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BACKGROUND OF DIE llIVEIITION 

The present invention relates generally to 8ign~1 
processing, and more specifically to an adaptive signal 

system and method for reducing interference in a 
signal. 

There are many instances where it is desirable to have a 
capable of receiving an information signal from a 

particular signal source where the environment includes 
10 sources of interference signals at locations different from 

that of the signal source . one Buch 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 aignals. 

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 

3S 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 



RTL898_1020-0011

• • 
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. Widrowet al .• Adaptive Noise Cancelling: Principles 

5 and Applications, Proe. 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 

10 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 

15 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 
20 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 

25 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 . 

30 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 

35 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. 
55(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 

10 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 

15 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 

20 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 

25 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 

30 regardless of where the microphones are located. 

Another problem with adaptive beamforming is "signal 

leakage ll
• Adaptive noise cancelling is based on an 

assumption that the reference input representing noise 

sources is uncorrelated with the source signal component in 

35 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 

5 structure will likely cause "signal leakage" from the signal 

source into the reference input. If 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, 

10 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 

15 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 

20 an adaptive filter when the signal-to-noise 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 

25 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 

30 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 . In 

35 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 

- 4 -
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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 

5 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 
10 signal with a uniform frequency behavior over a wide angular 

distribution of interference sources. 

SUMMARy OF THE INVENTION 

Accordingly, it is an object of the present invention to 

15 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 

20 eliminated. 

A further object of the invention is to control the 

adaptation procesB to prevent signal leakage for narrow band 

signals. 

Another object is to produce an output with a uniform 
25 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 

30 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 

35 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 

5 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. 

10 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 

15 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 

20 all directions from the system. 

2S 

30 

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 
nsp processor. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The objects, features and advantages of the present 

invention will be more readily apparent from the following 

detailed description of the invention in which: 

~~ is a block diagram of an overall system; 

~G~ is a block diagram of a sampling unit; , 
FIG ) .3 is a block diagram of an alternative embodiment 

of a s~pling unit; 

.fIG:~ ~ is a schematic depiction of tapped delay lines 

35 used in~ main channel matrix and a reference matrix unit; 

FIG.'S is a schematic depiction of a main channel matrix 
unit; 

- 6 -
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• • 
FI~ is a schematic depiction of a reference channel 

, 
matrix ~it; 

FI?~ is a schematic depiction of a decolorizing 

filter; ~ , 

5 F'~G'~ is a schematic depiction of an inhibiting unit 

based on directional interference; 
FIG. is a schematic depiction of a frequency-selective 

con8tr~t adaptive filter; 
FI~.~O is a block diagram of a frequency-selective 

10 weight-~n~traint unit; 
FIG.~l is a flow chart depicting the operation of a 

program that can be used to implement the invention. 

PETAlLED DESCRIPTION OF THE INVENTION 
15 FIG. 1 is a block diagram of a system in accordance with 

a preferred embodiment of the present invention. The system 

illustrated haa 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 

20 constrained adaptive filters 6, a delay 7, a difference unit 

8, an inhibiting unit 9, and an output O/A unit 10. 
Sensor array 1, having individual sensors la-ld, 

receives signals from a signal source on-axis from the system 

and from interference sources located off-axis from the 

2S 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 

11. 

30 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. 

35 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 -
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other that of the signal source. ThuB, the reference 

channels represent interference signals. 
The reference channels are filtered through decolorizing 

filters 5. which generate flat-frequency reference channels 

5 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. 

10 In the mean time, main channel 12 is delayed through 

delay 7 so that it i8 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 

15 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 

20 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 21a-21d, is 

connected to an analog front end 22, having amplifier 

25 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 
30 match the input requirement of the sampling elements. The 

outputs from the analog front ends are connected to a set of 

delta-sigma AID converters, 23 , where each converter samples 

and digitizes the amplified analog signals. The delta-sigma 

sampling is a well-known AID technique using both 

3S oversampling and digital filtering. For details on delta

sigma AID sampling, see Crystal Semiconductor Corporation, 

Application Note: Delta-Sigma Techniques, 1989. 

8 -
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• • 
FIG. 3 shows an alternative embodiment of the sampling 

unit. A sensor array 31, having sensor elements 31a-31d, is 

c onnected to an ampl i fier 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 5/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 AI 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, Fij , 45 and added to produce outputs, 

46a-46d . 

The n-th sample of an output from the i-th tapped delay 

line, Yi (n), can then be expressed as: 

Yi (n) 0 t ltj•o F1,j Xi (n - j ) , where k is the length of the 
30 filter, and Xi (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, SOa-SOd, as an input section taking inputs Sla 

Sld 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 

Bums all output signals from the multipliers. The unit 

generates a main channel 54, as a weighted Bum of outputs 

from all multipliers. The filter weights 55a-55d can be any 

5 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 

10 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 

15 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 
20 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 

25 delay lines, 60a-60d, as an input section taking inputs 61a-

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. 

30 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-66c representing signals arriving off-axis from 

3S 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 O. For example, the illustrated embodiment may 

use a filter weight combination, (Wll, W12, W13, W14) = 
(0.25, 0.25, 0.25, -0.75), in order to combine signals 61a-

5 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 

10 signal source. In other words, the unit nsteers" 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 

15 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, Ft , 75 and 

added to produce an output 76. The filter coefficients are 
20 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-

2S 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 

30 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 

35 signal, a non-flat frequency spectrum of the reference 

channel is translated to a non-uniform frequency behavior in 

the system output. 

- 11 -
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The decolorizing filter is a fixed-coefficient filter 

which flattens the frequency spectrum of the reference 
channel (thus ndecolorizing" the reference channel) by 

boosting the low frequency portion of the reference channel. 

S By adding the decolorizing filters to all outputs of the 
reference channel matrix unit, a substantial ly flat frequency 

response in all directions is obtained. 
The decol orizing filter in the illustrated embodiment 

uses a tapped delay l ine filter which is the same as a finite 

10 impulse response (FIR) filter, but other kinds of filters 

such as an infinite impul se response (IIR) filter can also be 

used for the decolorizing filter in an alternative 

embodiment. 
FIG. 8 depicts schematically the inhibiting unit in 

15 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 

20 multiplies the power of each sample by a fraction, a, 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 t he output of 

another multiplier 89 which multiplies a previously 

25 calculated main channel power average 90 by (l-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, a = 0 . 01. The updated power average 

will be (new sample power) x 0 . 01 + (old power average) x 
30 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 
3S alternative embodiment. 

A multiplier 91 multiplies the main channel power 89 

with a threshold 92 to obtain a normalized main channel power 
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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 

5 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 

10 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 

lS 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 
20 there is no significant direc tional interference to be 

eliminated, whereas the p r ior 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 

2S 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 litt l e directional interference to be e l iminated in 

30 the first p l ace, and the adaptation process searches in vain 

for new fil t er weights to eliminate the uncorrelated noise, 

which often results in cancel l ing the source signal component 

of the received signal. 

By contrast, the directional-interference-based 

3S inhibition mec hanism will inhibit the adaptation proc ess in 

such a case because the strength of directional interference 
as reflected in the reference channe l power average will be 

13 -



RTL898_1020-0023

• • 
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. 

5 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 

10 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 

15 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. In 

20 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 

2S 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, w1-Wn • to minimize 

30 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 

35 the output O/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. 
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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'p(n+l) "" Wp(n) + 2 Jl r(n-p) e(n) 

where n is a discrete time index; Wp 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 Jl is an adaptation constant that 
lS 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 1'-2, 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 

2S 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 11Sa-11Sh compares the frequency 

representation values with a threshold assigned to each bin, 

and truncates the values if they exceeds the threshold. The 

3S truncated frequency representation values are temporarily 

stored in 116a-116h before the IFFT unit 117 converts them 

back to new filter weight values 118. 
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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. 

S 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 

10 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 

15 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. In this way, even if the 

overall signal power may be high enough to trigger the 

20 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 

25 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 

30 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 

35 to the time domain. the unit acts to prevent the signal 

leakage involving narrow band signals. 
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The system described herein may be implemented using 

commercially available digital signal processing (DSP) 

systems 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 readYI the 

program reads the sample values (step 130) and stores the 

values (step 140). The program filters the stored values 

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 

2S 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 

3S coefficients (step 232) to generate cancelling signal (step 

230) by multiplying the two and to store the result (step 
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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 

5 261) to cancel the interference signal component in the main 

channel (step 260). The output is send to a O/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 

10 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 (l-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 

15 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 a and an old main channel 

power average (retrieved at step 322) by (l-a), sums them 

20 (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 

25 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 

30 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 

35 370) . 

The program performs the FFT of the new filter weights 

to obtain their frequency representation (step 380). The 
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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 

5 (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 t o filter weight values (step 420) 

and stores them (step 430). The program repeats the weight-

10 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) . 

15 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 

20 its spirit and scope which is defined in the following 

claims . 

2S 

30 

3S 
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WHAT IS CLAIMIP IS, 

1. 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 

5 as interference signals from interference sources located 
off-axie from the signal source and for producing digital 

output data representing the source signal with reduced 

interference signals relative to the source signal , 

comprising: 

10 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; 
15 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 

20 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 
25 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 wei ght 

30 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 
35 the new filter weight values exceeds the corresponding 

threshold value . 
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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 Bubstantially 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 

lS 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: 

2S 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 
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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 

- 22 -



RTL898_1020-0032

• • 
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; 
5 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 
10 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 

1S 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 

20 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 

2S 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 

30 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 

35 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 

5 frequency 

11. 

range . 

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 

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. 

12. The system of claim 9, further comprising delay 

15 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 

20 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. 

25 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 

30 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 

35 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 

5 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 

10 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: 
15 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 
20 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 

25 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 baving adaptive filter 

30 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 

3S 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 signalj 
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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 

5 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 

10 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 

15 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 
20 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 

25 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 . 

30 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 . 

35 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 

S 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 

1 0 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 

1S lowest sensitivity toward the signal source. 

2 0 

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 

n array of sensors as we as 

a signal 
source on-axis fro 

interference sign Is am interference sou es located off-
2S axis from the 6i al s urce and for pro cing digital output 

data representing the s urce signal th reduced interference 

signals relative 0 the ource si aI, comprising the steps 
of : 

generating a 

30 the main channel 

direction of the 

component 

generatin 

digital inpu data , 

~npel from the digital input data, 

ing signals received in the 

urce and having a source signal 

erfere ce signal component; 

least 0 e reference channel from the 

each reference channel representing 
3S signals r eived in directions other than that of the signal 

7 
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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; 
5 generating the digital output data by Bubt cting the 

cancelling signal from the main channel; 

deriving new filter weight values so th the difference 

between the main channel and the cancellin signal is 

minimized; and 

10 truncating the new filter weight v ues to predetermined 

threshold values when ch of the new iiter weight values 

exceeds the correspon threshold v, lue . 

30. The method f cl im 29, f rther comprising the step 
of filtering said at ne ref renee channel so that it 

15 has a substantially spectrum. 

2 0 

31. The 

of inhibiting 

normalized power dif 

at least one referenc 

32. A method for 

2 further comprising the step 

~ the cancelling signal when a 

tween the main channel and said 

is positive. 

ocess ng digital input data 

representing signals c source signal from a signal 

source on -axis from array of sensors as well as 

interference signal from interference sources located off -

2S axis from the sign 1 source and for producing digital output 

data represent in the source signal with reduced interference 

signals relativ to the source signal, comprising the steps 

of: 

generat' g a main channel from the digital input data , 

30 the representing signals received in the 

direction f the signal source and having a source signal 

componen and an interference signal component; 

ge erating at least one reference channel from the 

digit input data, each reference channel representing 

3S received in directions other than that of the signal 

so 

- 28 -



RTL898_1020-0038

• • 
filtering said at least one reference channel u& ng 

filter weight values to generate a cancelling signa 
approximating the interference signal c omponent in the main 

channel; 
5 generating the digital output data by subt acting the 

cancelling signal from the main channel; 

deriving new filter weight values so t t the difference 

between the main channel and the cancelli signal is 

minimized; and 
10 constraining the new filter weigh values by converting 

the new filter weight values to fre ncy representation 

values. truncating the frequency re resentation values to 

predetermined three Id a d converting them back to 

filter weight value 

15 33. The metha of 

filter weight value 

generating fre 

filter weight value 

divide the fre , 
20 plurality of frequen 

truncating the 

frequency bin if th 

, 

wherein constraining the new 

values of the new 

resentation values into a 

representation values in each 

a predetermined threshold value 

associated with ea h requenc bin; and 
converting e frequency representation values back to 

25 filter weight v lues. 

34 . The ethod of claim 33 wherein generating the 

frequency re resentation is done by using the Fast Fourier 

Transform, nd converting back is done by using the Inverse 
Fast Four er Transform. 

30 35 The method of claim 32, further comprising the step 

of fil ering 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 

35 ormalized power difference between the main channel and said 

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

signal source as well as interference signals from 

interference sources and for producing an output ai 

reduced interference signals relative to the sour 

5 comprising the steps of: 
receiving analog signals from a sensor ar y of 

spatially distributed sensors; 

signal, 

sampling the analog signals to convert hem to digital 

form; 
10 generating a main channel represent" 9 signals received 

in the direction of the signal source, he main channel 
having a source signal component and interference signal 

component; I 

generating at Ifas one refere ce channel, each 

15 reference channel rdpres ale received in directions 

other than that of 

filtering said reference channel using 

filter weight value~ a cancelling signal 
• 

approximating the int rfere e signal component in the main 

20 channel; 

generating a 
cancelling signal 

converting the 

deriving new fil 

25 between the main 
minimized; and 

al ut ut signal by subtracting the 
rna n channel; 

tal ou put signal to analog form; 
weight values so that the difference 

and the cancelling signal is 

truncating t new filter weight values to predetermined 

threshold values hen each of the new filter weight values 

exceeds the cor esponding threshold value . 

