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INTERFERENCE REDUCTION FOR
MULTIPLE SIGNALS

CROSS-REFERENCE

This application is a Continuation-In-Part application
based a patent application filed by the same inventor on Nov.
10, 1999 and assigned Ser. No. 09/438,132 now U.S. Pat.
No. 6,564,044 and entitled SIMULTANEOUS PROCESS-
ING OF MULTIPLE SIGNALS BY AN ADAPTIVE
ANTENNA.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the use of an adaptive
array in radio communications and in particular to improve
the performance of communications and broadcast systems
that incorporate multiple signals.

2. Description of the Prior Art

To obtain high quality reception, communications receiv-
ers require a signal that is uncorrupted by interference, such
as multipath, adjacent channel or co-channel. One source of
interference that can severely degrade reception is multi-
path. Multipath occurs when the transmitted signal arrives at
the receiver’s antenna over different propagation paths
resulting in different time delays and phase shifts. The
multiple paths are generally due to reflections of the trans-
mitted signal from hills, buildings, etc. and can also be the
result of atmospheric phenomena. Multipath can cause dis-
tortion in the amplitude, phase and frequency of the received
signal, which can result in deep signal strength fades,
frequency selective fades, intersymbol interference, noise,
etc.

The same transmitting antenna can be used for the trans-
mission of two radio communications signals at the same
time in the same frequency channel. At the receiving end, the
two radio communications signals can be received by the
same receiving antenna at the same time before being
coupled to their individual receivers. Both radio signals can
suffer from interference (multipath and/or other shared inter-
ference) problems and require that the interference be
reduced to improve reception.

Two approaches, well known in the art for reducing the
effects of multipath and other interference, are the adaptive
array and adaptive filter (see for example Widrow, B. &
others, “Adaptive Antenna Systems”, Proceedings of the
IEEE, Vol. 55, No. 12, December 1967, pp. 2143-2159;
Treichler, John R., Johnson, C. Richard Jr., and Larimore,
Micheal G., Theory and Design of Adaptive Filters, John
Wiley & Sons, New York, 1987; Monzingo, Robert A. and
Miller, Thomas W., Introduction to Adaptive Arrays, John
Wiley & Sons, New York, 1980; Compton, R. T. Jr., Adap-
tive Antenna Concepts and Performance, Prentice Hall,
Englewood Cliffs, N.J., 1988; U.S. Pat. Nos. 4,736,460 and
4,752,969 by Kenneth Rilling, and others). When multiple
signals are present, the use of an adaptive array or adaptive
filter for each signal can be expensive, complicated and
occupy too much space. For some signals, a dedicated
adaptive array or adaptive filter may not provide enough
performance improvement if the signal structure or available
information does not lend itself to the use of an adaptive
array or adaptive filter.
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2
SUMMARY OF INVENTION

The present invention reduces the degradation in perfor-
mance of one or more radio signals that are co-transmitted
with a first radio signal from the same transmitting antenna
in the same frequency channel and received by the same
antenna, due to multipath or other shared interference, where
the one or more radio signals can be separated from the first
radio signal. All received signals are coupled to the same
adaptive array or adaptive filter to reduce multipath or other
shared interference of the first radio signal, which reduces
multipath and other interference in the other radio signals
before they are separated and processed by their respective
receivers, or the individual signals are separated before the
first signal enters the adaptive array or adaptive filter and
each of the other signals coupled to an individual associated
adaptive array or adaptive filter slave weighting network
with weights slaved to the weights of the adaptive array or
adaptive filter of the first signal to reduce the multipath and
other shared interference in all the signals.

BRIEF DESCRIPTION OF FIGURES

FIG. 1 shows the prior art simultaneous transmission and
reception of two signals without multipath present.

FIG. 2 shows the prior art simultaneous transmission and
reception of two signals with multipath present.

FIG. 3 is a block diagram of the receiving end with an
adaptive array that reduces multipath in the first and second
received signals.

FIG. 4 shows a block diagram of an adaptive filter
embodiment of the present invention.

FIG. 5 shows block diagram of a prior art CMA adaptive
array.

FIG. 6 shows a block diagram using a CMA adaptive
array for application to an IBOC system for Broadcast FM.

FIG. 7 shows a block diagram showing an adaptive array
slave weight network.

FIG. 8 shows a block diagram for the adaptive array for
the adaptive array slave weight network embodiment.

FIG. 9 shows the adaptive array slave weight network 50
for the slave weight network embodiment.

FIG. 10 shows a block diagram for a digital embodiment.

FIG. 11 shows a software flow block diagram for a digital
embodiment.

FIG. 12 shows the prior art simultaneous transmission
side using separate transmitters for first and second signals
before combining.

FIG. 13 shows a block diagram using a CMA adaptive
array for application to an IBOC system for Broadcast FM
with separation of signals implicit in receivers.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

The purpose of the present invention is to use one
adaptive array to improve the performance of two receivers
by reducing interference (multipath or other interference that
is shared) when the two radio signals occupy the same
frequency channel, are transmitted from same antenna,
received by the same antenna or antenna array, and are
separable. In the present invention, interference other than
multipath means interference shared by both radio signals.

FIG. 1 shows a prior art diagram of the transmission,
propagation A, and reception of first and second radio
signals. They use the same transmitter 8 A, transmit antenna
10 and receive antenna 24, and occupy the same frequency
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channel. The signals are generated by the first signal gen-
erator 2 and second signal generator 4 and coupled to the
inputs of signal combiner 6A. The two signals are combined
by combiner 6A in a manner that permits their separation at
the receiver (discussed below). They are transmitted by the
same transmitter 8A using the same antenna 10, which gives
them the same polarization. They also travel over the same
propagation path A and are received by the same antenna 24.
Bandpass filter 22 selects the frequency channel. If the
bandwidths of the two signals are not so different as to cause
significant frequency dependent propagation or antenna
changes, the signals are received with the same relative
characteristics relative to each other with which they were
transmitted. The separator 20 at the receiving antenna can
then separate the signals and the respective receivers 12 and
14 each receive the appropriate signal. For certain types of
signals and conditions, the separator 2.0 may be implicitly
included in the receivers, as discussed below.

