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Interference, can be prevented, and selection of the NRF Is reliably controlled.
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ABSTRACT
A co-channel interference canceler and a method therefor. The co-channel

interference canceler includes: a co-channel interference rejection filter for

outputting a second input signal by removing co-channel interference from a first
input signal; a first post processor for removing interference other than co-channel
Interference from the second input signal; a second post processor for removing
interference other than co-channel interference from in the first input signal; and a
selection controller for selecting the output of the post processor which has less
error by comparing the output of the first post processor with the output of the
second post processor. Therefore, other interference such as ghost and phase
noise included in an input signal are removed or reduced via the extra second
post processor which is different from the first post processor of the signal path.
The selection of the NRF is controlled using the signal from which other
interference has been removed or decreased, thereby minimizing the effects of the
other interference. As a result, error in selection of the NRF, which may be

caused by the other interference, can be prevented, and selection of the NRF is

reliably controlled.
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CO-CHANNEL INTERFERENCE CANCELER AND METHOD THEREFOR

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a co-channel interference canceler and a

method therefor, and more particularly, to a co-channel interference canceler and a

method therefor, which reliably cancels co-channel interference in a high definition

television (HDTV) receiver.
2. Description of the Related Art

Grand Alliance-Advanced Television (GA-ATV) is a new digital television
transfer system standard capable of replacing the NTSC (National Television
System Committee) standard. The GA-ATV system (also called "GA-HDTV" or "GA-
VSB") standardized by the Advanced Television System Committee (ATSC) adopts
a vestigial side band (VSB) modulation method as a digital transfer method.

A new ATV signal is transferred together with a conventional analog
television signal (NTSC signal) via a television channel which is not in use in a

given geographic region ("taboo" channel). Accordingly, a GA-ATV receiver must

be designed to resist NTSC co-channel interference.

The block diagram of a conventional HDTV receiver is shown in FIG. 1, which
is disclosed in U.S. Patent No. 5,594,496.

An NTSC interference rejection filter (NRF) selection controller 110 of FIG. 1
may be constituted of a field comb filter, a comb filter and a comparator disclosed in

the above patent, and may have a structure disclosed in the reference [1] "Guide to

the use of the digital television standard for HDTYV transmission”, pp.104~107,
Doc.A/54, submitted to the United State Advanced Television System Committee,

April 12, 1995, or may have another structure.
Here, when adopting the comb filter suggested by the above patent and
ATSC standards as the NRF 108, performance in removing the NTSC inference

signal is excellent. However, since the comb filter subtracts two signals at full gain,

the power of additive white Gaussian noise (AWGN) is increased by 3dB,
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thereby causing loss of signal-to-noise ratio (SNR) by 3dB while passing through
the comb filter. Also, the comb filter changes the 8-level input signal to a 15-level
signal.

The selection controller 110 of FIG. 1 generates a selection signal which
selects the path with less error out of a path (non-NR'F path) which does not include
the NRF 108 and a path (NRF path) including the NRF 108, and applies the resuit to
a selector 112, an adaptive equalizer 114, a phase tracker 116 and a trellis decoder
118. The selector 112 selects the output signal (15-level) of the NRF 108 or the
output signal (8-level) of a unit 106, according to the selection signal. The adaptive
equalizer 114, the phase tracker 116 and the trellis decoder 118 properly process
the selected signal.

Thus, the selection of the NRF 108 by the selection controller 110 of the
receiver shown In FIG. 1 is performed before the adaptive equalizer 114, the phase
tracker 116 and the trellis decoder 118, which means that the input signal into the
selection controller 110 includes AWGN, ghost, phase noise, etc. as well as the co-
channel interference signal. To solve this problem, according to the above patent,
the input signal including field sync of successive fields is comb-filtered by using a
ﬁeld comb filter to generate a subtraction signal from which static ghost, DC offset,
symbol interference, etc. has been removed. The NREF is selected by comparing the
comb-filtered substraction signal with a subtraction signal which does not go through
the comb filter, thereby removing the NTSC co-channel interference and other
Interference.

However, in the above patent, moving ghost or phase noise is not removed,
so reliability in controlling selection of the NRF is still less than optimum.

