiment of the AMS system includes
the apparatus of embodiment 9, wherein the filtering of
the ASM signal using ASM filter (C) and ECM signal
using ECM filter (D) are undertaken using analog
electronics. (The filter response of the ASM filter and
ECM filter are different.) The analog ECM and ASM
signals are routed through a particular analog filter using
an analog switching system, and the selected filter is

determined depending on the measured BNL.

Another embodiment of the AMS system includes
the apparatus of embodiment 9, wherein the filtering of
the ASM signal using ASM filter (C) and ECM signal
using ECM filter (D) are undertaken using analog
electronics. (The filter response of the ASM filter and
ECM filter are different.) The analog ECM and ASM
signals are first filtered by an ECM filter and ASM filter
and then routed through a particular analog gain using
an analog switching system, and the selected gain
coefficient is determined depending on the measured

BNL.



14. In yet another exemplary embodiment of the AMS
in embodiment 1 and a Voice Activated Switch (VOX)
which activates transmission of the new audio signal mix
in part (M) of embodiment 1 to either or both a voice
communication system and a user self-monitoring system.
The user self-monitoring system allows the user to listen
to the new signal mix in (M) (of embodiment 1). The VOX
detects when the user is speaking using one of many
methods familiar to those skilled in the art, such as with

the following exemplary methods:

A. Analysis of the cross-correlation or coherence between the ASM signals in
both a left and right earphone device.

B. Analysis of the cross-correlation or coherence between the ECM signals in
both a left and right earphone device.

C. Analysis of the cross-correlation or coherence between the ASM and ECM
signals in the same earphone device.

D. Analysis of level difference between the ASM and ECM signals in the
same earphone device.

E. Analysis of level difference between the ASM and ECM signals in
different earphone devices.

F. A combination of the above methods.

A. In another exemplary embodiment, further to the AMS
system of embodiment 9 and the VOX system of
embodiment 10, the VOX-controlled audio switch

includes a de-bouncing circuit which prevents rapid
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opening and closing of the switch (i.e. which results in
undesirable audio artifacts called “chatter”). In on
exemplary embodiment, the debouncing circuit is
affected by the background noise level (BNL). When
the BNL is high, the VOX switch closes rapidly (e.g.
within 5 ms) after the VOX determines that no user
voice is present. When the BNL is low, the VOX switch
closes slowly (e.g. after 150 ms) after the VOX

determines that no user voice is present.

15. In another exemplary embodiment, further to the
AMS system of embodiment 9 and the VOX system of
embodiment 10, when the ECM/ASM mixed signals are
monitored with the Ear Canal Receiver in the same
earphone as the ECM then an Acoustic Echo Cancellation
Platform (AECP) is used to prevent feedback (howl-back)
due to acoustic coupling of the ECR and ECM in that
same earphone device. In one exemplary embodiment,
this AECP uses a fixed filter to filter the VOX output
signal, and the AECP comprises:

A. A signal input means from the output audio signal from the Voice Activated
Switch (VOX).
B. A signal input means from the amplified and optionally filtered Ear Canal

Microphone.
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C. An audio signal filtering means for filtering the output signal from the VOX
switch. The filter may be an analog filter or may use a pre-determined set of
filtering coefficients and operate in the digital domain.

D. A differencing unit for subtracting the ECM signal and filtered VOX signal.

E. A signal output means.

16. In another exemplary embodiment of the AECP in
embodiment 9, the AECP uses one of a plurality of fixed
filters to filter the VOX output signal, and the AECP

comprises:

A. A signal input means from the output audio signal from the Voice Activated
Switch (VOX).

B. A signal input means from the amplified and optionally filtered Ear Canal
Microphone.

C. An audio signal filtering means for filtering the output signal from the VOX
switch. The filter may be an analog filter or may use a pre-determined set of
filtering coefficients and operate in the digital domain.

