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1
METHOD AND APPARATUS FOR IMPULSIVE
NOISE MITIGATION USING ADAPTIVE
BLANKER BASED ON BPSK MODULATION
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present invention claims priority of Korean Patent
Application No. 10-2013-0042324, filed on Apr. 17, 2013,
and Korean Patent Application No. 10-2013-00157790, filed
on Dec. 18, 2013, which are incorporated herein by refer-
ences.

FIELD OF THE INVENTION

The present invention relates to a BPSK (Binary Phase
Shift Keying) modulation system, and more particular, to an
apparatus and method for impulsive noise mitigation using an
adaptive blanker based on a BPSK modulation system that is
capable of suppressing the impulsive noise by adaptively
utilizing two blankers on a basis of a SNR (signal-to-noise
ratio) value and a threshold value.

BACKGROUND OF THE INVENTION

In recent years, radio frequency interference has been
greatly increased due to an explosion of the number of elec-
tronic devices, which may cause impulsive noise to wireless
devices. In order to mitigate the performance deterioration of
a wireless device due to the impulsive noise, there has been a
proposed nonlinear block which allows increasing an output
value in case of Gaussian noise, whereas allows reducing the
output value in case of large impulsive noise.

How to design the nonlinear block includes a method for
determining a weight using a blanker. In the related art, there
is a disclosed method to reduce an influence of impulse-like
noise by using respective weights in an OFDM system.

Further, in the existing method of designing the nonlinear
block as described above, a threshold value of a blanker is
expressed in an equation to determine the respective weights.
However, the expressed equation is complex and the BER
(Bit Error Rate) performance degradation is significant in a
high SNR region.

SUMMARY OF THE INVENTION

In view of the above, the present invention provides an
apparatus and method for impulsive noise mitigation using an
adaptive blanker based on a BPSK modulation system that is
capable of improving the BER (Bit Error Rate) performance
deterioration in high SNR region due to an impulsive noise
using a nonlinear block having two-blanker structure, by
utilizing parameters A and I' of the narrowband Middleton
model that are calculated from signals received for a fixed
time period in advance and a signal S measured by a SNR
meter. However, the technical subject of the present invention
is not limited to the foregoing technical subject, and there
may be other technical subjects.

In accordance with the first aspect of the present invention,
there is a provided method for impulsive noise mitigation
using an adaptive blanker based on BPSK modulation sys-
tem. The method includes estimating narrowband Middleton
parameters of impulsive noise from signals measured for a
fixed time period; calculating a threshold using the estimated
narrowband Middleton parameters; operating the first
blanker to suppress impulsive noise from the incoming signal
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2

when the SNR value measured by an SNR meter is below the
threshold; and operating the second blanker to suppress
impulsive noise from the received signal when the SNR value
is above the threshold.

Further, the comparison described above may include cal-
culating the threshold using the following equation:

1 fot
log — ./ —=
1 1

2 5 2
205 207

z= where

m as a value of 0 or 1, and A and I" represent narrowband
Middleton parameters.

Further, In the mode of operation, the first blanker outputs
avalue of ‘0’ when the absolute value of the received signal is
greater than the threshold, otherwise outputs the received
signal.

On the other hand, the second blanker outputs a positive
number close to zero when the summation of the threshold
and the signal value is less than the absolute value of the
received signal, otherwise outputs the received signal.

In accordance with the second aspect of the present inven-
tion, there is an apparatus provided for impulsive noise miti-
gation using an adaptive blanker based on BPSK modulation
system. The apparatus includes a parameter estimator config-
ured to estimate narrowband Middleton parameters of impul-
sive noise from signals received for a fixed time period; a
controller configured to calculate the threshold using the esti-
mated narrowband Middleton parameters and produce a
switching signal through the comparison of a SNR value
which is measured based on the received signals in advance
with the threshold; the first blanker configured to suppress
impulsive noise from a signal received at a given point of time
through the comparison of an absolute value of the received
signal value with the threshold; the second blanker configured
to suppress impulsive noise from the received signal through
the comparison of the absolute value of the received signal
with the summation of the threshold and the SNR value; and
a switching unit configured to selectively apply the received
signal to either the first blanker or the second blanker by
performing an switching action in accordance with the
switching signal.

