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Hearing aid with adaptive matching of microphones

The 1nvention relates to a hearing aid and to a method of
operation of a hearing aid.

BACKGROUND OF THE INVENTION

In hearing aid systems of this type using at least two spaced
apart microphones, 1t 1s known that, in the technique for
controlling the directionality and beam forming, using multiple
microphones, usually two microphones, the realization depends on
the microphones being matched as closely as possible with respect
to their time and phase relationship as well as their sensitivity,
because beam forming techniques make use of the time/phase
difference between spaced apart microphones with respect to the
direction of the sound received from a sound source.

The difference in the arrival time of signals at the microphone
determines at which angles, the zeros in the directional
characteristic will be generated. '

Any disturbance 1n this difference 1n arrival time will disturb
the position of the zeros 1in space, and the directional behaviour
will, 1n this case, never become optimal.

Differences in the sensitivity between hearing aid microphones of
the same type could be as large as 6 dB, which would result 1n a
directional behaviour, that--for practical use--is not even there.

The difference 1in phase could be as large as 10° at low
frequencies, which i1s due to production tolerances 1n connection
with the lower cut-off frequency in the microphones.

In hearing aids with preferably two microphones they will be
normally placed apart by a distance of 1 cm. This corresponds to
an acoustical delay between the microphones of about 30 ~S.
Disturbances in the arrival times could of course be very severe,
because they could in fact be larger than the actual acoustical
delay between the two microphones. |
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A way to overcome this problem has until now been to use

microphones, which were matched 1n their sensitivity and phase by
the supplier.

However, there are some drawbacks i1n this method:

1. Microphones can not be matched better in their sensitivityv by
the supplier than to about 0.5 dB. However, 0.5 dB 1s enough to
degrade the directional behaviour heavily at 200-300 Hz.

2. Microphones can not be matched better in phase than about 20 |,
because of the needed precision in the equipment used to measure
the microphones. 29 corresponds at 200 Hz to about 28 us, which 1in
many cases is enough to move the directional characteristic, so
that directions which were actually intended to be damped, remain
almost undamped, and therefore will be transmitted with the same
strength as the signal coming from the desired direction.

3. The two electrical inputs in the hearing aid need to be matched
as well, for the beam forming to work well. This 1mplies a special
selection of the components to be used, because the tolerances of
e.g. capacitors are not sufficiently narrow.

4. In case of one microphone or other components becoming
defective, it will be necessary to exchange all microphones (or
other components) as matched sets which will make the necessary
service operation much more expensive.

S -0 (. st S A e b R - S i e e e e

In a first aspect, the present invention provides a hearing aid
with a controllable directional characteristic, having at least
two spaced apart microphones in at least two microphone channels,
at least one signal processing unit, at least one output
transducer and a directional controlling system, with means of
adaptively matching the characteristics of at least two
microphones, characterized by an adaptive phase matching circuit
with input terminals and output terminals and inserted into said
at least two microphone channels, the adaptive phase matching
circuit having its outputs connected to an acoustical delay
compensation means, followed by a parameter control circuit the
output of which is applied to a controllable filter means inserted
into at least one of said at least two microphone channels 1inside
sald adaptive phase matching circuit.
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In a second aspect, the invention provides a method of operation
of a hearing aid with a controllable directional characteristic
having at least two spaced apart microphones in at least two
microphone channels, at least on signal processing unit, at Teast
one output transducer and a directional control system as well as
means for adaptively matching the phase of said at Teast two
microphones, by applying the output signals of said adaptive phase
matching circuit to an acoustical delay compensation means for
determining a parameter control value for controlling controllable
filter means +inserted into at least one of said at least two '

microphone channels 1inside of said same adaptive phase matching
circuilt.

It 1s, therefore, a preferred feature of the present invention to
create a hearing aid containing specific circuitry for performing
a running adaptive matching between the 1i1nputs of microphones and
electronics for both the low frequency phase/time response and
also the sensitivity, so that there will be no need for precise
selection of matching microphones and electronics. It will rather
be sufficient to use randomly chosen microphones and components of

their respective types as long as they are within their production
tolerances.