30 38. The ethod of claim 37, further comprising the step 

of filtering aid at least one reference channel so that it 

has tially flat frequency spectrum. 

39. e method of claim 37, further comprising the step 
of inhib' ing the generation of the cancelling signal when a 

35 normali ed power difference between the main channel and said 

at lei't one reference channel is positive. 
, 
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• • 
40. A method for receiving a source signal fro a 

signal source as well as interference signals from 

interference sources and for producing an output s gnal with 

reduced interference signals relative to the sour e signal. 

5 comprising the steps of: 
receiving analog signals from a sensor ar y of 

spatially distributed sensors; 
sampling the analog signals to convert hem to digital 

form; 
10 generating a main channel representi 9 signals received 

in the direction of the signal source, e main channel 

having a source signal component and a interference signal 

component; ~ 

generating 1f Ie Bt one referen e channel, each 

15 reference channe~ repr enting sign Is received in directions 

other than that o~ the 

filtering s i~ at Ie channel using 
filter weight ~s to g a cancelling signal 

approximat i ng main 
20 channel; 

generating a 

cancelling signa f 

converting the 

deriving new fi 

25 between the main cha 

minimized; and 

put signal by subtracting the 

in channel; 

utput signal to analog form; 

weig~t values so that the difference 
and the cancelling signal is 

constraining new filter weight values by converting 

the new filter weig t values to frequency representation 

values, truncating the frequency representation values to 

30 predetermined thr shold values, and converting them back to 

35 

filter weight ues. 

41. The of claim 40 wherein constraining the new 

filter weight values comprises: 

ng frequency representation values of the new 

t values; 

e the frequency representation values into a 
pluralit of · frequency bins; 

31 -
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• • 
truncating the frequency representation values i each 

frequency bin if they exceed a predetermined three d value 

associated with each equency bin; and 
converting the re ency representation alues back t o 

5 filter weight values 

10 

42. The method of laim 41 wher ' n generating frequency 

representation is one by U og the Fast Fouri er 

Transform, and them ck to filter weight values 
is done by 

43. The metho 

o f 

ast Fourier Transform. 

im 40, further comprising the step 

0 ' e reference channel so that it has 
a substantially f1 frequency spectrum. 

44. The od of claim 40 , further comprising the step 

of inhibit in the generat i on of the cancelling signal when a 

15 normalize power difference between the main channel and said 

at Ie one reference channel is positive. 

20 

25 

30 

35 

- 32 -
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- . '" ". 

ABSTRACT OF TIlE DISCLOSURE 

An adaptive system and method for reducing interference 
signal received from an array of sensors . Adaptive 

filters are used to generate cancelling signals that closely 

5 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 narro~ band signala . Decolorizing filters 

10 are used to produce the cancelling signals having a flat 
frequency spectrum. Normalized power difference i8 used 
limit the operation of the adaptive filters to the case where 

there is Borne directional interference to be eliminated . 

15 

20 

25 

30 

35 
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SOLE-W 

ASSIGNMENT 

WHEREAS, [, Joseph Morash, 

ASSIGNOR, citizen of Israel 

residing at lA ShimJdn Street, Haifa 34750, Israel 

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

Patent of the U oited States 

o which is executed on 0 even date herewith orO 
o which is identified by Pennie & Edmonds docket 00. 
!XI wbich was filed on June 27. 1996 

(date> 

and WHEREAS, Lamar Signal Processl", Ltd., havin~ a place of business at P.O. Box 77S2, 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 band paid, and other 
good and vaJuable consideration, the receipt of which is hereby acknowledged, It 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 coun!£.Y or countries foreign to the United States, whose duty it is to issue 
patents or other evidence or forms of IDdusttiai property protection on applications as aforesaid, to issue the 
same to the said ASSIGNEE, its successors, legal representatives and assigns, in accordance with the terms of 
this instrument. 

AND I 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 revresentatives and assigns, any facts known to us respecting said invention, and testify in any 
legal proceeding, Sign all lawful papers, execute all divisional , continuin¥, 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. 

~., __ ~~~.::JI!:!ld.~ _____ == ...... =,.IL.S_ 
Joseph Marash 

;;;~~~o~n~'~h~l~~/~f,~iX;;~d;a;Y;,o~f~~~~~~~~' 1996, before me, a witness. personally appeared, Joserh Marash to me known d know 0 me to be the person of that name, 
who signed and :;o:.i:ed th.e fore ent d he ac ledg e to be his free act and deed. 

WitnesS: 
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UMTEDIITAna_IIF_~ 
~ .... 1'1 ' Lat: ()f'ID 
Add_ roMMI69ONER OF PA~ AND TRADEMARKS 

W~ o.C. 20231 

{1P./672,B99 

PENN I E AND EDMONDS 
1155 AVENUE OF THE AMERICAS 
NEW VDRY N Y 10036-27 1 1 

O?:d2/0S16 

, 
". 

0000 

NOTICE TO FILE MISSING PARTS OF APPLiCA 
FILING DATE GRANTED 

08/16/96 

An Applic.tion Number and Filing Date haWl t-o a.uiped to uu. application. Howeve the items indicated 
below are miMing. The requiTed itema and r_ identified below mUit be ~mi ALONG WITH 
Tlgt~nIENT OP A SURCHARGE (or itelU 1 and 8-6 only of ~uatL':':''"''-=--,--'f' 
.J.JZ:2 for.mal1 entities who have lUod • verified IWement ehwnm, luch 1CIlUS. The IWC U set forth in 
17 CfR l.16(e). I 
If 111 recPRId ilefDl 00 this form are filed within the ~ below, the totaIlIlIIOUD( owed by applicaru • rh 1Irge 
elllily. 0 IJlIaI.I mtity (verified ~ fikd). is' -b.&I-L . 

Applicut is ci- ONE MONTH nOM TU DATE Of THIS LET'I'D. OR TWO MONTHS FROM THE 
rnJNG Do\. TE of!his ~ WHICHEVER 15 LA TEa, ..... !1hiII wtlidl lO file &II reqUinld ileml aad ~y ... y feel 
required above to .YOM! abuJdoammt. ExIalSions of time may be obtai_ by filin& • petitioa IIOCO!IlpWcd by the 
uleDlioo tee tIadcr!be provisioDl of37 CfR 1.136(1). 

1.0 'Ibe.tatutorybuiefilingfeeu: O miuiDa O inlufficienL ApPlicant u a O Iarp entity O mWl 
entity. QluA.wmut *' to complete the buic filing fee. 

2.0 Additional claim r .. oft .. . 0 le.rp entity. 0 1JID&l181ltity, including any 
required multiple dependent claim fee, at'I required. Applicant mOO lubmit t.be additional claim 
r_ or C&DCeI the additional cWma for ",hkb f_ are due. 

8. 0 The oe.th or decluation: 
D ilmiuing. 
o dON not coyer iteD1l omitted at time of eucution. 

An oath or declaration in complia.nce with 87 CFR 1.63, identifying the application by the above 
Application NllIIlher and Filing Date ill required. 

4. 0 The oath or decluation doee not identify the application to which it appliee. An oath Of declaration 
in compl.i.ance with 37 CFR 1.63, identifying the application by the above Application Number and 
Filing Date, ill required. 

5. J The aignature(.) to the oath Of declaration Wan: t1 miMin&; 0 by a penon other than the inventor 
or a penon qualified Ullder 37 ern 1.42, 1.43, or 1.47. A properly IIifned oath or declaration in 
com.plil.nce with 37 ern 1.63, identifying the application by the above Application Number and 
Filinc Dale, ill required. 

6. 0 The lignature af the following joint in .... ntor(.) iI tnlMina from the oath or declaration: 

;;::c:::c.::::o= ::::::;:;--;o:An oath or declantion liatina: the nam811 or all inventoR and signed by 
the omitted inventor(.), iden~ ou. application by the above Applieation NIlD!ber and Filing 
Date, iI required. 

7. 0 The application wu filed in ala.nruale other than &,liah. Applicant mWlt file a verified Engliab 
t.TanIlation or the application and a ree aft under 87 ern 1.17(k), unleee thia ree baa 
alrMdy been paid. 

8. 0 A ',,,,;;;-,,,c;;::;;---plVClllllliq ree i.e required IiDce your ebeclr..u retumed without payment. 
(37 ern 1.21(1:n» . 

9. 0 Your fllina' receipt was mailed in error becaUM your checlt wu retumed without payment. ~ 

10.0 The application doee not comply with the Sequence Rule,. See attached Notica to Comply wi 
SeqI18Dl:8 RulM 37 en 1.821-1.826. 

. l 
11. 0 Other. 

Direct the reapoue and any qu.tionI about thUi notice to, Attention: Application Proceaing Division, 
8ped.al Pr-ina and Corre.pondence Branch (703) 308-l2O2. 

A copy of thi. notice MUST be returMd with tlu! re.po,...,. 
_P1O-1_(QI'. l'a) OPACECOPY 
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IN THE ~ATE'S PATENT AND TRADEM.utLCE 

[XI Application of: SYSTEM AND METHOD FOR ADAPTIVE 
INTERFERENCE CANCELLING 

o Patent of: 

I!II Serial No.: 08/672,899 
o Patent No. : 

I!II Filed: Iune 21, 1996 
o Issued: 

For: IOSEPH MARASH 

Group Art Unit: 

Examiner: 

Attorney Docket No.: 8191-0(0) 

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STA TIlS 
[31 CFR 1.9(1) and 1.21(c)[ - SmaIl Business Concern 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Slr: 

J hereby declare that I am 

o the owner of the small business concern identified below: 
IX! an official of the small business concern empowered to act in behalf of 

the concern identified below: 
Name of concern I.aUW SicnaI Processing Ltd . 
Address of concern P.O. Box 7752. Haifa 31077. Israel 

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

I hereby declare that rights under contract or law have been CO~yed to and remain with 
the small business concern and/or there is an obligation under con~ct 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 
IX! application filed 
o patent DO. 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 
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rigbts to the invention at. by any penon, other than the invento.J 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 II a small business concern under 
37 CFR 1.9(d), or a nOnprofit organization under 37 CFR 1.9(e). . , 

"-
FULL NAME '" 
ADDRESS " 

" , o INDIVIDUAL o SMALLB o NONPROFIT 
ORGANIZATION 

FULLNAME __________________ ~---------------------
ADD~S, ____________________ ~~-------------------

o INDIVIDUAL o SMALL BUSINESS CONC o NONPROFIT 
ORGANIZATION 

FULLNAME ________________________________________ _ 
ADD~S, ____________________________________________ __ 

o INDIVIDUAL o SMALL BUSINESS CONCERN 0 NONPROFIT 
ORGANIZATION 

FULLNAME ________________________________________ _ 
ADD~S, __________________________________________ _ 

o INDIVIDUAL o 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 DO longer appropriate. 137 CFR 1.28 (b)] 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on informatioh-and beJief are believed to be true; and further that 
these statements were made with the~wledge that willful false statements and the like 
so made are punishable by fine or impri~nt, or both, under Section lOCH of Title 18 
of the United States Code, and that sucb WI I false statements may jeopardize the 
validity of the application, and patent issuing eon, or any patent to which this verified 
statement is directed. 

Send correspondence to: Direct Telephone calls to: 
1155 Avenue of the Ameri 
New York, N.Y. 10036-271 

PENNIE & EDMONDS 
(212) 790-9090 

Name of person signing ;~~~~ \ 
Title of person otb~ th~ owner_""""'~""""-'I!"-"''''!1~",,...'''-----\-'<-----------------
Address of person slgnm .. g-!_" ___ ~-~~~'-_:_-"---------\""'---------------

~ 31077. Israel '" 

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

~1"'. 1 
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• 

Application of: MARASH, Joseph 

Serial No.: 08/672,899 

Filed: June 27, 1995 

For: SYSTEM AND METHOD FOR 
ADAMnVEINTERFERENCE 
CANCELLING 

• 

Group An Unit: To be assigned 

Examiner: To be assigned 

Attorney Docket No.: 8797-003 

Loc - O,(Cl 

;; - 1) " <flo 

PATENT 

REQUEST TO ESTABUSH SMALL ENTITY STATUS AND FOR A REFUND 

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), (I) 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 sma11 business concern pursuant to 37 CFR §§ 1.9(d) and (f). 

EXPRESS MAIl. CERTIflCADON 

"I!.qm:u Mail" Iab<I No . I!M Uj 'I64!i011 us Dote of lNpooiI AUlu,! 16, 1996 . 1 h<fcby entity 
111M 1M papet or f"- it he ... depooi1cd .,.'!II!be Ulliled StItt. PoIIaI Service '~ .. Mail l'OIII orr.,C!O Addl'l:Qtt" ",rvice IIIIIkr)7 C.F.R. 1.10 
0II1be 11m iDdiellc.! abcrve II!d iJ ..t.cIn:uaI k>!he A .... .un! ('OQ",,;"io .... for 1"""'111, Wuhio,l<o •. U.C. 2112.11 . 

MWHAm. Vlnllm 
' .......... - .. ...--'-- .. ~ 

PENY1.SIO}96.1 
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• 
Since this Verified Statement is being filed within two months of the date on 

which the fun 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 S834.00 to Deposit Account No. 16-1150. A duplicate 

copy of this sheet is attached. 