Further, the threshold may be calculated by the following
equation:

1 fot
log —./ —
A o'%
= |71 where
20% 20}
Zar
-+
2 =4
"1+

m has a value of O or 1, and A and I represent narrowband
Middleton parameters.

Further, the first blanker may output a value of ‘0’ when the
absolute value of the received signal is greater than the thresh-
old, otherwise may output the received signal.
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Further, the second blanker may output a positive number
close to zero when the summation of the threshold and the
SNR value is less than the absolute value of the received
signal, otherwise may output the received signal.

In accordance with the solutions to the aforementioned
subject of the present invention, it is shown to achieve a lower
BER by help of the nonlinear block based on an adaptive
blanker and also obtain a good BER performance even in a
low SNR region, as opposed to the BER measured when using
an existing receiver in an impulse noise environment.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of the embodiments given in conjunction with the accom-
panying drawings, in which:

FIG. 1 is a block diagram of a BPSK modulation system to
which an apparatus for impulsive noise mitigation is applied
in accordance with an embodiment of the present invention;

FIG. 2 illustrates a flowchart illustrating a method of pro-
cessing a received signal using an apparatus for impulsive
noise mitigation in accordance with an embodiment of the
present invention; and

FIG. 3 is a graph showing an experimental result of a BPSK
modulation system to which an apparatus for impulsive noise
mitigation is applied in accordance with an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Advantages and features of the invention and methods of
accomplishing the same may be understood more readily by
reference to the following detailed description of embodi-
ments and the accompanying drawings. The invention may,
however, be embodied in many different forms and should not
be construed as being limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete and will fully con-
vey the concept of the invention to those skilled in the art, and
the invention will only be defined by the appended claims.
Like reference numerals refer to like elements throughout the
specification.

In the following description of the present invention, if the
detailed description of the already known structure and opera-
tion may confuse the subject matter of the present invention,
the detailed description thereof will be omitted. The follow-
ing terms are terminologies defined by considering functions
in the embodiments of the present invention and may be
changed operators intend for the invention and practice.
Hence, the terms need to be defined throughout the descrip-
tion of the present invention.

Hereinafter, the embodiments of the present invention will
be described in detail with reference to the accompanying
drawings.

FIG. 1 is a block diagram of a BPSK modulation system to
which an apparatus for impulsive noise mitigation is applied
in accordance with the embodiment of the present invention.

Asillustrated in the drawing, the BPSK modulation system
includes a receiving apparatus 110 having an SNR meter 112,
aparameter estimator 120, a controller 130, a impulsive noise
processor 140, and a sampler 150.

The receiving apparatus 110 may extract a SNR value
(hereinafter, referred to as a signal value) through the SNR
meter 112 from received signals that are measured in
advance.
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In addition, the receiving apparatus 110 may demodulate
the signal outputted through the sampler 150 to yield a
demodulated signal.

The parameter estimator 120 may estimate a narrowband
Middleton parameters of an impulse noise from the received
signals that are measured in advance. The signal value out-
putted from the SNR meter 112 ofthe receiving apparatus 110
and the estimated narrowband Middleton parameters from
the parameter estimator 120 are provided to the controller
130.

The controller 130 may calculate a threshold z by applying
the narrowband Middleton parameters to the following equa-
tion 1. Also, the controller 130 may compare between the
calculated threshold and the signal value to produce a switch-
ing signal which will be provided to the impulsive noise
processor 140.

g[l 0—%]
lo —[—
A o'%
Lo

2 5 2
205 207

[Equation 1]

zZ=

In the above Equation 1,

and m has a value of 0 or 1. In addition, A and I represent
narrowband Middleton parameters.

The controller 130 may provide a first switching signal
which allows a received signal which is provided at a certain
point of time to direct toward a first blanker 144 to a switching
unit 142 if the signal value is below the threshold z. Further,
the controller 130 provides a second switching signal which
allows the received signal to direct toward a second blanker
146 if the signal value is above the threshold z.

