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The present invention relates generally to signal
processing, and more specifically to an adaptive signal
processing system and method for reducing interference in a

particular signal source where the environment includes

10 sources of interference signals at locations different from
that of the signal source. One such instance is the use of
microphones to record a particular party’s speech in a room
where there are other parties speaking simultaneously,
causing interference in the received signals.

15 If one knows the exact characteristics of the
interference, one can use a fixed-weight filter to suppress
it. But it is often difficult to predict the exact
characteristics of the interference because they may vary
according to changes in the interference sources, the

20 background noise, acoustic environment, orientation of the
sensor with respect to the signal source, the transmission
paths from the signal source to the sensor, and many other
factors. Therefore, in order to suppress such interference,
an adaptive system that can change its own parameters in

25 response to a changing environment is needed.

An adaptive filter is an adaptive system that can change
its own filtering characteristics in order to produce a
desired response. Typically, the filter weights defining the
characteristics of an adaptive filter are continuously

30 updated so that the difference between a signal representing
a desired response and an output signal of the adaptive
filter is minimized. : '

The use of adaptive filters for reducing interference in
a received signal has been known in the art as adaptive noise

35 cancelling. It is based on the idea of cancelling a noise

component of a received signal from the direction of a signal

source by sampling the noise independently of the source
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signal and modifying the sampled noise to approximate the
noise component in the received signal using an adaptive
filter. For a seminal article on adaptive noise cancelling,
see B. Widrow et al., Adaptive Noise Cancelling: Principles
and Applications, Proc. IEEE 63:1692-1716, 1975.

A basic configuration for adaptive noise cancelling has
a primary input received by a microphone directed to a
desired signal source and a reference input received
independently by another microphone directed to a noise
source. The primary input contains both a source signal
component originating from the signal source and a noise
component originating from the noise source. The noise
component is different from the reference input representing
the noise source itself because the noise signal must travel
from the noise source to the signal source in order to be
included as the noise component.

The noise component, however, is likely to have some
correlation with the reference input because both of them
originate from the same noise source. Thus, a filter can be
used to filter the reference input to generate a cancelling
signal approximating the noise component. The adaptive
filter does this dynamically by generating an output signal
which is the difference between the primary input and the
cancelling signal, and by adjusting its filter weights to
minimize the mean-square value of the output signal. When
the filter weights settle, the output signal effectively
replicates the source signal substantially free of the noise
component because the cancelling signal closely tracks the
noise component.

Adaptive noise cancelling can be combined with
beamforming, a known technique of using an array of sensors
to improve reception of signals coming from a specific
direction. A beamformer is a spatial filter that generates a
single channel from multiple channels received through
multiple sensors by filtering the individual multiple
channels and combining them in such a way as to extract
signals coming from a specific direction. Thus, a beamformer

- 2 -
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can change the direction of receiving sensitivity without
physically moving the array of sensors. For details on
beamforming, see B.D. Van Veen and K.M. Buckley, Beamforming:
A Versatile Approach to Spatial Filtering, IEEE ASSP Mag.
5(2), 4-24.

Since the beamformer can effectively be pointed in many
directions without physically moving its sensors, the
beamformer can be combined with adaptive noise cancelling to
form an adaptive beamformer that can suppress specific
directional interference rather than general background
noise. The beamformer can provide the primary input by
spatially filtering input signals from an array of sensors so
that its output represents a signal received in the direction
of a signal source. Similarly, the beamformer can provide
the reference input by spatially filtering the sensor signals
so that the output represents a signal received in the
direction of interference sources. For a seminal article on
adaptive beamformers, see L.J. Griffiths & C.W. Jim, An
Alternative Approach to Linearly Constrained Adaptive
Beamforming, IEEE Trans. Ant. Prop. AP-30:27-34, 1982.

One problem with a conventional adaptive beamformer is
that its output characteristics change depending on input
frequencies and sensor directions with respect to
interference sources. This is due to the sensitivity of a
beamformer to different input frequencies and sensor
directions. A uniform output behavior of a system over all
input frequencies of interest and over all sensor directions
is clearly desirable in a directional microphone system where
faithful reproduction of a sound signal is required
regardless of where the microphones are located.

Another problem with adaptive beamforming is "signal
leakage". Adaptive noise cancelling is based on an
assumption that the reference input representing noise
sources is uncorrelated with the source signal component in
the primary input, meaning that the reference input should
not contain the source signal. But this "signal free"
reference input assumption is violated in any real

- 3 =
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environment. Any mismatch in the microphones (amplitude or
phase) or their related analog front end, any reverberation
caused by the surroundings or a mechanical structure, and
even any mechanical coupling in the physical microphone
structure will likely cause "signal leakage" from the signal
source into the reference input. 1If there is any correlation
between the reference input and the source signal component
in the primary input, the adaptation process by the adaptive
filter causes cancellation of the source signal component,
resulting in distortion and degradation in performance.

It is also important to confine the adaptation process
to the case where there is at least some directional
interference to be eliminated. Since nondirectional noise,
such as wind noise or vibration noise induced by the
mechanical structure of the system, is typically uncorrelated
with the noise component of the received signal, the adaptive
filter cannot generate a cancelling signal approximating the
noise component.

Prior art suggests inhibiting the adaptation process of
an adaptive filter when the signal-to-noisge ratio (SNR) is
high based on the observation that a strong source signal
tends to leak into the reference input. For example, U.S.
Pat. No. 4,956,867 describes the use of cross-correlation
between two sensors to inhibit the adaptation process when
the SNR is high.

But the prior art approach fails to consider the effect
of directional interference because the SNR-based approach
considers only nondirectional noise. Since nondirectional
noise is not correlated to the noise component of the
received signal, the adaptation process searches in vain for
new filter weights, which often results in cancelling the
source signal component of the received signal.

The prior art approach also fails to consider signal
leakage when the source signal is of a narrow bandwidth. 1In
a directional microphone application, the source signal often
contains a narrow band signal, such as speech signal, with
its power spectral density concentrated in a narrow frequency

T T
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range. When signal leakage occurs due to a strong narrow
band signal, the prior art approach may not inhibit the
adaptation process because the overall signal strength of
such narrow band signal may not high enough. The source
signal component of the received signal is cancelled as a
result, and if the source signal is a speech signal,
degradation in speech intelligibility occurs.

Therefore, there exists a need for an adaptive system
that can suppress directional interference in a received
signal with a uniform frequency behavior over a wide angular
distribution of interference sources.

0] I N

Accordingly, it is an object of the present invention to
suppress interference in a received signal using an adaptive
filter for processing inputs from an array of sensors.

Another object of the invention is to limit the
adaptation process of such adaptive filter to the case where
there is at least some directional interference to be
eliminated.

A further object of the invention is to control the
adaptation process to prevent signal leakage for narrow band
signals.

Another object is to produce an output with a uniform
frequency behavior in all directions from the sensor array.

These and other objects are achieved in accordance with
the present invention, which uses a system for processing
digital data representing signals received from an array of
sensors. The system includes a main channel matrix unit for
generating a main channel representing signals received in
the direction of a signal source where the main channel has a
source signal component and an interference signal component.
The system includes a reference channel matrix unit for
generating at least one reference channel where each
reference channel represents signals received in directions
other than that of the signal source. The system uses
adaptive filters for generating cancelling signals

- 5 = |
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approximating the interference signal component of the main
channel and a difference unit for generating a digital output
signal by subtracting the cancelling signals from the main
channel. Each adaptive filter has weight updating means for
finding new filter weights based on the output signal. The
system includes weight constraining means for truncating the
new filter weight values to predetermined threshold values
when each of the new filter weight value exceeds the
corresponding threshold value.

The system may further include at least one decolorizing
filter for generating a flat-frequency reference channel.

The system may further include inhibiting means for
estimating the power of the main channel and the power of the
reference channels and for generating an inhibit signal to
the weight updating means based on normalized power
difference between the main channel and the reference
channels.

The system produces an output substantially free of
directional interference with a uniform frequency behavior in
all directions from the system.

The objects are also achieved in accordance with the
present invention using a method, which can readily be
implemented in a program controlling a commercially available
DSP processor.

B F I ON OF E DRAW S

The objects, features and advantages of the present
invention will be more readily apparent from the following
detailed description of the invention in which:

F ‘$\1~is a block diagram of an overall system;

F;:?\Q is a block diagram of a sampling unit;

FIé}_B is a block diagram of an alternative embodiment
of a sampling unit;

_EIG?xé is a schematic depiction of tapped delay lines
used ima main channel matrix and a reference matrix unit;

FIG%\S is a schematic depiction of a main channel matrix

unit;
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FI;?\E is a schematic depiction of a reference channel

matrix it;
FIG.\ is a schematic depiction of a decolorizing

filter;

FIG. is a schematic depiction of an inhibiting unit
based on\directional interference;

FIG.

constraryt adaptive filter;
FIG. \Ll0 is a block diagram of a frequency-selective

weight-cynstraint unit;

is a schematic depiction of a frequency-selective

FIG. Y1 is a flow chart depicting the operation of a
program that can be used to implement the invention.

TATL DE IPT OF I

FIG. 1 is a block diagram of a system in accordance with
a preferred embodiment of the present invention. The system
illustrated has a sensor array 1, a sampling unit 2, a main
channel matrix unit 3, a reference channel matrix unit 4, a |
set of decolorizing filters 5, a set of frequency-selective
constrained adaptive filters 6, a delay 7, a difference unit .
8, an inhibiting unit 9, and an output D/A unit 10.

Sensor array 1, having individual sensors la-1d, [
receives signals from a signal source on-axis from the system
and from interference sources located off-axis from the
system. The sensor array is connected to sampling unit 2
for sampling the received signals, having individual sampling
elements, 2a-2d, where each element is connected to the
corresponding individual sensor to produce digital signals
x & R

The outputs of sampling unit 2 are connected to main
channel matrix unit 3 producing a main channel 12
representing signals received in the direction of a source.
The main channel contains both a source signal component and
an interference signal component.

The outputs of sampling unit 2 are also connected
reference channel matrix unit 4, which generates reference
channels 13 representing signals received from directions

= 7 o
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other that of the signal source. Thus, the reference
channels represent interference signals.

The reference channels are filtered through decolorizing
filters 5, which generate flat-frequency reference channels
14 having a frequency spectrum whose magnitude is
substantially flat over a frequency range of interest. Flat-
frequency reference channels 14 are fed into the set of
frequency-selective constraint adaptive filters 6, which
generate cancelling signals 15.

In the mean time, main channel 12 is delayed through
delay 7 so that it is synchronized with cancelling signals
15. Difference unit 8 then subtracts cancelling signals 15
from the delayed main channel to generate an digital output
signal 16, which is converted by D/A unit 10 into analog
form. Digital output signal 15 is fed back to the adaptive
filters to update the filter weights of the adaptive filters.

Flat-frequency reference channels 14 are fed to
inhibiting unit 9, which estimates the power of each flat-
frequency reference channel as well as the power of the main
channel and generates an inhibit signal 19 to prevent signal
leakage.

FIG. 2 depicts a preferred embodiment of the sampling
unit. A sensor array 21, having sensor elements 2la-21d, is
connected to an analog front end 22, having amplifier
elements 22a-22d, where each amplifier element is connected
to the output of the corresponding sensor element. In a
directional microphone application, each sensor can be either
a directional or omnidirectional microphone. The analog
front end amplifies the received analog sensor signals to
match the input requirement of the sampling elements. The
outputs from the analog front ends are connected to a set of
delta-sigma A/D converters, 23, where each converter samples
and digitizes the amplified analog signals. The delta-sigma
sampling is a well-known A/D technique using both
oversampling and digital filtering. For details on delta-
sigma A/D sampling, see Crystal Semiconductor Corporation,
Application Note: Delta-Sigma Techniques, 1989.

= B =
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FIG. 3 shows an alternative embodiment of the sampling
unit. A sensor array 31, having sensor elements 3la-31d, is
connected to an amplifier 32, having amplifier elements 32a-
32d, where each amplifier element amplifies the received

5 signals from the corresponding sensor element. The outputs
of the amplifier are connected to a sample & hold (S/H) unit
33 having sample & hold elements 33a-33d, where each S/H
element samples the amplified analog signal from the
corresponding amplifier element to produce a discrete signal.

10 The outputs from the S/H unit are multiplexed into a single
signal through a multiplexor 34. The output of the
multiplexor is connected to a conventional A/D converter 35
to produce a digital signal.

FIG. 4 is a schematic depiction of tapped delay lines

15 used in the main channel matrix unit and the reference
channel matrix in accordance with a preferred embodiment of
the present invention. The tapped delay line used here is
defined as a nonrecursive digital filter, also known in the
art as a transversal filter, a finite impulse response filter

20 or an FIR filter. The illustrated embodiment has 4 tapped
delay lines, 40a-40d. Each tapped delay line includes delay
elements 41, multipliers 42 and adders 43. Digital signals,
44a-44d, are fed into the set of tapped delay lines 40a-40d.
Delayed signals through delay elements 41 are multiplied by

25 filter coefficients, F;;, 45 and added to produce outputs,
46a-46d.

The n-th sample of an output from the i-th tapped delay
line, Y;(n), can then be expressed as:

Y;(n) = I, F;; X;(n-j), where k is the length of the

30 filter, and X;(n) is the n-th sample of an input to the i-th
tapped delay line.

FIG. 5 depicts the main channel matrix unit for
generating a main channel in accordance with a preferred
embodiment of the present invention. The unit has tapped

35 delay lines, 50a-50d, as an input section taking inputs S5la-
51d from the sampling unit. Its output section includes
multipliers, 52a-52d, where each multiplier is connected to

- 9 -
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the corresponding tapped delay line and an adder 53, which
sums all output signals from the multipliers. The unit
generates a main channel 54, as a weighted sum of outputs
from all multipliers. The filter weights 55a-55d can be any
combination of fractions as long as their sum is 1. For
example, if 4 microphones are used, the embodiment may use
the filter weights of 1/4 in order to take into account of
the contribution of each microphone.

The unit acts as a beamformer, a spatial filter which
filters a signal coming in all directions to produce a signal
coming in a specific direction without physically moving the
sensor array. The coefficients of the tapped delay lines and
the filter weights are set in such a way that the received
signals are spatially filtered to maximize the sensitivity
toward the signal source.

Since some interference signals find their way to reach
the signal source due to many factors such as the
reverberation of a room, main channel 54 representing the
received signal in the direction of the signal source
contains not only a source signal component, but also an
interference signal component.

FIG. 6 depicts the reference channel matrix unit for
generating reference matrix channels in accordance with a
preferred embodiment of the present invention. It has tapped
delay lines, 60a-60d, as an input section taking inputs 6la-
61d from the sampling unit. The same tapped delay lines as
that of FIG. 4 may be used, in which case the tapped delay
lines may be shared by the main and reference channel matrix
units.

Its output section includes multipliers, 62a-62d, 63a-
63d, 64a-64d and adders 65a-65c, where each multiplier is
connected to the corresponding tapped delay line and adder.
The unit acts as a beamformer which generates the reference
channels 66a-66¢c representing signals arriving off-axis from
the signal source by obtaining the weighted differences of
certain combinations of outputs from the tapped delay lines.
The filter weight combinations can be any numbers as long as

- 10 -
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their sum of filter weights for combining a given reference
channel is 0. For example, the illustrated embodiment may
use a filter weight combination, (W11, W12, W13, W1l4) =
(0.25, 0.25, 0.25, -0.75), in order to combine signals 6la-
61d to produce reference channel 66a.

The net effect is placing a null (low sensitivity) in
the receiving gain of the beamformer toward the signal
source. As a result, the reference channels represent
interference signals in directions other than that of the
signal source. In other words, the unit "steers" the input
digital data to obtain interference signals without
physically moving the sensor array.

FIG. 7 is a schematic depiction of the decolorizing
filter in accordance with a preferred embodiment of the
present invention. It is a tapped delay line including delay
elements 71, multipliers 72 and adders 73. A reference
channel 74 is fed into the tapped delay line. Delayed
signals are multiplied by filter coefficients, F,, 75 and
added to produce an output 76. The filter coefficients are
set in such a way that the filter amplifies the low-magnitude
frequency components of an input signal to obtain an output
signal having a substantially flat frequency spectrum.

As mentioned before in the background section, the
output of a conventional adaptive beamformer suffers a non-
uniform frequency behavior. This is because the reference
channels do not have a flat frequency spectrum. The
receiving sensitivity of a beamformer toward a particular
angular direction is often described in terms of a gain
curve. As mentioned before, the reference channel is
obtained by placing a null in the gain curve (making the
sensor array insensitive) in the direction of the signal
source. The resulting gain curve has a lower gain for lower
frequency signals than higher frequency signals. Since the
reference channel is modified to generate a cancelling
signal, a non-flat frequency spectrum of the reference
channel is translated to a non-uniform frequency behavior in
the system output.

- A -
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The decolorizing filter is a fixed-coefficient filter
which flattens the frequency spectrum of the reference
channel (thus "decolorizing" the reference channel) by
boosting the low frequency portion of the reference channel.
By adding the decolorizing filters to all outputs of the
reference channel matrix unit, a substantially flat frequency
response in all directions is obtained.

The decolorizing filter in the illustrated embodiment
uses a tapped delay line filter which is the same as a finite
impulse response (FIR) filter, but other kinds of filters
such as an infinite impulse response (IIR) filter can also be
used for the decolorizing filter in an alternative
embodiment.

FIG. 8 depicts schematically the inhibiting unit in
accordance with a preferred embodiment of the present
invention. It includes power estimation units 81, 82 which
estimate the power of a main channel 83 and each reference
channel 84, respectively. A sample power estimation unit 85
calculates the power of each sample. A multiplier 86
multiplies the power of each sample by a fraction, «, which
is the reciprocal of the number of samples for a given
averaging period to obtain an average sample power 87. An
adder 88 adds the average sample power to the output of
another multiplier 89 which multiplies a previously
calculated main channel power average 90 by (1-a). A new
main channel power average is obtained by (new sample power)
x a + (old power average) x (l-a). For example, if a 100-
sample average is used, o = 0.01. The updated power average
will be (new sample power) x 0.01 + (old power average) x
0.99. In this way, the updated power average will be
available at each sampling instant rather than after an
averaging period. Although the illustrated embodiment shows
an on-the-fly estimation method of the power average, other
kinds of power estimation methods can also be used in an
alternative embodiment.

A multiplier 91 multiplies the main channel power 89
with a threshold 92 to obtain a normalized main channel power

- 12 -
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average 93. An adder 94 subtracts reference channel power
averages 95 from the normalized main channel power average 93
to produce a difference 96. If the difference is positive, a
comparator 97 generates an inhibit signal 98. The inhibit
signal is provided to the adaptive filters to stop the
adaptation process to prevent signal leakage.

Although the illustrated embodiment normalizes the main
channel power average, an alternative embodiment may
normalize the reference channel power average instead of the
main channel power average. For example, if the threshold 92
in the illustrated embodiment is 0.25, the same effect can be
obtained in the alternative embodiment by normalizing each
reference channel power average by multiplying it by 4.

This inhibition approach is different from the prior art
SNR-based inhibition approach mentioned in the background
section in that it detects the presence of significant
directional interference which the prior art approach does
not consider. As a result, the directional-interference-
based inhibition approach stops the adaptation process when
there is no significant directional interference to be
eliminated, whereas the prior art approach does not.

For example, where there is a weak source signal (e.g.
during speech intermission) and there is almost no
directional interference except some uncorrelated noise (such
as noise due to wind or mechanical vibrations on the sensor
structure), the SNR-based approach would allow the adaptive
filter to continue adapting due to the small SNR. The
continued adaptation process is not desirable because there
is very little directional interference to be eliminated in
the first place, and the adaptation process searches in vain
for new filter weights to eliminate the uncorrelated noise,
which often results in cancelling the source signal component
of the received signal.

By contrast, the directional-interference-based
inhibition mechanism will inhibit the adaptation process in
such a case because the strength of directional interference
as reflected in the reference channel power average will be

- 13 -
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smaller than the normalized main channel power average,
producing a positive normalized power difference. The
adaptive process is inhibited as a result until there is some
directional interference to be eliminated.

FIG. 9 shows the frequency-selective constraint adaptive
filter together with the difference unit in accordance with a
preferred embodiment of the present invention. The
frequency-selective constraint adaptive filter 101 includes a
finite impulse response (FIR) filter 102, an LMS weight
updating unit 103 and a frequency-selective weight-constraint
unit 104. In an alternative embodiment, an infinite impulse
response (IIR) filter can be used instead of the FIR filter.

A flat-frequency reference channel 105 passes through
FIR filter 102 whose filter weights are adjusted to produce a
cancelling signal 106 which closely approximates the actual
interference signal component present in a main channel 107.
In a preferred embodiment, the main channel is obtained from
the main channel matrix unit after a delay in order to
synchronize the main channel with the cancelling signal. 1In
general, there is a delay between the main channel and the
cancelling signal because the cancelling signal is obtained
by processing reference channels through extra stages of
delay, i.e., the decolorization filters and adaptive filters.
In an alternative embodiment, the main channel directly from
the main channel matrix unit may be used if the delay is not
significant.