D. A differencing unit for subtracting the ECM signal and filtered VOX signal.

E. A filter updating system which selects an optimum filter from a plurality of
filters stored in computer memory. The optimum filter is selected according to
the following exemplary method:

1. Filter a buffer first VOX signal with each of the plurality of filters to give
a second filtered signal vector.

2. Subtract each of the second filtered signal vectors from the ECM signal
vector on a sample-by-sample basis to give a third difference signal vector
(i.e. one for each of the predetermined filters).

3. Calculate the level of the third difference signal vector (e.g. in dBV).

4. Select the filter that gives the lowest level.

10
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5. Get next input signal buffer and repeat process.

F. A signal output means.

17. In yet another exemplary embodiment of the AECP
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in embodiment 9, the AECP uses an adaptive filter to
filter the VOX output signal, and the AECP comprises:

A. A signal input means from the output audio signal from the Voice Activated
Switch (VOX).

B. A signal input means from the amplified and optionally filtered Ear Canal
Microphone.

C. An audio signal filtering means for filtering the output signal from the VOX
switch.

D. A differencing unit for subtracting the ECM signal and filtered VOX signal.

E. A signal output means.

F. A filter updating system that updates the filter coefficients used in transversal-
type filter. The filtering process using this exemplary adaptive filter consists

of:

1. Filtering a first input audio signal with respect to a set of filtering
coefficients (e.g. with digital system using a time-domain convolution).

2. Optionally time-shifting a second audio signal with respect to the first
signal.

3. Determining a first difference between the filtered and time-shifted signals
with differencing unit.

4. Adjusting the set of filtering coefficients based on the first difference so
that the difference signal is essentially orthogonal to the first input signal.

5. Get next inputs signal buffer and repeat process.

11



In one particular embodiment, filter is updated according to a time-domain or
frequency-domain implementation of the Normalized Least Mean Square
(NLMS) algorithm. According to the NLMS algorithm, the filter vector

w(n) is updated from sample time (n-1):

wn)=wn-1)+ m(n)e(n)

_*

d+m’ (n)m(n)

where 0<o<1 and 0 is a regularization constant, and m(z) is a vector of
samples of the output signal. This NLMS algorithm is familiar to those

skilled in the art.

18.

12
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Acoustic Management System

Drawings

Fig.1a: An example of earphone device assembly with front-only earplug cavity and
front diaphragm.
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Fig.1b: An example of an earphone device assembly with front-only earplug cavity
and front diaphragm.

Fig.lc: Another example of earphone device assembly with front and rear earplug
cavity and front and rear earplug diaphragm.
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Fig. 2a: Electrical wiring overview of Acoustic Management System.
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Fig. 2b: Electrical wiring overview of Audio and Control Data Communication
system.
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Fig. 3: Audio mixing circuit with VOX.
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Fig. 4: Exemplary circuitry to calculate background noise level from ASM or ECM
signals.
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Fig. 5a: Exemplary circuitry for digital mixing circuit.
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Fig. 5Sb: Exemplary circuitry for analog mixing circuit.
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Acoustic Management System

Description of Drawings:

An example of an embodiment of an earphone assembly that the ASM/ ECM Mixer
(Acoustic Management System) may function with is given in Fig.1a. This shows the
earphone body 10, which houses the electroacoustic transducers 34, 28, 32 and electronic
units 20, 22, 24, 26. The carplug 8 forms a seal in the ear canal 1 of a user, with the
outside end 12 substantially flush with the entrance to the ear canal (i.e. the ear meatus.
An ambient sound microphone (ASM) 34 detects sound in the front chamber 18, which
may be filed with air or another substance such as a gel. In other exemplary
embodiments, the ASM 34 detects sound directly at the entrance to the occluded ear
meatus. An additional ASM 6 may also be present on the outside of the earphone body to
undertake active beam-forming or to provide for more omni-directional monitoring of the
ambient sound field. The ASM 34 may also detect sound from the ear-drum side of the
earplug via transmission tube 30.The front diaphragm 12 serves a number of functions; it
may be acoustically tuned so as to absorb certain frequencies more than others- and to
therefore let affect the frequency response of ambient sound transmitted into chamber 18
and detected by ASM 34. This, along with the acoustic resonance of space 18, can
compensate for non-linear sensitivity of the ASM 34. Furthermore, the diaphragm and
air-space can also increase the overall electroacoustic sensitivity of the ASM signal 34 by
working as an acoustic impedance transformer. Holes 14 may be present in the
diaphragm 12 to affect the directional sensitivity of the ASM; i.e. passive beam-forming,
which is a phenomenon familiar to those in the art. A number of holes may be present to
increase the directional sensitivity of the ASM signal, for instance in the direction of the
user’s mouth. In some embodiments, there are multiple ASMs in the front cavity 18,