On the other hand, as another conventional co-channel interference canceler
US Patent No. 5,546,132 discloses an NTSC interference detector using received
data over all periods instead of a data field sync reference pattern. US Patent No.
9,602,583 discloses an NTSC interference rejection filter with a switched tomlinson
precoder for reducing the NTSC co-channel interference in ATV receiver, and US

Patent No. 5,325,188 discloses an NTSC signal interference canceler using digital

recursive notch filters.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide a highly reliable co-channel
interference canceler which determines whether co-channel interference exists after
removing other interference from an input signal including co-channel interference
and other interference.

It is another object of the present invention to provide a highly reliable
method for canceling co-channel interference by determining whether co-channel
iInterference exists after removing other interference from an input signal including
co-channel interference and other interference.

To achieve the first object, there is provided a co-channel interference
canceler comprising: a co-channel interference rejection filter for outputting a
second input signal by removing co-channel interference from a first input signali; a
first post processor for removing interference other than co-channel interference
from the second input signal; a second post processor for removing interference
other than co-channel interference from in the first input signal; and a selection
controller for selecting the output of the post processor which has less error by

comparing the output of the first post processor with the output of the second post

processor.
To achieve the second object, there is provided a method for canceling co-

channel interference comprising the steps of. (a) removing co-channel interference
from an input signal; (b) removing interference other than co-channel interference
from the signal from which the co-channel interference has been removed, and
outputting the result as a first signal; (c) removing interference other than co-
channel interference from the input signal, and outputting the result as a second

signal; and (d) selecting the signal with less error out of the first signal with the

second signal.

BRIEF DESCRIPTION OF THE DRAWINGS
The above objects and advantages of the present invention will become more

apparent by describing in detail preferred embodiments thereof with reference to the

attached drawings in which:
FIG. 1 is a block diagram of an HDTV including a conventional co-channel

3
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interference canceler;
FIG. 2 is a block diagram of an HDTV including a co-channel interference

canceler according to a first embodiment of the present invention;
FIG. 3 is a block diagram of an HDTV receiver including a co-channel
interference canceler according to a second embodiment of the present invention;
FIG. 4 shows an example of a selection controller shown in FIG. 3;
FIG. 5 is a block diagram of an HDTV receiver including a co-channel
interference canceler according to a third embodiment of the present invention;
FIG. 6 shows an example of a selection controller shown in FIG. 5; and
FIG. 7 is a block diagram of an HDTV receiver including a co-channel

interference canceler according to a fourth embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In FIG. 2, a tuner 202 converts a high definition television (HDTV) signal
input via an antenna into an intermediate frequency (IF) signal of a predetermined
frequency. A signal of an adjacent channel interferes with the signal of a desired
channel. Thus, in order to prevent the interference, the output of the tuner 202
passes through a surface acoustic wave (SAW) filter 204 having 6MHz band width.
A unit 206 controls the amplitude of the IF signal, demodulates the IF signal using a
pilot signal included in the IF signal into a base band signal, and converts the
demodulated signal into digital data.

An NTSC interference rejection filter (NRF) 208 removes the NTSC
component from the output of the unit 206 in order to prevent deterioration of the
HDTV signal by the NTSC signal. Here, the NRF 208 may be constituted of a comb
filter disclosed as the ATSC standards of the reference [1] and in US Patent No.

5 594 496, or other various types of filter such as a fine impulse response (FIR) fiiter
or a notch filter as disclosed in US Patent No. 5,325,188. However, the case where
the NRF 208 adopts a comb filter will be described as an example.

An adaptive equalizer 212 of a first post processor 210 removes multipath

distortion (so-called "ghost"), caused in the transmission channel, from the 15-level
signal passed through the NRF 208. A phase tracker 214 removes phase noise,
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.e., phase error, from the equalized signal output from the adaptive equalizer 212.

An adaptive equalizer 218 of a second post processor 216 removes the ghost
from the 8-level signal output from the unit 206 without passing through the NRF
208, and the phase tracker 220 removes the phase error from the equalized signal
output from the adaptive equalizer 218.