A difference unit 108 subtracts cancelling signal 106
from main channel 107 to generates an output signal 109.
Adaptive filter 101 adjusts filter weights, W,-W,, to minimize
the power of the output signal. When the filter weights
settle, output signal 109 generates the source signal
substantially free of the actual interference signal
component because cancelling signal 106 closely tracks the
interference signal component. Output signal 109 is sent to
the output D/A unit to produce an analog output signal.
Output signal 109 is also used to adjust the adaptive filter
weights to further reduce the interference signal component.

- 14 -
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There are many techniques to continuously update the
values of the filter weights. The preferred embodiment uses
the Least Mean-Square (LMS) algorithm which minimize the
mean-square value of the difference between the main channel

5 and the cancelling signal, but in an alternative embodiment,
other algorithms such as Recursive Least Square (RLS) can
also be used.

Under the LMS algorithm, the adaptive filter weights are
updated according to the following:

10 W,(n+1) = Wy(n) + 2 p r(n-p) e(n)
where n is a discrete time index; W, is a p-th filter weight
of the adaptive filter; e(n) is a difference signal between
the main channel signal and the cancelling signal; r(n) is a
reference channel; and p is an adaptation constant that

15 controls the speed of adaptation.

FIG. 10 depicts a preferred embodiment of the frequency-
selective weight-constraint unit. The frequency-selective
weight-control unit 110 includes a Fast Fourier Transform
(FFT) unit 112, a set of frequency bins 114, a set of

20 truncating units 115, a set of storage cells 116, and an
Inverse Fast Fourier Transform (IFFT) unit 117, connected in
series.

The FFT unit 112 receives adaptive filter weights 111
and performs the FFT of the filter weights 111 to obtain

25 frequency representation values 113. The frequency
representation values are then divided into a set of
frequency bands and stored into the frequency bins 114a-114h.
Each frequency bin stores the frequency representation values
within a specific bandwidth assigned to each bin. The values

30 represent the operation of the adaptive filter with respect
to a specific frequency component of the source signal. Each
of the truncating units 115a-115h compares the frequency
representation values with a threshold assigned to each bin,
and truncates the values if they exceeds the threshold. The

35 truncated frequency representation values are temporarily
stored in 116a-116h before the IFFT unit 117 converts them
back to new filter weight values 118.

- 35 =
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In addition to the inhibiting mechanism based on
directional interference, the frequency-selective weight-
constraint unit further controls the adaptation process based
on the frequency spectrum of the received source signal.

Once the adaptive filter starts working, the performance
change in the output of the filter, better or worse, becomes
drastic. Uncontrolled adaptation can quickly lead to a
drastic performance degradation.

The weight-constraint mechanism is based on the
observation that a large increase in the adaptive filter
weight values hints signal leakage. If the adaptive filter
works properly, there is no need for the filter to increase
the filter weights to large values. But, if the filter is
not working properly, the filter weights tend to grow to
large values.

One way to curve the growth is to use a simple
truncating mechanism to truncate the values of filter weights
to predetermined threshold values. 1In this way, even if the
overall signal power may be high enough to trigger the
inhibition mechanism, the weight-constraint mechanism can
still prevent the signal leakage.

For narrow band signals, such as a speech signal or a
tonal signal, having their power spectral density
concentrated in a narrow frequency range, signal leakage may
not be manifested in a large growth of the filter weight
values in the time domain. However, the filter weight values
in the frequency domain will indicate some increase because
they represent the operation of the adaptive filter in
response to a specific frequency component of the source
signal. The frequency-selective weight-constraint unit
detects that condition by sensing a large increase in the
frequency representation values of the filter weights. By
truncating the frequency representation values in the narrow
frequency band of interest and inverse-transforming them back
to the time domain, the unit acts to prevent the signal
leakage involving narrow band signals.

RTL898 1020-0025




The system described herein may be implemented using
commercially available digital signal processing (DSP)
gystems such as Analog Device 2100 series.

FIG. 11 shows a flow chart depicting the operation of a

5 program for a DSP processor in accordance with a preferred
embodiment of the present invention.

After the program starts at step 100, the program
initializes registers and pointers as well as buffers (step
110). The program then waits for an interrupt from a

10 sampling unit requesting for processing of samples received
from the array of sensors (step 120). When the sampling unit
sends an interrupt (step 131) that the samples are ready, the
program reads the sample values (step 130) and stores the
values (step 140). The program filters the stored wvalues

15 using a routine implementing a tapped delay line and stores
the filtered input values (step 141).

The program then retrieves the filtered input values
(step 151) and main channel matrix coefficients (step 152) to
generate a main channel (step 150) by multiplying the two and

20 to store the result (step 160).

The program retrieves the filtered input values (step
171) and reference channel matrix coefficients (step 172) to
generate a reference channel (reference channel #1) by
multiplying the two (step 170) and to store the result (step

25 180). Steps 170 and 180 are repeated to generate all other
reference channels (step 190).

The program retrieves one of the reference channels
(step 201) and decolorization filter coefficients for the
corresponding reference channel (step 202) to generate a

30 flat-frequency reference channel by multiplying the two (step
200) and stores the result (step 210). Steps 200 and 210 are
repeated for all other reference channels (step 220).

The program retrieves one of the flat-frequency
reference channels (step 231) and adaptive filter

35 coefficients (step 232) to generate cancelling signal (step
230) by multiplying the two and to store the result (step

= A -
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240). Steps 230 and 240 are repeated for all other reference
channels to generate more cancelling signals (step 250).

The program retrieves cancelling signals (steps 262-263)
to subtract them from the main channel (retrieved at step
261) to cancel the interference signal component in the main
channel (step 260). The output is send to a D/A unit to
reproduce the signal without interference in analog form
(step 264). The output is also stored (step 270).

The program calculates the power of a reference channel
sample (step 281) and retrieves an old reference channel
power average (step 282). The program multiplies the sample
power by a and the old power average by (1-a), and sums them
(step 280), and stores the result as a new power average
(step 290). This process is repeated for all other reference
channels (step 300) and the total sum of power averages of
all reference channels is stored (step 310).

The program multiplies the power of a main channel
sample (retrieved at step 321) by o and an old main channel
power average (retrieved at step 322) by (1-a), sums them
(step 320) and stores them as a new main channel power
average (step 330).

The program then multiplies the main channel power with
a threshold to obtain a normalized main channel power average
(step 340). The program subtracts the total reference
channel power average (retrieved at step 341) from the
normalized main channel power average to produce a difference
(step 350). If the difference is positive, the program goes
back to step 120 where it simply waits for another samples.

If the difference is negative, the program enters a
weight -updating routine. The program calculates a new filter
weight by adding [2 x adaptation constant x reference channel
sample (retrieved at step 361) x output (retrieved at step
362)] to an old filter weight (retrieved at step 363) to
update the weight (step 360) and stores the result (step
370).

The program performs the FFT of the new filter weights
to obtain their frequency representation (step 380). The

= 98 =
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frequency representation values are divided into several
frequency bands and stored into a set of frequency bins (step
390). The frequency representation values in each bin are
compared with a threshold associated with each frequency bin
(step 400). If the values exceed the threshold, the values
are truncated to the threshold (step 410). The program
performs the IFFT to convert the truncated frequency
representation values back to filter weight values (step 420)
and stores them (step 430). The program repeats the weight-
updating routine, steps 360-430, for all other reference
channels and associated adaptive filters (step 440). The
program then goes back to step 120 to wait for an interrupt
for a new round of processing samples (step 450).

While the invention has been described with reference to
preferred embodiments, it is not limited to those
embodiments. It will be appreciated by those of ordinary
skill in the art that modifications can be made to the
structure and form of the invention without departing from
its spirit and scope which is defined in the following
claims.
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IS:
3 18 An adaptive system for processing digital input

data representing signals containing a source signal from a
signal source on-axis relative to an array of sensors as well
as interference signals from interference sources located
off-axis from the signal source and for producing digital
output data representing the source signal with reduced
interference signals relative to the source signal,
comprising:

a main channel matrix unit for generating a main channel
from the digital input data, the main channel representing
signals received in the direction of the signal source and
having a source signal component and an interference signal
component ;

a reference channel matrix unit for generating at least
one reference channel from the digital input data, each
reference channel representing signals received in directions
other than that of the signal source;

at least one adaptive filter having adaptive filter
weights, connected to receive signals from the reference
channel matrix unit, for generating a cancelling signal
approximating the interference signal component of the main
channel;

a difference unit, connected to receive signals from the
main channel matrix unit and said at least one adaptive
filter, for generating the digital output data by subtracting
the cancelling signal from the main channel;

said at. least one adaptive filter also being connected
to receive the digital output data and including weight
updating means for finding new filter weight values of said
at least one adaptive filter such that the difference between
the main channel and the cancelling signal is minimized; and

weight constraining means for truncating said new filter
weight values to predetermined threshold values when each of
the new filter weight values exceeds the corresponding
threshold value.

= 90 =
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2. The system of claim 1, further comprising at least
one decolorizing filter for filtering said at least one
reference channel so that it has a frequency spectrum whose
magnitude is substantially flat over a predetermined

5 frequency range.

3 The system of claim 1, further comprising
inhibiting means, connected to receive signals from the main
channel matrix unit and the reference channel matrix unit,
for estimating the power of the main channel and the power of

10 said at least one reference channel and for generating an
inhibit signal to said weight updating means when a
normalized power difference between the main channel and said
at least one reference channel is positive.

4. The system of claim 1 wherein the sensors are

15 microphones.

5 An adaptive system for processing digital input
data representing signals containing a source signal from a
signal source on-axis relative to an array of sensors as well

20 as interference signals from interference sources located
off-axis from the signal source and for producing digital
output data representing the source signal with reduced
interference signals relative to the source signal,
comprising:

25 a main channel matrix unit for generating a main channel
from the digital input data, the main channel representing
signals received in the direction of the signal source and
having a source signal component and an interference signal
component ;

30 a reference channel matrix unit for generating at least
one reference channel from the digital input data, each
reference channel representing signals received in directions
other than that of the signal source;

at least one adaptive filter having adaptive filter

35 weights, connected to receive signals from the reference

channel matrix unit, for generating a cancelling signal

- 21 -
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approximating the interference signal component of the main
channel ;

a difference unit, connected to receive signals from the
main channel matrix unit and said at least one adaptive

5 filter, for generating digital output data by subtracting the
cancelling signal from the main channel;

said at least one adaptive filter also being connected
to receive the digital output data and including weight
updating means for finding new filter weight values of said

10 at least one adaptive filter such that the difference between
the main channel and the cancelling signal is minimized; and

weight constraining means for converting the new filter
weight values to frequency representation values, truncating
the frequency representation values to predetermined

15 threshold values, and converting them back to adaptive filter
weights.

6. The system of claim 5, further comprising at least
one decolorizing filter for filtering said at least one
reference channel so that it has a frequency spectrum whose

20 magnitude is substantially flat over a predetermined
frequency range.

7. The system of claim 5, further comprising
inhibiting means, connected to receive signals from the main
channel matrix unit and the reference channel matrix unit,

25 for estimating the power of the main channel and the power of
said at least one reference channel and for generating an
inhibit signal to said weight updating means when a
normalized power difference between the main channel and said
at least one reference channel is positive.

30 8. The system of claim 5 wherein the sensors are
microphones.
9. An adaptive system for receiving a source signal

from a signal source on-axis relative to the system as well
35 as interference signals from interference sources located
off-axis from the signal source and for producing an output
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signal with reduced interference signals relative to the
source signal, comprising:

a sensor array of spatially distributed sensors, each
for receiving such source and interference signals;

a sampling unit, connected to receive signals from the
sensor array, for converting such signals to digital form;

a main channel matrix unit, connected to receive signals
from the sampling unit, for generating a main channel
representing signals received in the direction of the signal
source, the main channel having a source signal component and
an interference signal component;

a reference channel matrix unit, connected to receive
signals from the sampling unit, for generating at least one
reference channel, each reference channel representing
signals received in directions other than that of the signal
source;

at least one adaptive filter having adaptive filter
weights, connected to receive signals from the reference
channel matrix unit, for generating a cancelling signal
approximating the interference signal component of the main
channel ;

a difference unit, connected to receive signals from the
main channel matrix unit and said at least one adaptive
filter, for subtracting the cancelling signal from the main
channel to generate a digital output signal;

an output digital-to-analog converter for converting
said digital output signal to analog form;

said at least one adaptive filter also being connected
to receive the digital output signal of the difference unit
and including weight updating means for finding new filter
weight values of said at least one adaptive filter such that
the difference between the main channel and the cancelling
signal is minimized; and

weight constraining means for truncating said new filter
weight values to predetermined threshold values when each of
the new filter weight value exceeds the corresponding
threshold value.
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10. The system of claim 9, further comprising at least
one decolorizing filter for filtering said at least one
reference channel so that it has a frequency spectrum whose
magnitude is substantially flat over a predetermined
frequency range.

11. The system of claim 9, further comprising
inhibiting means, connected to receive signals from the main
channel matrix unit and the reference channel matrix unit,
for estimating the power of the main channel and the power of
said at least one reference channel and for generating an
inhibit signal to said weight updating means when a
normalized power difference between the main channel and said
at least one reference channel is positive.

12. The system of claim 9, further comprising delay
means for delaying the main channel so that the main channel
is synchronized with the cancelling signal before the
difference unit subtracts the cancelling signal from the main
channel.

13. The system of claim 9 wherein the sensors are
microphones.

14. The system of claim 13 wherein the microphones are
omnidirectional microphones.

15. The system of claim 13 wherein the microphones are
unidirectional microphones.

16. The system of claim 9 wherein the main channel
matrix unit includes beamforming means for spatially
filtering signals from the sampling unit to exhibit the
highest sensitivity toward the signal source.

17. The system of claim 9 wherein the reference channel
matrix unit includes beamforming means for spatially
filtering signals from the sampling unit to exhibit the
lowest sensitivity toward the signal source.

18. The system of claim 9 wherein said at least one
adaptive filter comprises a finite-impulse-response filter
for generating the cancelling signal.
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19. The system of claim 9 wherein said at least one
adaptive filter comprises an infinite-impulse-response filter
for generating the cancelling signal.

20. The system of claim 9 wherein the weight updating
means uses the least-mean-square algorithm where the mean-
square value of the difference between the main channel and
the cancelling signal is minimized.

21. An adaptive system for receiving a source signal
from a signal source on-axis relative to the system as well
as interference signals from interference sources located
off-axis from the signal source and for producing an output
signal with reduced interference signals relative to the
source signal, comprising:

a sensor array of spatially distributed sensors, each
for receiving such source and interference signals;

a sampling unit, connected to receive signals from the
sensor array, for converting such signals to digital form;

a main channel matrix unit, connected to receive signals
from the sampling unit, for generating a main channel
representing signals received in the direction of the signal
source, the main channel having a source signal component and
an interference signal component;

a reference channel matrix unit, connected to receive
signals from the sampling unit, for generating at least one
reference channel, each reference channel representing
signals received in directions other than that of the signal
source;

at least one adaptive filter having adaptive filter
weights, connected to receive signals from the reference
channel matrix unit, for generating a cancelling signal
approximating the interference signal component of the main
channel;

a difference unit, connected to receive signals from the
main channel matrix unit and said at least one adaptive
filter, for subtracting the cancelling signal from the main
channel to generate a digital output signal;

v B!
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an output digital-to-analog converter for converting the
digital output signal to analog form;

said at least one adaptive filter also being connected
to receive the digital output signal of the difference unit
and including weight updating means for finding new filter
weight values of said at least one adaptive filter such that
the difference between the main channel and the cancelling
signal is minimized; and

weight constraining means for constraining the operation
of the adaptive filter by converting the new filter weight
values to frequency representation values, truncating the
frequency representation values to predetermined threshold
values, and converting them back to adaptive filter weights.

22. The system of claim 21 wherein the weight
constraining means comprises:

a Fast Fourier Transform unit for generating frequency
representation values of the new filter weight values;

a set of frequency bins, each frequency bin for storing
the frequency representation values for a frequency band
assigned to each frequency bin;

a set of truncating means, each connected to the
corresponding frequency bin, for truncating the frequency
representation values stored in each frequency bin to a
predetermined threshold value if the frequency representation
values exceed the threshold value associated with each
frequency bin; and

an Inverse Fast Fourier Transform unit, connected to the
set of truncating means, for converting values from the set
of truncating means back to adaptive filter weights.

23. The system of claim 21, further comprising at least
one decolorizing filter for filtering said at least one
reference channel so that it has a frequency spectrum whose
magnitude is substantially flat over a predetermined
frequency range.

24. The system of claim 21, further comprising
inhibiting means, connected to receive signals from the main
channel matrix unit and the reference channel matrix unit,
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for estimating the power of the main channel and the power of
said at least one reference channel and for generating an
inhibit signal to said weight updating means when a
normalized power difference between the main channel and said
at least one reference channel is positive.

25. The system of claim 21 wherein the sensors are
microphones.

26. The system of claim 21 wherein the main channel
matrix unit includes beamforming means for spatially
filtering signals from the sampling unit to exhibit the
highest sensitivity toward the signal source.

27. The system of claim 21 wherein the reference
channel matrix unit includes beamforming means for spatially
filtering signals from the sampling unit to exhibit the
lowest sensitivity toward the signal source.

28. The system of claim 21 wherein the weight updating
means uses the least-mean-square algorithm where the mean-
square value of the difference between the main channel and
the cancelling signal is minimized.

29. A method for processing digital input data

representing signals containing a source signal f a signal

source on-axis from an array of sensors as well as

interference signdls

axis from the sigpal squrce and for proddcing digital output

data representing|ithe source signal th reduced interference

signals relative
of:

al, comprising the steps

generating a i 1l from the digital input data,
the main channel ing signals received in the
direction of the si squrce and having a source signal
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filtering said at least one reference channel u

ing
filter weight values to generate a cancelling signa
approximating the interference signal component in/the main
channel ;

generating the digital output data by subtyacting the
cancelling signal from the main channel;

deriving new filter weight values so that the difference
between the main channel and the cancelling/signal is
minimized; and

truncating the new filter weight values to predetermined

threshold values when e ilter weight values
exceeds the correspong lue
30 The method im 29, fuyrther comprising the step

of filtering said at one reférence channel so that it

has a substantially
31. The method

of inhibiting the gene

9, further comprising the step
the cancelling signal when a
normalized power diffe petween the main channel and said

representing signals c¢ntaining a source signal from a signal
source on-axis from ap array of sensors as well as

from interference sources located off-
axis from the signdl source and for producing digital output
data representing/ the source signal with reduced interference
signals relative to the source signal, comprising the steps

of:

generating a main channel from the digital input data,
the main chdnnel representing signals received in the
direction Of the signal source and having a source signal
componenﬁ/

/
generating at least one reference channel from the

and an interference signal component;
digit input data, each reference channel representing

signgls received in directions other than that of the signal
soufce;

/
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filtering said at least one reference channel us
filter weight values to generate a cancelling signa

approximating the interference signal component in/the main

ng

channel;

generating the digital output data by subtracting the
cancelling signal from the main channel;
t the difference
signal is

deriving new filter weight values so t
between the main channel and the cancelling
minimized; and

congtraining the new filter weight/ values by converting
the new filter weight values to frequyéncy representation
values, truncating the frequency representation values to
predetermined threshdéld walues, apd converting them back to
filter weight valuesg.

33. The method

filter weight values

of claim 32 wherein constraining the new

plurality of frequend
truncating the f¥equency representation values in each
frequency bin if the¥y| exceed |a predetermined threshold value

associated with eagh frequency bin; and

converting e frequency representation values back to
filter weight vdlues.

34. The fnethod of claim 33 wherein generating the
frequency representation is done by using the Fast Fourier
Transform, /and converting back is done by using the Inverse
Fast Fourdier Transform.

35 The method of claim 32, further comprising the step

of filfering said at least one reference channel so that it
has substantially flat frequency spectrum.

36. The method of claim 32, further comprising the step
of/inhibiting the generation of the cancelling signal when a

ormalized power difference between the main channel and said

at least one reference channel is positive.
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37. A method for receiving a source signal from /a

signal source as well as interference signals from
interference sources and for producing an output signal with
reduced interference signals relative to the sour signal,
5 comprising the steps of:
receiving analog signals from a sensor array of
spatially distributed sensors;
sampling the analog signals to convert Ahem to digital

form;

10 generating a main channel representjihg signals received
in the direction of the signal source, fthe main channel
having a source signal component and interference signal
component ;
generating at %éas one refererice channel, each

15 reference channel repres
other than that of
filtering said at least o

filter weight values to generg@te a cancelling signal

reference channel using

approximating the interferente signal component in the main

20 channel; ‘

generating a diéi al joutput signal by subtracting the
cancelling signal frol"m tHe main channel;

converting the digital output signal to analog form;

deriving new filtér weight' values so that the difference

25 between the main chapnel and the cancelling signal is

minimized; and

truncating t new filter weight values to predetermined
threshold values /when each of the new filter weight values
exceeds the coryYesponding threshold value.