The switching unit 142 may operate in accordance with the
first or the second switching signal to apply the received
signal to the first blanker 144 or the second blanker the second
blanker 146, respectively.

The first blanker 144 may operate based on the following
equation 2, that is, may remove the noise from a received
signal x, through the comparison between an absolute mag-
nitude value of the received signal x, and the threshold z.

0, X >z [Equation 2]
o) =x, |gl=z
0, X <=z

Explaining the operation of the first blanker 144 on a basis
of the Equation 2, the first blanker 144 outputs ‘0’ when the
absolute value of the received signal X, is less than or greater
than the threshold z, otherwise the first blanker 144 outputs
the received signal x,.

Meanwhile, the second blanker 146 may operate based on
the following equation 3, that is, may remove the noise from
the received signal x, through the comparison of the summa-
tion of the threshold z and the signal value S with an absolute
value of the received signal x;.



US 9,118,370 B2

&, X >S+z [Equation 3]
Pa) =x, |ul=S+z
-, X < —(S+2)

Inthe Equation 3, € is a very small positive number close to
Zero.

Explaining the operation of the second blanker 146 on a
basis of the Equation 3, the second blanker 146 outputs e
which is a very small positive number close to zero when the
summation of the threshold z and the signal value S is greater
than or less than the absolute value of the received signal x,,
otherwise the second blanker 146 outputs the received signal
X
The signal outputted from the first blanker 144 or the
second blanker 146 may be inputted to the sampler 150.

The sampler 150 oversamples the signal from the first
blanker 144 or the second blanker 146 at N-times the sam-
pling of symbols.

The receiving apparatus 110 may demodulate the over-
sampled signal to produce a demodulated signal.

The operation of the BPSK modulation system having the
foregoing configuration will be described with reference to
FIG. 2 as follows.

FIG. 2 illustrates a flowchart illustrating a method of pro-
cessing a received signal using the apparatus for impulsive
noise mitigation in accordance with an embodiment of the
present invention.

The method of the embodiment begins with Block 200
where the estimates of narrow Middleton parameters A and I'
of impulse noise are calculated from received signal that is
measured in advance. A threshold z is then calculated by
substituting the Equation 1 with the calculated estimates A
and I" (Block 202).

Next, the calculated threshold zis compared with the signal
value S obtained from the SNR meter 112 of the receiving
apparatus 110 (Block 204). When the received signal x, is
provided at a point of time k, if the signal value S is less than
or equal to the threshold z, the first blanker 144 is allowed to
operate as expressed in the Equation 2 (Block 206). However,
if the signal value S is greater than the calculated threshold z,
the second blanker 146 is allowed to perform the function as
expressed in the Equation 3 (Block 208). The sampler 150
samples the signal inputted from either the first blanker 144 or
the second blanker 146 at an oversampling N-times the sam-
pling of symbols to produce a sampled signal in which the
sampled signals from either the first blanker 144 or the second
blanker 146 are combined every a point of time k, (Block
210).

The sampled signal from the sampler 150 is then provided
to the receiving apparatus 110. The receiving apparatus 110
demodulates the sampled signal from the sampler 150 and
outputs a demodulated signal (Block 212). The following
operations are the same as those performed in a conventional
receiving apparatus, and thus detailed description thereof will
be omitted.

As mentioned above, it is noted that the embodiment of the
present invention employs an adaptive blanker which selects
either of the two blankers in accordance with the comparison
result between the signal value S and the threshold z.

The effect of the embodiment can be observed from a
computer simulation of the BER of the BPSK modulation
system as follows. By applying A of 0.35, " 0o£0.0005, and N
(the number of samplings) of 10, the improvement can be
obtained over the prior art. As shown in FIG. 3, it can be
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known that the BER where the impulsive noise processor 140
based on the adaptive blanker is employed is much lower than
the BER where a typical receiving apparatus only is
employed in an impulse noise environment. Particularly, the
embodiment has a merit that a good BER can be obtained
even a SNR lower than 0 dB. The BER of the conventional
receiving apparatus is relatively a little lower than that of the
present invention when the SNR is greater than 0 dB. How-
ever, it is necessary to use the nonlinear block because the
impulsive noise causes nonlinear distortion.