Date: August 16, 1996 

Enc10sures 

Respectfully submitted, 

PENNIE & EDMONDS 
1155 Avenue of the Americas 
New York, New York 10036-2711 
(212) 790-9090 

- 2 - PENY).-SIOO9(i .1 
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INTIDBTAn.a_NTOFCtJ....J3 
,..... .... Tr.d • .,.11 CJMD. 
"*"- CXIt.'88"NEA OF PAT(HfS AND TRADEMARKS 
W~ O.c. 20231 

(1/;./.;>8/96 

PF..NN!F ANI) r:l)MI]Nl)~ 

IJ SI' IWFN{tF. 0.- THF AMERI (:f\C; 
NEW 'r'f)HK NY l ()O ' l6 ··?7 tl 

O:;M? I ')816 

. , 
DATI! MAIl.!D: 

NOTICE TO FILE MISSING PARTS OF APPLICATION 
FILING DATE GRANTED 

16/9,; 

Applicull ill liveo ONE MONTB nOM THI DATE or TBIS UT'I'ZIl. oa TWO MONTHS JROM THE 
fILING DA TK ollhill!ppticalion. WBICBEVDt IS LA TEll, with.ia whlcb 10 me all ~ ireou aod pqt aoy r_ 
~ above 10 .void tbendon........ ExIallioaJ ollinle Ql&y be obWaed by filiAg • pc:cilioo lCCOIlIpIIIied by lbe 
eJltalliKla fee uoderlbe proviPoal 0(37 CFR 1.136{a). 

1. 0 Tbe .tawtor)' buic flliD& eee ia: 0 miMing 0 m.u.mcient.. AppliqJ.nt u. 0 larp entity o ,mall 
entity. muet IUbm.it" to complete the bu:ie Ii.lina fee. 

2. 0 Additional claim (_of' ... 0 larpentity, Demall entity. including any 
required multiple dependent claim fee, .... required. Applicant mUit .ubmit the additional claim 
r_ or cancel the additional eWm. for which r_ are due. 

3. 0 The oath or declan.tion: 
O il miuini. 
o doM not tovft' ite~ omitted at time DC execution. 

An OI.tb or declaration in compliance with 37 eFR 1.63, identifyin( the application by the above 
Application Number and Filinr nate it required. 

•. 0 The oath 01' declaration doN not identify the application to which it applia •. An oath or declaration 
in complianOll with 37 erR 1.63, ideutifying the applieation by the above Application Number and 
Filina" Date, g required. 

6. J The aianature(a) to the oath or declaration ill.,..: J miIiIinI; 0 by a pe:f80n other than the inventor 
or a penon qualified under 37 CFR 1.42, 1.43, or 1.47. A properl,y IJiped oath or declaration in 
complianol with S7 CFR 1.63, ide.ntiJ'yina" tha application by the above Application Number and 
FilinI Date, g required. 

6. 0 The aipature of the foUowingjoint inventor(a) ia miuinr from the OIotb or declaraLion: 

~-~~~-~~cAn OIoth or declaration liItina the lWIlM of all inventors and Biped by 
the omitted inventor(a), ideotiJ1inc thi8 application by the above Applieation Number and Filing 
Date, g required. 

7. 0 The application _ fiJed in a ~ other than EqIiah. Applicant must file a verified EPgtiah 
tnnalation of the applieation aad a fee of' under 37 CFR 1.17{k), unIeee this fee baa 
a1readJ' Men paid.. 

8. 0 A ';=~~~ ___ prllOMliD&" fea g required ainc:fl your eheek. w .. returned without I*YJnent. 
(37 CFR 1.21{m). 

9. 0 Your filing receipt"fl" mailed in error becaUM your ehedt." .. returned without payment. 

10.0 The applk..tion does not compl,y with the Sequence Rulea. See attaclled Notice to Compl,y witlt ;.1 
Sequence Rulea S7 erR 1.821-1.826. . I 

11.0 Other. 

Direct the reeponM ud any ~ona about uu.. notice to, Attention: Applieation Proceaeing Diviaion, 
Special Proc:.aai.nr and Correspoodence Brandl (70s) 808-l2O'l. 

A copy ofth;' notiee MUST be ""turned with the ""'pOl""'. 
_rro.l_IDY. llaJ CQPVTO BE;.REll.IRNEOWlTH RESPONSE 

\ 
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• • {J3CO 

PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: MARASH, Joseph 

Serial No.: 08/672,899 

Filed: June 27, 1996 

For: SYSTEM AND METHOD FOR 
ADAPTIVE INfERFERENCE 
CANCELLING 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

up Art Unit: To Be Assigned 

To Be Assigned 

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 565.00 (Small Entity) 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 Seotember 12, 1996 

Enclosures 

. . 
P", , ... 

PI"')~ly sub 
, 

PENNIE & EDMONDS 
1155 Avenue of the Americas 
New York, New York 10036-2711 
(212) 790-9090 

. .' . , 
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• DECLARATION 
AND POWER OF AnoRNEY 

AA. bdow named inventor, I hereby doclarc~: 

My retidence, poR office addf'CI' and citizen.hip are IItated beJow at 201 et .eq. underneath my name. 

I believe I am the oripM,l, flnt and tole inventor if oruy o'~"'~ illiItcd at 201 below, or an original, flJ'lt and joint inventor if plurallWntl 
are lilted at 201 d 1«(. below, oC the .ubject matter which ill imcd and for wbich. palcflt is IOUpt on the invention aUk:d 

SYSTEM AND ME'IltOD fOR ADAPT1VB INTERFERENCE C 

and for which • petc:nt application: 
o illUM:hed hereto. 
III wu filed in the United SIateI: on June 27. 1296 No. 081672.892 "" __ ---...~ 
wiIb amendment(.) Iikd on .~ o wu fiIcd u PCT intcmationaJ application SeriaJ No. ______ on and wu amended under PCT Article 19 .. -------.~ 
I hetdly Jtato that I have reviewed and undcntand the content. of the aboVe KIenlificd applica1ion. includin, the claim., u amended by any 
amcndmcnt referred to above. 

I acknowkdp the duty to diKlote information known to me: to be material to patentability u <termed in Title 37. Code ofFcderai Regulation •• 
11.56. 

I hereby claim romp priority benefits under Trtlc 35, United StatCI Code, fll9(I}-(d) of any foreign application(.) for patent or invcnlor', 
certificate liIlcd below and have a1lo identiflCd below any foreign application for patent or inventor', certiflCalC: navin,1 filin, date before thIt 
of the application on which priority is cl&imcd: 

EARLIEST fOREIGN APPLICATION(S), IF ANY, FILED PRIOR TO THE RUNG DATE OF THE APPLICATION 

DATE OF ALING PRIORITY 
APPLICATION NUMBER COUNTRY (day, month, yeu) CLAIMeD 

YES 0 NO 0 

YES 0 NO 0 

I hereby claim the bene& under Title 35, United StateI Code, 1119(e) of any United SU1ea provis;onallpplication(l) lUted below. 

APPLICATION NUMBeR FILING DATE 

" " 
' <; 

I heRby cl.im the bcne6t under Titk 35, United $atel Code, o or any United SUtes Ipplication(l) 1iItcd below and, inlOfar u the lubjcet 
mattu of each or the claim. of th. I pplication • not disdolCd the prior United StatCI appticttion in the manner provktcd by the lint 
,.,."..ph of Title 35, UMed Stala Code '112, I Kknowlcdgethe y to dilc:low: infunnation which is material to patenllbility u defined 
in Tille 37, Code ofFedenl RcCUIatioRl, '1 .56 which bccamcavailabk the filing date ofthc prior Ipplication and the national or PCT 
intc:mttional filina dale of thil tpplication: "\. 

\. STATUS 
APPLICATION SERIAL NO. FILING DATE 

PATI!NrlQ PENDING ABANDONED 

\. 

POWER OP ATTORNEY: M a named inventor,l hereby IppoU.S. Lellie Misrock (Rea. NO\88~Ha"l C. Jonc.,m (Reg, NI!.' 20280), 
Bclj A, TerriaD (Rq. No. 200(0), Gerald J . Flintoft (Rc . No. 20823), Dlvid Welld, III (Re . "No. 21m , Jonathan A. Mar.hall (Rce:r:ro. g allQW q 
246.l!)..Barry D. Rein (Reg.1ro. ~..l.ll, Stalmn T. Lawrmcc, IIJ1I{q. No. ~,II .. c JIR:ovlky(Rea. No. ~1!1>, Joseph V. Colaianni 
(Rea. No. 2001.9), CbarlcI E. McKenney (Rea. ~29.5), Philip T. Shannon (Reg. No. Z!Z..78). FfUCis E. Mom. (Reg. No. 246Ul. Charict 
E. Mi.Iler (ReI. N~6), Gidan D. Stern (Rei. No. 2"M62l. John J . Lauter, Jr. (Re,. N0...21l14). Brian M. Poissant (Rca. No. 28462). 
Brian D. Cogjo (Rea. No. 2762.4), Rol")' J . Radding(Re&. No . .2Il4A), Stephen J. Harbuiak (Rca. No...l9.1fl5), Donald J . Goodd1 (Re,. No. 
1!!.t!§l, lamee N. Palik (Reg. No. ~Ql.. Tbomu B. Friebel (Rca. No. 29258}r Laura A. Corum (Rca. No. 30742), Jennifer Gordon (Rca. 

"J.. ~ No. 307m.1on R. SUrt (Reg. No. 3~!W, AlIln A. Flnucci (Reg. No. 3Q2S6), Geraldine P. Baktwin {Rca. No:-:n~, Victor N. Balancil 
.' ~ (Reg. No. 31211). A1bcrtP. HIUuin (Rca. No. ~.m. SlmuelB. Abral11l (Reg. No. 3~a Steven I. Willach (Rcg. No. 354Ol), and Marcil 

H. Sundeen (Rca. No. ~0893), aU or Pennie &. EdmondJ, whose addralCllre 1155 Avcnuc of the Amcricu, New York, New York 10036, 
1667 K Stn:d N.W ., Wuhington, DC 20006 and 2730 Sud Hill Road, Menlo Park:. CA 94025, and each ofthcm , my l oomey., to prosecute 
this application, and to tn.nIlct III bUlinesl in the Patent and Trademart orrlCC: connocted therewith. 

(I ) ~, 



RTL898_1020-0072

. ' • 
SEND CORRESPONDENCE TO: ~N!E &..EDMOIIllS DlREcr TELEPHONE CALLS TO: 
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, • 
Application of: Marash 

Serial No.: 081672,899 

Filed: 06/27/96 

For: SYSTEM AND METIIOD FOR 
ADAPTIVE INfERFERENCE 
CANCELLING 

Attorney Docket No. : 8797·0003 

• 

Euminer: To be assigned 

Pennie & Edmonds 
1155 Avenue of the Americas 
New York, New York 10036 

INFORMATION DISCLOSURE STATEMENT UNDER 37 C.P.R. § 1.56 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

RECEIVED 
JAN 2 I 1997 

GROUP 2500 
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 

PENY)·S46316.1 
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, • • an alternative, Applicant submits herewith a "revised form PTO 1449" entitled "List of 

References Cited" instead of "List of Prior Art Cited. Of 

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 themailingdateofafirstOfficeactiononthemerits.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. 

Date: Janui!O' 3. 1997 
( e . No.) 

PENNIE & EDMONDS 
1155 Avenue of the Americas 
New York, New York 10036-2711 
(212) 790-9090 

PENYJ.S46J16.1 
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• • ShHt _,_ of _ ,_ 

Am DOCop 'lG. -~ 
8797'()()()3·999 081672.899 

UST OF REFERENCES CrreD BY APPLICANT 
-go 

~~iQ,81 sII •• r. if n.custlly) 
M.r •• h 

k' )11.1"" '.lI0III:l00'' -\1!T0GI~1 , 
June 27. 19915 2502 -. . 

" 
U.S . PAnNl'~~UMENTS .- -- ~. 

'" ""'AI 19). 
~" ~" ... ..:: D,OTt. - ,--

plJ AA 4,956,867 9/11/90 Zurek 8t 81. ~AN l f 1997 . 

p,J AB 4 ,8 11 ,404 3nf89 Vilmur et 81. · ...... JP 

;nJ AC 4 .658,426 4/14/87 Chabries at al. "-
"-

FOREIGN PATa(f DOCUMENTS " -- ~" ~ ~u ~U -~ 
~ ~ 

OTHER REFERENCES (Including Author, Titl., Dat., P.rt;ntm f PtJIlU, Etc . } 

n~ AD 
Widrow et aI., Adapative Noise Cancelling: Principles and Applications, Proc. IEEE 63: 1692-1716, 

1975. 

DJ AE 
Van Veen and BuckJey, Beamforming: A Versatile Approach to Spatial Filtering, IEEE ASSP Mag. 

5(21.4·24, 1988. 

tnJ AF 
Griffiths and Jim, An Alternative Approach to linearly Constrained Adaptive Beamforming, IEEE 

Trans. Ant . Prop. Ap-30:27-34, 1982. 

EXAMINER 
\). 1»6;\iK ;J DATE CONSI~i;~ 

" EXAMINER: Initial If feference considered, whether or not citation is in conformllnce with MPEP 609; Drew Hne through citation if not 
In conformllnce end not coneldered. Include copy ot this form with next COml'l1l.lniclltion to applicant. 
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UNITED STATES tPARTMENT OF COMMERCE 
Pltent and Trademar1< 0IIIce 
Addreu; COMMISSIONER OF PATENTSAN1 TRADEMARKS 

Washngton, D.C. 20231 

APPUCATION NO. I RliNG DATE ~ FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. 
j 8737 668 08/672,899 06/2 136 MAR ASH 

PENNIE AND EDMONDS 
1155 AVENUE OF THE AMERICAS 
NEW YORK NY 10036-2711 

Pl .... ftnd below Indlor Ittached an om .. communication concerning this a 
proceeding. 