30 38. The method of claim 37, further comprising the step
of filtering Aaid at least one reference channel so that it
has a substantially flat frequency spectrum.

39 e method of claim 37, further comprising the step
of inhibifing the generation of the cancelling signal when a
35 normali;éd power difference between the main channel and said

at leqéE one reference channel is positive.
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40. A method for receiving a source signal from a
signal source as well as interference signals from

interference sources and for producing an output sjignal with
reduced interference signals relative to the sourge signal,
comprising the steps of:
receiving analog signals from a sensor aryay of
spatially distributed sensors;
sampling the analog signals to convert them to digital
form;
generating a main channel representipg signals received
in the direction of the signal source, e main channel
having a source signal component and ar interference signal
component ; —_
generating qf least one referen¢e channel, each
reference channell repregenting signdls received in directions
other than that o% the signal sourge;

filtering séid at least one
filter weight values to geperat

eference channel using
a cancelling signal
approximating the jnterferance /signal component in the main
channel ;
generating a djgital oufput signal by subtracting the
cancelling signal“% om the in channel;
converting the utput signal to analog form;
deriving new filter/weight values so that the difference
between the main chanheld and ehe cancelling signal is
minimized; and
constraining the new filter weight values by converting
the new filter weighit values to frequency representation
values, truncating/the frequency representation values to
predetermined thrgeshold values, and converting them back to
filter weight values.
41. The

filter weight/values comprises:

ethod of claim 40 wherein constraining the new

generating frequency representation values of the new

filter weight values;

divide the frequency representation values into a
plurality of- frequency bins;
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truncating the frequency representation values in-each

frequency bin if they exceed a predetermined thres d value
associated with each £ equency bin; and

converting the frequency representation xalues back to

filter weight values

42. The method|of dlaim 41 whereinh generating frequency
representation valu ig |done by using the Fast Fourier
Transform, and converting| them ck to filter weight values
is done by using theg 1 ast Fourier Transform.
43. The metho _of c

of filtering said lga

. im 40, further comprising the step
ohe reference channel so that it has
a substantially f1l

44. The m

of inhibiting“the generation of the cancelling signal when a

frequency spectrum.
od of claim 40, further comprising the step

normalized“power difference between the main channel and said

one reference channel is positive.

- 32 -

RTL898 1020-0041




10

15

25

30

35

: | 65’/ 674 gciT

ABSTRACT OF THE DISCLOSURE
An adaptive system and method for reducing interference
in a signal received from an array of sensors. Adaptive
filters are used to generate cancelling signals that closely
approximate the interference present in the received signal.
The adaptive filter weights are converted into the frequency
domain where the frequency representation values in a
selected frequency range are truncated to avoid signal
leakage involving narrow band signals. Decolorizing filters
are used to produce the cancelling signals having a flat
frequency spectrum. Normalized power difference is used
limit the operation of the adaptive filters to the case where
there is some directional interference to be eliminated.
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I PENNIE & EDMONDS DOCKET NO. 8757-003

DECLARATION
AND POWER OF ATTORNEY

As a below named inventor, | hereby declare that:
My residence, post office address and citizenship are as stated below at 201 et seq. underneath my name.

I believe I am the original, first and sole inventor if only one name is listed at 201 below, or an original, first and joint inventor if plural names
are listed at 201 et seq. below, of the subject matter which is claimed and for which a patent is sought on the invention entitled

SYSTEM AND METHOD FOR ADAPTIVE INTERFERENCE CANCELLING

“and for which a patent application:
X is attached hereto.

[J was filed in the United States on uApplicalionScrialNo. (for decarcsion mot accompenying applicat

with amendment(s) filed on -

[ was filed as PCT mtemaucnal application Serul No. on and was amended under PCT Anticle 19
on (¥ applicable)

I hereby state that | have reviewed and understand the contents of the above identified application, including the claims, as amended by any
amendment referred to above.

1 acknowledge the duty to disclose information known to me to be material to patentability as defined in Title 37, Code of Federal Regulations,
§1.56.

I hereby claim foreign priority benefits under Title 35, United States Code, §119(a)-(d) of any foreign application(s) for patent or inventor’s
certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a filing date before that
of the application on which priority is claimed:

EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED PRIOR TO THE FILING DATE OF THE APPLICATION
DATE OF FILING PRIORITY
APPLICATION NUMBER COUNTRY (day, month, year) CLAIMED
YES O NO O
YES O NO O

I hereby claim the benefit under Title 35, United States Code, §119(¢) of any United States provisional application(s) listed below.

APPLICATION NUMBER FILING DATE

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) listed below and, insofar as the subject
matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by the first
paragraph of Title 35, United States Code §112, I acknowledge the duty to disclose information which is material to patentability as defined
in Title 37, Code of Federal Regulations, §1.56 which became available between the filing date of the prior application and the national or PCT
international filing date of this application:

STATUS
PATENTED PENDING ABANDONED

APPLICATION SERIAL NO. FILING DATE

POWER OF ATTORNEY: As a named inventor, | hereby appoint S. Leslie Misrock (Reg. No. 18872), Harry C. Jones, Il (Reg. No. 20280),
Berj A. Terzian (Reg. No. 20060), Gerald J. Flintoft (Reg. No. 20823), David Weild, Il (Reg. No. 21094), Jonathan A. Marshall (Reg. No.
24614), Barry D. Rein (Reg. No. 22411), Stanton T. Lawrence, Il (Reg, No. 25736), Isaac Jarkovsky (Reg. No. 22713), Joseph V. Colaianni
(Reg. No. 20019), Charles E. McKenney (Reg. No. 22795), Philip T. Shannon (Reg. No. 24278), Francis E. Morris (Reg. No. 24615), Charles
E. Miller (Reg. No. 24576), Gidon D. Stern (Reg. No. 27469), John J. Lauter, Jr. (Reg. No. 27814), Brian M. Poissant (Reg. No. 28462),
Brian D. Coggio (Reg. No. 27624), Rory J. Radding (Reg. No. 28749), Stephen J. Harbulak (Reg. No. 29166), Donald J. Goodell (Reg. No.
19766), James N. Palik (Reg. No. 25510), Thomas E. Friebel (Reg. No. 29258), Laura A. Coruzzi (Reg. No. 30742), Jennifer Gordon (Reg.
No. 30753), Jon R. Stark (Reg. No. 30111), Allan A. Fanucci (Reg. No. 30256), Geraldine F. Baldwin (Reg. No. 31232), Victor N. Balancia
(Reg. No. 31231), Albert P. Halluin (Reg. No. 25227), Samuel B. Abrams (Reg. No. 30605), Steven |. Wallach (Reg. No. 35402), and Marcia
H. Sundeen (Reg. No. 30893), all of Pennie & Edmonds, whose addresses are 1155 Avenue of the Americas, New York, New York 10036,
1667 K Street N.W., Washington, DC 20006 and 2730 Sand Hill Road, Menlo Park, CA 94025, and each of them, my attorneys, to prosecute
this application, and to transact all business in the Patent and Trademark Office connected therewith.

4} PENY-454768, 1
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PENNiE & EDMONDS DOCKET NO. 8757-003

SEND CORRESPONDENCE TO: FH.HIEL-EDM.QND_S DIRECT TELEPHONE CALLS TO:
1155 AVENUE OF THE AMERICAS PENNIE & EDMONDS DOCKETING
N —10036-271T — (212) 790-2803
—_—
LAST NAME FIRST NAME MIDDLE NAMB
FULL NAME
OF INVENTOR _| MARASH JOSEPH
2 oY STATE OR COUNTRY COUNTRY OF CITIZENSHIP
0 RESIDENCE & FOREION
1 CITIZENSHIP | HAIFA ISRAEL T | X ISRAEL
STREET arry STATE OR COUNTRY 2iP coDE
POST OFFICE
ADDRESS P.0. Box 7752 HAIFA ISRAEL 31077
FULL NAME LAST NAME FIRST NAME MIDDLE NAME
OF INVENTOR
(2) RESIDENCE & cry STATE OR FOREION COUNTRY COUNTRY OF CITIZENSHIP
2 CITIZENSHIP
POST OFFICE ary STATE OR COUNTRY ZIP CODB
ADDRESS
FULL NAME | ™% FIRST NAME MIDDLE NAME
OF INVENTOR
g RESIDENCE & crry STATE OR FOREION COUNTRY COUNTRY OF CITIZENSHIP
3 CITIZENSHIP
POST OFFICE . <y STATE OR COUNTRY ZIP coDE
ADDRESS
FULL NAME AR FIRST NAME MIDDLE NAME
OF INVENTOR
(2) RESIDENCE & s STATE OR FOREIGN COUNTRY COUNTRY OF CITIZENSHIP
4 CITIZENSHIP
POST OFFICE - ary STATE OR COUNTRY ZIP CODE
ADDRESS
FULL NAME | "™ FIRST NAMB MIDDLE NAMB
OF INVENTOR
2
0 RESIDENCE & ary STATE OR FOREION COUNTRY COUNTRY OF CITIZENSHIP
5 CITIZENSHIP
POST OFFICE e STATE OR COUNTRY ZIP CODE
ADDRESS
FULL NAME | ™ FIRST NAME MIDDLE NAME
OF INVENTOR
2
0 RESIDENCE & ary STATE OR FOREION COUNTRY COUNTRY OF CITIZENSHIP
6 CITIZENSHIP
POST OFFICE i cy STATE OR COUNTRY ZIP CODE
ADDRESS

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements
may jeopardize the validity of the application or any patent issuing thereon.

[T SIONATURE OF INVENTOR 201 SIONATURE OF INVENTOR 200 SIGNATURE OF INVENTOR 203
DATE DATE DATE
[TSIONATURE OF INVENTOR 304 A oOF OR GNA T O
[~ DATE DATE DATE
(2) PENY34M768. 1
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ASSIGNMENT

WHEREAS, I, Joseph Marash,
ASSIGNOR, citizen of Israel
residing at 1A Shimkin Street, Haifa 34750, Israel

is the inventor of the invention in SYSTEM AND METHOD FOR ADAPTIVE INTEFERENCE
CANCELLING for which I have executed an application for a

Patent of the United States

O which is executed on [J even date herewith or O] __(date)
O which is identified by Pennie & Edmonds docket no.
X1 which was filed on June 27, 1996

and WHEREAS, Lamar Signal Processing Ltd., having a place of business at P.O. Box 7752, Haifa 31077,
Israel, ASSIGNEE, is desirous of obtaining the entire right, title and interest in, to and under the said invention
and the said application:

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00) to us in hand paid, and other
good and valuable consideration, the receipt of which is hereby acknowledged, I, the said ASSIGNOR, have
sold, assigned, transferred and set over, and by these presents do hereby sell, assign, transfer and set over, unto
the said ASSIGNEE, its successors, legal representatives and assigns, the entire right, title and interest in, to
and under the said invention, and the said United States application and all divisions, renewals and continuations
thereof, and all Patents of the United States which may be granted thereon and all reissues and extensions
thereof; and all applications for industrial property protection, including, without limitation, all applications
for patents, utility models, and designs which may hereafter be filed for said invention in any country or
countries foreign to the United States, together with the right to file such applications and the right to claim
for the same the priority rights derived from said United States application under the Patent Laws of the United
States, the International Convention for the Protection of Industrial Property, or any other international
agreement or the domestic laws of the country in which any such application is filed, as may be applicable; and
all forms of industrial property protection, including, without limitation, patents, utility models, inventors’
certificates and designs which may be granted for said invention in any country or countries foreign to the
United States and all extensions, renewals and reissues thereof;

AND I HEREBY authorize and request the Commissioner of Patents and Trademarks of the United

States, and any Official of any country or countries foreign to the United States, whose duty it is to issue

patents or other evidence or forms of industrial property protection on applications as aforesaid, to issue the

:ha_me to the said ASSIGNEE, its successors, legal representatives and assigns, in accordance with the terms of
is instrument.

AND [ HEREBY covenant and agree that I have full right to convey the entire interest herein assigned,
and that I have not executed, and will not execute, any agreement in conflict herewith.

AND I HEREBY further covenant and agree that I will communicate to the said ASSIGNEE, its
successors, legal representatives and assigns, any facts known to us respecting said invention, and testify in any
legal proceeding, sign all lawful paFers, execute all divisional, continuing, reissue and foreign applications,
make all rightful oaths, and generally do everything possible to aid the said ASSIGNEE, its successors, legal
representatives and assigns, to obtain and enforce proper protection for said invention in all countries.

, IN TESTIMONY WHEREOF, I hereunto set my hand and seal the day and year set opposite my
signature.

Date Jﬁl&/s, [996 1 fMZ Seat L.S.

Joseph Marash '
On this M day of , 1996, before me, a witness, personally appeared,
__Joseph Marash £ to me known and knownjo me to be the person of that name,

who signed and sealed the forege

% Iedg e to be his free act and deed.
7/

RO Witness.,
C. State of New York
U0, 49-4874552
Cuaiisixt in Oueens Sounty
Cornmission tapites fovember 24, 19 Wiy
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mr-i mm OF PATmTB AND TRADEMARKS
Weshington, D.C. 20231

B R

| arucamonmmsen |  Fmcoae | FIRST NAMED APPLICANT | ATTY.DOCKETNO/TILE |
We/ 672,899 NE/28/96 MARASH T B797-003
nz4z/0216

FPENNIE AND EDMONDS
1155 AVENLE OF THE AMERICAS
NEW YOREK NY 10036-2711

aooon

08/16/36
DATE MAILE

NOTICE TO FILE MISSING PARTS OF APPLICAYION
FILING DATE GRANTED

An Application Number and Filing Date have been assigned to this application. Howevel, the items indicated

below are missing. The required items and fees identified below must be ti mitded ALONG WITH
Tﬂmﬂ?.ﬂmnfaimlm%m{yd large entities or
$ for small entities who have filed a verified statement claiming such status. The is set forth in

37 CFR 1.16(e).

If all required items on this form are filed within the below, the total amount owed by applicantdsa (Y) large
enlily.l:!lmlﬂenﬁty(vuiﬁedmﬁled).ism.

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of this application, WHICHEVER IS LATER, within which to file all required items and pay any fees
required above to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1.136(a).

1. O The statutory basic filing fee is: (I missing [ insufficient. Applicant as a []large entity []small
entity, mustsubmit$___ to complete the basic filing fee.

2. (] Additional claim fees of § as a [J large entity, [] small entity, including any
required multiple dependent claim fee, are required. Applicant must submit the additional claim
fees or cancel the additional claims for which fees are due.

3. O The oath or declaration:

[J is missing.
[ does not cover items omitted at time of execution.

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required.

4. [J The oath or declaration does not identify the application to which it applies. An oath or declaration
in eomphnnee with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

5. M The signature(s) to the oath or declaration is/are: dlmm.ng; [l by a person other than the inventor
or a person qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or declaration in
compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

6. [J The signature of the following joint inventor(s) is missing from the oath or declaration:

An oath or declaration listing the names of all inventors and signed by
the omitted inventor(s), identifying this application by the above Application Number and Filing

Date, is required.

7. 0 The application was filed in a language other than English. Applicant must file a verified English
translation of the application and a fee of § under 37 CFR 1.17(k), unless this fee has
already been paid.

8.00A$ processing fee is required since your check was returned without payment.
(37 CFR 1.21(m)).

9. O Your filing receipt was mailed in error because your check was returned without payment.

10. 0 The application does not comply with the Sequence Rules. See attached Notice to Comply wi
Sequence Rules 37 CFR 1.821-1.825.

11.0 Other.

Direct the response and any questions about this notice to, Attention: Application Processing Division,
Special Processing and Correspondence Branch (703) 308-1202.

RTL898 1024-eemyof this notice MUST be returned with the response.

PORM PTO-1538 (REV. 1199) OFFICE COPY



IN THE ATES PATENT AND TRADEMAR."FICE

® Application of:  SYSTEM AND METHOD FOR ADAPTIVE +3
. INTERFERENCE CANCELLING
[0 Patent of:
® Serial No.: 08/672,899 Group Art Unit:
O Patent No.:
X Filed: June 27, 1996 Examiner:
[ Issued:
For: JOSEPH MARASH Attorney Docket No.: 8797-0003

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS
[37 CFR 1.9(f) and 1.27(c)] - Small Business Concern

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:
I hereby declare that I am
O the owner of the small business concern identified below:
X an official of the small business concern empowered to act in behalf of

the concern identified below:

Name of concern_____Lamar Signal Processing Ltd.
Address of concern P.O. Box 7752, Haifa 31077, lIsrael

I hereby declare that the above identified small business concern qualifies as a small
business concern as defined in 37 CFR 1.9(d), for purposes of paying reduced fees under
section 41(a) and (b) of Title 35, United States Code, in that the number of employees of
the concern, including those of its affiliates, does not exceed 500 persons. For purposes
of this statement, (1) the number of employees bf the business concern is the average over
the previous fiscal year of the concern of the person employed on a full-time, part-time or
temporary basis during each of the pay periods of th year, and (2) concerns are
affiliates of each other when either, directly or indi one concern controls or has the
power to control the other, or a third party or parties controls or has the power to control
both.

I hereby declare that rights under contract or law have been con%eyed to and remain with
the small business concern and/or there is an obligation under contract or law by the
inventor(s) to convey rights to the small business concern with regard to the invention,
entitled by inventor(s) described in

O the specification filed herewith
X application filed
O patent no. issued

If the rights held by the above identified small business concern are not exclusive, each
individual, concern or organization having rights to the invention is listed below and no

PENY3-404745.1
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rights to the invention are‘ by any person, other than the invemol.a could not
qualify as an independent inventor under 37 CFR 1.9(c) if that person made the invention,

or by any concern which would not qualify as a small business concern under
37 CFR 1.9(d), or a nonprofit organization under 37 CFR 1.9(e).

N,
FULL NAME Mo
ADDRESS .
=
0 INDIVIDUAL 0 SMALL BUSINESS CONCERN [0 NONPROFIT
ORGANIZATION
FULL NAME
ADDRESS N\
N\
O INDIVIDUAL O SMALL BUSINESS CONCBRN [0 NONPROFIT
ORGANIZATION
FULL NAME
ADDRESS
0O INDIVIDUAL ] SMALL BUSINESS CONCERN [0 NONPROFIT
ORGANIZATION
FULL NAME
ADDRESS

J INDIVIDUAL [0 SMALL BUSINESS CONCERN [0 NONPROFIT
ORGANIZATION

I acknowledge the duty to file, in this application or patent, notification of any change in

status resulting in loss of entitlement to small entity status prior to paying, or at the time

of paying, the earliest of the issue fee or any maintenance fee due after the date on which
status as a small entity is no longer appropriate. [37 CFR 1.28 (b)]

I hereby declare that all statements made herein of my own knowledge are true and that
all statements made on information-and belief are believed to be true; and further that
these statements were made with the knowledge that willful false statements and the like
so made are punishable by fine or impri nt, or both, under Section 1001 of Title 18
of the United States Code, and that such wil
validity of the application, and patent issuing
statement is directed.

| false statements may jeopardize the
eon, or any patent to which this verified

Send correspondence to:  PENNIE & EDMONDS Direct Telephone calls to:
1155 Avenue of the Ameri PENNIE & EDMONDS
New York, N.Y. 10036-271 (212) 790-9090

Name of person signing____Joseph Marash

Title of person other than owner&mg%kh N\

Address of person signing_ P.Q. Box 7752 \\
Haifa 31077, Israel X

Signature__Josg b Apal Date, J;/a 2 /29

*NOTE: Separate verified statements are required from each named person, concern or
organization having rights to the invention averring to their status as small entities.
(37 CFR 1.27)

PENY3-404745.1
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‘ Loc- 63¢o Al
513906

PATENT

Application of: MARASH, Joseph

Serial No.: 08/672,899 Group Art Unit: To be assigned
Filed: June 27, 1995 Examiner: To be assigned

For: SYSTEM AND METHOD FOR Attorney Docket No.: 8797-003
ADAPTIVE INTERFERENCE
CANCELLING

% W & H SMALL E TA AND

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

A filing fee in excess of the required fee has been paid in connection with the
subject patent application. In particular, a fee of $1,668.00 has been paid. An
Assignment of the invention described in this application to Lamar Signal Processing Ltd,
a corporation having a principal place of business at P.O. Box 7752, Haifa 31077, Israel
is being concurrently submitted for recordation. A copy of this Assignment is enclosed
herewith.

Lamar Signal Processing Ltd., having fewer than 500 employees, qualifies as a
small entity under 37 CFR §§ 1.9(d), (f) and 1.27(c) and, therefore, a fee of only
$834.00 is required. Enclosed herewith is a Verified Statement pursuant to 37 CFR
§ 1.27(c) claiming small entity status for Lamar Signal Processing Ltd., the assignee of

the subject application, as a small business concern pursuant to 37 CFR §§ 1.9(d) and (f).

