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&) Noise reduction device.

@ An automatic gain active noise reduction ar- - with the feedback control path for controlling the
rangement for reducing the level of acoustic noise loop gain in accordance with a preselected param-
within the internal cavity or enclosure of an ear- eter of the microphone output.

defender or earphone structure, the arrangement
comprises a noise pick-up microphone and a noise-
cancelling transducer mounted within said cavity or
enclosure, the noise pick-up microphone being
adapted to produce an electrical signal output in
response to an acoustic noise field within said cavity
or enclosure, and phase inverter means, filtering = 3
means and amplifying means connected in a feed-
back control path extending between the noise pick- 5
°up microphone and the noise-cancelling transducer
and effective in response to the generation of an \U\‘
electrical signal output by the noise pick-up micro- §
phone to produce a noise-cancelling signal output —6 —_—1
which is fed to the noise-cancelling transducer, in
which the output from the noise pick-up microphone 3
is aiso applied to signal processing and control 7
fA.means for producing an electrical output which is
I-Udependent upon the microphone output and a pre-
determined non-linear control algorithm and which is
applied to variable loop gain control means coupled
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IMPROVEMENTS RELATING TO NOISE REDUCTION ARRANGEMENTS

This invention relates to arrangements for re-
ducing the level of acoustic noise fields within the
internal cavities or enclosures of so-called ear-
defenders or earphone structures when being worn
by personnel (e.g. pilots, vehicle drivers, industrial
workers etc.) in high noise environments.

Known active noise reduction (ANR) arrange-
ments for reducing the aforesaid acoustic noise
field in ear-defenders comprise small noise pick-up
microphones and noise-cancelling transducers
mounted within the internal cavities or enclosures
of the respective ear-defenders. The noise pick-up
microphones produce electrical signal outputs in
response to the acoustic noise fields within the
aforesaid cavities and these signal outputs are
phase inverted, filtered and amplified in a feedback
loop arrangement for the production of noise-can-
celling signals fed to the noise-cancelling trans-
ducers which accordingly produce noise-cancelling
acoustic signals of substantially the same ampli-
tude but of opposite phase to the acoustic noise
field waveforms.

It will be appreciated that the noise pick-up
microphones do not detect the incoming or am-
bient noise level but rather the reduced noise level
within the cavities following acoustic noise reduc-
tion (ANR). it can be shown that such ANR ar-
rangements produce a reduction in noise at a par-
ticular frequency given by:-

(1 + 2Gcos @ + G*)~*where G is the total gain of
the feedback loop arrangement and 0 is the total
loop phase change at the particular frequency con-
cerned. From this expression it can readily be
appreciated that the scale of noise reduction
achieved is highly dependent upon the total loop
gain. Due to the imperfect transfer functions of the
noise pick-up microphones and noise-cancelling
tranducers the acoustic noise reduction arrange-
ments will, at certain frequencies, be feeding in-
phase (i.e. positive feedback) signals rather than
anti-phase (i.e. negative feedback) signals to the
noise-cancelling transducers. To prevent the ANR
system becoming unstable the overall loop gain of
the system must be kept at less than unity at the
frequencies concerned otherwise the noise levels
in the cavities of the earphone structures will ac-
tually be increased rather than reduced by the
positive feedback signais fed to the noise-cancel-
ling transducers. However, aithough the loop gain
must be kept below unity at the aforesaid fre-
quencies in order to maintain stability the loop gain
of the ANR must be sufficiently high to provide the
optimum acoustic noise reduction.
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Fixed loop gain control techniques couid be
used but for changes that occur in the characteris~
tics of components of the ANR system with the
passage of time. Such fixed loop gain techniques
would not provide the requisite compensation for
changes in sensitivity of the noise-cancelling trans-
ducers resulting from changes in the volume of the
earphone structure cavities which occur when the
earphone structures are worn by different persons
or from small changes in earphone structure posi-
tion caused by normal movementis of the wearer's
head.

Automatic loop gain conirol techniques would
be capabie of providing the requisite aforesaid
compensation but the conventional procedure has
hitherto been to utilise only the output signal from
the noise pick-up microphone of the ANR arrange-
ment for linear fedback automatic gain control pur-
poses.