"""'lEA 

01 / 12 /98 

Com""-loMr of PM 
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08/872,899 MARASH 

Office Action Summary 

11111111 2743 Due Nguy .. 

, ..... Responsive to communication!s) filed on _ _____________ _ _ __________ _ 

n This action is FINAl. 

o Since this application is in condition for allowance except for formal matters, prosecution as to the merits Is closed 
in accordance with the practice under Ex parte Quey/e, 1935 C.O. 11; 453 O.G. 213. 

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 
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 
37 CFR 1 .1 36!a) . 

Disposition of Chdms 

I&J Oaim(s) !1~-44"'-_ ______ _ _ ___ _ _________ __ is/are pending in the application. 

Of the above, claim/s) _______ _ _ ___________ is/are withdrawn from consideration. 

!KI Claim!s) !',,-2,,8'--__________ _______ _ _ _ _ _ _ _ ls/are allowed. 

IX! Claim!s) 2"'9=-44= ______ _______ _______ ______ is/are rejected. 

o Claim!s) is/are objected to. 

o Claims are subject to restriction or election requirement. 

Application Pap.s 

IX! See the attached Notice of Dreftsperson's Patent Drawing Review, PTO·948. 

o The drawing(s) filed on _ _ ____ __ is/are objected to by the Examiner. 

o The oroposed drawing correction, filed on ________ is 0 approved 0 disapproved. 

o The specif ication is objected to by the Examiner. 

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

Prlorhy under 35 U.S.C. § 119 

o Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(aHd) . 

o All 0 Some· 0 None of the CERTIFIED copies of the priority documents have been 

o received. 

o received in Application No. (Series CodefSerial Number) ________ _ 

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

·Certified copies not received: _______________ _ ______________ _ 

o Acknowledgement is made of a claim for domestic priQfity under 35 U.S.C. § "9(e). 

Attachment!s) 

IXI Notice of References Cited, PTO·892 

00 Information Disclosure Statementls), PTO·1449, Paper No!s). 5 
o Interview Summary, PTO-413 

!KI Notice of Draftsperson's Patent Drawing Review, PTO·948 

o Notice of Informal Patent Application, PTO-152 

- SEE OFFICE ACTION ON THE FOLLOWING PAGES -

U. S. P ... m."" T,..s.mort. on",. 
PTQ·326 (Rev. 9·95) Office ActIon Summary Part of Paper No. 6 
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Serial Number: 08/672,899 Page 2 

Art Unit: 2743 

1. The following is a quotation of 35 U.S . C. l03(a) whi ch 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 subjec t matter sought to be patented and the prior 
art are such that the sub j ect 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 wh i ch the invention was made. 

2. Cl aims 29-30 and 37 - 38 are rejected under 35 U.S.C. l03(a) 

as being unpatentable over Hoshuyama . 

Consider claims 29 and 37. Hoshuyama teaches an adapt i ve 

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 . 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 
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of the new filter weight values e xceeds the cor responding 

threshold value (threshold 6) (column 6 line 48 to column 7 line 

33) . It would have been obvious to one skilled in the art at the 

time t he invention was made to util i ze 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 

indefi nitely . As to cla i m 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 a nd 40-42 . Hoshuyama teaches an 

adaptive array beamformer us i ng coefficient restrained adaptive 

filters for detecting interference signals comprises the steps of 

generating a main channel (e . g ., output of filter 2) ; generating 
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a reference channel (e . g ., output of filter 16); filtering the 

reference channel by adaptive filter (17) to ge nerate a canceling 

signal (e.g., output signal from adder 11); generating the 

digital output data (5) by subtracting the canceling signal from 

the main cha nnel; deriving new filter weight values so that the 

difference between the main channel and the cance l ing 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 threshol d values when each 

of the new filter weight values exceeds the corresponding 

threshold value (threshold 9) (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 

ci~cuit 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, 
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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 
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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 

t he 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 . l03(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 c hannel 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 r eference channel is high) (column 4 
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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 a l. in order to prevent 

degradation of the target signal when it dominates the beamformer 

input . 

6 . Claims 1-28 are allowed. 

7 . Any inquiry concerning this communication or earlier 

communications from the examiner should be directed to Due 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 . 

Due 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) 
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Or: 

(703) 305·9508, (for infonnal or draft communications, please label 
"PROPOSED" or "DRAFT") 

Hand-delivered responses should be brought to Crystal Park II, 212 1 Crystal Drive, 
Arlington. VA., Sixth Floor (Receptionist). 

M~/ 
CURTI;A.~ 

SUPERVISORY PATENT EXAMINER 
GROUP 2700 
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Notice of Reference" Cited ; " O'oo,M, U,' 
Due Nguyen 274" Page 1 of 1 
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NON-PATENT DOCUMENTS 

I- I -_ ....... , ,m 
, , 

i' I 

Iw 

I, 

e A. eopy of Ihil ,efe,enuo iI not being fu .... Md with thil Off.,. ..:t ..... 
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PTO-892 (Rev . 9-95 ) Notice of References Cited Part of Paper No. S 
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u .s. DEPAR~ENTOI'COMMI!RCE · ~ lIId T"""'matt orr," 

NOTICE OF DRAFfSPERSON 'S PATENT DRAWING REVIEW 

PIO Dnftpenonsreviewalloriginallyfileddrawinllregan:llessofwhetherthey are designated IlS formal or informal.. Addltion3liy. 
palalt Examinc:n will review the drawings for complianc:e with the regulations. Direct telephone inquiries c:onc:eming this review to 
the Drawing Review Branch. 703-305-8404. 

n.. ..... o.p fil<d (inoeztda!&) (,/; -, /tlt arc _ Vic .. lIId ulupcl.-icw .... lobled oepually or properly. 
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, . ' .. • • 
Express Mail No.: EM 490 490 460 ~/I {~ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE If i
l 

10 

1,p 1 ~i 
/) Ai{ ~ 

Application of: 

MARASH, Joseph 

Serial No. : 08/672,899 

Filed: June 27, 1996 

For: SYSTEM AND MEl'HOD FOR ADAPTIVE 
INTERFERENCE CANCElliNG 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

D 

, 

Pur.mant 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 Fonn 1449, and were discovered by 

applicant not more than three monlbs prior to the ftling 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 Fonn 1449. 

This Information Disclosure Statement is submitted under 37 C.F.R. § 

l.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), estimaled to be $240.00, is submitted concurrently wilh lhat document. 

Please charge the required fee , if any, for this Infonnation Disclosure Statement to Pennie 

& Edmonds LLP Deposit Account No. 16-1150. A copy of this sbeet is attached for 

accounting purposes. 

a c 

PENY4.Q9381.1 
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• • 
This Supplemental Infonnation Disclosure Statement should not be deemed 

a respome to the Office Action dated January 12, 1998, a response to which is intended 

to be ftled in due course. 

Date April 10, 1998 

Respectfully submitted, 

C.k~-. 1< . 

trr;D.~:~ 
PENNIE & EDMONDS LLP 
1155 Avenue of the Americas 
New York, New York lOO36-271! 

(212) 790-9090 

- 2 -

2MJ1 
(Reg. No.) 

PENY4-689388.1 
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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 

Filed: June 27, 1996 

Group Art Unit: 2743 

E:wniner: Nguyen, D. 

For: SYSTEM AND METHOD FOR 
ADAPTIVE INTERFERENCE 
CANCELUNG 

Attorney Docket No.: 8797-0003 

PETITION UNDER 37 C.F.R. § 1.97(c) AND 
CERTIFICATION UNDER 37 C.F.R. § 1.921e)(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 PumJallt to 37 C.F.R. § 1.97(e)(2) that 

the references in the Information Disclosure Statement flled concurrently herewith were 

discovered by applicant not more than three months prior to the flling of the attached 

Supplemental Information Disclosure Statement. 

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

Information Disclosure Statement be considered. 

PENY4-6B9J88.1 
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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 ll.P Deposit Account No. 16.1150. 

A copy of this sbeet is attached for accounting pwposes. 

Date April 10, 1998 

Respectfully SUbmitted. 

Barry D. Rein 

PENNIE & EDMONDS LLP 
1155 A venue of the Americas 
New York. New York 10036·2711 

(212) 790-9090 

· 2 · 

22,411 
(Reg. No.) 

PENY4-6S9388. 1 
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.TT'I. DOCUTfOCI. ~~-

8797-0003·999 081672.899 
LIST OF REFERENCES CITED BY A .rp $' 

~ 

IUse stJvtK1JI sheets if rntC'" "I ~ MARASH, Joleph 

\~ ... -..... -
\ ~.t', June 27. 1996 2743 

U. • T DOCUMENTS 

~ -- ~. - ~u - ~~. ._. -
i>lJ AA 4 .689 .137 6/13/86 Miller -, 
-nJ AB 4 .828,629 1219IS", Borth et a1. r--

".J AC 4 ,653,102 3124/87 ~~en 

IItl AD 4.731 ,850 3/15/88 LeVitt~ 
, 

.,J AE 4,769,847 9/6/88 Taguchi "'-j"J AF 4,932,063 6/5190 Nakamura '\. 
..; AD 4 ,965,834 10/23/90 Miller '\. 
prJ AH 5 ,192,918 519 /93 Sugiyama \ , 
~ AI 5 .241 ,692 8/31/93 Harrison at at 

~ AJ 6.319.736 6/7/94 Hunt 

~ AK 6.353.376 10/4 /94 Oh et al. , 

"" 
AL 5.381,413 6/10/95 Andrea at al. 

p~ AM 5,412,735 5/2/95 Engebretson at 81. 

.,J AN 5,473,701 12/6 /96 Cezanne at a1. 

"J AD 5,473,702 12/6/95 Yoshida at at 

~ A" 5,5 15,378 5/7/96 Roy. III at at 

.,) AD 5,524.057 6/4 /96 Akiho at al. 

o,J AR 5 ,592,490 10/97 Barratt at al. 

I.J AS 6,625,880 4 /29/97 Goldburg et al. 

.,J AT 5,642,353 6/24/97 Roy, III et al . 

C>l AU 5 ,644,641 7/1/97 Ikeda 

tl AV 6,668,747 9 /16/97 Obashi 

f-"j AW 6,673,325 9/30/97 Andrea et at 
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~ 
AX 5.689.672 11 /18/97 Ohki et 81. 

()<J AY • 'l. ~,. ' p ~'\ 3/10/98 Ikeda 

1fI.10. FOREIGN PATiNT DOCUMENTS 

~. ~ ~K ~K 

~. -"" , 
A2 EP B 0 ,41 DE FR GB IT SE IJ>l -

-nJ BA WO-A-97/23068 e N JP KR EP 

BB 

Be 

BO 

OlliER R£FERENCES IlncJudinfl Author, Title. 0.1., Pertinent hgu, Etc.} 

BE 

BF 

B. 

EXAMINER 

0, r-I'6"O"'" DATECONSID£AEO.,/ I ~joI~ 

· EXAMINER: Inltr'l if (,,'«encl conaidered, whether or not cit.tlon I, in conformance with MPEP 609; Draw line through citation if not 
in eonformlnce .nd not ConIldared. Include copy of this form with 
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0\ P ~ 

~ 
(l 

Express Mail No.: 

# 
EM 490 490 495 US A (lh 

/(211-l? 1f1141!1111!': 
~.,. Ifl!/, IN THE UNITED STATES PATENT AND-<l'R.!UIEMARK OFFICE 

<I~AO~q..i-: 

Application of: 

MARASH, Joseph 

Serial No.: 08/672,899 

Filed: June 27, 1996 

For: SYSTEM AND METHOD FOR ADAPTIVE 
INTERFERENCE CANCELUNG 

Examiner: Nguyen, 

Attorney Docket No.: 
0003 

SECOND SUPPLEMENTAL INFORMATION DISCWSURE STATEMENT ~ 

Assistant Commissioner for Patents r-! :'::J 
, - :<- ;<1 

Washington, D.C. 20231 0 -0 
0 '" '" 

~ -" , ;"] 
C" .. ::; 

N " .. en , 0 ; 11 
Sir: C> ~ ;::J 

C> 

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 refereoces be made of record in this 

application by the Examiner's completion and return of the attacbed PTO Form 1449. 

This Information Disclosure Statement is submitted under 37 C.F.R. § 

1.97(c), afier a First Office Action, but before a Final Office Action or Notice of 

Allowance. It is estimated that no fee is due for this Infonnation Disclosure Statement; 

however, the required fee for the accompanying petition and certification under 31 

C.F.R. 1.91(c), estimated to be $240.00, is submitted concurrently with that document. 

Please charge the required fee, if any , for this Infonnation Disclosure Statement to Pennie 
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• •• • 
& Edmonds LLP Deposit Account No. 16-1150. A copy of this sheet is attached for 

accounting purposes. 

This Second Supplementa11nformation DiscJosure Statement should not be 

deemed a response to the Office Action dated January 12, 1998, a response to which is 

intended to be fLIed in due course. 

Date April 14. 1998 

c.k""d Ie. \Coo "f - 4J., '153 

ch-- 13" IYa b 22,411 
Barry O. Rein (Reg. No.) 