LC CATION

“Express Mail” label No, EM 325 964 508 US Date of Deposit August 16, 1996 . 1 hereby certify
that this paper or fee is being deposited wilh the United States Postal Service "Express Mail Post Office 1o Addressec” service under 37 C.F.R. 1.10
on the date indicaled above and is addressed to the Assistant Commissioner for Patents, Washington. D.C. 20231,

MICHAEL VIGUIE

{Tope wr prind sme of pevson nﬂbvm-W

St s f prsan g pop o ot = PENY3-510396.1
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Since this Verified Statement is being filed within two months of the date on
which the full filing fee for the subject application was timely paid, it is believed that a
refund of half the filing fee paid is due pursuant to 37 CFR §§ 1.26 and 1.28. Please
refund the excess by depositing $834.00 to Deposit Account No. 16-1150. A duplicate
copy of this sheet is attached.

Respectfully submitted,

Date: August 16, 1996

PENNIE & EDMONDS

1155 Avenue of the Americas

New York, New York 10036-2711
(212) 790-9090

Enclosures

-2- PENY3-510396.1
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Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

/‘é\ URITED STATLS DEPARTMENT OF

FLNGDATE | FNTW | ATTY. DOCKET NO.TITLE

N&/6 77, 8299 16,/ 25/ 96 MARASH i) 797003

nz42/n316
PENNTE AND FDMUNDS
1155 AVENLIE OF THE AMERICAS
NEW YNORE NY 10036-2711

DATE MAILED:

NOTICE TO FILE MISSING PARTS OF APPLICATION
FILING DATE GRANTED

An Application Number and Filing Date have been assigned to this application. However, theitems indica
below are missing. The required items and fees identified below must be aly submitted ALONG WITH
'l‘?lele?Ammwamlmda-eonlyof:l j: for large entities or

$.1 __  for small entities who have filed a verified statement claiming such status. The surcharge is set forth in
37 CFR 1.16(e).

Ummm:mmmufummﬁbdmmm;rmdmbﬂuw , the total amount owed by applicant asa ¥l large
entity, (] small entity (verified statement filed), is .

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of this application, WHICHEVER IS LATER, within which to file all reqiired items and pay any fees
required above to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1.136(a).

1. O The statutory basic filing fee is: [Imissing []insufficient. Applicant as a [J large entity [Jsmall
entity, mustsubmit$____ to complete the basic filing fee.

2. [0 Additional claim fees of $ as a [] large entity, [] small entity, including any
required multiple dependent claim fee, are required. Applicant must submit the additional claim
fees or cancel the additional claims for which fees are due.

3. [0 The oath or declaration:

[ is missing.
[] does not cover items omitted at time of execution.

An oath or declaration in compliance with 37 CFR 1.83, identifying the application by the above
Application Number and Filing Date is required.
4, O The oath or declaration does not identify the application to which it applies. An oath or declaration

in eomphanea with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

5. ¥ The signature(s) to the oath or declaration is/are: Igm.luma' ] by a person other than the inventor
or a person qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or declaration in
compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

6. O The signature of the following joint inventor(s) is missing from the oath or declaration:

An oath or declaration listing the names of all inventors and signed by
the omitted inventor(s), identifying this application by the above Application Number and Filing

Date, is required.

7. [ The application was filed in a language other than English. Applicant must file a verified English
translation of the application and a fee of § under 37 CFR 1.17(k), unless this fee has
already been paid.

B.OA$ processing fee is required since your check was returned without payment.
(87 CFR 1.21(m)).

9. O Your filing receipt was mailed in error because your check was returned without payment.

10. 0 The application does not comply with the SBequence Rules. See attached Notice to Comply mt},n
Sequence Rules 37 CFR 1.821-1.825.

! 11. O Other,

]

‘ Direct the response and any questions about this notice to, Attention: Application Processing Division,
Special Processing and Correspondence Branch (7083) 808-1202.

RTL898 102()&)@@ of this notice MUST be returned with the response.

FORM PTO-1538 (REV. 11-83) COPY TO BE RETURNED WITH RESPONSE




PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: MARASH, Joseph ™,

\
Serial No.: 08/672,899 Group Art Unit: To Be Assigned
Filed: June 27, 1996 Exammgr: To Be Assigned
For. SYSTEM AND METHOD FOR Attorney Ddgket No.: 8797-003
ADAPTIVE INTERFERENCE
CANCELLING

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

Submitted herewith in response to the Notice to File Missing Parts of Application
Filing Date Granted, mailed August 16, 1996, a copy of which is attached, is an executed
Declaration and Power of Attorney in compliance with 37 CFR § 1.63.

Applicant submitted a Verified Statement Claiming Small Entity Status on August
16, 1996. Therefore, a fee of $65.00 (Small Entityj is believed to be due with this

filing. Please charge the required fee to Pennie & Edmonds deposit account No. 16-
1150. A copy of this sheet is enclosed.

Date__ September 12, 1996
PENNIE & EDMONDS
1155 Avenue of the Americas
New York, New York 10036-2711
(212) 790-9090
Enclosures

EXPRESS MAIL CERTIFICATION
"Express Mail” label No._EM 325 958 428 US Date of Deposit_September 12, 1996 5
I hereby centify that this paper or fee is being deposited with the United States Postal Service "Expreas Mail Post Office to Addressee”™ service under
37 C.F.R. 1.10 on the date indicaled above and is addressed to the Assistant Commissioner for Patents, Washington, D.C. 20231.

MICHAEL VIGUIE :
rnpvcﬁb—('_-ﬁ'cmc 5 = //r =
N [ = L
Figmares of parsen mashing pupar ov fioe} - PENY3-518373.1
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‘ PENNIE & ED.S DOCKET NO. §757-003

DECLARATION .
AND POWER OF ATTORNEY y

As 2 below named inventor, I hereby declare that:
i S
My residence, post office address and citizenship arc'ag stated below at 201 et seq. undemeath my name.

1 believe [ am the original, first and sole inventor if only o
are listed at 201 et seq. below, of the subject matter which is

is listed at 201 below, or an original, first and joint inventor if plural names
imed and for which a patent is sought on the invention entitled

SYSTEM AND METHOD FOR ADAPTIVE INTERFERENCE

and for which a patent application:
O is attached hereto.

() was filed in the United States on June 27, 1996 as Application Serié No. 08/672.899 (hor axt accompayng qppicmicn)

with amendment(s) filed on (if appiicabls)
[J was filed as PCT international application Serial No. and was amended under PCT Article 19

on W

I hereby state that I have reviewed and understand the contents of the above identified application, including the claims, as amended by any
amendment referred to above.

I acknowledge the duty to disclose information known to me to be material to patentability as defined in Title 37, Code of Federal Regulations,
§1.56.

I hereby claim foreign priority benefits under Title 35, United States Code, §119(a)-(d) of any foreign application(s) for patent or inventor’s
certificate listed below and have also identified below any foreign application for patent or inventor’s certificate having a filing date before that
of the application on which priority is claimed:

EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED PRIOR TO THE FILING DATE OF THE APPLICATION

DATE OF FILING PRIORITY

APPLICATION NUMBER COUNTRY (day, month, year) CLAIMED
YES OJ NO (O
YES O NO O

I hereby claim the benefit under Title 35, United States Code, §119(¢) of any United States provisional application(s) listed below.

APPLICATION NUMBER FILING DATE

N
“'\
I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) listed below and, insofar as the subject
matter of each of the claims of this application is not disclosed a_the prior United States application in the manner provided by the first
paragraph of Title 35, United States Code §112, 1 acknowledge the uty to disclose information which is material to patentability as defined
in Title 37, Code of Federal Regulations, §1.56 which became available the filing date of the prior application and the national or PCT
international filing date of this application:
\ STATUS

APPLICATION SERIAL NO. FILING DATE
PATEN@ PENDING ABANDONED

POWER OF ATTORNEY: As a named inventor, | hereby appoint S. Leslie Misrock (Reg. No.\|8872), Harry C. Jones, IlI (Reg. No. 20280).
Berj A. Terzian (Reg. No. 20060), Gerald J. Flintoft (Reg. No. 20823), David Weild, Il (Reg. No. 21094), Jonathan A. Marshall (Reg. N
246]4), Barry D. Rein (Reg. No. 22411), Stanton T. Lawrence, [IT {Reg. No. 25736), Isaac Jarkovsky (Reg. No. 22‘3_1_3) Joseph V. Colanmu
(Reg. No. 20019), Charies E. McKenney (Reg. No. 22795), Philip T. Shannon (Reg. No. 24278), Francis E. Morris (Reg. No. 24615), Charles
E. Miller (Reg. No. 24576), Gidon D. Stern (Reg. No. 27469), John J. Lauter, Jr. (Reg. No..27814), Brian M. Poissant (Reg. No. 28462),
Brian D. Coggio (Reg. No. 27624), Rory J. Radding (Reg. No. 28749), Stephen J, Harbulak (Reg. No, 29166), Donald J. Goodell (Reg. No.
19766), James N. Palik (Reg. No. 25510), Thomas E. Friebel (Reg. No. 29258), Laura A. Coruzzi (Reg. No. 30742), Jennifer Gordon (Reg.
24 No. 30753), Jon R. Stark (Reg. No. SOIII),AIhnA Fanucci (Reg. No. 30256), Geraldine F. Baldwin (Reg. No. 31232), Victor N. Balancia
*“ (Reg. No. 31231), Albert P. Halluin (Reg. No. 25227), Samuel B. Abrams (Reg. No. 30605), Steven 1. Wallach (Reg. No. 35402), and Marcia
H. Sundeen (Reg. No. 30893), all of Pennie & Edmonds, whose addresses are 1155 Avenue of the Americas, New York, New York 10036,
1667 K Street N.W., Washington, DC 20006 and 2730 Sand Hill Road, Menlo Park, CA 94025, and each of them, my attorneys, to prosecute
this application, and to transact all business in the Patent and Trademark Office connected therewith,

(]) PENY3-494768.1
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PENNIE & EDaS DOCKET NO. 8757-003

SEND CORRESPONDENCE TO: PENNIE & EDMONDS DIRECT TELEPHONE CALLS TO:
1155 AVENUE OF THE AMERICAS PENNIE & EDMONDS DOCKETING
NEW YORK, N.Y. 10036-2711 (212) 790-2803
LAST NAME "~ FIRST NAMB MIDDLE NAME
FULL NAME X i
OF INVENTOR | MARASH ™. Jonmry
2 arr Ny STATE OR FOREION COUNTRY COUNTRY OF CTTIZENSHIP
o | RESIDENCE& , gy
1 |_cmizensup | HAIFA \ ISRAEL T L X ISRAEL
STREBT ary STATE OR COUNTRY ZIP CODE
POST OFFICE \
FULL NAME | X" - MIDDLE NAME
OF INVENTOR
2
P RESIDENCE & ary STATE OR COUNTRY COUNTRY OF CTTIZENSHIP
2 CITIZENSHIP
POST OFFICE | ™ ey \ STATE OR COUNTRY | 21P coDB
ADDRESS .
FULL NAME | “™*¢ TR MIDDLE NAME
OF INVENTOR
2
0 RESIDENCE & crry STATE OR FOREION COUNTRY COUNTRY OF CTTIZENSHIP
3 CITIZENSHIP
POST OFFICE ary STATE OR COUNTRY 2IP CODE
ADDRESS
FULL NAME | 7™ FIRST NAMB MIDOUS XAME
® OF INVENTOR
2
A RESIDENCE & ary STATE OR FORENN COUNTRY COUNTRY OF CITIZENSHIP
4 | CITIZENSHIP
POST OFFICE FENERY oy STATE OR COUNTRY ZIP CODE
ADDRESS
FULL NAME | “7™® TR MIDDLE NAME
OF INVENTOR
2
0 RESIDENCE & ary STATE OR FOREION COUNTRY COUNTRY OF CITIZENSHIP
5 CITIZENSHIP
POST OFFICE STREET oy STATE OR COUNTRY ZIP CODE
ADDRESS
FULL NAME | “™*® | FIRST NAME MIDOLE NAME
OF INVENTOR Ay
2 -
0 RESIDENCE & A p 7% STATE OR FOREION COUNTRY COUNTRY OF CITIZENSHIP
6 CITIZENSHIP \\
POST OFFICE o \ ary STATE OR COUNTRY ZIP CODE
ADDRESS

| hereby declare that all statements made herein of my own knowledge We true and that all statements made on information and belief are
believed to be true; and further that these statements were made with the\gnowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 the United States Code and that such willful false statements
may jeopardize the validity of the application or any patent issuing thereon.

x “SORATURE OF TRVENTOR 308
o5 e _ R

%/ 226 WONATURE OF TNVENTOR 38 ~SONATORE OF THVENTOR 35—

BATE BATE SRTE

(2)

RTL898 1020-0072
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IN THE UNITED STATES PATENT

f-

Application of: Marash
Serial No.: 08/672,899

Filed: 06/27/96

Group Art Unit:

For: SYSTEM AND METHOD FOR - Examiner: To be assigned
ADAPTIVE INTERFERENCE
CANCELLING

Aitorney Docket No.: 8797-0003 - Pennie & Edmonds

1155 Avenue of the Americas
New York, New York 10036

Assistant Commissioner for Patents HECE,VED
Washington, D.C. 20231 JAN 2 1 1997

In accordance with the continuing duty of disclosure imposed by 37 C.F.R.
§ 1.56 to inform the Patent Office of all references coming to the attention of Applicant
or attorney or agent for Applicant which are or may be material to the patentability of
any claim of the subject application, Attorney for Applicant hereby directs the Examiner’s
attention to the references listed on the attached revised form PTO 1449. Pursuant to 37
C.F.R. § 1.98(d), the Examiner is directed to application Serial No. 08/672,899 for
copies of the references cited herein.

Identification of the listed references is not to be construed an admission of
Applicant or Attorney for Applicant that such references are available as "prior art"
against the subject application. Consequently, Applicant respectfully declines to use form

PTO-1449, since this form identifies all of the references cited therein as "Prior Art." As

PENY3-546316.1

RTL898 1020-0073




an alternative, Applicant submitsherewith a "revised form PTO 1449" entitled "List of
References Cited" instead of "List of Prior Art Cited."

Applicant respectfully requeststhat the Examiner review the foregoing
references and that the references be made of record in the file history of the application.

Pursuant to 37 C.F.R. § 1.97(b), since this information disclosure
statement is being filed before the mailing date of a first Office action on the merits, no
fee is due in connection herewith. However, should the Patent Office determine
otherwise, please charge the required fee to Pennie & Edmonds deposit account no.
16-1150; a duplicate of this sheet is enclosed.

Respegtfully submitted,

Date: January 3, 1997 P 22,411

f&rﬁyn.ﬁéy =t ~(Reg—No.)

PENNIE & EDMONDS

1155 Avenue of the Americas

New York, New York 10036-2711
(212) 790-9090

PENY3-546316.1
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e
OTHER REFERENCES (/ncluding Author, Title, Date, Pertinent Pages, Etc.)

' o . Sheet __ 1 of __ 1
ATTY. DOCKET ‘MO SERIAL NO.
8797-0003-929 08/672,899
LIST OF REFERENCES CITED BY APPLICANT
APPLICANT
o313 1, éUsm‘M sheets if necessary) e
\mmu%“ﬂ‘& FRLING DATE GROUF
1 June 27, 1996 2502
a1/06/%
U.S. PATENT'DOCUMENTS
"u-_
EXAMINER DOCUMENT NUMBER DATE NA CLASS SUBCLASS FILING DATE
pr \'FIECE!\_/ED o
') AA | 4,956,867 9/11/90 Zurek et al. F B
P AN 2 1 1997
pn | AB [4.811,404 3/7/89 Vilmur et al. -
) | AC | 4,658,426 4/14/87 | Chabries et al. -
% = —
FOREIGN PATENT DOCUMENTS
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO
—_———————— ————

Widrow et al., Adapative Noise Cancelling: Principles and Applications, Proc. IEEE 63:1692-1716,

D, NgUHCN

|’2

MW | AD
1975.
p.J AE Van Veen and Buckley, Beamforming: A Versatile Approach to Spatial Filtering, IEEE ASSP Mag.
5!2}: 4‘24[ 1988-
VIJ o Griffiths and Jim, An Alternative Approach to Linearly Constrained Adaptive Beamforming, IEEE
Trans. Ant. Prop. AP-30:27-34, 1982.
EXAMINER DATE CONSIDER

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.

RTL898 1020-0075

PENY3-548021.1




' P f Yﬂ\g UNITED STATES;!PAHTMENTOFCOMHERCE

Patent and Trademark Office
X'&m o j

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

| APPLCATIONNO. | FILING DATE FIRST NAMED INVENTOR |
Qa/672,3899 Ue/2//96 MARASH

ATTORNEY DOCKETNO. |

e o
= i o0 =

L.
1 0

LME1/0112 — | EXAMINER ]
PENNIE AND' EDMONDS % NGOYENTD
| 1155 AVENUE OF THE AMERICAS A
NEW YORK NY 10036-2711 | PaPeR NUMBER |
01/12/98
Please find below and/or attached an Office communication concerning this apglication or
proceeding.
Commissioner of P. and Trademarks

PTO-80C (Rev. 2/08) Y7 U.5.GOVERNMENT PRINTING OFFICE 1008-411.518/40275 e

RTL898 1020-0076
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Application No. Applicant(s)
08/672,899 MARASH
Office Action Summary Examiner Group Art Unit
Duc Nguyen 2743

. _ Responsive to communication(s) filed on

! This action is FINAL.

in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of
37 CFR 1.136(a).

Disposition of Claims

X Claim(s) 7-44 is/are pending in the application.
Of the above, claim(s) is/are withdrawn from consideration.

X Claim(s) 7-28 is/are allowed.

X Claim(s) 29-44 is/are rejected.

! Claim(s) is/are objected to.

[l Claims are subject to restriction or election requirement.

Application Papers
X See the attached Notice of Draftsperson’s Patent Drawing Review, PT0-948.
[J The drawing(s) filed on is/are objected to by the Examiner.
[] The proposed drawing correction, filed on is [] approved [ disapproved.
[] The specification is objected to by the Examiner.

[ The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
(] Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
1Al [CJSome* [None of the CERTIFIED copies of the priority documents have been
[] received.
["] received in Application No. (Series Code/Serial Number) y
[] received in this national stage application from the International Bureau (PCT Rule 17.2(a)).
*Certified copies not received:

[l Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed

A shortened statutory period for response to this action is set to expire 3 month(s), or thirty days, whichever
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the

[l Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

Attachment(s)
Xl Notice of References Cited, PT0-892
X Information Disclosure Statement(s), PT0-1449, Paper Nol(s). 5
[J Interview Summary, PTO-413
X' Notice of Draftsperson's Patent Drawing Review, PT0-948
[_] Notice of Informal Patent Application, PTO-152

--- SEE OFFICE ACTION ON THE FOLLOWING PAGES —

. §. Patent and Trademark Otfice

PTO-326 (Rev. 9-95) Office Action Summary Part of Paper No.

RTL898 1020-0077



Serial Number: 08/672,899 Page 2

Art Unit: 2743

I The following is a quotation of 35 U.S.C. 103(a) which forms
the basis for all obviousness rejections set forth in this Office

action:

(a) A patent may not be obtained though the invention is not identically
disclosed or described as set forth in section 102 of this title, if the
differences between the subject matter sought to be patented and the prior
art are such that the subject matter as a whole would have been obvious at
the time the invention was made to a person having ordinary skill in the
art to which said subject matter pertains. Patentability shall not be
negatived by the manner in which the invention was made.

2. Claims 29-30 and 37-38 are rejected under 35 U.S.C. 103(a)
as being unpatentable over Hoshuyama.

Consider claims 29 and 37. Hoshuyama teaches an adaptive
array beamformer using coefficient restrained adaptive filters
for detecting interference signals comprises the steps of
generating a main channel (e.g., output of filter 2); generating
a reference channel (e.gq., output of filter 16); filtering the
reference channel by adaptive filter (17) to generate a canceling
signal (e.g., output signal from adder 11); generating the
digital output data (5) by subtracting the canceling signal from
the main channel; deriving new filter weight values so that the
difference between the main channel and the canceling signal is
minimized (column 5 line 50 to column 6 line 38, minimizes the
error input of the leaky adaptive filter); truncating the new

filter weight values to predetermined threshold values when each

RTL898 1020-0078




Serial Number: 08/672,899 Page 3

Art Unit: 2743

of the new filter weight values exceeds the corresponding
threshold value (threshold 8) (column 6 line 48 to column 7 line
33). It would have been obvious to one skilled in the art at the
time the invention was made to utilize the coefficient update
circuit in the second embodiment which comprises restraining
means into the coefficient update circuit of the first embodiment
in order to prevent the coefficients from increasing
indefinitely. As to claim 37, the steps of sampling the analog
signals to convert them to digital form and converting the
digital output signal to analog form were well-known to one
skilled in the art by placing analog to digital converter at the
output of microphones (1) and digital to analog converter at the
output of subtractor (12).

Consider claims 30 and 38. The step of filtering the
reference channel so that it has a substantially flat frequency

spectrum is met by filters (16).