The idea of the present invention is to more reliably control selection of the
NRF 208, by removing other interference from the input signal by using the second
post processor 216 such that an input signal (non-NTSC interference rejection
filtered signal) which does not pass through the NRF, with virtually only co-channel
interference, and the signal (NTSC interference rejection filtered signal) via the
NRF, output from the first post processor 210, are applied to a selection controller
222. That is, the selection controller 222 generates a selection signal which selects
the signal of the path with less error out of the post-processed NTSC interference
rejection filtered signal and the non-NTSC interference rejection filtered signal. As
an example of the selection controller 222, a method other than the method

suggested by the reference [1] may be used.
A selector 224 selects either the NTSC interference rejection filtered signal

output from the first post processor 210 or the non-NTSC interference rejection

filtered signal output from the second post processor 216, according to the selection

signal, and outputs the selected signal to a trellis decoder 226. The trellis decoder
226 performs trellis decoding properly on the signal selected by the selector 224
according to the signal state (8-level or 15-level).

Unlike the conventional receiver shown in FIG. 1, where the input or output
signal of the NRF 108 is input to the selection controller 110, the output of the extra
second post processor 216 including the adaptive equalizer 218 and the phase
tracker 220, which removes or reduces interference other than co-channel

interference, is input to the selection controller 222 in FIG. 2.
Basically, signals input to the selection controller 222 correspond to the

NTSC interference rejection filtered signal from which the ghost has been removed
by the adaptive equalizer 212 and the phase noise has been removed by the phase
tracker 214, and the non-NTSC interference rejection filtered signal from which the

ghost has been removed by the adaptive equalizer 218 and the phase noise has

5
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been removed by the phase tracker 220. Here, the first and second post processors
210 and 216 may further include units capable of removing other interference, such
as a noise reducer for reducing AWGN, as well as the adaptive equalizers 212 and
218 and the phase trackers 214 and 220. Thus, most of the interference other than
co-channel interference is removed or reduced by the first and second post
processors 210 and 216.

When the input signal contains other interference (ghost, phase noise, etc.)
other than co-channel interference, such interference affects the selection of the
NRF. However, such other interference can be removed or considerably reduced by
an extra process corresponding to the type of interference. Thus, it is preferable to
remove the effect of the interference in the controlling selection of the NRF. The
most preferable method is to add the second post processor 216 for removing other
iInterference of respective paths as shown in FIG. 2 to control the selection of the
NRF. In this case, interference other than co-channel interference can be mostly
removed or reduced from both the NRF path and non-NRF path. Accordingly, the
control of selection of the NRF is more reliable.

However, the two post processors 210 and 216 shown in FIG. 2 have the
same complexity and structure as each other. To use two duplicate post processors
uses a lot of hardware. To solve this problem, a structure shown in FIG. 3 may be
used.

FIG. 3 is a block diagram of an HDTV receiver including a co-channel
interference canceler according to a second embodiment of the present invention.
Here, explanation of parts of the structure which are the same as that of FIG. 2 will
be omitted.

In FIG. 3, a post processor 318 is an extra path which is not in the signal
processing path of the receiver. Here, the components of the post processor 318
may have different structure and complexity from those of the signal processing path
(including the adaptive equalizer 312 and the phase tracker 314) corresponding to

the post processor of the receiver.
The post processor 318 receives the output of the NRF 308. However, the

post processor 318 does not operate on all input signais, as it is not on the signal

processing path. That is, the post processor 318 processes the data of a known

6
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signal period (data of the field sync segment period in the case of GA-VSB signal),
which has passed through the NRF 308. The post processor 318 may contain

one or both of the adaptive equalizer 320 for removing ghost and the phase tracker
322 for removing phase error, or may further include a unit capable of removing
other noise. Thus, the post processor 318 has a different structure and complexity
from the adaptive equalizer and the phase tracker 314 which correspond to the post
processor of the signal processing path.

FIG. 4 shows an example of the selection controller 326 of FIG. 3.

In FIG. 4, the selection controller 326 receives the NTSC interference
rejection filtered signal output from the post processor 318, from which interference
such as the ghost and the phase noise have been removed. An inverse NRF 328
has the Inverse characteristics of the NRF 308. Thus, an NRF selection determiner
330 compares the NRF path output from the post processor 318 with the non-NRF
path output from the inverse NRF 328, and thus generates a selection signal which

is used to select the path having better conditions.
In most determinations for the selection of the NRF performed by the NRF

selection determiner 330, the channel states of the NRF path and the non-NRF path
are detected using the data of a known signal period (data of the field sync segment
period in the case of GA-VSB signal), to select the channel with the better channel

conditions. For example, methods other than the method suggested by the

reference [1] may be used.
On the other hand, the selection controller 326 shown in FIG. 3 always uses

the NTSC interference rejection filtered signal while a selection controller 426
shown in FIG. 5 can selectively receive the NTSC interference rejection filtered
signal or the non-NTSC interference rejection filtered signal. That is, the selection
controller 426 receives the output signal of a selector 410 which is controlled by the
selection controller 426, thus the NTSC interference rejection filtered signal or the
non-NTSC interference rejection filtered signal is input to the selection controller
426.