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

(212) 79().9090 

- 2 - PENY4-69I6SS. 1 
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/ • • 
Express Mail No.: EM 490 490 495 US 

IN TIlE UNITED STATFS PATENT AND TRADEMARK OFFICE 

Application of: 

MARASH. Joseph 

Serial No.: 08/672.899 

Filed: June 27. 1996 

Group Art Unit: 2743 

Examiner: Nguyen. D. 

For: SYSTEM AND METHOD FOR 
ADAPTIVE INTERFERENCE 
CANCElilNG 

Attorney Docket No. : 8797-0003 

PETITION UNDER 37 C.F.R. § 1.97«) AND 
CERTIFICATION UNDER 37 C.F.R. § 1.97 (el(l) 

Assistant Commissioner for Patents 
Washington. D .C. 20231 

Sir: 

'" :=. 
a 
c:: 
." 

'" m 
0 
0 

". 

'" '" 
a-

"" "" 

::0 
iT] 
0 
iT] 

-< 
r:-] 
0 

Applicant hereby petitions under 37 C.F .R. § 1.97(c) for !be 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. 

Applicint·s attorneys hereby certify pursuant to 37 C.F.R. § 1.97(e)(1) that 

the references in the Infonnation 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 !be ming of this Second Supplemental 

Information Disclosure Statement. In particular. the listed references were cited in an 

International Search Report mailed January IS. 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. 

PENY~I6SS. 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 Lll' Deposit Account No. 16-1150. 

A copy of this sheet is attached for accounting purposes. 

Date Avril 14, 1998 

RespectfuUy SUbmitted, 

I< 0 f- 4J., "153 

14~~ 22.411 
(Reg. No.) 

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

(212) 790-9090 

- 2 - PENY4-6916SS.i 



RTL898_1020-0102

- ----_ .- ... "-'-•• , ''-'-'-''-'-

4 ....... OOCIInNO. --
8197-0003-999 081872,899 

LIST OF REFERENCES CITED BY ADDt I P 
~~ 

IU •• ItIVNlJI shHts If ntICess.,.( U I ~ 
MARASH. Joaeph ~ 

~ All 14 1118 ! ~~. -~ '" Juo. 27, 1998 2743 ~ ,S!} 

U. 
, 
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FOREKJN PATENT DOCUMEN"-
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("\ i 
'. 

IN THB UNITED STATES PATENT AND TRADEMARK OFPICB 

Applicant 

Appln. Serial No . 

Filed 

For 

EXPRESS MAIL 

Joseph Marash 
" 

" 
08/672, 89~ 

SYSTEM AND METHOD R 
INTERFERENCE CANCELL 

74 5 Fifth 
New York, 

. 
; 

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

Assistant Commissioner for Patents 
Wash ington , D.C. 2023 1 

Sir: 

7~ ' 
C
c: 
-c 

I 
W 

N ~ 
-' -o -:: 
o 

LAMAR SIGNAL PROCESSING, LTD., as owner of the entire 

right, title and interest in, to and under the above-identified 

patent appl i cation, hereby revokes a l l powers of attorney 

previously given and appoints the fol l owing attorneys, with f ull 

power of association, revocation and appointment, to prosecute 

and transact all business in the Patent a nd Trademark Office in 

connection t herewith, including to receive the Letters Patent : 
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• • 
Thomas J . Kowalski Reg. No. 32,147 

I. Marc Asperas Reg . No . 37,274 

Please send all correspondence relating to 

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 

PATENT 
670025-7002 . 1 

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 
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• • 
PATENT 

670025-7002.1 

may jeopardize the validity of the application or any patent 

issuing thereon. 

LAMAR SIGNAL PROCESSING, LTD. 

Date: rju b, 
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Soi"N. t!~..(. m!'i't,~t#~~ I By ~ 
1itklntheMauerofthcApplicationoC ~ ~-
The foll~'l! due in the US. Patmt 0f'6s.. was JW:ivai in tht:: Patm! Office 
o Affidavit 0 Decbration 0 Express~MillingCerti5cate 
o Am:ndm::nt 0 (~e ~t) 
o Preliminary ~t 0 Ckck Nn_--c;:-;c--;::--,,--.fo.:i __ _ 
o AlncntVnentAftr:rF'IJIllRejection 0 Depo5itAl;o;QntQdcrFcmt 
o Rcquestror£xtcnsi~oIT1ItE 0 IXawing _ Shect(s) 
o I'roYisimal Patent Application 0 Informttion llidOll.Ul: Stattm:nt 
o ApptcWon for Patent, including 0 no Foon 1449, 

_ PagaSpo:cificatial_ Claims 0 Issue FeeTnnsrrittal 
o DedaJation 0 Oath 0 PCJY.U 0 Brief 0 Lena 
D Requel:t for FilingC;ntinuation or DMsionaI 0 Application fer 1M R£Ptratioo 

Applic:;a.tim - . ~fS, \r:l~. . . lnduding - Specimens 
. 0 rue Wrapptt Ccntiruation Patent AppliCaticn 0 Status Request q Notice rX AppI:3l 

. sheets, in WpUcatJ: 0 Petition . 0 Resptne o PCf ___ sheets.indUlini: 0 I:loo.unmt 
o Tl'aIlSI'I'ittal Letter to the tJ3fRD 
o Auignrrynt 0 R=;.dation c.o-..u Sheet 
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PATENT 

670025-7002 . 1 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant Joseph Marash Received 
JUN 0 1 1998 

Group 2700 
Appln . Serial No. 

Filed 

08/672,899 

June 27, 1996 

For SYSTEM AND METHOD FOR ADAPTIVE 
INTERFERENCE CANCELLING 

745 Fifth Avenue 
New York, New York 10151 

• 

(Sl~ penon .. iIng paperoreti 

POWER OF ATTORNEY BY ASSIGNEE OF ENTIRE INTEREST 
AND REVOCATION OF PRI OR POWERS 

Assistant Commissioner for Patents 
Washington, D.C. 2023 1 

Sir : 

LAMAR SIGNAL PROCESSING, LTD., as owner of the entire 

right, title and interest in, to and under the above-identified 

pat ent application, hereby r evokes all powers of attorney 

previously given and appoints the following attorneys, with ful l 

power o f association, r evocation and appointment, to prosecute 

and transact a l l business in the Patent and Trademark Office in 

connection therewith, includi ng to receive the Letters Patent: 
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Thomas J . Kowalski 

I. Marc Asperas 

• 
Reg. No. 32,147 

Reg. No. 37,274 

PATENT 
670025-7002.1 

Please send all correspondence relating to the above 

patent ~pplication to: 

Thomas J. Kowalski, Esq. 
FROMMER LAWRENCE & HAUG LLP 
745 Fifth Avenue 
New York, New York 10151 

(212) 5S8-0800 - 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 
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PATENT 
670025-7002 . 1 

may jeopardize the validity of the application or any patent 

issuing thereon . 

LAMAR SIGNAL PROCESSING, LTD. 

Date: 
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PATENT 
67 0025 - 7002.1 

IN TUB UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant 

U.S. Serial No. 

Filing Date 

Examiner 

Art Unit 

Title of Invention 

Received ' 
JUN 0 1199& . 

Group 2700' 

J oseph Mar ash 
, , 

08 / 672,899 .., 

June 27, 1996 \~, 

D. Nguyen ~ ... ;.\ 

2743 
'-

" 

SYSTEM AND METHOD FOR ADAPTIVE 
INTERFBRENCE CANCELLING 

745 Fifth Avenue 
New York, NY 10151 
May 29, 1998 

INFORMATION DISCLOSURB STATBMBHT 

Hon . Assistant Commissioner for Patents 
Box Patent Application 
Washington, D.C . 20231 

Sir: 

The Examiner's attention is respectfully directed to 

the following documents: 

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

2. U.S . Patent No . 4,628,529 dated December 9, 1986; 

3. U.S. Patent No. 4,653,102 dated March 24, 198?; 

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; 
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9. 

10. 

1l. 

12. 

13. 

14. 

15. 

16. 

17 . 

18. 

19. 

20. 

2l. 

22. 

23 . 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

• 
U.S. Patent No. 

U.S. Patent No. 
1990; 

U.S. Patent No . 

U. S. Patent No. 

U. S. Patent No. 

U.S. Patent No. 

U.S. Patent No. 

U.S. Patent No . 

U.S. Patent No. 

U.S . Patent No. 

U.S. Patent No. 

U.S . Patent No. 

U.S . Patent No . 
1997; 

U.S . Patent No. 

U.S. Patent No. 

U.S . Patent No . 

U.S. Patent No. 

U.S. Patent No. 

European Patent 
1991; 

U.S. Patent No . 
1997; 

4,932,063 

4,956,867 

5,192,918 

4,965,834 

5,241,692 

5,412,735 

5,416,847 

5,473,701 

5,473,702 

5,524,057 

5,627 , 799 

5,644,641 

5,673,325 

5,381,473 

5,689,572 

5,727,073 

5,353,376 

5,319,736 

• 
PATENT 
670025-7002.1 

dated June 5, 1990; 

dated September 11, 

dated March 9, 1993; 

dated October 23, 1990; 

dated August 31, 1993; 

dated May 2, 1995; 

dated May 16, 1995; 

dated December 5, 1995; 

dated December 5, 1995; 

dated June 4, 1996; 

dated May 6, 1997; 

dated July 1, 1997; 

dated September 30, 

dated January 10, 1995; 

dated November 18, 1997; 

dated March 10, 199B; 

dated October 4, 1994; 

dated June 7, 1994; 

No. 0411360 81 dated February 6, 

5,668,747 dated September 16, 

International Patent No. WO 97/23068 dated June 
26, 1997; 

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

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

2 
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32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

14 . 

45. 

46. 

47. 

48 . 

49. 

50. 

51. 

52. 

53 . 

54. 

55 . 

• 
U.S. Patent No . 4,442,546 

U.S. Patent No. 4,495,643 

U.S. Patent No. 4,517 , 415 

U.S. Patent No. 4,622,692 

U.S. Patent No. 4,750,207 

U.S. Patent No . 5,432,859 

U.S. Patent No. 5,485,515 

U . S. Patent No . 5,524,056 

U.S. Patent No. 5,701,344 

U.S . Patent No. 5,592,181 

U.S. Patent No. 5,335,011 

U.S. Patent No. 5,075,694 

• 
PATENT 
670025-7002.1 

dated April 1O, 1984; 

dated January 22, 1985; 

dated May 14, 1985; 

dated November II, 1986; 

dated June 7, 1988; 

dated July 11, 1995; 

dated January 16, 1996; 

dated June 4, 1996; 

dated December 23, 1997; 

dated January 7, 1997; 

dated August 2, 1994; 

dated December 24, 1991; 

International Patent No. WO 88/09512 dated 
December " 1988; 

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

International Patent No. WO 94/16517 dated July 
21, 1994; 

U.S. Patent No . 4,559,642 dated December 17, 1985; 

U.S. Patent No. 4,581,758 dated April 8, 1986; 

U. S. Patent No. 4,653,606 dated March 31, 1987; 

U.S . Patent No. 
1987; 

4,696,043 dated September 22, 

U.S. Patent No. 4,741,038 dated April 26, 1988; 

U . S. Patent No. 4,910,719 dated March 20 , 1990; 

U.S . Patent No. 5,086,415 dated February 4, 1992; 

U.S . Patent No. 5,208,864 dated May 4, 1993; 

U.S. Patent No. 5,511,128 dated April 23, 1996 ; 

3 
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I, , 

56. 

57. 

58. 

59. 

60 . 

61-

62. 

63. 

64. 

65 . 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76 . 

77. 

78 . 

79 . 

• 
u. s. Patent No. 

U.S. Patent No. 

U.S. Patent No. 

U.S. Patent No. 

U.S. Patent No. 

U.S. Pat ent No. 

U.S . Patent No . 

European Patent 
1982; 

5,581,620 

5,615,175 

5,625,697 

5,657,393 

5,664,021 

5,715,319 

4,459,851 

• 
PATENT 
670025-7002 . 1 

dated December 3, 1996; 

dated March 25, 1997; 

dated April 29, 1997; 

dated August 12, 1997; 

dated September 2, 1997; 

dated February 3, 1998; 

dated July 17, 1984; 

No . 0059745 Bl dated September 15, 

British Patent No. 2,239,971 B dated July 17, 
1991; 

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

U. S. Patent No. 5,625,880 dated April 29, 1997 ; 

U.S. Patent No. 5,592,490 dated January 7, 1997; 

U.S. Patent No . 5,546,090 dated August 13, 1996; 

U . S. Patent No. 5,515,378 dated May 7, 1996; 

Japanese Patent No. 
1992; 

4-16900 dated January 21, 

Japanese Patent No. 1-149695 dated June 12, 1989; 

U. S. Patent No. 4,937,871 dated June 26, 1990 ; 

U. S. Patent No . 4,239,936 dated December 16, 1980; 

U.S. Patent No. 4,718,096 dated January 5, 1988; 

U.S. Patent No. 5,1 4 2,585 dated August 25, 1992; 

U.S. Patent No. 5,208,864 dated May 4, 1993; 

U.S . Patent No. 5,212,764 dated May 18, 1993; 

U.S . Patent No . 5,313,555 dated May 17, 1994; 

U.S. Patent No. 5,416,887 dated May 16, 1995; 

4 
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• • 
PATENT 
670025-7002.1 

60. 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,1I 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 a ll 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. 

5 
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PATENT 
670025 - 7002.1 

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 l02(e) dates do n2t 

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. 

Date:May 29. 1998 

lMA/ep 
Encs. 