3 Claims 32-35 and 40-43 are rejected under 35 U.S.C. 103 (a)
as being unpatentable over Hoshuyama in view of Chabries.
Consider claims 32-34 and 40-42. Hoshuyama teaches an
adaptive array beamformer using coefficient restrained adaptive
filters for detecting interference signals comprises the steps of

generating a main channel (e.g., output of filter 2); generating

RTL898 1020-0079



Serial Number: 08/672,899 Page 4

Art Unit: 2743

a reference channel (e.g., output of filter 16); filtering the
reference channel by adaptive filter (17) to generate a canceling
signal (e.g., output signal from adder 11); generating the
digital output data (5) by subtracting the canceling signal from
the main channel; deriving new filter weight values so that the
difference between the main channel and the canceling signal is
minimized (column 5 line 50 to column 6 line 38, minimizes the
error input of the leaky adaptive filter); truncating the new
filter weight values to predetermined threshold values when each
of the new filter weight values exceeds the corresponding
threshold value (threshold ©) (column 6 line 48 to column 7 line
33). It would have been obvious to one skilled in the art at the
time the invention was made to utilize the coefficient update
circuit in the second embodiment which comprises restraining
means into the coefficient update circuit of the first embodiment
in order to prevent the coefficients from increasing
indefinitely. Hoshuyama does not explicitly teach the step of
converting the new filter weight values to frequency
representation values, and converting them back to filter weight
values. Chabries, on the other hand, teaches a method and
apparatus for suppressing noise comprise the step of converting
filter weight values to frequency representation values and

converting them back to filter weight values (see figures 5-8,

RTL898 1020-0080



Serial Number: 08/672,899 Page 5

Art Unit: 2743

column 2 line 53 to column 3 line 8). It would have been obvious
to one skilled in the art at the time the invention was made to
utilize Chabries' Frequency-Domain Algorithm instead of using
Time-Domain Algorithm due to the fact that time domain filters
have a response time on the order of 200-300ms which is quite
long as compared to the dynamics of speech which is in the range
of 20-40ms, as the result, in time domain filtering background
noises which appear in higher frequency components are not
effectively filtered. As to claim 40, the steps of sampling the
analog signals to convert them to digital form and converting the
digital output signal to analog form were well-known to one
skilled in the art by placing analog to digital converter at the
output of microphones (1) and digital to analog converter at the
output of subtractor (12).

Consider claims 35 and 43. The step of filtering the
reference channel so that it has a substantially flat frequency

spectrum is met by filters (16).

4, Claims 31 and 39 are rejected under 35 U.S.C. 103 (a) as

being unpatentable over Hoshuyama in view of Zurek et al.
Consider claims 31 and 39. Hoshuyama does not explicitly

teach the step of inhibiting the generation of the canceling

signal when a normalized power difference between the main

RTL898 1020-0081
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Serial Number: 08/672,899 Page 6

Art Unit: 2743

channel and the at least one reference channel. Zurek et al., on
the other hand, teach the step of inhibiting the generation of
the canceling signal when a normalized power difference between
the main channel and the at least one reference channel is
positive (i.e., the signal-to-noise ratio of the main channel and
the reference channel is high) (column 4 lines 31-60, column 5
lines 31-42). It would have been obvious to one skilled in the
art at the time the invention was made to adapt the teachings of
Zurek et al. in order to prevent degradation of the target signal

when it dominates the beamformer input.

5. Claims 36 and 44 are rejected under 35 U.S.C. 103(a) as
being unpatentable over Hoshuyama in view of Chabries as applied
to claims 32 and 40 above, and further in view of Zurek et al.
Consider claims 36 and 44. Hoshuyama in view of Chabries do
not explicitly teach the step of inhibiting the generation of the
canceling signal when a normalized power difference between the
main channel and the at least one reference channel. Zurek et
al., on the other hand, teach the step of inhibiting the
generation of the canceling signal when a normalized power
difference between the main channel and the at least one
reference channel is positive (i.e., the signal-to-noise ratio of

the main channel and the reference channel is high) (column 4

RTL898 1020-0082
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Serial Number: 08/672,899 Page 7

Art Unit: 2743

lines 31-60, column 5 lines 31-42). It would have been obvious
to one skilled in the art at the time the invention was made to
adapt the teachings of Zurek et al. in order to prevent

degradation of the target signal when it dominates the beamformer

input.
6. Claims 1-28 are allowed.
T Any inquiry concerning this communication or earlier

communications from the examiner should be directed to Duc Nguyen
whose telephone number is (703) 308-7527.

If attempts to reach the examiner by telephone are
unsuccessful, the examiner's supervisor, Mr. Kuntz, can be

reached on (703) 305-4708.

Duc Nguyen

12/30/97

Any response to this action should be mailed to:

Commissioner of Patents and Trademarks
Washington, D.C. 20231

or faxed to:

(703) 308-9051, (for formal communications intended for entry)

RTL898 1020-0083




Serial Number: 08/672,899 Page 8

Art Unit: 2743

(703) 305-9508, (for informal or draft communications, please label
"PROPOSED" or "DRAFT")

Hand-delivered responses should be brought to Crystal Park II, 2121 Crystal Drive,
Arlington. VA, Sixth Floor (Receptionist).

SUPERVISORY PATENT EXAMINER
GROUP 2700

RTL&98 1020-0084




Application No.
! 08/672,899 MARASH
Notice of Reference:;s Cited e Group ArtUnR
Duc Nguyen 2743 Page 1 of 1
U.5, PATENT DOCUMENTS
T T ‘1
w! DOCUMENT NO. DATE NAME CLASS SUBCLASS
A I 5,627,799 5/6/97 Hoshuyama 381 92
B ! 4,658,426 4/14/87 Chabries et al. 381 94.3
xﬁ: c | 4,802,227 1/31/89 Elko et al. 381 92
L
X | o 5,416,847 5/16/95 Boze 381 94.3
s .
- F I \_“ .
- ! : \
| N
| 1 \
i
; N
Lk | \
{4
el \
[m \\
FOREIGN PATENT DOCUMENTS
—
| | DOCUMENT NO. DATE COUNTRY CLASS SUBCLASS
o o
' N
-
)
E
a
R
s
[
| |
NON-PATENT DOCUMENTS
» 1 DOCUMENT (including Author, Title, Source, and Pertinent Pages) DATE
u
——
[ v
bl
B
w
| x

U. 5. Patent and Trademark Office

PTO-892 (Rev. 9-95)

* A copy of this reference is not being furnished with this Office action.
See M. | of Patent Examining Procedure, Section 707.05(a).)

RTL898 1020-0085

of

Notice of References Cited

Part of Paper No. 6




Form PTO 948 (Rev. 10-94)

U.S. DEPARTMENT OF COMMERCE - Patent and Trademark Office

257

Application No.

NOTICE OF DRAFTSPERSON’S PATENT DRAWING REVIEW

PTO Draftpersons review all originally filed drawings regardless of whether they are designated as formal or informal. Additionally,
patent Examiners will review the drawings for compliance with the regulations. Direct telephone inquiries concerning this review to

the Drawing Review Branch, 703-305-8404.

The drawings filed (insert date) ( are
A. ot objected 1o by the i 37 CFR 1.84 or 1.152.

B. bjected to by the Drafisp under 37 CFR 1.84 or 1.152 as

below. The Examiner will chum submission of new, corrected
dnwlngs when y. C ngs must be submitted
according to the instructions on the back of Lhus Natice.

I. DRAWINGS. 37 CFR 1.84(a): Acceptable categories of drawings:
Black ink. Color.
__ Not black solid lines. Fig(s) —
. Color drawings are nol accepiable until petition is granted.

o Y T —
2. PI*IOTOGRAPHS 37 CFR 1.84(b)
— graphs are ool ptable until petition is granted.
Pis(!)

— Photographs not properly mounted (must use brystol board or
photographic double-weight paper). Fig(s),

— Poor quality (half-tone). Fig(s)

3. GRAPHIC FORMS. 37 CFR 184 (d)

__. Chemical or mathematical formula not labeled as separate figure.
Figls)

___ Group of waveforms not presented as a single figure, using
common vertical axis with time extending along horizontal axis.
Figls)

___ Individuals waveform not identified with a separate letier
designation adjacent 10 the vertical axis. Fig(s)

4. TYPE OF PAPER. 37 CFR 1.84(c)

—_ Paper not flexible, strong, white, y, &and durabl
Sheet(s)
___ Erasures, alierations, overwritings, interli cracks,

and folds copy machine marks not accepled. Fig(s)
— Mylar, velum paper is not acceptable (too thin). Fig(s)
5. SI.'ZB OF PAPER. 37 CFR 1.84(f). Acceptable sizes:
21.6 cm. by 35.6 cm. (8 U2 by 14 inches)
21.6 cm. by 33.1 cm. (B /2 by 13 inches)
21.6 cm. by 27.9 cm. (8 V2 by 11 inches)
21.0 em. by 29.7 cm. (DIN size A4)
___ All drawing sheets not the same size. Sheet(s)
. Drawing sheet not an acceptable size. Sheel(s)
6. MARGINS, 37 CFR 1.84(g): Acceptable margins:

Paper size o

216em X356cm 21.6cm X 33.1 cm 20 6cm. X 279 cm. 21.0 m.fx 297 cm.
(B V2 X 14 inches) (8 172 X 13 inches) (8 U2 X 11 inches) (DIN Size A4)
T Slem (27 25 em (17 25em. (17) 2 Scm.
L 64 cm. (1/47) 64 cm. (1/47) J64 cm. (1447) 25em
R 64cm (1/4%) 64 em. (147) &4 cm. (1/47) 1.5em.
B Sem (147) 64 cm. (147) 64 cm. (147) L0cm
Margins do not conform to chart above.
Shoet(s)

—_Top(T) __ Left (L) __Right(R) __Bottom (B)

7. VIEWS. 37 CFR 1.84(h)
REMINDER: Specification may requir ision to pond to
drawing changes.
Al views not grouped together. Fig(s)
— Views connccted by projection lines or lead lines.
Pigls)
Partial views, 37 CFR 1.84(h) 2

. View and enlarged view not labled separatly or properly.
71—
Sectional views. 37 CFR 1.84 (h) 3

_ Hatching not indicated for sectional portions of an object.
Fig(s)

_ Cross section not drawn same as view with parts in cross section
with regularly spaced parallel oblique strokes, Fig(s)

8. ARRANGEMENT OF VIEWS. 37 CFR 1.84(1)

— Words do not appear on a horizontal, left-lo-right fashion when
page is either upright or lurned so that the top becomes the right
side, except for graphs. Fig(s)

9. SCALE. 37 CFR 1.84(k)

— Scale not large gh to show mechanism with ding
when drawing is reduced in size to two-thirds in reproduction.
Figls)

___ Indication such as “actual size™ or scale 1/2" not permitied.
Fig(s),

10. CHARACTER OF LINES, NUMBERS, & LETTERS. 37 CFR
)]
Lines, numbers & letiers not uniformly thick and well defined,
clean, b for color drawings).
Fig(s)
11. SHADING. 37 CFR 1.84(m)

— Solid black shading areas not p
Figle)

— Shade lines, pale, rough and blurred. Fig(s)

12. NUMBERS, LETTERS, & REFERENCE CHARACTERS. 37 CFR
1.84(p)

___ Numbers and reference characters not plain and legible. 37 CFR

1.84(p)(1) Fig(s)

—_ Numbers and refi ch not ori d in same directi
as the yiew. 37 CFR L84(p)() Fig(s)________
,_I_}nyén alphabet not used. 37 CFR 1.84(p}(2)
11 )
¥ Numbers, leiters, and refi e ch do not al least
.32 em. (1/8 inch) in height. 37 CFR{p}3)
Fig(s)

13. LEAD LINES. 37 CFR 1.84(q)
_ Lead lines cross each other, Fig(s)
__ Lead lines missing. Fig(s),
14. NUMBERING OF SHEETS OF DRAWINGS. 37 CFR 1.84(1)
___ Sheets not numbered consecutively, and in Arabic numerals,
beginning with number 1. Sheei(s)
15. NUMBER OF VIEWS. 37 CFR 1.84(u)
___ Views not numbered consecutively, and in Arabic numerals,
beginning with number 1. Fig(s).
__ View numbers not ded by the abbreviation Fig.
Fig(s),
16, CORRECTIONS. 37 CFR 1.84(w)
___ Corrections not made from prior PTO-948.
Fig(s).
17. DESIGN DRAWING. 37 CFR 1.152
___ Surface shading shown not appropriate. Fig(s)
___ Solid black shading not used for color contrast.
)

¥

COMMENTS:

. T ST/

RTL898 _{JRO0RE"™"




» ® /672899

|0 o

Gtort i»qnwf

Taifallze ~ e
Reqsters , peinters,
2 Buwtfers

!

Wett for \,_,1.1 0
Ihl-frrmyi'

3
_ l’ 130 -~ \
2ool S'ohsurCE S«wrles neo.ol)f
Semples | Tnte it
|4 )
Tnpuct '
B Je—[oe T e

S| 50 A%
[Frpwts | [tz Ue&oa(.___ Matn &h.
h'.!).l;. s Matrie Coetf],
|
Store Mauwn Cl:\,a I‘O
Reswi+s
17} | A&
A - 1 n+rcu
r'\?»’ts \__)lpwa-tpl)' Veckors| €——| o0 4
TD.L- L Mﬁh\x Coe'('f.
~ (80

store Ref, ch,
\_Resm-k—s

Fla. 11p

RTL898 1020-0087



18 /672899
"""" |
]
,R-eeu* \7e=180 , o
:'{"': AW other W~ 14
. Rek. Chownels |
R T 209
ol \L J._),oa rﬂ

& Decoloyirat o
gy SN TRV VP
L

F*‘re Peco oviaeel 230

y

Re S\
b
g Elt- et -a. co-210 '.'
[dov Al Other ' Laao
LRef chowels |
| .13|L : L J.uo ‘ ‘r_._l.’nl
Flet Freq. ‘L \ Adeghve
i e A

\ Stove \,- 240
Comcelling Sighal

- L S L i
\Repest 330-240:

' for AU other :’""‘ln
{p,g.l-, chownels |

L A

FlGI. 113 (Cothuegl)

RTL898 1020-0088




2%
r .
\p.e.(-. ch.
S.-awap\e Pm

RTL898 1020-0089

\ Store Ovdp¥ |30

Reswu -

o po |
l 23 71_3

Sompl® Povier x ol | o \Old. Ret. ek
+ Power Ava x C\—ol) Power Ava

|
\ Store New 290
Ret, ch. Powey Avs!

\ P.Q.Pcoc\- 2%0-290 1
\for AW othey  ~300
\'P,Q{- Cheownels

- o e W,

v
Store Tetw| Ref | _3(0
Ch. Power Aa

F\G. NC € Continned Y




) » 8,672899

Y _ SJ /_’.." e 3
Motw Ch. | Sample Power ¥ of \ .‘ ‘Jl& Paitn 0’1\\
& )

Sem-tle Po.w

+ Power Ava % Cl=ol Power Ave,

ks-me New N‘Nn\
N)SO
ch. Power A"ﬁ.

Maln Ch, Power Arsy

x Threshoid r""‘ 3ao

Sa
Go hae
to |&0

/360

New werght =
014 wWeght t’“ W“‘Skq
J.'K/Vtxn"f ch. xOu.'\'r S

Sto
kNJQWQ Yy ts }’_370
FFT _|~3%0

== o Fre s | 390
T

FIE. 11D ( rwbnnedd

RTL898 1020-0090



» P .
]A

/672399

400

@mk. >

Tes
\'\"i'wcs*ﬁ— FET w\ae}r &\ 0 \
\ IFFT \"-’ 420

)

stoye New
TW“C.\‘L@A We: 1‘\.{‘;

~ 430

YV

' Repeat 360—- 430 ,

) for AN other Ref ) ’“"44""’
\ chownels awnel A-ql;rk,,*_

I FE\ters

- e e = - - - - R

Go hack o~
(8]
Ch (Y- > ¥

FilG. 11E € Conkwmues D

RTL898 1020-0091



Express Mail No.:___EM

Application of:

MARASH, Joseph
Serial No.: 08/672,899

Filed: June 27, 1996 Examiner:

For: SYSTEM AND METHOD FOR ADAPTIVE Attorney Dockyf No.:
INTERFERENCE CANCELLING

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

Pursuant to Applicant’s duty of disclosure under 37 C.F.R. § 1.56,
Applicant encloses copies of references for the Examiner’s review and consideration.
These references are listed on the enclosed PTO Form 1449, and were discovered by
applicant not more than three months prior to the filing of this Supplemental Information
Disclosure Statement.

It is respectfully requested that these references be made of record in this
application by the Examiner’s completion and return of the attached PTO Form 1449.

This Information Disclosure Statement is submitted under 37 C.F.R. §
1.97(c), after a First Office Action, but before a Final Office Action or a Notice of
Allowance. It is estimated that no fee is due for this Information Disclosure Statement;
however, the required fee for the accompanying petition and certification under 37
C.F.R. 1.97(c), estimated to be $240.00, is submitted concurrently with that document.
Please charge the required fee, if any, for this Information Disclosure Statement to Pennie
& Edmonds LLP Deposit Account No. 16-1150. A copy of this sheet is attached for
accounting purposes.

PENY4-689388.1

RTL&98 1020-0092




. I .

This Supplemental Information Disclosure Statement should not be deemed
a response to the Office Action dated January 12, 1998, a response to which is intended

to be filed in due course.

Respectfully submitted,

C‘M'““-a k. Eo P—92,753

Date__ April 10, 1998 CFV‘/ B “‘H‘ﬁ @_ 22,411

Barry D. Rein (Reg. No.)

PENNIE & EDMONDS LLP
1155 Avenue of the Americas
New York, New York 10036-2711

(212) 790-9090

-2- PENY4-689388. 1

RTL898 1020-0093



Express Mail No.:___EM 490 490 460 US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of:

MARASH, Joseph
Serial No.: 08/672,899 Group Art Unit: 2743

Filed: June 27, 1996 Examiner: Nguyen, D.

For: SYSTEM AND METHOD FOR Attorney Docket No.: 8797-0003
ADAPTIVE INTERFERENCE
CANCELLING

PETITION UNDER 37 C.F.R. § 1.97(c) AND

CERTIFICATION UNDER 37 C.F.R. § 1.97 (e)(2)

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

Applicant hereby petitions under 37 C.F.R. § 1.97(c) for the consideration
of the attached Supplemental Information Disclosure Statement, which is being submitted
prior to the receipt of a Final Office Action for the above-identified application.

Applicant’s attorneys hereby certify pursuant to 37 C.F.R. § 1.97(e)(2) that
the references in the Information Disclosure Statement filed concurrently herewith were
discovered by applicant not more than three months prior to the filing of the attached
Supplemental Information Disclosure Statement.

Applicant respectfully requests that this petition be granted, and that the
Information Disclosure Statement be considered.

PENY4-689388.1

RTL898 1020-0094




The fee required for the filing of this petition is estimated to be $240.00.
Please charge the required fee to Pennie & Edmonds LLP Deposit Account No. 16-1150.
A copy of this sheet is attached for accounting purposes.

Respectfully submitted,

C.(A.wva k. ko p—qa, 53

Date__April 10, 1998 4 Ba A fas 22 411
Barry D. Rein (Reg. No.)
PENNIE & EDMONDS LLP

1155 Avenue of the Americas
New York, New York 10036-2711

(212) 790-9090

-2 - PENY4-689388.1
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AX | 5,689,672 11/18/97 | Ohki et al.

R I

AY 5.72/:65 P &Na/10/98 |Ikeda
.-
{ AR 10 “ - FOREIGN PATENT DOCUMENTS
o+ VSR DATE COUNTRY class | suBciass |  TRAwsLATION
ves | wo
9;) AZ |EPB 0,411,360 DE FR GB IT SE —1T
W’l\) BA | WO-A-97/23068 CN JP KR EP |
BB
BC
BD
OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)
BE
BF

EXAMINER

D/ 'J DATE CONSIDERED’?!' . /qg

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.
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Express Mail No.:___EM 490 490 495 US g& %

72177

IN THE UNITED STATES PATENT

Application of:

MARASH, Joseph

Serial No.: 08/672,899 Group Art Unit:

Filed: June 27, 1996 Examiner: Nguyen,

For: SYSTEM AND METHOD FOR ADAPTIVE Attorney Docket No.:
INTERFERENCE CANCELLING 0003

Assistant Commissioner for Patents

o) peD

; = I3 M
Washington, D.C. 20231 8 S O
S o - ]

a N m :i:'_’:

m % |

Sir: S B i3

Pursuant to Applicant’s continuing duty of disclosure under 37 C.F.R. §
1.56, Applicant encloses copies of references for the Examiner’s review and

consideration. These references are listed on the enclosed PTO Form 1449, and were
cited in a communication from a foreign patent office in a counterpart foreign application
not more than three months prior to the filing of this Second Supplemental Information
Disclosure Statement.
It is respectfully requested that these references be made of record in this
application by the Examiner’s completion and return of the attached PTO Form 1449,
This Information Disclosure Statement is submitted under 37 C.F.R. §
1.97(c), after a First Office Action, but before a Final Office Action or Notice of
Allowance. It is estimated that no fee is due for this Information Disclosure Statement;
however, the required fee for the accompanying petition and certification under 37
C.F.R. 1.97(c), estimated to be $240.00, is submitted concurrently with that document.
Please charge the required fee, if any, for this Information Disclosure Statement to Pennie

PENY4-691655.1
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& Edmonds LLP Deposit Account No. 16-1150. A copy of this sheet is attached for
accounting purposes.