FIG. 6 shows an example of the selection controller 426 of FIG. 5.

In FIG. 6, when the output of the post processor 418 of FIG. 5is an NTSC

interference rejection filtered signal a first selection switch 432 selects the output of

7
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the post processor 418, from a contact point 1A, that is, the NRF path, and a second
selection switch 434 selects the output of an inverse NRF 430, from a contact point
2A, that is, the non-NRF path. On the other hand, when the output of the post
processor 418 of FIG. S is a non-NTSC interference rejection filtered signal the first
selection switch 432 selects the output of an NRF 428, from a contact point 1B, that
s, the NRF path, and the second selection switch 434 selects the output of the post
processor 418, from a contact point 2B, that is, the non-NRF path. Here, the first
and second selection switches 432 and 434 may be constructed using a digital logic
circuit such as a multiplexer.

An NRF selection determiner 436 always receives the NRF path switched by
the first selection switch 432 and the non-NRF path switched by the second
selection switch 434, to select the channel with the better condition. Also, the NRF
selection determiner 436 controls the first and second selection switches 432 and
434 by feeding back the selected result to the selection switches, and
simultaneously controls the selector 410 of FIG. 5, thereby continuously controlling
the NRF 408 of FIG. 5 using the post-processed signal.

FIG. 7 is a block diagram of an HDTV receiver including a co-channel
interference canceler according to a fourth embodiment of the present invention.

In FIG. 7, known data of the NTSC interference rejection filtered signal from
the NRF 508 (data of field sync segment period in the case of GA-VSB) and known
data of non-NTSC interference rejection filtered signal are alternately selected by a
selector 518 according to the control of a microcomputer 540 and stored in a first

memory 520. '
An error calculator 532 calculates the error of the NTSC interference rejection

filtered signal or the non-NTSC interference rejection filtered signal which is output
from a post processor 522. Here, the error is calculated by comparison with
reference data using a mean square error (MSE) algorithm or a symbol error rate
(SER) algorithm.

The error calculator 532 alternately outputs the error of the non-NTSC
Interference rejection filtered signal and the NTSC interference rejection filtered
signal and stores each errors in a second memory 534 and a third memory 536,
respectively. A minimum error detector 538 may be comprised of a comparator.

8
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The minimum error detector 538 compares the error of the non-NRF path, output
from the second memory 534, with the error of the NRF path, output from the third
memory 536, and generates an NRF selection signal which selects the path with
less error, and outputs the NRF selection signal to a selector 510. The NRF
selection signal is also output to a microcomputer 540, an adaptive equalizer 512, a
phase tracker 514 and a trellis decoder 516. .

Even though the HDTV receiver of FIG. 7 has an extra path, the extra path
does not directly affect the signal path, since the known signal period is used under
the control of the microcomputer 540, and there is also time to spare. Also, the
components from the second selector 518 through to the minimum error detector
538 may be constituted as software within the microcomputer 540.

As described above, in the co-channel interference canceler of the present
invention, and the method therefor, other interference such as ghost and phase
noise in an input signal is removed or reduced via an extra post process which is
different from the signal path, and the selection of the NRF is controlled using the
signal from which other interference has been removed or decreased thereby
minimizing the effects of interference other than co-channel interference. As a
result, error in selection of the NRF, which may be caused by the other interference.

can be prevented, and control of the selection of the NRF is more reliable.

T T o MR A M A ST UG MU R FETLIMAT MOS0 101 050 UM b AR LRSS EN A TLHEMANE W 4 CAAOTRVE A L ot 5 RO T RIS 2 61

AR Lo N (D06 PR 1 L 00 7 ORI 101 12 ] M vttt 13 e B I T 4 | b vrvanes Tan ] famcbonaes 3



CA 02238451 2000-09-05

CLAIMS:

1. A co-channel interference canceler comprising:

a co-channel interference rejection filter for outputting a second iInput signal
by removing co-channel interference from a first iInput signal;

a first post processor for removing interference other than co-channel
interference from the second input signai:

a second post processor for removing interference other than co-channel
Interference from in the first input signal: and

a selection controller for selecting the output of the post processor which has

less error by comparing the output of the first post processor with the output of the
second post processor.

