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SYSTEM AND METHOD FOR INCREASING SPOT BEAM SATELLITE
BANDWIDTH

BACKGROUND

Technological Field

[0001] This disclosure generally relates to interference reduction and signal demodulation,
and more specifically, to interference reduction and throughput maximization associated with

signal separation in satellite communications.

Background

[0002] The bandwidth available for high speed wireless communications is finite while use
of various frequency spectra within that available bandwidth is ever-increasing. Use and
reuse of the available frequencies and frequency spectra can lead to increased interference
among transmissions and an increased need to make as efficient use of the available
bandwidth as possible.

[0003] One way by which interference can be reduced is to put as much separation as
possible between potentially interfering signals. Such separation may be, for example, by
separating the signals in frequency, by physical distance, in time, or the like. Such separation
may also reduce or otherwise limit the amount of information that can be transmitted between
a transmitter and a receiver. Such separation techniques can diminish the efficiency with

which information can be transmitted over the communication system..

SUMMARY

[0004] One aspect of the disclosure provides an apparatus for demodulation of multiple
received signals. The apparatus can have a receiver configured to receive a composite
signal. The composite signal can have a first signal and a second signal. The first signal can
overlap the second signal. The apparatus can also have at least one processor configured to
exponentiate the composite signal n-times until a first power of n yields a first continuous
wave corresponding to the first signal and a second power of n yields a second continuous
wave corresponding to the second signal. A power index-n can correspond to a modulation
estimate for each of the first signal and the second signal. The processor can also derive at
least one symbol rate corresponding to the first signal based on the first power of n and the

second power of n. The processor can also resample the composite signal based on the
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modulation estimate at x-times the at least one symbol rate to determine a symbol trajectory
and modulation type for the first and second signals, and offset information between the first
signal and the second signal. The processor can also regenerate the first signal and the
second signal based on the at least one modulation type, the at least one symbol trajectory,
and offest information. The processor can also output the first signal and the second signal.
[0005] Another aspect of the disclosure provides a method for demodulating multiple
signals. The method includes receiving a composite signal. The composite signal can have a
first signal and a second signal, the first signal overlapping the second signal. The method
also includes exponentiating the composite signal n-times until a first power of n yields a first
continuous wave corresponding to the first signal and a second power of n yields a second
continuous wave corresponding to the second signal. A power index-n can correspond to a
modulation estimate for each of the first signal and the second signal. The method also
includes deriving a symbol rate of the composite signal corresponding to at least one of the
first signal and the second signal. The method also includes resampling the composite signal
based on the modulation estimate at x-times the symbol rate estimate to determine a symbol
trajectory and a modulation type of each of the first signal and the second signal and offset
information between the first signal and the second signal. The method also includes
regenerating the first signal and the second signal based on the modulation type, the symbol
trajectory, the shaping factor, and the offest information. The method also include outputting
the first signal and the second signal.

[0006] Another aspect of the disclosure provides a method for demodulating a composite
signal. The composite signal can have a first constituent signal overlapping a second
constituent signal in frequency. The method can include multiplying the composite signal by
itself a first number of times until the first number of times produces at least one continuous
waveform, the first number of times indicating at least one modulation estimate. The method
can also include determining at least one symbol rate of the composite signal. The at least
one symbol rate can be based on the first number of times and the continuous waveform. The
method can also include resampling the composite signal based on the at least one
modulation estimate at a multiple of the at least one symbol rate to determine a symbol
trajectory, a modulation type, and offset information between the first constituent signal and
the second constituent signal. The method can also include regenerating the first constituent
signal and the second constituent signal based on the modulation type, the symbol trajectory,
the shaping factor, and the offest information. The method can also include outputting the

first constituent signal and the second constituent signal.
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[0007] Other features and advantages of the present invention should be apparent from the
following description which illustrates, by way of example, aspects of the invention, wherein

like numbers refer to like features throughout.

DESCRIPTION OF THE DRAWINGS

[0008] The details of embodiments of the present invention, both as to their structure and
operation, may be gleaned in part by study of the accompanying drawings, in which like
reference numerals refer to like parts, and in which:

[0009] FIG. 1 is graphical depiction of an embodiment of satellite communications between
a plurality of ground stations;

[0010] FIG. 2 is a functional block diagram of components of a communication device that
may be employed within the communication system of FIG. 1;

[0011] FIG. 3 is a functional block diagram of a signal demodulator;

[0012] FIG. 4 is a flowchart of a method of signal separation;

[0013] FIG. 5 is a flowchart of a method for multi-signal demodulation;

[0014] FIG. 6A is plot of two signals overlapped in frequency that may be separated using
the methods of FIG. 4 and FIG. 5;

[0015] FIG. 6B is another plot of two signals overlapped in frequency that may be
separated using the methods of FIG. 4 and FIG. 5;

[0016] FIG. 6C is another plot of two signals overlapped in frequency that may be
separated using the methods of FIG. 4 and FIG. ; and

[0017] FIG. 7 is a flowchart of a method of separation and demodulation of overlapped

signals.