This Second Supplemental Information Disclosure Statement should not be
deemed a response to the Office Action dated January 12, 1998, a response to which is
intended to be filed in due course.

CL\-U\'F-GA [C_ <o ,0-—4-4,'793

Date__April 14, 1998 I~ Barrg Ra 2411
Barry D. Rein ¢ (Reg. No.)
PENNIE & EDMONDS LLP

1155 Avenue of the Americas
New York, New York 10036-2711

(212) 790-9090

== PENY4-691655.1

RTL898 1020-0099



Express Mail No.:___EM 490 490 495 US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of:

MARASH, Joseph

Serial No.: 08/672,899 Group Art Unit: 2743

Examiner: Nguyen, D.
Attorney Docket No.: 8797-0003

Filed: June 27, 1996
For: SYSTEM AND METHOD FOR

ADAPTIVE INTERFERENCE
CANCELLING
PETITION UNDER 37 C.F.R. § 1.97(c) AND
C CATION 37 C.F.R. § 1.97 (e)(1
[rp]
= ore -0
Assistant Commissioner for Patents g ] i Tl
Washington, D.C. 20231 T -~ 5
n o —
A
O = iew

Sir:

Applicant hereby petitions under 37 C.F.R. § 1.97(c) for the consideration
of the attached Second Supplemental Information Disclosure Statement, which is being
submitted prior to the receipt of a Final Office Action for the above-identified application.

Applicant’s attorneys hereby certify pursuant to 37 C.F.R. § 1.97(e)(1) that
the references in the Information Disclosure Statement filed concurrently herewith were
cited in a communication from a foreign patent office in a counterpart foreign application
not more than three (3) months prior to the filing of this Second Supplemental

Information Disclosure Statement. In particular, the listed references were cited in an
International Search Report mailed January 15, 1998, for a corresponding international
application filed under the Patent Cooperation Treaty.

Applicant respectfully requests that this petition be granted, and that the

Information Disclosure Statement be considered.

PENY4-691655.1
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The fee required for the filing of this petition is estimated to be $240.00.
Please charge the required fee to Pennie & Edmonds LLP Deposit Account No. 16-1150.
A copy of this sheet is attached for accounting purposes.

Respectfully submitted,

chang . ko  P-<42,1753

Date__April 14. 1998 Bonv Ro—. 22 411
D. Rein (Reg. No.)
PENNIE & EDMONDS LLP

1155 Avenue of the Americas
New York, New York 10036-2711

(212) 790-9090

-2 - PENY4-691655.1
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ATTY. DOCKET NO. SERAL NO.
8797-0003-998 08/672,899
LIST OF REFERENCES CITED BY A
APPLICANT
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FRLING DATE GROUP
S June 27, 1996 2743
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u.s: DOCUMENTS
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91\] AA | 5,416,845 5/16/ Shen

DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
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J AB |EP O 483 845 A2 published | DE FR GB NL \
05/06/92

OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)

003F dnpyn
66 BI yhy
3

DATE CONSIDERED _7, ’g/qff

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not

in conformance and not considered. Include copy of this form with next communication to applicant.
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Applicant Joseph Marash e =
..b,‘l‘.l Pt cl‘, f:_r,l
Appln. Serial No. 08/672,89% = )
pE =
Filed June 27, 1996 o =
© w
For SYSTEM AND METHOD R ADAPTIVE -
INTERFERENCE CANCELL3ING

745 Fifth Ave
New York, New

EXPRESS MAIL
Mailing Label Numbe
Date of Deposit
" I hereby certify t 8 paper or fee is being
deposited with the United States Postal Service
"Express Mail Post Office to Addressee" Service
under 37 CFR 1.10 on the date indicated above and
is addressed to the Assistant Commissioner for Patents,
shington

; Wa +C. 20231, ¢
Z{?&@@ Cvrien

Typed or printed name of person

A
%ling paper or Ez) Z
{(Signature of person mailing paper or fee

POWER OF ATTORNEY BY ASSIGNEE OF ENTIRE INTEREST
AND REVOCATION OF PRIOR POWERS

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

LAMAR SIGNAL PROCESSING, LTD.,

right,

as owner of the entire
title and interest in,

to and under the above-identified
patent application, hereby revokes all powers of attorney

previously given and appoints the following attorneys, with full
power of association, revocation and appointment,

to prosecute
and transact all business in the Patent and Trademark Office in

connection therewith,

including to receive the Letters Patent:

RTL898 1020-0103
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PATENT
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Thomas J. Kowalski Reg. No. 32,147
=)
I. Marc Asperas Reg. No. 37,274 P g; -
- il
Please send all correspondence relating to thecabgae‘*n
S w 5
patent application to: Ei =2 Fﬁ
Thomas J. Kowalski, Esq. S = ==
FROMMER LAWRENCE & HAUG LLP gg
745 Fifth Avenue
New York, New York 10151

(212) 588-0800 - Telephone
(212) 588-0500 - Telefax

Pursuant to 37 C.F.R. §3.73

the undersigned signatory
(whose titled is supplied below) states that he is empowered to

act on behalf of the assignee identified above, and has reviewed

all the documents in the chain of title of the patent application
and, to the best of undersigned’s knowledge and belief, title is
in the assignee, and certifies that LAMAR SIGNAL PROCESSING, LTD
is the assignee of the entire right

title and interest in, to
and under the patent application, by virtue of an assignment from

the inventor to LAMAR SIGNAL PROCESSING, LTD. recorded in the

United States Patent and Trademark Office

The undersigned hereby declares that all statements

made herein of my own knowledge are true, and that all statements

made on information and belief are believed to be true; and
further,

that these statements are made with the knowledge that

willful false statements, and the like so made, are punishable by
fine or imprisonment

or both, under Section 1001, Title 18 of
the United States Code,

and that such willful false statements

RTL&98 1020-0104
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PATENT
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may jeopardize the validity of the application or any patent

issuing thereon.

LAMAR SIGNAL PROCESSING, LTD.

By: Tq-//(ﬁa../é
Title: 7 Preg AeX

Date: r;/z.f/”
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Joseph Marash Recewed
08/672,899 JUN 01 1998
June 27, 1996 Gl’OUp2700

Appln. Serial No.

Filed

For : SYSTEM AND METHOD FOR ADAPTIVE
INTERFERENCE CANCELLING

745 Fifth Avenue
’ New York, New York 10151

EXPRESS MAIL

Mailing Label Number,
Date of Deposit
I hereby cercify that 8 paper or fee is being
deposited with the United States Postal Service
"Express Mail Post Office to Addressee" Service
under 37 CFR 1.10 on the date indicated above and a
is addressed to the Assistant Commissioner for Patents,
Washington .C. 20231,
U, s

Typed or printed name of person
ling paper or fge)
ﬁﬁm%%é%ﬂ%—
POWER OF ATTORNEY BY ASSIGNEE OF ENTIRE INTEREST
AND REVOCATION OF PRIOR POWERS

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

LAMAR SIGNAL PROCESSING, LTD., as owner of the entire
right, title and interest in, to and under the above-identified
patent application, hereby revokes all powers of attorney
previously given and appoints the following attorneys, with full
power of association, revocation and appointment, to prosecute
and transact all business in the Patent and Trademark Office in

connection therewith, including to receive the Letters Patent:

RTL898 1020-0108
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Thomas J. Kowalski Reg. No. 32,147

I. Marc Asperas Reg. No. 37,274

Please send all correspondence relating to the above

patent application to:

Thomas J. Kowalski, Esqg.
FROMMER LAWRENCE & HAUG LLP
745 Fifth Avenue

New York, New York 10151

(212) 588-0800 - Telephone
(212) 588-0500 - Telefax

Ll

Pursuant to 37 C.F.R. §3.73, the undersigned signatory
(whose titled is supplied below) states that he is empowered to
act on behalf of the assignee identified above, and has reviewed
all the documents in the chain of title of the patent application
and, to the best of undersigned’s knowledge and belief, title is
in the assignee, and certifies that LAMAR SIGNAL PROCESSING, LTD.
is the assignee of the entire right, title and interest in, to
and under the patent application, by virtue of an assignment from
the inventor to LAMAR SIGNAL PROCESSING, LTD. recorded in the
United States Patent and Trademark Office.

The undersigned hereby declares that all statements
made herein of my own knowledge are true, and that all statements
made on information and belief are believed’to be true; and
further, that these statements are made with the knowledge that
willful false statements, and the like so made, are punishable by
fine or imprisonment, or both, under Section 1001, Title 18 of

the United States Code, and that such willful false statements

RTL898 1020-0109
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may jeopardize the validity of the application or any patent

issuing thereon.

LAMAR SIGNAL PROCESSING, LTD.

By: ;32h04;/¢¢hzdc
Title: 7 Ppe AeX

Date: r/z.//ﬂf

RTL898 1020-0110
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IN THE ITED STATES PA' AND ADEMARK OFFICE

Applicant : : Joseph Marash
Raceived
U.S. Serial No. s 08/672,899 "y
JUN 0 11998 d
Filing Date : June 27, 1996
. Group 2700
Examiner 3 D. Nguyen %,
N
Art Unit : 2743 -
Title of Invention : SYSTEM AND METHOD FOR ADAPTIVE
INTERFERENCE CANCELLING
745 Fifth Avenue
New York, NY 10151
May 29, 1998
NFO TION DISCL TA'

Hon. Assistant Commissioner for Patents
Box Patent Application
Washington, D.C. 20231
Sir:
The Examiner’s attention is respectfully directed to

the following documents:

S A U.S. Patent No. 4,589,137 dated May 13, 1986;

2. U.S. Patent No. 4,628,529 dated December 9, 1986;
Sie U.S. Patent No. 4,653,102 dated March 24, 1987;

4, U.S. Patent No. 4,658,426 dated April 14, 1987;

5. U.S. Patent No. 4,731,850 dated March 15, 1988;

6. U.S. Patent No. 4,769,847 dated September 6, 1988;
7 U.S. Patent No. 4,802,227 dated January 31, 1989;
8. U.S. Patent No. 4,811,404 dated March 7, 1989;

RTL898 1020-0111




9. U.s.
10. U.s.

1990 ;
11. U-8.
12. U.S
13, U.8
14. U.S
15. U.S
ie6. U.S.
17. U.s
18. U.s
19. T.8
20. U.s
21l 0.8,

1997;
22. UU.S.
23. U.s,
24, U.s.
25. U.S.
26. U.s.
27,

1991;
28.

1997;
29,

26,
30.
31

RTL898 1020-0112

Patent

Patent

Patent
Patent
Patent
Patent
Patent
Patent
Patent
Patent
Patent
Patent

Patent

Patent
Patent
Patent
Patent

Patent

No.

No.

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

No.

No.
No.
No.
No.

No.

U.S. Patent No.

PATENT
670025-7002.1

4,932,063 dated

4,956,867 dated

5,192,918 dated

4,965,834 dated
5,241,692 dated
5,412,735 dated
5,416,847 dated
5,473,701 dated
5,473,702 dated
5,524,057 dated
5,627,799 dated
5,644,641 dated

5,673,325 dated

5,381,473 dated

5,689,572 dated
5,727,073 dated
5,353,376 dated

5,319,736 dated

5,668,747 dated

June 5, 1990;

September 11,

March 9, 1993;

October 23, 1990;
August 31, 1993;
May 2, 1995;
May 16, 1995;
December 5, 1995;
December 5, 1995;
June 4, 1996;
May 6, 1997;
July 1, 1997;

September 30,

January 10, 1995;

November 18, 1997;
March 10, 1998;
October 4, 1994;

June 7, 1994;

European Patent No. 0411360 Bl dated February 6,

September 16,

International Patent No. WO 97/23068 dated June
1997;

U.S. Patent No. 4,363,007 dated December 7, 1982;

U.S. Patent No. 4,409,435 dated October 11, 1983;




4,442,546
4,495,643
4,517,415
4,622,692
4,750,207
5,432,859
5,485,515
5,524,056
5,701,344
5,592,181
5,335,011

5,075,694

1988;

32. U.S. Patent No.
33. U.S. Patent No.
34, U.S. Patent No.
35. U.S. Patent No.
36. U.S. Patent No.
37. U.S. Patent No.
38. U.S. Patent No.
39. U.S. Patent No.
40. U.S. Patent No.
41. U.S. Patent No.
42. U.S. Patent No.
43. U.S. Patent No.
44,

December 1,
45,
46.

21, 1994;
47. U.S. Patent No.
48. U.S. Patent No.
49. U.S. Patent No.
50. U.S. Patent No.

1987;
51. U.S. Patent No.
52. U.S. Patent No.
53. U.S. Patent No.
54. U.S. Patent No.
55. U.S. Patent No.

RTL898 1020-0113

4,559,642 dated December 17,

4,581,758
4,653,606

4,696,043

4,741,038
4,910,719
5,086,415
5,208,864

5,511,128

PATENT
670025-7002.1

dated
dated
dated
dated
dated
dated
dated
dated
dated
dated
dated

dated

dated
dated

dated

dated
dated
dated
dated

dated

April 10, 1984;
January 22, 1985;
May 14, 1985;
November 11, 1986;
June 7, 1988;
July 11, 1995;
January 16, 1996;
June 4, 1996;

December 23, 1997;

January 7, 1997;
August 2, 1994;
December 24, 1991;

International Patent No. WO 88/09512 dated

U.S. Patent No. 4,910,718 dated March 20, 1990;

International Patent No. WO 94/16517 dated July

1985;
April 8, 1986;
March 31, 1987;

September 22,

April 26, 1988;
March 20, 1990;
February 4, 1992;
May 4, 1993;

April 23, 1996;




56. U.S. Patent No.
57. U.S. Patent No.
58. U.S. Patent No.
59. U.S. Patent No.
60. U.S. Patent No.
61. U.S. Patent No.
62. U.S. Patent No.

PATENT
670025-7002.1

5,581,620 dated
5,615,175 dated
5,625,697 dated
5,657,393 dated
5,664,021 dated
5,715,319 dated

4,459,851 dated

December 3, 1996;
March 25, 1997;
April 29, 1997;
August 12, 1997;
September 2, 1997;
February 3, 1998;

July 17, 1984;

63. European Patent No. 0059745 Bl dated September 15,

1982;

64. British Patent No. 2,239,971 B dated July 17,

1991;

65. U.S. Patent No. 5,642,353 dated June 24, 1997;

66. U.S. Patent No.
67. U.S. Patent No.
68. U.S. Patent No.
69. U.S. Patent No.

70. Japanese Patent
1992;

71. Japanese Patent

72. U.S. Patent No.

73. U.S. Patent No.
74. U.S. Patent No.
75. U.S. Patent No.
76. U.S. Patent No.
77. U.S. Patent No.
78. U.S. Patent No.
79. U.S. Patent No.

RTL&898 1020-0114

5,625,880 dated
5,592,490 dated
5,546,090 dated

5,515,378 dated

April 29, 1997;
January 7, 1997;
August 13, 1996;

May 7, 1996;

No. 4-16900 dated January 21,

No. 1-149695 dated June 12, 1989;

4,937,871 dated
4,239,936 dated
4,718,096 dated
5,142,585 dated
5,208,864 dated
5,212,764 dated
5,313,555 dated

5,416,887 dated

June 26, 1990;
December 16, 1980;
January 5, 1988;
August 25, 1992;
May 4, 1993;

May 18, 1993;

May 17, 1994;

May 16, 1995;
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80. European Appln. No. 88908903.3 dated April 16,
1997,

90. "Beamforming, a versatile approach to spacial
filtering, " IEEE ASSN Magazine, April 1988, Vol.
5, No. 2, pp.4-24.

91. Sewald et al., "Application of...Beamforming to
Reject Turbulence Noise in Airducts," 1996 IEEE
International Conference on Acoustics, Speech and
Signal Processing Proceedings (ICASSP), May 7-16,
1996, Vol. 5, No. CONF-21, May 7, 1996, IEEE PP.
2734-37.

92. European Patent Number 0724415 dated 11/20/96.

93. European Patent Number 0483845 dated 1/13/93.

94. European Patent Number 0721251 dated 7/10/96.

95. U.S. Patent No. 5,416,845 dated 5/16/95.

A copy of all of the foregoing documents is enclosed.

The Examiner is respectfully requested to consider and
make of record, the documents cited herein.

It is hereby certified pursuant to 37 C.F.R. §1.97(c)
and (e) to the best of the underigned’s knowledge and belief that
the documents cited herein (some were cited by a foreign patent
office, others from other sources) were called to the
undersigned’s and thus Applicant’s and Applicant’s assignees
attention within three (3) months of the date of this paper.
Thus, no fee should be due for consideration and making of record
the documents cited herein.

Entry of this Information Disclosure Statement and an

early examination on the merits are respectfully solicited.

RTL898 1020-0115
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This Information Disclosure Statement is not a
representation that any of the cited documents are considered
pertinent, or that any of the cited documents are indeed prior
art. Rather, this paper merely discloses documents cited to the
undersigned (and thus to the Applicant and Applicant’s assignee)
for the Examiner’s convenience and to make them of record. The
cited documents are not believed to impact upon patentability.
Note particularly those documents whose 102 (e) dates do not
predate the instant application’s filing date. It is requested,
however, that the Examiner consider each of the cited documents
and make them of record.

Please charge any additional fees or credit any
overpayment therein to Deposit Account No. 50-0320.

Respectfully submitted,

FROMMER LAWRENCE & HAUG LLP
Attorne for Applicants

/
Date:May 29, 1998 By / ‘Mﬁ/ma‘_‘

Thomas J. Kowalski
Reg. No. 32,147
I. Marc Asperas
Reg. No. 37,274
Tel. (212) 588-0800

IMA/ep
Encs.

j:\pearce\andrea\7002-1,ids

RTL898 1020-0116
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Shest 1 of 1
Based on Form PT0-1449 ATTORNEY DOCKET NO. SERIAL NO.
(3/90) 670025-7002.1 08/672.899
LIST OF REFERENCES CITED BY APPLICANTS APPLICANT: JOSEPH MARASH
(Use several sheets if necessary)
FILING DATE: GROUP
June 27, 1996
“N\\U.S. PATENT DOCUMENTS

Eﬁﬁ_i P;ER DOCUMENT NUMBER OATE | NAME CLASS SUBCLASS IFFIALPIPNF?D p%n}TfTE

[ M | 4.589.137 5/13/86 Mil Ier\ "

N A8 | 4.628.529 12/9/86 Borth et a1\ =

pP AC | 4.653.102 3/24/87 Hansen \

ﬂ'J AD 4,658,426 4/14/87 Chabries et al. \

(o AE | 4.731.850 3/15/88 Levitt et al. N -—

ov AF | 4.769.847 9/6/88 Taguchi \ —

o’ | A | 4.802.227 1/31/89 Elko et al. \r

m/ AH | 4.811.404 3/7/89 Vilmur et al. —

o) Al | 4.932.063 6/5/90 Nakamura b

o A) | 4.956.867 9/11/90 Zarek et al. \\

oY | 5.192.918 3/9/93 Sugi yana -

or AL | 4.965.834 10/23/90 Miller

w | m | s.201.60 8/31/93 Harrison et al. e B

EXAMINER

FOREIGN PATENT DOCUMENTS
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO
o AN | 0411360 Bl 2/6/91 EPO
g¥ | A0 | W0 97/23068 6/26/97 WIPO =5
ol AP | WO 88/09512 12/1/88 WIPO o
ot AQ WO 94/16517 7/21/94 WIPD
p'J AR 0059745 B1 9/15/82 EPO
D'J AS | 2,239,971 B 7/17/91 Great Britain s
OTHER REFERENCES (Including Author, Title. Date, Pertinent Pages, Etc.)
@ ;g?agfo;Engédé versatile approach to spacial filtering," IEEE ASSN Magazine, April 1988, Vol. 5,

D. Ny

DATE CONSIDERED

ﬂ’\s)ﬁf

* EXAMINER:

Initial if reference considered, whether or not citation is in conformance with MPEP 609.
citation if not in conformance and not considered.

Draw line through
Include copy of this form with next communication to applicant.