Changes in the microphone output can result
from a change in loop gain (e.g. due to earphone
movement) which requires the automatic gain con-
trol arrangement to act to adjust the gain and from
a change in external noise spectrum/evel in which
case the automatic gain conirol arrangement is not
required to act. However, the cause of these
changes in loop gain cannot be distinguished in an
active noise reduction system utilising noise pick-
up microphone outputs only for gain control pur-
poses. Consequently, such simple linear feedback
gain control systems are inherently unstable and
cause the loop gain to oscillate continuously about
the requisite value.

According to the present invention there is
provided an automatic gain active noise reduction
arrangment for reducing the level of acoustic noise
within the internal cavity or enclosure of an ear-
defender or earphone structure, the arrangement
having improved stability and comprising a noise
pick-up microphone and a noise-cancelling irans-
ducer mounted within said cavity or enclosure, the
noise pick-up microphone being adapted to pro-
duce an electrical signal output in response to an
acoustic noise field within said cavity or enclosure,
and phase inverter means, filtering means and am-
plifying means connected in a feedback control
path extending beiween the noise pick-up micro-
phone and the noise-cancelling transducer and ef-
fective in response to the generation of an elec-
trical signal output by the noise pick-up micro-
phone to produce a noise-cancelling signal output
which is fed to the noise-cancelling transducer, in
which the output from the noise pick-up micro-
phone is also applied to signal processing and
control means for producing an electrical output
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which is dependent upon the microphone output
and a predetermined non-linear control algorithm
and which is applied to variabie loop gain control
means coupled with the feedback control path for
controlling the loop gain in accordance with a
preselected parameter of the microphone output.

In carrying out the present invention which
provides an In carrying out the present invention
which provides an active noise reduction arrange-
ment that is stable in operation under ail con-
ditions, the control means may comprise a micro-
processor which introduces a non-linear control al-
gorithm into the loop gain in dependence upon the
particular parameter of the microphone signal out-
put that is being controlied. The choice of param-
.eter will depend upon the intended working envi-
ronment of the arrangement but in any event the
control algorithm implemented by the microproces-
sor allows the parameter of the microphone output
to vary over a finite range before any action is
taken by the microprocessor to adjust the loop gain
through the variable loop gain control means.

In this way stepwise (or iterative) loop gain
control is provided. The signal processing means
may be adapted to provide analogue processing -
(e.g. filtering) of the microphone output signal fol-
lowed by analogue-to-digital conversion prior to
applying the digital signal to the microprocessor.
Alternatively, the microprocessor itself may be ar-
ranged to perform the necessary processing of the
microphone output signal.

By way of example the present invention will
now be described with reference to the accom-
panying drawings in which:

Figure 1 shows a block schematic diagram
of an earphone active noise reduction arrangement
having automatic gain control according to the in-
vention; and,

Figures 2 and 3 show, respectively, the con-
trolling and controlled waveforms of a simpie
known linear feedback automatic gain control ar-
rangement and of the non-linear automatic gain
control arrangement included in Figure 1.

Referring to Figure 1 of the drawings, there is
shown an earphone 1 comprising a cup-shaped
housing 2 fitted around its rim with compliant ma-
terial 3 which in use of the earphone cushions the
housing 2 against the wearer's head. The earphone
1 is provided with an active noise reduction ar-
rangement for reducing the overall level of noise
within the earphone housing 2. This arrangement
comprises a sub-miniature microphone 4 which de-
tects the acoustic noise within the earphone hous-
ing 2 and provides and electrical output which is
fed through an electrical phase inverter 5 and a
filter 6 before being applied to a variable loop gain
control device 7 and a power amplifier 8. The
output from the power amplifier 8 is applied to a
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suitably supported noise-cancslling transducer 9 -
(e.g. moving-coil loudspeaker) within the earphone
housing so that acoustic signals produced by the
transducer 9 when the electrical output from the
power ampilifier 8 is applied thereto interferes de-
structively with the noise within the housing 2
thereby reducing substantially the level of noise
within the latter. Ideally, the noise-cancelling trans- -
ducer 9 produces acoustic signals of the same
amplitude but of opposite phase to the acoustic
noise field waveforms within the earphone housing
2.