Accordingly, in accordance with an embodiment of the
present invention, it is possible to lower a BER by help of a
nonlinear block based on an adaptive blanker in comparison
with an BER measured when using a conventional receiving
apparatus only in an impulse noise environment, as well as to
obtain a good BER even in a low SNR.

Description of the present invention as mentioned above is
intended for illustrative purposes, and it will be understood to
those having ordinary skill in the art that this invention can be
easily modified into other specific forms without changing
the technical idea and the essential characteristics of the
present invention. Accordingly, it should be understood that
the embodiments described above are exemplary in all
respects and not limited thereto. For example, respective
components described to be one body may be implemented
separately from one another, and likewise components
described separately from one another may be implemented
in an integrated type.

While the invention has been shown and described with
respect to the embodiments, the present invention is not lim-
ited thereto. It will be understood by those skilled in the art
that various changes and modifications may be made without
departing from the scope of the invention as defined in the
following claims.

What is claimed is:

1. A method for impulsive noise mitigation using an adap-
tive blanker based on a Binary Phase Shift Keying (BPSK)
modulation system, the method comprising:

estimating narrowband Middleton parameters of impulse

noise from signals received for a fixed time period;
calculating, by a controller, a threshold using the estimated
narrowband Middleton parameters;

operating, by an impulse noise processor, a first blanker to

remove noise from a signal received at a given point of
time through the comparison of an absolute value of the
received signal and the threshold, when a signal-to-noise
ratio (SNR) value measured by an SNR meter is below
the threshold; and

operating, by the impulse noise processor, a second blanker

to remove noise from the received signal through the
comparison of the summation of the threshold and the
SNR value with an absolute value of the received signal,
when the SNR value is above the threshold.

2. The method of claim 1, wherein said calculating includes
calculating the threshold using the following equation:

| 1 fot
od 7 2
1 1

z= where
203 20
R §+l‘
Im=Trr
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m has a value of O or 1, and A and I represent narrowband
Middleton parameters.

3. The method of claim 1, wherein said operating a first

blanker comprises:

outputting, from the first blanker, a value of ‘0’ when the
absolute value of the received signal is greater than the
threshold, otherwise outputting the received signal.

4. The method of claim 1, wherein said operating a second

blanker comprises:

outputting, from the second blanker, a positive number
close to zero when the summation of the threshold and
the SNR value is less than the absolute value of the
received signal, otherwise outputting the received sig-
nal.

5. An apparatus for impulsive noise mitigation using an
adaptive blanker based on a Binary Phase Shift Keying
(BPSK) modulation system, the apparatus comprising:

a parameter estimator configured to estimate a narrowband
Middleton parameters of impulse noise from signals
received for a fixed time period;

a controller configured to calculate a threshold using the
estimated narrowband Middleton parameters and pro-
duce a switching signal through the comparison of a
signal-to-noise ratio (SNR) value which is measured
based on the received signals in advance with the thresh-
old;

a first blanker configured to remove noise from a signal
received at a given point of time through the comparison
of'an absolute value of the received signal value with the
threshold;

a second blanker configured to remove noise from the
received signal through the comparison of the absolute
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value of the received signal with the summation of the
threshold and the SNR value; and
a switching unit configured to selectively apply the
received signal to either the first blanker or the second
blanker by performing a switching action in accordance
with the switching signal.
6. The apparatus of claim 5, wherein the threshold is cal-
culated by the following equation:

1 fot
log — ./ —

A o'%
T

z= where
208 20}
R §+l‘
Tm=TET

m has a value of O or 1, and A and I represent narrowband
Middleton parameters.

7. The apparatus of claim 5, wherein the first blanker out-
puts a value of ‘0’ when the absolute value of the received
signal is greater than the threshold, otherwise outputs the
received signal.

8. The apparatus of claim 5, wherein the second blanker
outputs a positive number close to zero when the summation
of the threshold and the SNR value is less than the absolute
value of the received signal, otherwise outputs the received
signal.