This will also reduce service costs considerably, because
microphones and components could be changed one piece at a time.
Also, the effects of aging and changes due to environmental stress
may then be compensated for by the present invention.

Particularly, the new adaptive matching uses no additional signals

but uses the acoustical signals being present at the microphones
at any time.

This will be achieved by a hearing aid of the type referred to
above by using an adaptive phase matching circuit inserted 1nto
said at least two microphone channels, the adaptive phase matching
circuit having its outputs connected to an acoustical delay
compensation means followed by a parameter control circuit, the
output of which 1s applied to a controllable filter means inserted
into at least one of said at least two microphone channels inside
said adaptive phase matching circuit. It 1s of special advantage

a2l *""% _2l0.. **asas
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if filter means are provided in front of said acoustical delay
compensation means.

The invention will now be described in detail in conjunction with
5 the acompanying drawings.

SHORT DESCRIPTION OF THE DRAWINGS

In the drawings

10
FIG. 1 shows a first implementation of the i1nvention;
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Fig. 2 shows schematically, the circuitry of an adaptive phase

matching circuit;

Fig. 3 shows schematically, the circuitry of the acoustical
delay compensation circuit as incorporated into the

adaptive phase matching circuit;

Fig. 4 and Fig. 5
show schematically, further implementations of the in-

vention, additionally employing a sensitivity matching

circuit and

Fig. 6 shows schematically, the circuitry of the adaptive

sensitivity matching circuit.

Detailed description of the invention

While all operations of the circuitry to be described for the various
embodiments of the invention are performed with digital implementations
and, normally, will use highly integrated circuitry, it is to be under-

stood that, In principle, the entire circuitry could also be implemented

in analog technique.

However, the digital version is preferably used.

Since all signals emanating from microphones are in analog form, it is
to be understood that between the at least two microphones and the
digital circuits of the invention to be described here, an analog to

digital conversion has to be performed, possibly by using sigma-delta

conversion techniques.

The first embodiment of the invention as shown in Figs. 1 and 2
comprises an adaptive phase matching circuit 1 with input terminals
a, b and output terminals ¢, d and contains an acoustical delay com-

pensation circuit 2, a parameter control means 3 and a controllable

filter means 4.
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The adaptive phase compensation circuit is provided for compensation
of the said at least two microphones. In a test environment the phase
compensation could be based on a test sound generated by a test
sound source fixed in space, to be used during an iniiial or periodi-
cal adjustment procedure. However, in practical use, and since the
test sound, preferably, should be in the audio frequency range, a
test sound source fixed Iin space is not convenient for a continuous
adjustment during normal use. Therefore, in a preferred embodiment
of the invention this compensation may instead be based on the sound

present in the surrounding space.

If the microphones were receiving exactly the same sound signals,
‘the only difference would be the inherent phase and delay difference

(apart from the difference in sensitivity).

This means that an optimal phase matching may only be achieved, if
the microphones receive the same signal, i.e. the acoustical signals
arrive at exactly the same time at the microphones. The microphones
will, of course, be placed with a difference from each other which will

in fact result in a time delay between the microphones, depending on

the location of the acoustical signal source in space.

The sound from the environment does not necessarily arrive at the
microphones at the same time. In fact, the arrival times are normally
different for the two or more microphones and, of course, change.
Thus, the sound signals will have a certain delay with respect to
each ofher. Therefore, the acoustical delay compensation has to com-

pensate for this delay to create a virtual test sound based upon the

sound present in the surrounding space.

For this purpose an acoustical delay compensation circuit is connected
at the output side at terminals c, d of the adaptive phase matching
circuit 1. This acoustical delay compensation circuit 2 with its input

terminals e, f and output terminals g, h tries to compensate for this
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delay by applying an extra delay in at least one of the two microphone
channels for adjusting it, until a minimum difference between the input

signals of both microphones is achieved.