:I' \pearc:e\uKlru .\ 700~ · 1.lcb 

Respectfully submitted, 

FROMMER LAWRENCE & HAUG LLP 
Attorne for Applicants 

By 

6 

omaa J. owalski 
Reg. No. 32,147 
t. Marc Asperas 
Reg . No . 37,274 
Tel. (212) 588-0800 
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She!!t 1 of 1 -
Based on Form PTO-1449 ATTORNEY ooo:n t«l . i SERIAl NO. 
(3/90) 670025·7002 .1 08/6n.899 

LIST Of REFERENCES CITED BY APPL ICANTS APPLICANT: JOSEPH I1ARASH 
(Use several sheets if necessary) 

FILII«> DATE : GR!U' 
June 27 , 1996 

·" U.S . PATENT OOCLt1ENTS 

EXNiINER OOCIJItENT NtHlER DATE ~ NAI1' CLASS SUBCLASS FILING OATE 
INITIAl IF APPROPRIATE 

" AA 4.589.137 5113/86 H111er '" 
rtJ '" 4.628.529 12/9/86 Borth et a 1"" 

." " 4.653.102 3/24/87 Iidnsen "-
".; '" 4.658.426 4/14/87 Chabr; es et a I. "-

r>l "- 4.731.850 3/15/88 Levitt et 111 . "-
..... " 4.769.847 9/6/88 Tagochl '\. 

"" .. 4.802.227 1/31/89 [lko et a1. 
mI AH 4.811.404 317189 Vl1nur et al . 

W AI 4.932.063 6/5/90 Nal::arrura 

u,J Al 4.956,867 9/11/9{) Zarek: et al . 

"" " 5.192.918 3/9/93 Su<!'"'' mI AL 4.965.834 10123/90 HIller 

.J All 5.241.692 8131193 Iiarr1son et al . 

FOREICN PAT(NT DOCUMENTS 

OOClttENT NLMSER DAT' COJITRY ClASS SUBClASS TRAASLATION 

YES NO 

I>\l AN 0411360 81 216/91 ,PO 
, ~ 

'" l(l 97/23068 6126/97 WIPO 
.,J 

'" WO 88/09512 1211/88 WIPO 

"" '" \oK) 9<1116517 7121194 WIPO 

"" '" 0059745 61 9115/62 ,PO 

....-J. AS 2.239.971 6 1117/91 Great Br1ta1n 

OTHER REFERENCES (Including Author. Title. Date. Pert1nent Pages. Etc . ) 

pJ AT 
"Beamformlng. a versatile approach to spacial 
No.2. pp .4·24 . 

filter ing. ' IEEE ASSN Magazine. Aprl1 1986. Vol. 5. 

I 

EXN1!NER 
\) ;J~ 

OATE COO$IOCRED ,!f<')'jg 
.. EXN11NER: Initial If reference considered. whether or not citation is In conformance with HPEP 609 . Draw l ine through 

citation if not In conformance and not considered . Include copy of thiS form with next communication to applicant . 
lr.I{..\J'PI'!A. tlU - J';I';t:I 
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• • Sheet 2 of 1 

Based on Form PTO-1449 ATIQRNEY COCKEr 00. SERiAl NO. 
(3/90) 670025-7002 .1 08/672.899 

liST Of REfERENCES CITED BY APPliCANTS APPliCANT : JOSE'" t1ARASH 
(USe several sheets if necessary) 

FlLItli DATE : 
_. 

June 27. 1996 

U.S . PATENT OOClKNT$ 

EXN1JNER OOCLttENT NU1BER DAT' HAM' CLASS SllICLASS FILI/(i DATE 
INITIAl IF APPROPRIATE 

1),.\ AA 5.412.735 -5/2/95 Engebretson et a 1 . 

o,J --
AS 5,416.847 51l6/~. Boze -

III fo( 5.473.701 - 121$/95 -"--, Cezanne et a 1 . 

~ AD 5.473.702 1215/95 ~daetal . 
IV .. 5.524.057 6/4/96 Ak lho ~. 
g,l " 5.627.799 5/6/97 HoshuYilfI'IiI " v,l .. 5.644.641 711/97 Ikeda "'-
"J AI< 5.673.325 9/30/97 Andrea et al. "'-
"J AI 5.381.473 1110/95 Andrei! et a 1 . 

.,l " 5.689.572 11/18/97 /)lk.l et al. ~ 
.,J 

'" 5.727.073 3/10/98 Ikeda 

M) AL 5.353.376 10/4194 '" et al. 

,.l AH 5.319.736 617194 to"t 
r:Y AN 5.668.747 9/16/97 (JIashl 

FCRE IGN PATENT OOClJ'tENTS 

OCXltlENT NlJ1BER DAT' COJNTRY CLASS St.eClASS TRANSLATI~ 

YES '" 9" AD 4-16900 1/21192 Japan 

"" '" 1-149695 6112/89 Jaoan 

In' AD 88908903 .3 4/16/97 'PO 
AA 

AS 

OTHER REEFERENC(S (Including Author. Title. Date. Pertlnent Pages. Etc.) 

iJ 
Sewald et al . . "AWl1cat1on of. .. 8eallfom1ng to Re~ect Turbulence No1se 1n A1rducts. ~ 1996 IEEE 

AT Internat10nal Conference on Acoustics. ~ and ignal Processing Proceedings (JCASSP). Hay 7-16. 
1996. Vol. 5. No . COtF -21. May 7. 1996. EEE pp . 2734-37 . 

EXAMINER V ~ 
DATE CONSIDERED 

-,/ 1 ~)~i 

• EXAMINER : Ini tial 1f reference considered. whether or not citat10n is 1n confo~nce with MPEP 609 . Draw line through 
citation if not In conformance and not conSidered. Include copy of this form with next commun1cation to applicant . 

U:lIJ • .ttHL M1J- JYY~ 
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Based on Fr)nn PTO·1449 ATTORNEY DOCKET NO . SERIAL NO. 
(J/90) 670025·7002.1 08/672.899 

LIST Cf REFERENCES CITED BY APPLICAATS APPLICANT: JOSEPH IiARASH 
(Use several sheets jf necessary) 

FILItli DATE : GROOP 
June 27. 1996 

U.S . PATENT DOCUMENTS 

EXAMI NER DOClI1ENT NlttBER OATE NN1E ClASS SLOClASS FllIt«i DATE 
INITIAl IF APPROPRIATE 

W AA 4.363.007 1217182 Hilrall'Oto et a 1. 

.,) AS 4.409,435 lOiU/B3 One . 
.,l At 4.442.546 4/10/84' .. Ishigakl 

",J MJ 4.495.643 1122/85 "- Orban 

"'" " 4.511.415 5114/85 L~e 
Dr' AF 4.622 .692 11111/86 Cole "'-. 

1»1 ,. 4.750.207 617/88 Gebert et a~ 
f>l All 5.432.859 7111195 Yang et al. "-
en' AI 5.485.515 1116/96 Allen et al. "-
".., 

'" 5.524.056 6/4/96 K11110n et al. 
, 

VI' .. 5.701.344 12123197 Wakuf " 

~ At 5.592.181 lf7l97 caletal . • 
V1J AM S.3JS.Oll 8/2/94 Addeo et al . 

FORE1GN PATENT DOCUM[NTS 

OOCLttENT NL.tt8ER OATE COl.NTRY ClASS SUIClASS TRANSLATION 

YES NO .,., 
All 0724415 11120f96 EPO .-

p,) MJ 0483845 1113/93 EPO 
r;,J AP 0721251 7110/96 EPO 

MJ 

AR 

" 
OTHER REFERENC£S (Including Author, T1tle. Date. Pertinent Pages. Etc.) 

AT 

EXAMINER 
D. ;lrr [)ATE ~SI~?ID) j' r \ 1 ~! 

• EXAMINER: Initia l if reference considered . ...tlether or not citation is in cOllfonnance with HPEP 609. Draw line through 
ci tation If not In confonnance and not conSidered . Include copy of this form w1th next communicat1on to applicant . 

U:)U.JTI-IJI., OU -J~:l 
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Based on Foom PTO-1449 ATIORNEY OOCKET t(). SERIAL. NO. 
(3/90) 670025-7002 .1 08/672.899 

LIST OF REFERENCES CITED BY APPLICAATS APPLlCAHT: JOSEPH HARASH 
(Use several sheets if necessary) 

FILING OATE : GRIlJ> 
June 27. 1996 

U.S. PATENT DOCUMENTS 

EXAM INER OOCltlENT NlttBER DATE NAME ClASS SlJOCLASS FILING DATE 
INITiAl IF APPROPRIATE 

~ AA 5.075.694 12124/91 Donnanaelo et .1l. 

Or' AS 4.910.718 J/2D190 "'co 
.,) M; 4,559,642 . 12117/85 Hlya.l1 et a1. 

D,J I>D 4.5111. 756 . "4YSJ86 Coker et al. 

"" "- 4.653.606 3/3118.,. .... _ Flanagan . 
"" " 4.696.043 9122/87 - Jwahara et a I. 

.t> N; 4.741,038 4/26/88 Ei£l>.et ,l. .,. 
Ali 4.910,719 3120/90 Thube,t"-

f'1I AI 5.086, 415 2/4/92 Takahashi e~ 
oJ .oJ 5.200.864 5/4/93 I<aneda "-."J M 5,511.128 4/23/96 llndanaM "-
.,.l Al 5.581.620 12/3/96 Brandstein et al . 

Or" AH 5.615.175 3/25/97 Cater et 011 . 

e.> AN 5.625.697 4/29/97 SOIien et a 1 . 

FOREIGN PATENT DOCUMENTS 

OOCltlorr NlHBER DATE C~TRY ClASS SIJlCJ.ASS TRANSLATION 

YES ., 
I>D 

AP 

I>D 

AA 

AS 

OTHER REFERENCES (lnclud1ng Author. Title. Ddte. Pertinent Pages. Etc.) 

AT 

EXN1INER 

('l~ 
DATE CONSIDERED 

1Hq{ \) 

-- EXN1I NER: Initial if reference considered. wtlether or not Citation Is In confomance with HPEP 609 . Draw line through 
citation if not In conformance and not considered . Include copy of this form with next communication to applicant. 

1J:)U.ft'I-LA,. DU-,J')";I:I 
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U.S . PATENT DOCUMENTS 
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08/672399 06/27/96 

PENNLE AND EDMONDS 
1155 AVENUE OF THE AMERrCAS 
NEW YORK NY 10036-2711 

, 

3797-003 

06/ 1 1r~8 

Thlllt In response to the P._ 01 ,AII<'m'~ 'Ied __ ~~~!!.~ _______ ~~ ____ ~ 
ri 1. The Power of Attorney to you In thIs application has been I'eYOUd by the applicant Future. ~""poo",,,,, wil 

be mailed to the new address of reoon:l. 37 CFR 1.33. 

o 2. The Power of Attorney to you In this appliCation ... been rwvobd by the assIgnea who has ""oW.nod 
as provided by 37 CFA 3.71 . Future correspondence wi. be mailed to the new address of record. (37 CFA 1.33). 

o 3. The withdrawal as attorney In this application hn been KCePtIMl. Future correspondence will be mailed to the 

newaddreseof record. 37 CFA 1.33. • )Dtl b 
<'\Sl o! ~!'] L 102:tid1!¢?'1 
This Is • communication from the 
Patent n Trademark 0fIIce 

~ 4. The Power of Attorney In this application IIIICCepIIMI. 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 1tI1s application II not ~ tor the reaaon(s) checked below: 
o a. The Power ofAttomey Is from 811 assignee and the Mficate required by 37 CFR 3.73 (b) has not been 

received. 

D b. The person Signing fat the assignee has omitted their empowerment to SIgn on behalf of the assignee. 

Dc. The InventOf(S) Is without authority to appoint attorneys sme the assignee has inteMlOed as provided by 
37CFA3.71 . 

o d. The signature of , 8 c:o--inventOf in this 
application, has been omitted. The Power 01 Attorney will be entered upon receipt 01 coofirmation signed 
by said' co-inventor. 

o e. The person{l ) appointed in the Power of Attorney Is not registered to practice before the U. S. Patent & 
TrademaI1I: Office. 

o r. The ravocatlon Is not signed by the applicant, the USlgnee of the entire Interest, Of 2DI partiaJlat pnncipal 
attorney having the authority to revoke. 

THOMAS J KOWALSKI ESQ 
FROMMER LAWRENCE ~, HAUG LLP -, 
745 FI FTH AVENUE 
rJEW YORK NY 10151 

L ...J 

Thla II a communication from the 
Patent and Trademark 0tI'ice 

FORM PTOI..-3OI5 (REV. 7~ RETAIN THIS COPY IN THE APPLICATION FILE COPY. 
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'. 
IN THE UNITED STATES PATENT' 

Applicant 

U.S. Serial No. 

Filing Date 

Examiner 

Art Unit 

For 

Received 
JUN 0 11998 

Group 2700 

• 
PATENT 
670025-7002.1 

2743 

SYSTEM 
ADAPTIVE INT 
CANCELLING 

745 
New York, NY 
May 29, 1998 

AMENDMENT AND CHANGE OF ADDRESS 

Han. Assistant Commissioner for Patents 
Washington, D. C . 20231 

Sir: 
"', Responsive to the Office Action which is~ued on 

January 12, 1998, please amend the above-referenced 

application as follows: 

i -, . 0610311"' IFlOYD 00000012 oe6721'I'J 

01 Fe.216 200.00 IP 

1 
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IN THE CLAIMS, 

cancel Claim8~~ without prejudice, Please 

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-at-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.P . R. Sections 1 . 136(a) and 1.17(aJ 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 
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• 
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PATENT 
670025-7002.1 

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.--1....:/~ /j{ .. ~- J.~.~~=_ 
Th'Es~ 
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 

3 
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IN THE UNITED STATES PATENT AND 

• 
PATENT 

670025-7002.1 

TRADEMARK OFFICE 

Applicant Joseph Marash 

Appln. Serial No. 