separated by dividing walls in the chamber. These multiple microphones may then be
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used for active beam-forming purposes in combination with external ASM(s) 6 using
delay and summing/ differencing networks. Communication circuitry 20 communicates
with the other earphone device and other external media devices such as DVD players,
Personal Media Players, computing devices, mobile phones etc, using either wired means
16 or wireless means (e.g. Bluetooth communications assembly 4 or may be on an
external assembly such as a belt-pack or behind-the-ear assembly). The earphone may
also communicate with a computer via miniature USB port 3. The ear canal receiver
(loudspeaker) 28 is used to reproduce sound in the eardrum side of the earphone device.
Signal amplification and analog filtering circuitry for the loudspeaker and microphones
32, 34 may be housed next to the transducer, or may be part of the processing unit 24,
along with digital-to-analog converters. Non-volatile RAM memory 22 may be used to
store signals created by the DSP unit 24 or the microphones 34, 32, or may contain non-
audio data such as user preferences. Program code and pre-recorded audio may be stored
in the ROM memory unit 28. These individual hardware components (i.e. computer
memory and signal processor and communications unit) may be separate or combined
into a single unit 10. A battery 9 is housed in one or both of the ecarphone devices (power
may be transmitted from one earphone to the other via communications cable 16, and
may be recharged using USB communications port 3). The pressure equalization tube 30
allows for equalization of static pressure to be equalized between the ear-drum side of the
ear plug 1 and the outside world. There may be more than one pressure equalization
tubes, and they are designed to have a bore sufficiently small so as to reduce the
transmission of ambient sound to the eardrum of the user.

Fig. 1¢ shows another example of an embodiment of the earphone device, which
differs from the example in fig. 1b with the addition of a rear chamber 38 on the eardrum
side of the earphone device. This chamber serves a similar function to the previously
described front chamber 18; to act as an acoustic impedance transformer to increase
sensitivity of the ear canal microphone 32 and to improve the coupling of the ear canal
receiver 28 to the air space between the earphone device and the eardrum 1. The space 38
may be filled with air or another substance such as gel, and is protected by the diaphragm
36 which may be acoustically tuned to resonate to compensate for spectral non-linearity

in the response of the transducers 28, 32.
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Fig. 2a shows an electrical wiring overview of the Acoustic Management System.
The low-battery warning system 58 informs the user of remaining battery, e.g. giving
warnings when there is 10% and 5% remaining battery. In some embodiments of the
system, the low battery warning system creates a perceptually intrusive and annoying
sound with the ear canal receiver, e.g. a voice message and a noise burst, when the
battery power is critically low- to inform the user that they must remove the earphone and
recharge the device (using battery charging system 56). The computer memory RAM 22
is used for storage of audio data and control data, and also for reproduction of previously
stored recordings, or music audio that can be uploaded via communications unit shown in
fig. 2b. The computer memory system 26 is a ROM unit for storing program code and

pre-recorded audio for alerts etc.

The Audio and Control Data Communication system 20 shown in fig. 2b is for
audio and control data communication of the digital microprocessor 60 with other remote
devices and circuitry in the earphone. The microprocessor 60 may be housed within the
carplug , or may be external in a separate assembly 61, or in some embodiments there are
two microprocessors; for instance, one of which may be a general purpose Digital Signal
Processing (DSP) system, one may be an application specific integrated circuit (ASIC).