2. The co-channel interference canceler of claim 1, wherein the first and

second post processors each comprise at least an adaptive equalizer for removing
ghost from an input signal.

3. The co-channel interference canceler of claim 1. wherein the first and
second processors each comprise at least:

an adaptive equalizer for outputting an equalized signal by removing ghost
from an input signal: and

a phase tracker for removing phase noise from the equalized signal.

4. A co-channel interference canceler comprising:

an NTSC interference rejection filter (NRF) for outputting a second input
signal by removing the co-channel interference from a first input signal;

a post processor for outputting a post-processed signal by removing
Interference other than co-channel interference from the second Input signal;

or selection controller for generating a selection signal, according to the post-
processed signal; and

a selector for selecting either the first input signal or the second input signal

according to the selection signal, and for outputting the selected signal.

10
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5. The co-channel interference canceler of claim 4 wherein the NRF
selection controller comprises:

an inverse NRF for outputting a non-NTSC interference rejection filtered

signal by processing the post-processed signal to have the inverse characteristics of
the NRF: and

a determiner for generating the selection signal by selecting the signal with

less error out of the post-processed signal and the non-NTSC interference rejection
filtered signal.

'6. The co-channel interference canceler of claim 4, wherein the post

processor comprises at least an adaptive equalizer for removing ghost from the
selected signal.

/. The co-channel interference canceler of claim 4, wherein the post
processor comprises at least:

an adaptive equalizer for outputting an equalized signal by removing ghost
from the selected signal; and

a phase tracker for removing phase noise from the equalized signal.

8. A co-channel interference canceler comprising:

an NTSC interference rejection filter (NRF) for outputting a second iInput

signal by removing co-channel interference from a first input signal;

a post processor for outputting a post-processed signal by removing
Interference other than co-channel interference from a selected signal;

a selection controller for generating a selection signal by determining whether
or not the post-processed signal contains co-channel interference: and

a selector for selecting either the first input signal or the second Input signal

according to the selection signal, and for outputting the selected signal.

9. The co-channel interference canceler of claim 8, wherein the selection
controller comprises:

a second NRF for performing the NRF on the post-processed signal:

11
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an inverse NRF for performing the inverse NRF on the post-processed signal:

a first selector for outputting an NTSC interference rejection filtered signal by
selecting either the post-processed signal or an output of the second NRF
according to the selection signal;

a second selector for outputting a non-NTSC interference rejection filtered

signal by selecting either the post-processed signal or an output of the inverse NRF,
according to the selection signal: and

a determiner for generating the selection signal by selecting the signal with
less error out of the NTSC interference rejection filtered signal and the non-NTSC

interference rejection filtered signal.

10.  The co-channel interference canceler of claim 8, wherein the post
processor comprises at least an adaptive equalizer for removing ghost from the

selected signal.

11.  The co-channel interference canceler of claim 8, wherein the post

processor comprises at least:
an adaptive equalizer for outputting an equalized signal by removing ghost

from the selected signal; and
a phase tracker for removing phase noise from the equalized signal.

12. A co-channel interference canceler comprising:
an NTSC interference rejection filter (NRF) for outputting a second input
signal by removing co-channel interference from a first iInput signal;

a selection controller for generating a selection signal by using the signal
obtained by removing interference other than co-channel interference from a

predetermined signal of the first input signal and the signal obtained by removing

interference other than co-channel interference from a predetermined signal of the

second input signal; and
a selector for selecting either the first input signal or the second iInput signal

according to a selection signal and outputting the selected signal.

12
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13.  The co-channel interference canceler of claim 12, wherein the
selection controller is comprised of a microcomputer.

14.  The co-channel interference canceler of claim 12, wherein the
selection controller comprises:

a first memory for storing the data of the predetermined signal period of the
selected signal;

a post processor for removing interference other than co-channel interference
from the data stored in the first memory:

an error calculator for calculating errors of the first input signal and the
second input signal which are aiternately output from the post processor;

a second memory for storing the error of the first input signal, output from the
error calculator:;

a third memory for storing the error of the second Input signal, output from the
error calculator;

a minimum error detector for generating the selection signal by selecting the

signal with less error by comparing the error of the first iInput signal with the error of
the second input signal; and

a selector for alternately selecting the first input signal and the second INnput
signal.