Filed 

08/672,899 

June 27, 1996 

For SYSTEM AND METHOD FOR ADAPTIVE 
INTERFERENCE CANCELLING 

745 Fifth Avenue 
New York, New York 10151 

• 

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: 
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• -• 

Thomas J. Kowalski 

I. Marc Asperas 

• 
Reg . No. 32,147 

Reg. No . 37,274 

PATENT 
670025-7002.1 

Please send all correspondence relating to the above 

patent ~pplication 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, tit l e 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 

wil l ful 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 
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may jeopardize the validity of the application or any patent 

issuing thereon . 

LAMAR SIGNAl PROCESSING, LTD. 

Date , _ ...:qL,<7Cl2..LII-!-"-'LI _ _ _ _ 
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APPlICATION NO . I RUNG DATE I 

08/672,899 06/27 /96 

THOMAS J KOWALSKI ESQ 
FROMMER LAWRENCE & HAUG 
745 FIFTH AVENUE 
NE W YORK NY 101 5 1 

UNITED STATEtDEPARTMENT OF COMMERCE 
Patent and Trademart< OffIce 
AddrH': COMMISSIONER OF PATENTS AND TRADEMARKS 

W .. hnaton. DC 20231 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I 
MARASH J 8797-003 

fXAMINER 
NGUYE N.D 

ART UNIT PAPER NUMBER 
2743 I~ 

07 /211 98 

Please find below andlor attached an Office communication concerning t application or 
proceeding. 

Comnd,,,,-* of and Tr8demerk. 



RTL898_1020-0130

Notice of Allowability 

No. 

08{612.899 

Due NguyWl 

MARASH 

All c laims being allowable, PROSECUTION ON THE MERITS IS (OA REMAINS) CLOSED in this application. If not included 
herew ith (()( previously mailed) , a Notice of Allowance end Issue Fee Due or other appropriate communication will be 
mailed in due course. 

® This communication is responsive to <A~m~en,",.~m~e~n~t2'~i/e~d,-,,6/~t~/~9~8 ______ _____ ___ _____ _ 

I&l The allowed claim !s) is/are ~t~.2~8,-_ _ ___________ ________________ _ 

C The drawings f iled on ___ ______ are acceptable. 

Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(8)· (d). 

_ All C Some- 0 None of the CERTIFIED copies of the prioritY documents have been 

C received. 

o received in Application No. (Series Code/Serial Number) ___ ___ _ _ 

c: received in this national stage epplication from the International Bureau (PCT Rule 17 .2(a)) . 

· Certified copies not received: _______ _______ _____ _ ____ ___ _ __ _ 

:- Acknowledgement is made 01 8 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 
ABA NDONMENT of this application . Extensions of time may be obtained under the provisions of 37 CFR 1.136(a). 

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

X Applicant MUST submit NEW FORMAL DRAWINGS 

o because the originally filed drawings ware declared by applicant to be informal. 

!XI including changes required by the Notice of Draftsperson's Patent Drawing Review, PTQ·948, attached hereto or 
to Paper No. _ 6_ . 

[j including changes required by the proposed drawing correction f iled on ___ _ ___ __ , which has been 
approved by the examiner. 

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

Identifying indIcia such as the appUcaUon number (see 37 CFR 1.84(c)) should be written on the reVBfse side of the 
drawings. The drawings should be filed as a sep8l'ate paper with a trensmittallettter addressed to the Official 
Draftsperson. 

o 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 8 Notice of Allowance and Issue Fee Due, the ISSUE BATCH NUMBER 
and DATE of the NOTICE OF ALLOWANCE should also be included. 

Attachment(s) 

o Notice of References Cited, PTO-892 

00 Information Disclosure Stetementls) , PTO-1449, Paper Nols ). 7,8, 12 

o Notice of Draftsperson'S Patent Drawing Review, PTO·948 

o Notice of Informal Patent Application, PTO-152 

i:i Interview Summary , PTO·413 

o Examiner'S Amendment/Comment 

UN1Z 
SUPERVISORY PA NT EXAMINER 

GROUP 2700 

o Examiner's Comment Regarding Requirement for Deposit of Biological Material 

!Xl Examiner's Statement of Reasons for Allowance 

u. $. '.l.~' _ T, __ 011 ... 

PTO-37 (Aev. 9-95 ) Notice of Allowabllity Part of Paper No. 12 
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• 
Serial Number: 08/672,899 

Art Unit: 2743 

1 . Claims 1- 28 are al l owed . 

• 
Page 2 

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_1020-0132

• • 
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 Due 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: 

Due Nguyen 

7/1 3/98 

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

or faxed to: 

Or: 

(703) J08-90S 1, (for formal conununicatiOl15 intended for entry) 

(703) 305-9508, (for infonnal 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). 
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NOTICE OF ALLOWANCE AND ISSUE FEE DUE 

LHC·J / ft 72 1 --
i'Hu NAS ~I 1', I)toJAI ' ; 1( r [;"':';n 
~ fWI 'l~lFF: I ,'\{.tJRE N' F" t, H('I1Jn L LP 
f'-I t. r p - rH ,="i \ft-r.!I.tF 
NF I.j Y'-'h'V NY I I t 1 L; j . , 

-.--
APPLICATION NO. TOTAl ClAIMS 

, 1·, -, 

i , :'~ ; :.../ , 
EXAMINER AND GROUP ART lHT I OATEMAIlED 

00; c'~~~ 'i:zl"49L./ (tAl 7 7 /9':, N(=;LJYEN . j) ( ;"lI:'-',i I 'R ... --TlTLEOF 
INV<>IT1ON 

".,-

; , 
'. 

AllY'S DOCKET NO. I a..ASS-SU8ClASS ~_ &ATai NO. 1 APf>\.N. TYPE I SMALL. EHT1TY I FEE DUE I OATEoue 

lIlII . rrY 'iES $ 660.01) 

THE APPLJCA TlON IDENTIRED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANC~ AS A PA TENT. , . 
PBOSECUTlON ON THE MERlTS IS CLOSED. .~ . {. I ; " I • 

i ...' . : :... ; 

THE ISSUE FEE IIUST BE PAID WfTHIN THRE(,= FRDII THE 1IA1I/1NG DATE OF THIS NOncE OR THIS 
APPUCA TION SHALL BE REGARDED AS ABAN. _, THIS STATI/TORY PEBIOO CANNOT BE EXTt<NOED. 

I ' ., , . 

HOW TO RESPOND TO THIS NOnCE:' 
I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY Is shown as YES, verify your 
current SMAll ENTITY status: 

A. If the status is changed, pay twice the amount of-tfie 
FEE DUE shown above and notify the Patent and 
Trademark OffICe of the change in status, or 

t!he SMALL ENTITY is shown as NO: 

A. Pay FEE DUE shown above, or 

• 

B. W 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. 

II. Part B·lssue Fee Transmittal should be completed and retumed to the Patent and Trademark Office (PTO) with your 
ISSUE FEE. Even if the ISSUE FEE has already been paid by charge 10 deposit account, Part B Issue Fee Trat)8inittaJ 
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. 

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

IIIPORTANT REIIINDER: utility".,.",. /uu{1IfI on .pp/lc>llions nllJd on or .fIe, Doc. 12, 1980 may ""luI,. pflymenl of 
maintenance"'" n I. parentN'. ,.."on.'bllity to en.ure timely payment of maintenance 
feu when du.. 

PATENT AND TRADEMARK OFFICE COPY 
PTOl.-35 (REV. 1o.se) Approyed lor UIIIhrough 0I!I3DI9IiI. (06151.0033) 
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, 88IigI.,MIo'II Of IonnaIIhwIng. IIUt 1Ie¥e" own c:er'IIIc:UI 01' ~ 

~of"'lIIng 
LegItIIr ....... ...,~~ or ... 1IIoc* II 

-~~1 
THOMAS J KOWAL SK I ~ ~";;:ru~'O//G ~ ~ 

I hereby C$tII'y 1Iwt1hll ... "" T"........ .. beng depoIIIed willi 
It.lkIIMd St-. POIlaI 5eMot ., ..,... ptIIIIgI tor ... diIII 
mIIln"~~IO"'b ..... Fw.on.llbcMlon 
.. dill hIcIIIIId bIIow. 

:.;,;;.;,;; . 

FROMMER LAWRENCE & "UP 2 " 
745 FIFTH AVENUE JUL • 19f; 
NEW YORK NY 10151 ~ 1!1 ' 

• NO. I 

08/672,899~6/27/96 

MARASH. 

028 NGUYEN. D 

JOSEPH 

I 

2743 

SYSTEM AND METHOD FOR ADAPTIVE INTERFERENCE CANCELLING 

ATTY'S DOCKET NO. ClASS-Sl.I8CU.S I BATCH NO. I APPUt. TYPE SMALL ENTTTY I FEE DUE I DATE",", 

381- 092. 00 0 686 UT ILITY YES 

1. a.ng. oICDn'eIpOIldlla"'" or IrdcIIIon 0I"",,~ (37 CFR 1.383). 
u..of PTObm(')twld o..tomer IUnbar we ....., •• i.1dId, but not ~ 

o a.g. 01' OOI....,. .. a.or:n.. (or 0lIIfIQIII of CooI""'iXWdence ~ form 
rn>SBn22)_ 

0 "... ~ IncIcIIIon (or"" AdIhW IrdoIIIon 101m PTO.'SBI47) .a.:hed. 

2. For ~ on !he P*nIfmnl ~.1IIl 
(1) .. ,.,. of 14110 3 I8gidIrId pMInI 
~Of ...... OA.~.(2) 
......... of • *VI linn (l1a\4ng as • 
I\'IIII't)et • NgIIW.:I 8IIOmIy Of 8gInI) 
1J1d" ,."..01'...,1D 2~ paM 
~or .... lnol'lll'MlllIIted, no 
....... 'II1II be pmIIId. 

"...,. Hour .1I_Jt:This foIm Ia eetImated to taM 0.2 hotn to c:ompIete. TIme wi vary 
depeI dng on !he needs 01' !he ~ cue. Ant commente on !he ImOIM'It of IWne requif'ed 
to ~.,. Ionn shoe.*:! bit ..... 10 II'Ie CtMIInIorrnMion otIicer, PatenI MIl TradernarI( 
omc., Wuf*9on. D.C. 20231. 00 NOT SEND FEES OR CONPlETED FORMS 10lliiS 
ADDRESS. S£ND FEES AND THIS FORM TO: Box IUue F .. , AsUIIt!n ConmIuioner lor 
PaIentI, WMhingIon D.C. 2023' 

U'IOerIhe PaperwoItI ReduaIonActaf lHS, no ~ar. requi.wto 186pOIld 10 a cdhK:iion 
01 infonnation unIeu It dIpI.ya. vaId OM8 00000I ntI'TtIef. 

TRANSMIT THIS FORM WITH FEE 
PTOI-AA8/RIN.1Q.118\ AIlDIDWId tor ~ tvouoh 0&00'99. OMS 0651-0033 

01 FC:2"2 
Oo! fC.5(;1 

$660 .0 0 10/2 11 8 

,ThM1a5 J: Kc.-.lsk: 

,r. M..rc..IISp"""-s 

1&0.00 II' 
30.0011' 
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., , 
PATENT 

670025-7002 

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 

t hereby certify that chi. eorruponderoce 
is being depodted with the United St.u. 
PoU.l Servlc • •• f i nt cb ...... 11 1n an 
envelope .ddx •••• d to, 
b.t8U,nt Conai •• lon ... for P"tents 
wa.hington. D.C. ~0211 . on July 23. 19'8 

~lY 2). un 

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

7 .. · .' 
FILING OF FORMAL DRAWINGS 

Box Issue Fee 
Assistant Commissioner for Patents 
Washington, D.C. 2023r 

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 . I-lIE) to be made of 

1 
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• 
PATENT 

670025-7002 

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. 

ANDREA.7\7Q02.0WG 

Respectfully submitted, 

FROMMER LAWRENCE & HAUG LLP 
Attorneys for Applicant 

BY,~/"'!'4~1.~ -;;z:l /~~~~==-_ I.Mffi;7sJ.fiiai 

2 

Reg. No. 37,274 
Tel. (212) 588-0800 
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• 
PATENT _-/ 

43086.00.7002 ;.:r-
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ' / > -

Applicant(s) 

U.S. Patent No. 

Issued 

Serial No. 

For 

Filed 

Examiner 

Art Unit 

Confinnation No. 

FILED VIA EFS-WEB 
ON JaoUBry 27. 2014 

Joseph Marash et a1. 

5,825,898 

October 20, 1998 

08/672,899 

SYSTEM AND METIlOD FOR ADAPTIVE INTERFERENCE 
CANCELLING 

June 27, 1996 

NGUYEN, DUe MINH 

2743 

6383 

, 

1633 Broadway, 47th Floor, 
New York. NY 10019 

REQUEST FOR CERTIFICATE QF CORRECTION 

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

Dear Sir: 

It is requested that a Certificate of Correction be issued in the above-entitled patent in 

accordance with the accompanying fonn PTO 1050. Please make the following changes: 

1 
NEWYORKlIJ3SJ91.1 

e?-r 



RTL898_1020-0152

• 
ON THE FACE OFTHE PATENT: 

• 
PATENT 

43086.00.7002 

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

Yokneam, Israel" with "Andrea Electronics Corporation, Melville, New York", 

2 
NHWYORIUIIHH9J.1 
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• 
REMARKS 

• 
PATENT 

43086.00.7002 

The requested changes do not constitute new matter and this application does Dot require 

fe-examination. A completed Form PTO 1050 is enclosed. 