Since the adaptive array can be implemented at baseband,
IF or RF, the term “receiver” refers to the demodulator and
receiver output, or the IF, demodulator and receiver output
and/or one or RF components (i.e. mixer, bandpass filter, or
pre-amp) after the adaptive array, as is appropriate.

FIG. 12 shows the prior art block diagram of the trans-
mission side which functions like the transmission side in
FIG. 1 except that the first signal and second signal use
separate transmitters 8B and 8C, respectively, before being
combined by combiner 6B. The output of combiner 6B is
coupled to antenna 10. For the present invention, antenna 10
can be replaced by a dedicated antenna for each transmitter
if the antennas locations and characteristics do not signifi-
cantly change the path and relative characteristics of the
direct path signals or the indirect path signals (discussed
below).

FIG. 2 is a prior art diagram of FIG. 1 with multipath. It
is the same transmit and receive configuration as shown in
FIG. 1, except that multipath is part of the propagation path.
FIG. 2 functions in the same manner as FIG. 1 except the
receiving antenna 24 receives first and second signal pairs
arriving from different directions following paths A, B, and
C. Since the first and second signal pairs are transmitted at
the same time from the same antenna 10 and received by the
same antenna 24, they will have the same polarization, the
same propagation paths A, B, C, and the same changes due
to reflections in paths B and C. When the receiving antenna
24 collects all the multipath components, the characteristics
of each pair are preserved as if they were transmitted alone
(to the first approximation). The signals are then to be
separated by separator 20.

For the case where the first signal is much stronger than
the second signal, FIG. 3 shows a diagram of the receiving
end with an adaptive array. Both the first and second signals
with the associated multipath components are received by
the antenna elements 24-1 to 24-N. Each element of antenna
24 is individually coupled to the input terminal of the
associated one of bandpass filter 22-x. The output terminal
of each bandpass filter 22-x is individually coupled to the
associated one of the input terminals of the adaptive array
30. Adaptive array 30 reduces the multipath or other inter-
ference present in the received signals for that specific
communications system application.

The output terminal of the adaptive array 30 is then
coupled to the input terminal of the separator 20, which
separates the first and second signals. Separator 20 is dis-
cussed below. Output terminals T1 and T2 of the separator
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4

20 are coupled respectively to the input terminal of receiver
12 and receiver 14 to receive the first and second signals
respectively.

In some proposed broadcast systems, as discussed below,
the first signal is much stronger than the second signal. In
FIG. 3, the first signal is much strong than the second signal,
so that the adaptive array 30 responds primarily to the first
signal, which controls the adjustments of the weights of
adaptive array 30 to reject multipath in the first signal.
Adaptive array 30 is designed to respond to the first signal
and its available information (discussed below). The second
signal will be subjected to the same weights as the first
signal. Since both signals have the same multipath compo-
nents, multipath of the second signal will also be rejected. To
use an antenna pattern description, the antenna pattern
formed by adaptive array 30 to reduce the multipath of the
first signal is also the antenna pattern required to reduce
multipath of the second signal because they have similar
multipath components. The output signal of the adaptive
array 30 is separated into the first and second signals by the
signal separator 20. Receiver 12 receives the first signal and
receiver 14 receives the second signal. The performance of
both receivers 12 and 14 are increased by the reduction of
multipath and other interference.

In this way the first signal and adaptive array 30 are used
to reduce multipath in the second signal. This provides the
advantages of using only one antenna array and one adaptive
array, which reduces costs, number of parts/functions, and
space requirements. In cases where the information avail-
able for the second signal is inadequate or the signal
characteristics do not permit adequate improvement in the
second signal by a dedicated adaptive array, FIG. 3 provides
the advantage of better receiver performance for the second
signal. In general, as a desired signal gets weaker, the
performance of the adaptive array in rejecting interference
becomes poorer, particularly as the signal strength
approaches the reception threshold. FIG. 3 has the advantage
for the second signal in weak signal conditions that the
adaptive array for stronger first signal can provide better
interference reduction. FIG. 3 is a basic embodiment of the
present invention.

The first and second signals received by the system of
FIG. 3 do not necessarily have to occupy the same frequency
space. They just need to be in the same frequency channel,
as defined by bandpass filter 22 for the present embodiment
of'the invention to function. It is not necessary for the second
signal to occupy the whole channel bandwidth symmetri-
cally about the center frequency of the channel for the
present invention to function. For purposes of the present
invention, frequency channel refers to the band occupied by
all the significant frequency components defined by the
energy mask(s) for that communications or broadcast sys-
tem.

When an interference signal other than multipath is
received by antenna array 24 in FIG. 3, adaptive array 30 can
remove the interference. If the second signal requires a CMA
(constant modulus algorithm) type standalone adaptive
array, an interference signal larger than the desired signal
would capture that CMA adaptive array. The present inven-
tion can reduce the effects of an interference signal that is
stronger than the second signal without the capture problem.

FIG. 3 is only one example of the present invention. The
present invention includes, but is not restricted to the
embodiment in FIG. 3.

If the second signal in FIG. 3 has characteristics similar
to the first signal, the second signal does not have to be
“much weaker” than the first signal for the present invention
