15. The co-channel interference canceler of claim 14, wherein the post

processor comprises at least an adaptive equalizer for removing ghost from the
signal stored in the first memory.

16.  The co-channel interference canceler of claim 14. wherein the post
processor comprises at least:

an adaptive equalizer for outputting an equalized signal by removing ghost
from the signal stored in the first memory:; and

a phase tracker for removing phase noise from the equalized signal.
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17. A method for canceling co-channel interference comprising the steps
of:

(a) removing co-channel interference from an input signal:

(b) removing interference other than co-channel interference from the signal

from which the co-channel interference has been removed, and outputting the result

as a first signal;
(c) removing interference other than co-channel interference from the input
signal, and outputting the result as a second signal; and

(d) selecting the signal with less error out of the first signal with the second

signal.

18. A method for canceling co-channel interference comprising the steps
of: '
(a) removing co-channel interference from a first input signal and outputting

the result as a second input signal;
(b) removing interference other than co-channel interference from the second

iInput signal and outputting the result as a post-processed signal;
(c) generating a selection signal according to the post-processed signal; and

(d) selecting either the first input signal or the second input signal according

to the selection signal, and outputting the selected signal.

19.  The method of claim 18, wherein the step (c) of generating the

seléction signal comprises the sub-steps of:
(d1) outputting a non-NTSC interference rejection filtered signal by

processing the post-processed signal to have the inverse characteristics of an

NTSC interference rejection filter (NRF); and
(d2) generating the selection signal by selecting the signal with less error out

of the post-processed signal and the non-NTSC interference rejection filtered signal.

20. A method for canceling co-channel interference comprising the steps

of:
(a) removing co-channel interference from a first input signal and outputting

14
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the result as a second input signal;
(b) selecting either the first input signal or the second input signal according

to a selection signal, and outputting the selected signal:
(C) outputting a post-processed signal by removing interference other than

co-channel interference from the selected signal; and

(d) generating the selection signal according to the post-processed signal.

21.  The method of claim 20, wherein the step (d) of generating the

selection signal comprises the sub-steps of:
(d1) outputting a third input signal by performing the NRF on the post-

processed signal; _
(d2) outputting a fourth input signal by performing an inverse NRF on the

post-processed signal;
(d3) outputting an NTSC interference rejection filtered signal by selecting

either the post-processed signal or the third input signal according to the selection
signal;

(a4) outputting a non-NTSC intereference rejection filtered signal by selecting
either the post-processed signal or the fourth input signal according to the selection
signal; and

(d5) generating the selection signal by selecting the signal with less error out

of the NTSC interference rejection filtered signal and the non-NTSC interference

rejection filtered signal.

22. A method for canceling co-channel interference comprising the steps

of:
(a) removing co-channel interference from a first input signal and outputting

the result as a second input signal;

(b) generating the selection signal according to the signal obtained by
removing interference other than co-channel interference from a predetermined
signal of the first input signal and the signal obtained by removing interference other

than co-channel interference from a predetermined signal of the second input signal;

and
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(C) selecting either the first input signal or the second input signal according

to a selection signal; and outputting the selected signal.

23.  The method of claim 22, wherein the step (b) of generating the

selection signal comprises the sub-steps of:
(c1) alternately selecting the first input signal and the second INnput signal;

(c2) removing interference other than co-channel interference from the

predetermined signal of the selected first input signal, and outputting the result as a

first processed signal:
(c3) removing interference other than co-channel interference from the

predetermined signal of the selected second input signal, and outputting the result

as a second processed signal;
(c4) generating the selection signal by selecting the signal with less error by

comparing the first processed signal with the second processed signal.

24.  The method of claim 22, wherein the step (b) of generating the

selection signal comprises the sub-steps of:

(c1) alternately selecting the first input signal and the second input signal;

(c2) removing interference other than co-channel interference from the
predetermined signal selected from among the first input signal and second input
signal;

(c3) calculating the errors with respect to a reference signal, of the first input
signal and the second input signal from which interference other than co-channel

Interference has been removed, and alternately outputting the errors of the first

Input signal and the second input signal: and
(c4) generating the selection signal by selecting the signal with less error by

comparing the error of the first input signal with the error of the second input signal.

16
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FIG. 4
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