RTL898 1020-0117
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Sheet 2 of 1
Based on Form PT0-1449 ATTORNEY DOCKET NO. SERIAL NO.
(3/90) 670025-7002.1 08/672.899
LIST OF REFERENCES CITED BY APPLICANTS APPLICANT: JOSEPH MARASH
(Use several sheets if necessary)
FILING DATE: GROUP
June 27, 1996
U.S. PATENT DOCUMENTS
EXAMINER DOCUMENT NUMBER DATE NAME CLASS SUBCLASS FILING DATE
INITIAL IF APPROPRIATE
91) AA | 5.412.735 . -512_!95 Engebretson et al. .
on | AB | 5.416.847 5/16/95~.. Boze ~—
P ac_| s5.473.701 12/5/95 ™| Cezanne et al. .
| a |s.473.70 12/5/95 YOMw{da et al. i e
| A | 5.524.07 6/4/9 Akiho SN =
o AF | 5.627.799 5/6/97 Hoshuyama
on A6 | 5.644.641 7/1/97 Ikeda N —
Tﬁ AH 5.673.325 9/30/97 Andrea et al. \
) Al | 5.381.473 1/10/95 Andrea et al. 9
o A | 5.689.572 11/18/97 Ohki et al. =
o AK | 5.727.073 3/10/98 Ikeda ‘—\\ =N
W | a | 5.353.37% 10/4/94 Oh et al.
W, | m |5.319.73 6/7/94 Hunt
D'J AN 5,668,747 9/16/97 Ohashi a
FOREIGN PATENT DOCUMENTS
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO
pr A0 | 4-16900 1/21/92 Japan
mJl AP 1-149695 6/12/89 Japan =
9’1'} AQ 88908903.3 4/16/97 EPO —t
AR
AS
OTHER REEFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)
Sewald et al.. "Application of...Beamforming to Reject Turbulence Noise in Airducts,” 1996 IEEE
AT [nternational Conference on Acoustics. Speech and Signal Processing Proceedings (ICASSP), May 7-16,
97‘, 1996. Vol. 5. No. CONF-21. May 7. 1996. IEEE pp. 2734-37.
EXAMINER ..O ﬁ%vvd‘/‘ DATE CONSIDERED ‘7}| 5)?€
* EXAMINER:  Initial if reference considered. whether or not citation is in conformance with MPEP 609. DOraw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

RTL898 1020-0118
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Sheet 3 of 1
Based on Form PT0-1449 ATTORNEY DOCKET NO. SERIAL NO.
(3/90) 670025-7002.1 08/672,899
LIST OF REFERENCES CITED BY APPLICANTS APPLICANT:  JOSEPH MARASH
(Use several sheets if necessary)
FILING DATE: GROUP
June 27, 199
U.S. PATENT DOCUMENTS
EXAMINER DOCUMENT NUMBER DATE NAME CLASS | SUBCLASS FILING DATE
INITIAL IF APPROPRIATE
o m | 4.363.007 12/7/82 Maramoto et al. —T —
o) | a8 | 4.409.435 10711/83 Ono 1 -
) Ac | 4,442,586 4/10/88°~ | 1shigaki g |
o A0 | 4,495,643 122185 “dOrban
GVJ AE 4,517,415 5/14/85 Lauhepnce
op AF | 4,622,692 11/11/86 tle N
nH A | 4.750.207 6/7/88 Gebert et .ﬂ\ < =
o aH | 5.432.859 7/11/95 ™ -
=
o Al | 5.485.515 1/16/96 Allen et al. N ~
e A) | 5.524.056 6/4/9 Killion et al. * =
o A | 5.701.344 12/23/97 Wakui ;
o, | a | sseam /7197 Cai et al. |

5.335.011 8/2/94 Addeo et al.

FOREIGN PATENT DOCUMENTS

DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO
5N AN | 0724415 11/20/96 EPO ==
P'J_ A0 | 0483845 1/13/93 EPO
o AP | 0721251 7/10/96 EPO
AQ
AR
AS
OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)
AT

citation if not in conformance and not considered.

EXAMINER DATE CONSIDERED
P. Mgy v)a¥
* EXAMINER:  Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through

Include copy of this form with next communication to applicant.

RTL898 1020-0119
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Sheet 4 of 1
Based on Form PT0-1449 ATTORNEY DOCKET NO. SERIAL NO.
(3/90) 670025-7002.1 08/672.899
LIST OF REFERENCES CITED BY APPLICANTS APPLICANT: JOSEPH MARASH
(Use several sheets 1f necessary)
FILING DATE: GROUP
June 27, 199
U.S. PATENT DOCUMENTS
EXAMINER DOCUMENT NUMBER DATE NAME CLASS | SUBCLASS FILING DATE
INITIAL IF APPROPRIATE
_40) AA_| 5.075.694 12/24/91 Donnangelo et al. e

or AB | 4.910.718 3/20/90 Horn =

o | ac | 4.559.642 | 12117085 Miyaji et al.

prJ AD | 4.581.758 | a78/86 Coker et al. —

P AE | 4.653.606 3/31/87~. Flanagan

oY AF | 4.696.043 9/22/87 M"‘\Lwahara et al. L

o A | 4.741.038 4/26/88 E'l-%\rgi al.

on A | 4.910,719 3/20/90 Thubert ™Sy —

o Al | 5.086.415 2/4/92 Takahashi et 3\ =

o) A | 5.208.864 5/4/93 Kaneda N <

o ak | 5.511.128 4/23/9% Lindemann N —

or) AL | 5.581.620 12/3/9 Brandstein et al. N ——

o MM | 5.615.175 3/25/97 Cater et al. —

oW AN | 5.625,697 4/29/97 Bowen et al. i

FOREIGN PATENT DOCUMENTS

DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO
AD
AP
AQ
AR
AS
OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages. Etc.)
AT

EXAMINER

DATE CONSIDERED
D. NW\,\ " "7,15)‘14

* EXAMINER:  Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw 1ine through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

USCORM-DC B0-3995
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l Sheet 5 of 1

Based on Form PT0-1449 ATTORNEY DOCKET NO. SERIAL NO.
(3/90) 670025-7002.1 08/672.899
LIST OF REFERENCES CITED BY APPLICANTS APPLICANT: JOSEPH MARASH

(Use several sheets if necessary)

FILING DATE: GROUP
June 27, 1996

U.S. PATENT DOCUMENTS

EXAMINER DOCUMENT NUMBER DATE NAME cLass | SuBcLASS FILING DATE
INITIAL IF_APPROPRIATE
| | 5657303 8/12/97 Crow —
O | a8 | 5.664.021 9/2/97 Chu et al. —
b | ac |s5.715.319 “Tr24a/98 Chu
P AD | 4.459.851 7117 /80, Crostack rmemp———
Kt AE | 5.642.353 6/24/97 \rRoy. 111 et al. pore
91) AF 5.625.880 4/29/97 Gotdburg et al.
oY AG | 5.592.490 1/7/97 Barrattgt al. -
v A | 5.546.090 8/13/% Roy 111 et SN
o a1 | 5.515.378 5/7/9 Roy. 111 et al. N\ —
o) A | 4,937,871 6/26/90 Hattor1 N\,
N A | 4,239,936 12/16/80 Sakoe A s S
» AL | 4.718.09 1/5/88 Meise] N e
W M| 5.142.585 8/25/92 Taylor .
oV AN | 5.208.864 5/4/93 Kaneda
oA a0 | 5.212.764 5/18/93 Ariyoshi e .
oV Ap_| 5.313.555 5/17/94 Kamiya s ]
s AQ | 5.416.887 5/16/95 Shimada ~ :
) AR | 5.416.845 5/16/95 Shen

FOREIGN PATENT DOCUMENTS
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NO

OTHER REFERENCES (Including Author, Title, Date, Pertinent Pages, Etc.)

AT

EXAMINER

D. N DATE CONSIDERED "UJSHK

* EXAMINER:  Initial if reference considered, whether or not citation is in conformance with MPEP 609. Oraw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

USCOMM-UC 80-3995
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| semanumesr | muncoare |
08/672899 DE/27 /96 MARASH 3797-003

| EXAMINER |
NGUYEN. DUC
PENNIE AND EDMONDS ]

1155 AVENUE OF THE AMERICAS ART UNT "‘“";‘Om |
NEW YORK NY 10036-2711 743

DATEMNLED: DE£/11/938

This is in response to the Power of Attomey filed 05/21/98

Ij 1. The Power of Attomey to you in this application has been revoked by the applicant. Future ence will
be mailed to the new address of record. 37 CFR 1.33.

[J 2. The Power of Attorney to you in this application has been revoked by the assignea who has int ed
as provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record. (37 CFR 1.33).

[J 3. The withdrawal as attomey in this application has been accepted. Future correspondence will be mailed to the
new address of record. 37 CFR 1.33. '(_

This is a communication from the
Patent and Trademark Office

4. The Power of Attorey in this application Is accepted. Correspondence in this application will be mailed to the
below-noted address as provided by 37 CFR 1.33.

O 5. The Power of Attorney in this application Is not accepted for the reason(s) checked below:

[Ja. The Power of Attomey Is from an assignee and the Certificate required by 37 CFR 3.73 (b) has not been
received.

[CIb. The person signing for the assignee has omitted their empowerment to sign on behalf of the assignee.
[Je. The inventor(s) is without authority to appoint attorneys since the assignee has intervened as provided by

37CFR3.71.

[]d. The signature of , & co-inventor in this
application, has been omitted. The Power of Attomey will be entered upon receipt of confirmation signed
by said co-inventor.

[ e. The person(s) appointed in the Power of Attomey is not registered to practice before the U. S. Patent &
Trademark Office.

[Jf. The revocation is not signed by the applicant, the assignee of the entire interest, or one particular principal
attorney having the authority to revoke.

THOMAS J EKOWALSKI ESQ

FROMMER LAWRENCE % HAUG LLF ™)
745 FIFTH AVENUE w-\]( Qm
NEW YORK NY 10151

This Is a communication from the
Patent and Trademark Office

= =
RTL898 1020:QL 22 70 RETAIN THIS COPY IN THE APPLICATION FILE  COPY A
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IN THE UNITED STATES PATENT“AND TRADEMARK OFFICE -

Applicant
U.S. Serial No.

seph Marash

Filing Date

Examiner Recewed
Art Unit JUN 0 11998
For : SYSTEM AND THOD FOR
Group 2700 ADAPTIVE INTERFERENCE
CANCELLING
745 Fifth Avenue
New York, NY 10
May 29, 1998
ﬁ’ AMENDMENT AND CHANGE OF ADDRESS
w
ﬁé Hon. Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:
AR
Responsive to the Office Action which iééhed on

January 12, 1998, please amend the above-referenced

application as follows:

3

-

06/03/1998 DFLOYD 00000012 08672899 .
01 FC:216 200,00 0P

RTL898 1020-0123
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IN THE CLAIMS: \
Please cancel claims ééé}h without prejudice,
admission, or any intention of creating any estoppel as to
equivalents.

REMARKS

Applicant acknowledges with appreciation the
indication that claims 1-28 are allowed. To expedite this
application to allowance, claims 29-44 are canceled without
prejudice, admission, or any intention of creating any
estoppel as to equivalents.

A copy of the duly executed Power-of-Attorney in
favor of the undersigned, which was filed by Express Mail on
May 21, 1998, is enclosed with this Amendment for the
Examiner’s convenience. An Information Disclosure Statement
is also enclosed.

A two-month extension of the period for response
under 37 C.F.R. Sections 1.136(a) and 1.17(a) is
respectfully requested. A check for $200.00 in payment of
the fee for the extension is enclosed. Please charge any
additional fees or credit any overpayment to Deposit Account
No. 50-0320.

Early allowance is earnestly solicited. If any
issue remains as an impediment to allowance, an interview is
respectfully requested and the Examiner is respectfully

2

RTL898 1020-0124
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invited to contact the undersigned by telephone to arrange a
mutually convenient time and manner therefor.

As a change of address, please direct all future
communications to Thomas J. Kowalski at the address and
telephone and facsimile numbers below.

Respectfully submitted,
FROMMER LAWRENCE & HAUG LLP

Attorneys for Applicant

By / /‘%M—C—f%’wp———-—\

Thomas J. Kbébwalski

Reg. No. 32,147

I. Marc Asperas

Reg. No. 37,274

FROMMER LAWRENCE & HAUG LLP
745 Fifth Avenue

New York, New York 10151
Tel: (212) 588-0800

Fax: (212) 588-0500

RTL898 1020-0125
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Joseph Marash Yy
Appln. Serial No. : 08/672,899 (§bqo ’ﬂﬁy
Filed : June 27, 1996 2?00
For : SYSTEM AND METHOD FOR ADAPTIVE

INTERFERENCE CANCELLING

745 Fifth Avenue
New York, New York 10151

EXPRESS MAIL

Mailing Label Number,
Dace of Deposit
I hereby certify 3 s paper or fee is being

deposited with the United States Postal Service

"Express Mail Post Office to Addressee” Service

under 317 CFR 1.10 on the date indicated above and .
is addressed to the Assistant Commissioner for Patents,

Washington, D.C. 20231,

o)

Typed or printed name of person
ling paper or fge)
POWER OF ATTORNEY BY ASSIGNEE OF ENTIRE INTEREST
AND REVOCATION OF PRIOR POWERS

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

LAMAR SIGNAL PROCESSING, LTD., as owner of the entire
right, title and interest in, to and under the above-identified
patent application, hereby revokes all powers of attorney
previously given and appoints the following attorneys, with full
power of association, revocation and appointment, to prosecute
and transact all business in the Patent and Trademark Office in

connection therewith, including to receive the Letters Patent:

RTL898_1020-0126
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Thomas J. Kowalski Reg. No. 32,147
I. Marc Asperas Reg. No. 37,274
Please send all correspondence relating to the above
patent application to:
Thomas J. Kowalski, Esq.
FROMMER LAWRENCE & HAUG LLP
745 Fifth Avenue
New York, New York 10151

(212) 588-0800 - Telephone
(212) 588-0500 - Telefax

]

Pursuant to 37 C.F.R. §3.73, the undersigned signatory
(whose titled is supplied below) states that he is empowered to
act on behalf of the assignee identified above, and has reviewed
all the documents in the chain of title of the patent application
and, to the best of undersigned’s knowledge and belief, title is
in the assignee, and certifies that LAMAR SIGNAL PROCESSING, LTD.
is the assignee of the entire right, title and interest in, to
and under the patent application, by virtue of an assignment from
the inventor to LAMAR SIGNAL PROCESSING, LTD. recorded in the
United States Patent and Trademark Office.

The undersigned hereby declares that all statements
made herein of my own knowledge are true, and that all statements
made on information and belief are believedlto be true; and
further, that these statements are made with the knowledge that
willful false statements, and the like so made, are punishable by
fine or imprisonment, or both, under Section 1001, Title 18 of

the United States Code, and that such willful false statements

RTL898 1020-0127
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may jeopardize the validity of the application or any patent

issuing thereon.

LAMAR SIGNAL PROCESSING, LTD.

By: eyl fia &L
Title AL A

: Paea.

Date: C/Z!/ﬂf

a

RTL898 1020-0128
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. f .\ UNITED ST ATQDEPARTMENT OF COMMERCE

: |  Patent and Trademark Office
B/ :

Address: COMMISSIONER OF ?ATENTS AND TRADEMARKS
Washinaton. DC 20231

[_APPLICATION NO. | FILING DATE _| FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |
NE/E72, 593 UE /27 /36 MARASH J 2737-003

r LM& /01721 = | EXAMINER |
THOMAS J KOWALSEI ES@ i NGUYEN, Iy

FROMMER LAWRENCE &% HAUG LLP
745 FIFTH AVENLE
NEW YORK NY 10151

L ART UNIT | _PAPER NUMBER _ |
2743

DATE MAILED: n7/21/9%

Please find below and/or attached an Office communication concerning t
proceeding.

application or

Commissioner of and Trademarks

PTO-80C (REV. 2/86) 1-File Copy

RTL898 1020-0129



Application No. Applicant(s)
08/672,899 MARASH
Notice of A”OW&blIlty Examiner Group Art Unit ||I |||
Duc Nguyen 2743 ||| || hl

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance and Issue Fee Due or other appropriate communication will be
mailed in due course.

X This communication is responsive to Amendment filed 6/1/98

X The allowed claim(s) is/are 7-28

. The drawings filed on are acceptable.

— Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
_ Al  Some* [] None of the CERTIFIED copies of the priority documents have been

[ received.

[} received in Application No. (Series Code/Serial Number)

__ received in this national stage application from the International Bureau (PCT Rule 17.2(a)).

*Certified copies not received:
~ Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).

A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE
THREE MONTHS FROM THE "DATE MAILED" of this Office action. Failure to timely comply will result in
ABANDONMENT of this application. Extensions of time may be obtained under the provisions of 37 CFR 1.136(a).

[ Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses
that the oath or declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.

X Applicant MUST submit NEW FORMAL DRAWINGS

__ because the originally filed drawings were declared by applicant to be informal.

X including changes required by the Notice of Draftsperson's Patent Drawing Review, PT0-948, attached hereto or
to Paper No. 6

] including changes required by the proposed drawing correction filed on ., Which has been
approved by the examiner.

" including changes required by the attached Examiner's Amendment/Comment.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the reverse side of the
drawings. The drawings should be filed as a separate paper with a transmittal lettter addressed to the Official
Draftsperson.

[[] Note the attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Any response to this letter should include, in the upper right hand corner, the APPLICATION NUMBER (SERIES
CODE/SERIAL NUMBER). If applicant has received a Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER
and DATE of the NOTICE OF ALLOWANCE should also be included.

Attachment(s)
[] Notice of References Cited, PT0-892
X Information Disclosure Statement(s), PTO-1449, Paper No(s). _ 7,8,12
("] Notice of Draftsperson's Patent Drawing Review, PT0-948 SUPERVISORY PATENT EXAMINER

LI

I Notice of Informal Patent Application, PTO-152 GROUP 2700
"1 Interview Summary, PT0-413
"] Examiner's Amendment/Comment
[} Examiner's Comment Regarding Requirement for Deposit of Biological Material
X Examiner's Statement of Reasons for Allowance
U, S. Patent and Trademark Office
PT0O-37 (Rev. 9-95) Notice of Allowability Part of Paper No. 12

RTL898 1020-0130



Serial Number: 08/672,899 Page 2

Art Unit: 2743
1 Claims 1-28 are allowed.

2. The following is an examiner's statement of reasons for
allowance: the prior art of record (Hoshuyama, Chabries et al.,
Elko et al. and Boze) fails to teach or suggest an adaptive
system for active interference cancellation comprising a sensor
array of spatially distributed sensors; a sampling unit; a main
channel matrix unit; a reference channel matrix unit; an adaptive
filter; a difference unit; and weight constraining means. The
prior art of record does not explicitly teach, either
individually or in combination, a main channel matrix unit for
generating a main channel from the digital input data, the main
channel having both a source signal component and an interference
signal component; and a reference channel matrix unit for
generating at least one reference channel, each reference channel
representing signals received in directions other than that of
the signal source, as substantially described and connected in
independent claims 1, 5, 9, 21.

Any comments considered necessary by applicant must be
submitted no later than the payment of the issue fee and, to
avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance."

RTL898_1020-0131



Serial Number: 08/672,899 Page 3

Art Unit: 2743

3 Any inquiry concerning this communication or earlier
communications from the examiner should be directed to Duc Nguyen
whose telephone number is (703) 308-7527.

If attempts to reach the examiner by telephone are
unsuccessful, the examiner's supervisor, Mr. Kuntz, can be

reached on (703) 305-4708.

Any response to this action should be mailed to:

Commissioner of Patents and Trademarks
Washington, D.C. 20231

or faxed to:

(703) 308-9051, (for formal communications intended for entry)

(703) 305-9508, (for informal or draft communications, please label
"PROPOSED" or "DRAFT")

Hand-delivered responses should be brought to Crystal Park II, 2121 Crystal Drive,
Arlington. VA., Sixth Floor (Receptionist).

Duc Nguyen

7/13/98

CURTIS A“KUNTZ
SUPERVISORY PATE EXAMINER
GROUP 2700

RTL898 1020-0132
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. f ;.\ UNITED STATE ARTHENT QF‘WM“EHCE

Patent and Trademark O‘I‘ﬂeh g
.V

NOTICE OF ALLOWANCE AND ISSUE FEE DUE

LGt 707720 e

THUMAS 0 KOWAL kT F5
FROMMER | l'F\l NCE & HALWG LLP
FAL FIFTH AVEMLE }
NEW ¥YORK NY [u1sl] : 3
g v
- I ‘
APPLICATION NO. |  puncoare | TotaLclams | EXAMINER AND GROUP ART UNIT DATE MAILED
¥
RS ‘( “ .?_.-T’—" "_-L){,_,/ LT S S = L= MELUYER. T o e 6 /90
First Named NG
Ak MAFASH, Ilj' fl"}l
~ P ¥
TITLE OF e
INVENTION SYSTEM aND METHODR FOR m-.rs’r 1‘1‘ [INTERFERENCE CANCELL i M5
‘
ATTY'S DOCKET NO. CLASS-SUBCLASS |  BATCHNO. APPLN.TYPE | SMALLENTTY | FEEDUE | DATE DUE
2 -003 B 02, 00 (FTRTH WEILITY Y BGEN ., D1 1nsel/2de

T

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

PROSECUTION ON THE MERITS IS CLOSED. ool A ¢
ZR R !
THE ISSUE FEE MUST BE PAID WITHIN FROM THE MAILING DATE OF THIS NOTICE OR THIS

APPLICATION SHALL BE REGARDED AS ABM'J . THIS STATUTORY PERIOD CANNOT BE EXTENDED.