The system 20 acts as an A/D converter for ECM signal 88 and ASM signal(s) 86,
as well as a D/A converter for the ECR assembly 84. The assemblies for these
transducers signals include analog gain and frequency equalization filters (which may
include analog or digital circuitry, or both). The unit 20 communicates with other systems
in the earphone such as local audio storage 82 (e.g. RAM computer memory) as well as
external devices such as a PMP 80 (for both retrieval of audio content and for use as a
storage system for recorded audio), and also other signals such as audio signals from
mobile phones 72, other earphone devices worn by the same user 74 or by different users
75. The means of communication of the audio or control data signals may be by wired or
wireless means. The optional visual display 42 gives the user information about the
operating status of the earphone device, e.g. remaining memory, battery, recording status,

as well as informing other people of the operating status of the earphone device- e.g. if
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the earphone device user can hear their ambient sound field, or if they are busy with a
phone call. The visual display may be combined with the user control interface 40, or
may be separate. The control interface may use a touch-screen system or separate
buttons, and may be mounted on a user-wearing jewelry such as a bracelet, that can also
be used for marketing purposes such as to advertise a brand name or non-commercial

campaign.

Fig. 3 shows the use of a Voice Activated Switch (VOX) 92 to activate the
electronic switch 100 that controls the audio outlet from one earphone which is a
combination of the left ASM signal 78 or right ASM signal 69, with the and the left ECM
80 signal. Though not shown, the same applies for the other earphone device for the right
ear, if present. In the contra-lateral operating mode, as selected by operating mode
selection system 102, the ASM and ECM signal are taken from opposite earphone
devices, and the mix of these signal are reproduced with the ECR in the earphone that is
contra-lateral to the ECM signal, and the same as the ASM signal. For instance; in the
contra-lateral operating mode, the ASM signal from the Right earphone device is mixed
with the ECM signal from the left earphone device, and the audio signal corresponding to
a mix of these two signals is reproduced with the Ear Canal Receiver (ECR) in the Right
earphone device. The audio outlet 104 therefore contains a mix of the ASM and ECM
signals when the user’s voice is detected by the VOX. This audio signal can be used as a
user Self-Monitor System to allow the user to hear their own voice as reproduced with
the ear canal receiver, or it may be transmitted to another voice system, such as a mobile
phone, walky-talky radio etc. The VOX system 92 that activates the switch 100 may be
one a number of VOX embodiments, which are not described by the present invention.
The ASM signal is first amplified with a gain system and then filtered with a filter system
(the filtering may be accomplished using either analog or digital electronics). The audio

input signals 69, 78, 80 are therefore taken after this gain and filtering process.

The Acoustic Echo Cancellation (AEC) system 90 may be activated with the

operating mode selection system 168 when the signal 104 is reproduced with the Ear
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Canal Receiver in the same ear as the ECM signal used to create the output signal 104.
This ensures against acoustic feedback (“howlback”) . The background noise level (BNL)
is calculated with system (fig. 4) that uses as it’s input either or both the conditioned
ASM and/or ECM signal(s). The BNL is a slow time weighted average of the level of the
ASM and/or ECM signals, and may be weighted using a frequency-weighting system,
e.g. to give an A-weighted SPL level. The calculation of the BNL is described in fig. 4.

In a particular operating mode, specified by unit 102, the conditioned ASM
signal is mixed with the conditioned ECM signal with a ratio dependant on the BNL
using audio signal mixing circuitry and the method described in either fig. 5a or fig. Sb.
As the BNL increases, then the ASM signal is mixed with a ECM with a decreasing level,
and when the BNL is above a particular value, then no ASM signal is mixed with the
ECM signal. When the VOX switch 100 is active, the mixed ASM and ECM signals are
then sent to output unit 104. The switch de-bouncing circuit 98 ensures against the VOX
rapidly closing on and off (sometimes called chatter). This can be achieved with a timing
circuit using digital or analog electronics, and is a system familiar to those skilled in the
art. For instance, with a digital system, once the VOX has been activated, a time starts to
ensure that the switch 100 is not closed again within a given time period, ¢.g. 100 ms.
The delay unit 96 can be used to improve the sound quality of the auditioned audio 104
by compensating for any latency in voice detection by the VOX system 92. In some
exemplary embodiments, the switch debouncing circuit 98 may be affected by the BNL.
For instance, when the BNL is high (e.g. above 85 dBA), the de-bouncing circuit may
close the switch 100 sooner after the VOX output 94 determines that no user speech is
present.