For controlling the phase matching a parameter control circuit 3 is
connected at the output terminals g, h of the acoustical delay compen-

sation circuit 2.

Such a parameter control circuit, in principle, performs some compa-
rison between output signals, in this case of the acoustical delay com-
pensation circuit 2, and determines in which way control values have
to be adjusted for the circuits to be controlled, in this case a control-
lable filter 4. Usually those adjustment values are integrated to gene-
rate the control parameters which can be used for controlling con-
trollable devices, circuits or the like. As has been said, this adaptive
phase matching circuit 2 contains at least one controllable filter 4 in-

cluded in at least one of the said at least two microphone channels

inside the adaptive phase matching circuit 1.

However, it is preferred to use additional filter means 5 and 6 which
are connected to the output terminals of the adaptive phase matching
circuit and are arranged in front of the acoustical delay compensation
circuit 2. It may be advantageous to use high pass filters in front of
the acoustical delay compensation circuit to remove DC components.

This will, in fact, change the ampiitude spectrum a little for the lowest

frequencies.

On the other hand, the controliable filter 4 could be either an all pass
filter or a high pass filter. This filter could perform the phase matching
and, at the same time, in case of a high pass filter, could perform the

elimination of any DC components as well.

As can be seen from Fig. 3, the acoustical delay compensation circuit
2 contains another parameter control circuit 7, connected to the output
terminals g, h of said circuit and controlliing a controllable delay device &

inserted into at least one of said at least two microphone channels be-

tween input terminals e, f and output terminals g, h.
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However, it is certainly of advantage to use an adaptive sensitivity
matching circuit 9 in front of the adaptive phase matching circuit 1

as described in connection with Figs. 1 to 3. By letting the sensitivity
matching depend on the signals after the phase matching, as in Fig. 5,
amplitude errors introduced by filters before the phase matching, or
by the phase matching itself may be compensated. This compensation
may be performed at desired frequencies or frequency ranges. How-
ever, a compensation may be performed, e.g. at low frequencies only,
which will move the error to higher frequencies, where problems due

to poor matching are less severe.

As shown in Figs. 4 and 5 there are two possible ways to combine the
adaptive sensitivity rhatching circuit with the adaptive phase matching
circuit. As will now be described in more detail the adaptive sensitivity
matching circuit 9 as shown in Fig. 6, with input terminals i, j, output
terminals k, |, and control terminals m, n comprises basically two level
detectors 10 and 11 connected to control terminals m, n and hence to
the output terminals k, | to determine the signal levels in the at least
two microphone channels, followed by a parameter control circuit 12
which performs some comparison of the two signal levels and determines

in which way the gain of a controllable gain amplifier 13 should be

adjusted to make the two signal levels as equal as possible.

One other way of combining the two adaptive matching circuits is
specifically shown in Fig. 5, in which the outputs of the adaptive
phase matching circuit 1 are applied to the control terminals m, n
of the adaptive sensitivity matching circuit to introduce additionally

the adaptively matched phase relationship into the adaptive sensitivity

matching circuit as well.

Also in the case of the adaptive sensitivity matching circuit 9 it may
be of advantage to arrange filter means 14, 15 in front of the level

detector means 10, 11. These filters could then be used to eliminate
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any possible DC components as well. It may therefore be desirable to

select the filters 14, 15 to focus on specific frequencies (typically the

low frequencies). Any other selection for different frequency bands
is equally possible.

With this novel circuitry in accordance with the present invention,

adaptive phase and sensitivity matching could be achieved without
the need to use any additional signals, by using the acoustical signals
being present at the microphones at any time.