The gain control arrangement extending from
the noise detecting microphone 4 to the noise-
cancelling transducer 9 but excluding the variabie
loop gain device 7 constitutes a close loop linear
feedback automatic gain control active noise reduc-
tion arrangement.

As previously mentioned the loop gain in active
noise reduction (ANR) arrangements needs to be
high for the reduction of noise within the earphone
cavity but should not be so high at certain fre-
quencies at which the ANR arrangement wouid
produce positive rather than negative feedback
control signals and thereby add fo the noise field
within the earphone cavity.

For the purpose of providing automatic gain
control of the feedback signal applied to the noise-
cancelling transducer 9 the output from the micro-
phone 4 is applied to an analogue processing de-
vice 10 (e.g. filter) the output from which is fed into
an analogue-to-digital converter 11. The output
from the converter 11 is then applied to a micro-
processor 12 which is arranged to operate on the
digital input thersto corresponding to a particular
parameter of the microphone output so as to pro-
duce an output which is controlled in accordance
with concerned is within a predetermined range of
its desired value then no further change in the ioop
gain will be made unless the paramster again
moves outside the desired range.

Referring to Figure 2 of the drawings, this
shows two measured traces 13 and 14 which are
derived from a known form of linear automatic gain
control arrangement. The lower trace 13 represents
a derived microphone output parameter which the
control- arrangement is monitoring and controlling.
In the present instance the parameter converned is
the level of enhanced frequencies within the control
loop. The upper trace 14 shows the loop gain. As
can be seen, strong oscillation occurs in the loop
gain as the control arrangement responds to
changes in the parameter and vice versa thereby
demonstrating the instability of the linear automatic
gain control arrangement.
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Referring now to figure 3, this demonstrates
the action of the automatic gain control of the
arrangement according to the present invention.
The upper itrace 15 shows the output from the
control loop or the loop gain whereas the lower
trace 16 shows the level of the parameter being
controlled. After an initial period following activation
of the conirol arragement it can be seen that stable
control of the control parameter is achieved. The
random variation in the control parameter shown is
due to the fact that the measurement was taken in
the presence of external noise and on a longer
time scale than in Figure 2.

Claims

1. An automatic gain active noise reduction
arrangement for reducing the level of acoustic
noise within the internal cavity or enclosure of an
ear-defender or earphone structure, the arrange-
ment comprising a noise pick-up microphone and a
noise-cancelling transducer mounted within said
cavity or enclosure, the noise pick-up microphone
being adapted io produce an electrical signal out-
put in response to an acoustic noise field within

said cavity or enclosure, and phase inverter means,

filtering means and amplifying means connected in
a feedback control path extending between the
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noise pick-up microphone and the noise-cancelling
transducer and effective in response to the genera-
tion of an electrical signal output by the noise pick-
up microphone to produce a noise-cancelling signal
output which is fed to the noise-cancsiling trans-
ducsr, in which the output from the noise pick-up
microphone is also applied o signal processing
and control means for producing an slectrical out-
put which is dependent upon the microphone out-
put and a predetermined non-linear control algo-
rithm and which is applied to variable loop gain
control means coupled with the feedback contro!
path for controlling the loop gain in accordance
with a preselected parameter of the microphone
output.

2. An automatic gain active noise reduction
arrangement as claimed in claim 1, in which the
control means comprises a microprocessor which
introduces a non-linear control algorithm into the
loop gain in dependence upon the particular pa-
rameter of the microphone signal output that is
being controlied.

3. An automatic gain active noise reduction
arrangement as claimed in claim 2, in which the
signal processing means is adapted to provide
analogue processing (e.g. filtering) of the micro-
phone output signal followed by analogue-to-digital
conversion prior to applying the digital signal to the
microprocessor.



0 212 840

e evee e e
\12 \Yi \1o
- .
=3
s A
\U\4
N>~—9
__6
! —_—1
u¥j~3
7 8 2
F16./
LOOP GAIN
l %
INCREASING
GAIN \/\L
3 _CONTROL

THET .
!*60m5 | Fi16.2



0 212 840

I

ALYV T04INGD
%

T

S
NIV9 do01

il
T

SJise

59

NVO
ONISVFEONI

*



	bibliography
	description
	claims
	drawings