The method to calculate the Background Noise Level (BNL) of the user is
described in fig. 4. The system takes as it’s inputs either the ECM or ASM signal,
depending on the particular system configuration. If the ECM signal is used, then
decision unit 122 modifies the measured BNL to take into account the acoustic
attenuation of the earplug (i.c. the NRR 132) and the level of reproduced audio content
(i.e. audio signal reproduced with the ECR).

An exemplary method for a digital embodiment of the circuit to mix the ASM and

ECM signals is shown in figure 5a. Before mixing with summing unit 160, the ASM
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signal is filtered using filter system 150, and the ECM signal with filter system 156. The
filtering may be accomplished with a number of means familiar to those skilled in the art.
For example; a time-domain transversal filter (FIR-type filter); an IIR-type filter; or with
frequency-domain multiplication. The filter may be adaptive (i.e. time variant), and the
filter coefficients updated depending on the BNL. The filter coefficients for a particular
BNL may be loaded from computer memory using pre-defined filter curves 148, or may
be calculated using a predefined algorithm 152, or using a combination of both (e.g.
using a interpolation algorithm to create a filter curve for both the ASM filter 150 and
ECM filter 156 from predefined filters). Examples of filter response curves for three
different BNL are shown in fig. Sc. The basic trend for the ASM and ECM filter response
at different BNLs is that at low BNLs (e.g. <60 dBA), no ECM signal is mixed with the
ASM signal for monitoring by the user or transmission to a mobile phone, PMP etc
(although the ECM signal may still be used to operate the VOX). At medium BNL; a
mixture of ASM and ECM signal is taken, though the ASM filter attenuates low
frequencies of the ASM signal, and attenuates high frequencies of the ECM signal. At
high BNL (e.g. >85 dB), the ASM filter attenuates all low frequencies of the ASM signal,
and the ECM filter attenuates all high frequencies of the ECM signal. In another
embodiment of the Acoustic Management System, the ASM and ECM filters may be
affected by the spectral profile of the background noise measurement. For instance, if
there is a large Low Frequency noise in the ambient sound field of the user, then the
ASM filter may reduce the low-frequencies of the ASM signal accordingly, and boost the
low-frequencies of the ECM signal using the ECM filter.

Fig. Sb shows a method for the filtering of the ECM and ASM signals using
analog electronic circuitry prior to mixing. In one exemplary embodiment, the input
audio signal 164 is first filtered with a fixed filter 166, and depending on the BNL 142,
this filtered signal is then subjected to one of three gains; G1 150, G2 152, or G3 154. As
is obvious to anyone skilled in the art, there may be any number of gains systems greater
than 1. Example gain coefficients for when the input signal is an ECM signal is shown in
fig. Sc; where for low BNLs (e.g. when BNL < L1, where L1 is a predetermined level
threshold 144), G1 would be approximately zero; i.e. no ECM signal would be present in
the out signal 166. For the ASM input signal, G1 would be approximately unity for low
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BNL. For high BNL; G3 154 would be high for the ECM signal, and low for the ASM
signal. The output signal 166 for the ASM and ECM versions of the system in fig., Sb
are summed together. The filter response of the fixed filter 166 approximates a low-pass
shelf filter when the input signal 164 is an ECM signal, and approximates a high-pass
filter when the input signal 164 is an ASM signal. In an alternate exemplary embodiment,
the filter 166 is a unity-pass filter (i.e. no spectral attenuation) and the gain units G1, G2

etc are instead represent different analog filters.
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