The objects of the invention, as recited in the opening pages, could
all be achieved by the circuitry disclosed.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A hearing aid with a controllable directional characteristic, comprising at least
two spaced apart microphones in at least two microphone channels, at least one
signal processing unit, at least one output transducer and a directional controlling
system, with means of adaptively matching the characteristics of at least two
microphones, characterized by an adaptive phase matching circuit with input
terminals and output terminals and inserted into said at least two microphone
channels, the adaptive phase matching circuit having its outputs connected to an
acoustical delay compensation means, followed by a parameter control circuit the
output of which is applied to a controllable filter means inserted into at least one of

said at least two microphone channels inside said adaptive phase matching circuit.

2. The hearing aid in accordance with claim 1, wherein filter means is provided

in front of said acoustical delay compensation means.

3. The hearing aid in accordance with claim 1 or claim 2, wherein said acoustical
delay compensation means with input terminals and output terminals comprises a
parameter control circuit for controlling controllable delay means inserted in at least

one of said at least two microphone channels between respective input and output
terminals of said acoustical delay compensation means.

4. The hearing aid in accordance with any one of claims 1 to 3, further
comprising an adaptive sensitivity matching circuit in front of said adaptive phase
matching circuit, being coupled to said at least two microphones and the respective
microphone channels, having input terminals, output terminals and control terminals,
said adaptive sensitivity matching circuit comprising for each microphone channel,
and connected to said control terminals, level detector means followed by a
parameter control for controlling a controliable gain amplifier arranged in at least one

of the said two microphone channels, to remove any difference in sensitivity of the
said at least two microphones.
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5. The hearing aid in accordance with claim 4, wherein filter means is arranged
in front of said level detector means.
6. The hearing aid in accordance with any one of claims 1 to 5, wherein the

output of said adaptive phase matching circuit is applied to said control terminals of
said adaptive sensitivity circuit.

7. A method of operation of a hearing aid with a controllable directional
characteristic comprising at least two spaced apart microphones in at least two
microphone channels, at least one signal processing unit, at least one output
transducer and a directional control system as well as means for adaptively
matching the phase of éaid at least two microphones, by applying the output signals
of said adaptive phase matching. circuit to an acoustical delay compensation means
for determining a parameter control value for controlling controllable filter means

inserted into at least one of said at least two microphone channels inside of said

same adaptive phase matching circuit.

8. The method in accordance with claim 7, further comprising filtering said
output signals of said adaptive phase matching circuit before applying the filtered

output signal to said acoustical delay compensation means.

9. The method in accordance with claim 7 or claim 8, further comprising feeding
back the output of said acoustical delay compensation means for determining
updated parameter values and using same to control controllable delay means
inserted inside the acoustical delay compensation means in at least one of said at

least two microphone channels between the respective input and output terminals.

10. The method in accordance with any one of claims 7 to 9 for matching the
characteristics of the said at least two microphones of said at least two microphone
channels with respect to their sensitivity and/or their phase relationship by applying
the output signals of said at least two microphones to an adaptive sensitivity
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matching circuit followed by an adaptive phase matching circuit and feeding back the
output signals of said adaptive sensitivity matching circuit to a control input of the

said same adaptive sensitivity matching circuit.

11.  The method in accordance with any one of claims 7 to 10, further comprising
filtering the output signal of said adaptive sensitivity matching circuit before applying

it to said control terminals of said same adaptive sensitivity matching circuit.

12. The method in accordance with claim 10 or ciaim 11, further comprising
filtering the output signal of said adaptive sensitivity matching circuit for each

microphone channel, applying the corresponding output signals each to a level
detector and comparing the two resulting levels, using the resuit of said comparison
for adjusting and updating the gain in at least one of said two microphone channels

to achieve identity of the two signal levels.

13. The method in accordance with claim 10, further comprising feeding back the

output signal of said adaptive phase matching circuit to said control terminals of said

adaptive sensitivity matching circuit.

14. The method in accordance with claim 12, further comprising filtering the
output signal of said adaptive phase matching circuit before applying it to the control -

terminals of said adaptive sensitivity matching circuit.
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