Since the error to be corrected is due to Applicants' error, a charge o[Sloo.oo 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. 

, . . 

3 
NEWYORKIIlJSl91.1 

Respectfully submitted, 
VEDDER PRICE P.C. 
Attorney for APPI~ 

BY:~ omes J. Kowalski 
Reg. No. 32,147 
Deborah L. Lu, Ph.D. 
Reg. No. 50,940 

.( I · 

Tel. No. (212) 407-7700 
Fax No. (212) 407-7799 
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YTO.'S8I44 (09-07) 
Approved for usc IhfwpOlf.llflOll. OMB06$l..ooll 

U.S. "*" IIld TItIkmart. 0Ifx:c; U.S. DEPARTMENT OF COMMERCE 
Under \he ~ Rcdudion All of 199', no penonI are ~1Iired 10 respond to • e.oIlcc:Iion of infOImIlion 1IrI1ea it d~ • nJid OMB IlOtItroI number. 

(Also Form ~IOSO) 

PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

5,82.5,898 

APPLICATION NO, 08/672.899 , 
ISSUE DATE October 20, 1998 ,. 

INVENTOR(S) Joseph Marash, el al. 

Page I of 1 

II is cenified that an error appears or errors appear in the above-identified palent and that said Letters Patent 
is hereby corrected as shown below: 

ON THE FACE OF THE PATENT 

(13) Assignee: bamllf SigAII Pr81essiAg, YeImNRI, JIlfMI Andrea EI«1loDk:s Corporalion. Melvjl!e, New VOrk 

,. 

MAILING ADDRESS OF SENDER (please do not use customer number below): 
Vedder Price p.e. 
163) Broadway. 47th Floor 
New York, New York 10019 

This collCCl;1JII ofinformdion Is req~;mI II)' 11 CFR 1.)22, U2l, mll .)1-(. The infOflMlion ill feCJIIired 10 obcJin (It,..taIn. bc:ntf~ II)' the public which ill 
10 f,l, (lind II)' !he USPTO 10 Pfo=l) '" appliQllon. Conlldeolliality Is JOVCITIOd II)' 15 U.$,C. 112111d 11 CFllI .14. nit eolleetion ill estinw.1OCI to Ilk. 1.0 
how 10 ccmplc&e, inl:ll'dinl plheon" P't~ I/Id $IIbmltIinllhc eomplr1Cd applicltion form 10 !he USPTO. Time will 'tal)' clependinl ~pon the incIivodllll 
~. Any tommcnts 00 \he IIIIIMII of time )'011 require 10 comp1c!cr !his form urdIOl llUapations rot redllCina !his bIInkn. Iohould be _ to Ihe Chier 
Inlilnnllion 0fI'1CCI', U.S. 1'aIcIIt lind TI'Idtnwt; OIfooe, U.S. ~ otCoonmmc.I'.O. Bo>t 14SO, AIeundria, VA 22313-14$0, 00 HOT SEND FEES 
Oil COMPLETED fOAAIS TO nils ADOJll!SS, SIND TO: AllroalOo. Certlnc.~ f/fCoIftdioDS linD, c. ........ ftr,1IIHM, P.O. B.n 14SO, 
Alnudria, VA 1ll1),14.5IL 

NEWVORKII'l3S3I7.1 
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, 
""-~ 

•

' ""''' UNITED STATES PATENT AND TRADEMARK OFFICE 

i J----------------------------------Commissioner for Patents 
~"~AI + United States Patent and Trademark Office 

V P.O. Box ,.so 
17 ~ 'i Alexandria, v~~ 

~' Patent No: 5,825,898 
Serial Number: 081672,899 
Inventor(s): Joseph Marash, et. al. 
Issued: Oetober 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) 1.322or 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, beJore 
issuance of a Certificate of Correction, under 37 CFR 1.323 (see Manual oj Patent Examining 
Procedures (M.P.E.P) Chp.1400, sect. 1481). This procedure is required at any time after 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 S130); 
8. a statement that the failure to include the correct assignee name on the PTOL·85B was 

inadvertent; and 
C. a copy 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 
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By hand: 

By fax: 

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

(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. 47th floor 
New York. NY 
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• • 
1. 5,416,844, May 16, 1995 , Appa r a t us fo r reducing noise in space 
applicable to vehicle passenger compartment; Yoshiharu Nakaji, et a l ., 
381 / 11 . 4 , 71 . 9 : I MAGE AV~LABLE : 

2. 4,956,867, Sep. 11, 1990, Adaptive beamforming for noise reduction; 
Patrick M. Zurek, et al., 381 / 94 . 7 , 71 . 11 :IHAGE AV~LABLE : 

3. 4,491,701, Ja n . 1, 1985, Adaptive filter including a far end energy 
discriminator; Donald L. Duttweiler, et al., 364/724.19; 379/410; 
381 / 101 : IHAGE AV~LABLE : 

~> s 17 and 364/clas 
56137 364/CLAS 

L9 9 L7 AND 364/CLAS 

"'> d 1-9 

1. 5,703,904, Dec. 30, 1997, I mpulse noise effect reduction; Ehud 
Langberg, 375/232; 364 / 724 . 19 : IMAGE AVAILABLE: 

2. 5,638,311, Jun . 1 0, 1997, Fi lter co.fticient estima t ion 
apparatus; Kensaku FU j ii, et al., 364 /724 . 1~ :IMAGE AVAILABLE: 

3. 5,553,01~, Sep . 3, 1996, Adap tive finite impulse response filtering 
method and apparatus; Phillip L. De Leon, II, et al., 364/724 . 1~ 
: IMAGE AVAILABLE: 

~. 5,390,364, Feb. 14, 1995, Least-mean squares adaptive digital lilter 
havings variable size loop bandwidth; Ma r k A. Webster, et al., ~55/506; 

3 64 / 7 2 4 .2; 375/232; 455/307 : I MAGE AV~LABLE: 

5. 5,136,531, Aug. ~, 1992, Method and apparatus lor detecting a 
wideband tone; Shawn McCas l in, 364/724 . 0~ , 7 2 4 . 1~ : I MAGE 
AVAILABLE: 

6. ~,75~,~19, Jun. 28, 1988, Adaptive digital filter; Yoshihiro Iwata, 
364/724 . 19 :IMAGE AVAILABLE: 

7. ~,591,669, May 27, 1986, Adapt i ve fi l ter update gain normalization; 
Donald L. Duttwei l er, et al . , 370/291; 333/166; 364 / 724 . 16 , 
724 . 1~ :IMAGE AVAILABLE: 

8. ~,491,701, Jan. 1 , 1985, Adaptive filter including a far end energy 
discriminator; Donald L. Duttweile r , et a l ., 364/724 . 1~ ; 379/ ~1 0; 
381/101 : IMAGE AVAILABLE: 

9. 3,992,616, Nov. 16, 1976, Receiver equalizer apparatu s; william F. 
Acker, 3 64 /724 .2; 333/18; 375/232 :IMAGE AV~LABLE: 

-> d his 

( FI~E 'US PAT , ENTERED AT 20:12:13 ON 31 DEC 1997) 
L1 0 S 4658426/PN AND THRESHOLD It 
L2 1 S 4956867/PN AND INHIBIT? 
L3 1419 S ADAPTIVE FILTER' OR ADAPTIVE DI GITAL FILTER' (P) (INH I BI 
T1) 
L' 
L5 
L6 

616 S L3 ( P) (COEFFI CIENT' OR FILTER WEIGHTIf) 
10 S L~ AND (BEAMFORMERltj 
43 S (ADAPTIVE FILTER# OR ADAPTIVE DIGITAL FILTER#) (P) (INHI 
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BIT 
L7 
LB 
L9 

39 S L6 A. COEFFICIENT# OR WEIGHT# ) 
3 S L7 AN~ 381/CLAS 
9 S L7 AND 364/CLAS • BIT

L7 39 5 L6 MCOEFFICIE'.NT# OR WE'.IGHT#II 0L8 3 S L? flfil/CLAS
L9 9 S L’? AND 364/CLRS

RTL898_1020—O158
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• • 
1. 5,4 1 6,844, May 16, 1995, Apparatus for reducing noise in space 
appl icable to vehicle passenger compartment; Yoshiharu Nakaji, et al., 
381 / 71.4 , 11 . 9 :IMAGE AV~LABLE: 

2. 4,956,867, Sep. II, 1990, Adaptive beamforming tor noise reducti on; 
Patrick M. zurek, et al., 3 81 / 94.7 , 71 . 11 : IMAGE AVAILABLE: 

3. 4, 491,701, Jan. 1, 1985, Adaptive filter including a far end energy 
discriminato r ; Donald L. Duttweiler, et al., 364/724.19; 379/410; 
391 / 1 01 : I MAGE AVAILABLE: 

=> d his 

(FILE 'USPAT ' ENTERED AT 14:40:05 ON 30 DEC 1997) 
Ll 1 5 5627199/PN AND THRESHOLO* 
L2 94 S INHIBIT? (P) (ADF OR ADAPTIVE DIGITAL FILTER# OR ADAPT IV 
E F 
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 si9nal~; Denni~ E. OCh3, 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: 

S. 5,422,912, Jun. 6, 1995, Adaptive weak signal identification system; 
Jason Asser, et al., 375/350, 351 :IMAGE AVAILABLE: 

~ 5,416,847, May 16, 1995, Multi-band, digital audio noise filter; 
~ven 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 AVAJLABLE: 

8. 5,341,586, 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. 5,216,516, 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, 601 :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 

L1 
#1 
L2 
FOU 
L3 
FOU 

L' 
iI 
L5 

(FILE 'US PAT , ENTERED AT 10:09:39 ON 30 DEC 1997) 
22 S (FREQUENC###) (8A) (FILTER WEIGHT# OR FILTER COEFFICTION 

1 S (FFT OR FAST FOURIER TRANSFORM OR !FFT OR INVERSU FAST 

2' S (FFT OR FAST FOURIER TRANSFORM OR !FFT OR INVERSE# FAST 

381 S (FREQUENC###) (8A) (FILTER WEIGHT# OR FILTER COEFFICIENT 

13 S L3 AND L4 
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Application or Docket Number 

PATENT APPLICATION FEE DETERMINATION RECORD 
Lo72.~/1q Effective October 1, 1995 

CLAIMS AS FILED - PART I 
>I) 

FOR ~NUMBER EXTRA , 

eASIC FEE . • . \;;c,' . . ~ 
TOTAL CLAIMS , .. 2lJ 
INDEPENDENT CLAIMS ( 

, ",, ",3. I· 5 
MULTiPlE DEPENDENT CLAIM PRESENT 

• li the difterence In column 1 is Ins then zero, enter "0" In column 2 

CLAIMS AS AMENDED · PART II 
, I ) " 

HIGHEST 

'" REMAINING NUMBER PRESENT 
I- AFTER PREVIOUSLY EXTRA 
Z PAID FOR 

'" :::; 
Total • Minus .. 

0 = 
Z 

'" • Minus ••• 
:::; -
'" FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

(""om, 2) 

. REMA:NING NUMBER PRESENT 
.... AFTER P~~~~~~S,:-Y EXTRA ffi . AMENOMENT 

~ I Tola) • Minus .. 
= 

Z 

'" I • Minus 
... 

:::; = 

'" FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM 

(Column I ) (Column 2) (Column 3) 

( 
.-: H)GHEST 0 REMAINING . NUMBER PRESENT 

I- AFTER PREVIOUSLY EXTRA 
Z :', , PAIDFOA 

'" :::; Tolal · Minus .. 
0 • 
Z 

'" • Minus 
... 

:::; • 

'" FIRST PAESENTATION OF MULTI PLE DEPENDENT CLAIM 

• !! ..... ,",""-, .. " 
' ' ''1 

FOAM PTO·815 
(Rev. t0l95) 

lhe entry ' '2, write ' 
Paid For" IN THIS ~ ~;;;,;; ~. 
Paid F~+~I~IS · .,. 

~ -Paid For" I p. 

OTHER THAN 
SMALL ENTITY OR SMALL ENTITY 

RATE FEE I RA~1 FEE 

_ 375,00 OR 
' . 17<nnn 

" -, 

x$ l l = IJ-b+ x$22= IA,W OR 

x39= IfiS OR x78= I. ;:l ro 
+125= OR +250= 

TOTAL 0 OR TOTAL 1'tA8 
OTHER THAN 

SMALL ENTITY OR SMALL ENTITY 

ADOI· ADDI· 
RATE TIONAL RATE TIONAL 

FEE FEE 

x$ll = OR x$22= 

x39= OR x78= 

+125= OR +250= 

TOTAL 
OR AOOI~O!~!: AOOIT. FEE 

ADDI· ADDI· 
RATE TIONAL RATE TIONAL 

FEE FEE 

x$ll = OR x$22= 

x39= OR x78= 

+125= OR +250= 

TOTAL 
OA ADOI~~;:~ ADOIT. FEE 

ADOI· ADDI· 
RATE TrONAL RATE TIONAL 

FEE FEE 

x$l l = OR x$22= 

x39= OR x78= 

+125= OR +250= 

TOTAL 
OR AODI~~!~; AODIT. FEE 

in the appropriate box in cotomn I , 

Pelent and Tliloomark OfllCe, U.S. DEPARTMENT OF CQMMERCt: 
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