HOW TO RESPOND TO THIS NOT!CE

|. Review the SMALL ENTITY status shown above, ;
If the SMALL ENTITY is shown as YES, verify your f the SMALL ENTITY is shown as NO:
current SMALL ENT ITY status: 1 =

A. If the status is changed, pay twice the amount oﬂhe
FEE DUE shown above and notify the Patent and A. Pay FEE DUE shown above, or
Trademark Office of the change in status, or

B. If the status is the same, pay the FEE DUE shown )
above. B. File verified statement of Small Entity Status before, or with,

payment of 1/2 the FEE DUE shown above.

Il. Part B-Issue Fee Transmittal should be completed and returned to the Patent and Trademark Office (PTO) with your
ISSUE FEE. Even if the ISSUE FEE has already been paid by charge to deposit account, Part B Issue Fee Transmittal
should be completed and retumed. If you are charging the ISSUE FEE to your deposit account, section “4b” of Part
B-Issue Fee Transmittal should be completed and an extra copy of the form should be submitted.

Ill. All communications regarding this application must give application number and batch number.
Please direct all communications prior to issuance to Box ISSUE FEE unless advised to the contrary.

"

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee’s responsibility to ensure timely payment of maintenance
fees when due.

PATENT AND TRADEMARK OFFICE COPY

PTOL-85 (REV. 10-96) Approved for use through 06/30/99. (0651-0033)
*U.S. GPO: 1998-437-639/80023

RTL898 1020-0133
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v Assistant Commissioner for

5y i |

INSTRUCTIONS: 2

MAILING This form should be used for transmitting the ISSUE FEE. Blocks 1 Nots: The oericite of maling balow oan only be wed for domeat
through 4 should be completed where appropriate. All further cormespondence including the Issue Fee mailings of the Issue Fee Transmittal. This certificate cannot ba used
comespondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) | assignment or formal drawing, must have its own certificate of mailing.

specifying a new commespondence addross; and/or (b) indicating a separate “FEE ADDRESS" for

_maintenance fee notifications. Certificate of Malling
wmmcummmmumh-wmmu | hereby certify that this Issue Fee Transmittal is being deposited with
the United States Postal Service with sufficient postage for first ciass
B- mail in an envelope addressed to the Box Issue Fee address above on
_ . ) 721 | the date indicated beiow.
THOMAS J KOWALSEI ESQ ’

FROMMER LAWRENCE &
745 FIFTH AVENLE
NEW YORE NY 10151

APPLICATIONNO. - |  FILING DATE TOTALCLAMS | SEXAMINER AND GROUP ART UNIT |  pATEMmALED
ne/672,899 Q&/27/36 0ze NGUYEN, D 2743 n7/21/%%
i MARASH, JOSEPH
HNTVLEE'JOFTION SYSTEM AND METHOD FOR ADAFPTIVE INTERFERENCE CANCELLING
ATTY'S DOCKET NO

CLASS-SUBCLASS | BATCHNO. | APPLN.TYPE | SMALLENTITY | FEEDUE | DATE DUE

eFoozs 5*1’30.32.
A i A3l -092.000 REE&

ETS

UTILITY YES S0, 010 10/721/79=

1. Change of cormespondence address or indication of * Fee Address” (37 CFR 1.363). 2. For printing on the patent front page, list -
Use of PTO form(s) and Customer Number are recommended, but not required. (1) the names of up 10 3 registered patent  1/7w.umer, Lawrenre ida%g LeP
. xnm:w OHW.M v
Change of cormespondence address (or Change of Cormespondence Address form name a single (having as a
( 2l homas J. Kowalsk:

PTO/SE/122) attached. member a registered attomey or agent)
» and the names of up 10 2 registered patent
[J*Fee Address” indication (or “Fee Address” Indication form PTO/SB/47) attached. attomeys or agents. if no name Is listed, no

name will be printsd. 3:{.’. /MA(“C.. /45!9€m5

3, ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 4a. The foliowing fees are enclosed (make check payable to Commissioner
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. of Patents and Trademarks):

Inclusion of assignee data is only appropiate when an assignment has been previously wbmnadm ﬁ'lwua&e
the PTO or ks being submitted under separate of this form is,NOT 3.000« _ﬂj
filing an assignment. La.mars m‘( roce ssing Ltdl. f’ uho“ ..).—- '“ﬁ 9.0
(A) NAME OF ASSIGNEE 0 wirecd s %bs. ! ar aﬁ dré o L9¢.00

,[e‘_’f’,ﬁanr‘_s Covotubion 4b. The following fees or deficiency in these fees shouid be charged to:
tB)HESIDﬁGE( ESTA OR COUNTRY) g ) DEPOSIT ACCOUNT NUMBER |opes€

~€on (ENCLOSE AN EXTRA COPY OF THIS FORM) ga;e_.f-""'/

Mmmappmpﬁm category indicated below (will not be printed on the patent) 0] lesiss Foo { i
O individual [ comoration or other private group entity [ govemment J Advance Order - # of Copies f —5:524

The COMMISSIONER OF PATENTS AND THADEMARKS IS requested to apply the Issue Fee lo the application identified above.

Signature) (Date)
T )l koo s 3242 22 315
NOTE; The lssua not be accepted frém anyone other than the applicant; a registered atidmey

or agent; or the assignee or other party In interest as shown by the records of the Patent and

Trademark Office. ) 0B/18/1998 CASHBY 00000098 08672899
Burden Hour Statement: This form is estimated 1o take 0.2 hours to complete. Time will vary 01 FC:242 660,00 0P
depending on the needs of the individual case. Any comments on the amount of time required 02 FC:561 30.00 OP

to complete this form should be sent to the Chief Information Officer, Patent and Trademark
Office, Washington, D.C. 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND FEES AND THIS FORM TO: Box Issue Fee, Assistant Commissioner for
Patents, Washington D.C. 20231

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE
PTOL-ASB (REV.10-96) Anoroved for use throuah 06/30/99. OMB 0651-0033 Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

RTL898 1020-0134
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Joseph Marash

Serial No. : 08/672,899

Filed : June 27, 1996

For - SYSTEM AND METHOD FOR ADAPTIVE INTERFERENCE
CANCELLING

Examiner - D. Nguyen

Art Unit : 2743

Batch No. : G86

745 Fifth Avenue
New York, New York 10151
Tel. (212) 588-0800

I hereby certify that this correspondence
is being deposited with the United States
Postal Service as first class mail in an
envelope addressed to:

Assistant Commissioner for Patents
Washington, D.C. 20231, on July 23, 1998

Date of Signature

G ™
cant, Assignee or Registered “‘05“{.‘,‘
Y, S,
A N
Dé? 'C'\‘;‘\
Zignatdre ‘i o i~
L3

July 23, 1998 - O

e

4

FILING OF FORMAL DRAWINGS

Box Issue Fee
Assistant Commissioner for Patents
Waahington, D.C, 202317
Attn: Official Draftsman
Sir:
In accordance with the requirement cited in the

Notice of Allowability (PTOL-37, Paper No. 13), Applicant files

herewith 15 sheets of formal drawings (Figs. 1-11E) to be made of

RTL898 1020-0135
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record in the present application in place of the original
drawings, which incorporate the corrections noted in form PTO-948
attached to Paper No. 6.

Respectfully submitted,

FROMMER LAWRENCE & HAUG LLP
Attorneys for Applicant

7/

I. Marc ZAsperfas
Reg. No. 37,274
Tel. (212) 588-0800

ANDREA.7\7002.DWG

RTL898 1020-0136
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The Commissioner of Patents
and Trademarks
Has received an application for a patent for a
new and useful invention. The title and de-

qhg scription of the invention are enclosed. The
requirements of law have been complied with,

® and it has been determined that a patent on
mn[tgd the invention shall be granted under the law.

Stateg e .

United States Patent

0 Grants to the person(s) having title to this : : '
patent the right to exclude others from mak- ' e

Amiien  Sodmaes | il

vention throughout the United States of o) UELN
America or importing the invention into the ’ ‘n”
United States of America for the term set forth Mot i s
below, subject to the payment of maintenance gt
Jees as provided by law.

If this application was filed prior to June 8,
1995, the term of this patent is the longer of
seventeen years from the date of grant of this
patent or twenty years from the earliest effec-
tive U.S. filing date of the application, sub-
Ject to any statutory extension.

If this application was filed on or after June
8, 1995, the term of this patent is twenty years
Jrom the U.S. filing date, subject to an statu-
tory extension. If the application contains a
specific reference to an earlier filed applica-
tion or applications under 35 U.S.C. 120, 121
or 365(c), the term of the patent is twenty years
Jrom the date on which the earliest applica-

tion was filed, subject to any statutory exten- ;
sion. WA
Commissioner of Patents and Trademarks
Fom PTO-1884 F. 297

REBOR000-0150. 1 i fagl L
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PATENT
43086.00.7002 =
3086.00.7002 -7

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

A
Applicant(s) : Joseph Marash et al. - Z . /

U.S. Patent No. ; 5,825,898
Issued : October 20, 1998
Serial No. : 08/672,899
For : SYSTEM AND METHOD FOR ADAPTIVE INTERFERENCE
CANCELLING
Filed : June 27, 1996
Examiner 3 NGUYEN, DUC MINH
Art Unit ; 2743
Confirmation No. g 6383
1633 Broadway, 47th Floor,
New York, NY 10019
FILED VIA EFS-WEB

ON January 27, 2014
REQUEST FOR CERTiFIQATE OF CORRECTION

Certificate of Correction Branch
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

oF
Dear Sir: '

It is requested that a Certificate of Correction be issued in the above-entitled patent in
accordance with the accompanying form PTO 1050. Please make the following changes:

NEWYORK/#335393.1
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PATENT
43086.00.7002

ON THE FACE OF THE PATENT:

Left column, field (73), Assignee, replace the text “Lamar Signal Processing,

Yokneam, Israel” with “Andrea Electronics Corporation, Melville, New York”.

NEWYORK/#335393.|
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PATENT
43086.00.7002

REMARKS

The requested changes do not constitute new matter and this application does not require
re-examination. A completed Form PTO 1050 is enclosed.

Since the error to be corrected is due to Applicants’ error, a charge of $100.00 is believed
to be due. The Commissioner is authorized to charge any additional fees for this paper or credit
any overpayment to Deposit Account No. No. 22-0259.

Respectfully submitted,
VEDDER PRICE P.C.
Attorney for Applicants

Byzoﬂﬂ”"" W

Thomas J. Kowalski
Reg. No. 32,147
Deborah L. Lu, Ph.D.
Reg. No. 50,940

Tel. No. (212) 407-7700
Fax No. (212) 407-7799

NEWYORK/#335393.1
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PTO/SB/44 (09-07)
Approved for use through 08/31/2013. OMB 0651-0033
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required 1o respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION
Page ] of |
PATENT NO. : 5,825,898
APPLICATIONNO. : 08/672,899 ;
ISSUE DATE ¢ October 20, 1998 - I
INVENTOR(S) :  Joseph Marash, et al.

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

ON THE FACE OF THE PATENT

rati i w

(73) Assignee:

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Vedder Price P.C.
1633 Broadway, 47th Floor
New York, New York 10019

This collection of information is required by 37 CFR 1.322, 1,323, and 1,324, The information is required 10 obtain or retain a benefit by the public which is
to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to ke 1.0
hour to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require lo complete this form and/or suggestions for reducing this burden, should be sent to the Chief
Information Officer, U.S. Patent and Trademark Office, U.S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES
OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, PO, Box 1450,
Alexandris, VA 22313-1450.

If you need assisiance in completing the form, call |-800-PTO-9199 and select option 2.
NEWYORK/#335387.1
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
5 ‘{, United States Patent and Trademark Office
| P.O. Box 1450
Alexandria, VA 22313-1450
www. usplo.gov

/b Patent No: 5,825,898
Serial Number: 08/672,899
Inventor(s): Joseph Marash, et. al.
Issued: October 20,1998

Request for Certificate of Correction

Consideration has been given your request for the issuance of a certificate of correction for the
above-identified patent under the provisions of Rule(s) 1.3220r 1.323.

Assignees' names and addresses (assignment data) printed in a patent, are based solely on
information supplied in the appropriate space for identifying the assignment data, i.e., item 3 of
the Issue Fee Transmittal Form PTOL-85B. Granting of a request under 37 CFR 3.81(b) is
required to correct applicant's error providing incorrect or erroneous assignment data, before
issuance of a Certificate of Correction, under 37 CFR 1.323 (see Manual of Patent Examining
Procedures (M.P.E.P) Chp.1400, sect. 1481). This procedure is required at any time afier the
issue fee is paid, including after issuance of the patent.

In view of the foregoing, your request is hereby denied.

A request to correct the Assignee under 37 CFR 3.81(b) should include:
A. the processing fee set forth in 37 CFR 1.17(i) (currently $130);
B. a statement that the failure to include the correct assignee name on the PTOL-85B was
inadvertent; and
C. acopy of the Notice of Recordation of Assignment Document, reflecting the reel and
frame number where the assignment(s) is recorded and/or reflecting proof of the date the
assignment was submitted for recordation.

In the Request, Applicant(s) may request that the file be forwarded to Certificates of Correction
Branch, for issuance of a Certificate of Correction, if the Request is granted.

Any request under 37 CFR 3.81(b) should be directed to the following address or facsimile
number:

By mail: Mail Stop PETITIONS
Commissioner for Patents
Post Office Box 1450
Alexandria, VA 22313-1450

RTL898 1020-0155



By hand: Customer Service Window
Mail Stop Petitions
Randolph Building
401 Dulany Street
Alexandria, VA 22314

By fax: (703) 872-9306
ATTN: Office of Petitions

If a fee (currently $100) was previously submitted for consideration of a Request for Certificate
of Correction, under CFR 1.323, to correct assignment data, no additional fee is required.

Eva James
Certificate of Correction Branch
571-272-3422

Vedder Price P.C.
1633 Broadway, 47" floor
New York, NY
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1. 5,416,844, May 16, 1995, Apparatus for reducing noise in space
applicable to vehicle passenger compartment; Yoshiharu Nakaji, et al.,
381/71.4, 71.9 :IMAGE AVAILABLE:

2. 4,956,867, Sep. 11, 1990, Adaptive beamforming for noise reduction;
Patrick M. Zurek, et al., 381/94.7, 71.11 :IMAGE AVAILABLE:

3. 4,491,701, Jan. 1, 1985, Adaptive filter including a far end energy
discriminator; Donald L. Duttweiler, et al., 364/724.19; 379/410;
381/101 :IMAGE AVAILABLE:

=> s 17 and 364/clas
56137 364/CLAS
L9 9 L7 AND 364/CLAS

=>d 1-9

1. 5,703,904, Dec. 30, 1997, Impulse noise effect reduction; Ehud
Langberg, 375/232; 364/724.19 :IMAGE AVAILABLE:

2. 5,638,311, Jun. 10, 1997, Filter coefficient estimation
apparatus; Kensaku Fujii, et al., 364/724.19 :IMAGE AVAILABLE:

3. 5,553,014, Sep. 3, 1996, Adaptive finite impulse response filtering
method and apparatus; Phillip L. De Leon, II, et al., 364/724.19
:IMAGE AVAILABLE:

4. 5,390,364, Feb. 14, 1995, Least-mean squares adaptive digital filter
havings variable size loop bandwidth; Mark A. Webster, et al., 455/506;
364/724.2; 375/232; 455/307 :IMAGE AVAILABLE:

5. 5,136,531, RAug. 4, 1992, Method and apparatus for detecting a
wideband tone; Shawn McCaslin, 364/724.09, 724.19 :IMAGE
AVAILABLE:

6. 4,754,419, Jun. 28, 1988, Adaptive digital filter; Yoshihiro Iwata,
364/724.19 :IMAGE AVAILABLE:

7. 4,591,669, May 27, 1986, Adaptive filter update gain normalization;
Donald L. Duttweiler, et al., 370/291; 333/166; 364/724.186,
724.19 :IMAGE AVAILABLE:

8. 4,491,701, Jan. 1, 1985, Adaptive filter including a far end energy
discriminator; Donald L. Duttweiler, et al., 364/724.19; 379/410;
381/101 :IMAGE AVAILABLE:

9. 3,992,616, Nov. 16, 1976, Receiver equalizer apparatus; William F.
Acker, 364/724.2; 333/18; 375/232 :IMAGE AVAILABLE:

=> d his
(FILE 'USPAT' ENTERED AT 20:12:13 ON 31 DEC 1997)
L1 0 S 4658426/PN AND THRESHOLD#
L2 1 5 4956867/PN AND INHIBIT? |
L3 1419 s ADAPTIVE FILTER# OR ADAPTIVE DIGITAL FILTER# (P) (INHIBI
T?)
L4 616 S L3 (P) (COEFFICIENT# OR FILTER WEIGHT#)
L5 10 S L4 AND (BERMFORMER#)
L6 43 s (ADAPTIVE FILTER# OR ADAPTIVE DIGITAL FILTER#) (P) (INHI
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1. 5,416,844, May 16, 1995, Apparatus for reducing noise in space
applicable to vehicle passenger compartment; Yoshiharu Nakaji, et al.,
381/71.4, 71.9 :IMAGE AVAILABLE:

2. 4,956,867, Sep. 11, 1990, Adaptive beamforming for noise reduction;
Patrick M. Zurek, et al., 381/94.7, 71.11 :IMAGE AVAILABLE:

3. 4,491,701, Jan. 1, 1985, Adaptive filter including a far end energy
discriminator; Donald L. Duttweiler, et al., 364/724.19; 379/410;
381/101 :IMAGE AVAILABLE:

=> d his
(FILE 'USPAT' ENTERED AT 14:40:05 ON 30 DEC 1997)
Ll 1 S 5627799/PN AND THRESHOLD#
L2 94 S INHIBIT? (P) (ADF OR ADAPTIVE DIGITAL FILTER# OR ARDAPTIV
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L3 3 S L2 AND 381/CLAS
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1. 5,623,318, Apr. 22, 1997, Ghost cancelling method and apparatus using
canonical signed digit codes; Myeong-hwan Lee, 348/614 :IMAGE AVAILABLE:

2. 5,553,623, Sep. 10, 1996, Method for calibrating a system for
recording and playing back ECG signals; Dennis E. Ochs, 600/523, 524
: IMAGE AVAILABLE:

3. 5,503,159, Apr. 2, 1996, Method for enhancement of late potentials
measurements; David L. Burton, 600/516 :IMAGE AVAILABLE:

4, 5,423,325, Jun. 13, 1995, Methods for enhancement of HRV and late
potentials measurements; David L. Burton, 600/515 :IMAGE AVAILABLE:

5. 5,422,912, Jun. 6, 1995, Adaptive weak signal identification system;
Jason Asser, et al., 375/350, 351 :IMAGE AVAILABLE:

6.) 5,416,847, May 16, 1995, Multi-band, digital audio noise filter;
stéven E. Boze, 381/94.3, 98 :IMAGE AVAILABLE:

7. 5,406,955, Apr. 18, 1995, ECG recorder and playback unit; J. Daren
Bledsoe, et al., 600/524 :IMAGE AVAILABLE:

8. 5,347,586, Sep. 13, 1994, Adaptive system for controlling noise
generated by or emanating from a primary noise source; Peter D. Hill, et
al., 381/71.8, 71.3 :IMAGE AVAILABLE:

9. 5,276,516, Jan. 4, 1994, Ghost canceling apparatus utilizing forward
and reverse fourier transform processing; Richard G. Bramley, 348/614
:IMAGE AVAILABLE:

10. 5,235,646, Aug. 10, 1993, Method and apparatus for creating
de-correlated audio output signals and audio recordings made thereby;
Martin D. Wilde, et al., 381/17, 97 :IMAGE AVAILABLE:

11. 5,161,017, Nov. 3, 1992, Ghost cancellation circuit; Takashi Sato,
348/614, 607 :IMAGE AVAILABLE:

12. 5,121,433, Jun. 9, 1992, Apparatus and method for controlling the
magnitude spectrum of acoustically combined signals; Gary S. Kendall, et
al., 381/1, 17, 97 :IMAGE AVAILABLE:

13. 5,117,418, May 26, 1992, Frequency domain adaptive echo canceller
for full-duplex data transmission; Donald L. Chaffee, et al., 370/289,
210, 290; 379/406, 411 :IMAGE AVAILABLE:

=> d his

(FILE 'USPAT' ENTERED AT 10:09:39 ON 30 DEC 1897)
Ll 22 S (FREQUENC###) (8A) (FILTER WEIGHT# OR FILTER COEFFICTION
zé 1 S (FFT OR FAST FOURIER TRANSFORM OR IFFT OR INVERSE# FAST
igu 24 S (FFT OR FAST FOURIER TRANSFORM OR IFFT OR INVERSE# FAST
EEU 381 S (FREQUENC###) (8A) (FILTER WEIGHT# OR FILTER COEFFICIENT
ié 13 5 L3 AND L4
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FOR NUMBER FILED NUMBER EXTRA RATE FEE RATE FEE
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