DETAILED DESCRIPTION

[0018] The detailed description set forth below, in connection with the accompanying
drawings, is intended as a description of various embodiments and is not intended to
represent the only embodiments in which the invention may be practiced. The detailed
description includes specific details for the purpose of providing a thorough understanding of
the embodiments. In some instances, well-known structures and components are shown in
simplified form for brevity of description.

[0019] Separating signals in frequency or physical distance to minimize or reduce

interference may decrease the amount of information that can be transmitted via a given
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communication channel or medium. If an interfering signal is received from an unknown or
hostile source, separating signals in these ways may not be possible as little or no information
about the interfering signal may be available.

[0020] As noted above, separating signals in frequency or physical distance to reduce
interference can decrease the amount and rate at which information can be transmitted
between a transmitter and a receiver. Further, if the interfering signal is from an unknown (as
is typically the case) or hostile source, separating signals in these ways may not be possible.
Thus, reuse of bandwidth over multiple signals or overlapping transmitted signals in
frequency may provide efficient use of available frequency spectra.

[0021] In some embodiments disclosed herein, certain demodulation techniques may have
applications in multiple different communications systems including, but not limited to:
satellite communications signals and satellite command and control (C2) links; unmanned
aerial vehicle (UAV) line of sight (LOS) and satellite data links; shipboard microwave and
satellite communications systems; microwave communications links; GPS receivers; cellular
phone communications links; cable signals; and any point-to-point or point-to-multi-point
radio frequency (RF) systems that are susceptible to accidental or intentional interference. It
also can be used to allow blind dual-carrier signal processing that provide increased capacity
for significantly higher data rates over a satellite transponder or other fixed RF bandwidth
link than single carrier transmission.

[0022] FIG. 1 is graphical depiction of an embodiment of satellite communications
between a plurality of ground stations. A communication system (“system”) 100 depicts a
plurality of ground stations 102, 104, 106 communicating with one another via a satellite 110.
In some embodiments, the communication system 100 may comprise more than three ground
stations 102, 104, 106 and more than one satellite 110.

[0023] Some systems may depend upon local copies of the outgoing signals for echo
cancelation for interference reduction. In some systems a balanced approach to point-to-
point or point-to-multipoint satellite communications may require certain signal processing at
both ends of a communications link (e.g., a transmitter-receiver pair). In other systems
another, an unbalanced approach may require signal processing only at one site. The
communication system 100 of FIG. 1 is an example of an unbalanced approach in which the
ground station 106 does not have a local copy of transmitted signals, as described below.
[0024] The ground station 102 may transmit a signal 122 (T;) to the satellite 110 that is then
relayed to the ground stations 104, 106. The ground station 104 may transmit a signal 124
(T>) to the satellite 110 that is relayed to the ground station 102 and the ground station 106.
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The ground station 102 may receive the signal 124 (T,) and an echo of its own transmitted
signal 122 (T;) as a composite signal 134 (shown as, S; + S,). Similarly, the ground station
104 may receive the signal 122 (T;) and an echo of its own transmitted signal 124 (T,) as a
composite signal 132 (shown as, S; + S2). As used in FIG. 1, the “T” indicates a transmitted
signal while the “S” indicates a corresponding signal received at one or more of the ground
stations 102, 104, 106. The “S;” and “S,” may also refer to constituent signals of a
composite signal (e.g., the composite signals 132, 134, 136).

[0025] In some embodiments, both of the ground stations 102, 104 may have a local copy
of the transmitted signals 122, 124 to use in echo cancellation. In some cases, the removal of
the self-interfering transmitted signal is accomplished using a process such as echo
cancellation. In such an embodiment, the “echo” may be provided by sampling the transmit
signal 122, 124, processing this signal through a delay line (not shown), matching phase and
gain of the incoming composite signal 132, 134 and cancelling the transmitted signal within
the downlink signal to extract the additional signal within the processed frequency space.
The echo cancelation may provide certain levels of interference reduction within the
communication system 100 such that they may be able to receive and successfully
demodulate the signal 122 and the signal 124 respectively.

[0026] The ground station 106 on the other hand does not transmit a signal of its own and
thus may not have any significant echo cancelation capabilities for reception and processing
of the signal 122 (S;) and the signal 124 (S,). The signal 122 (S;) and the signal 124 (S,)
together, as received by the ground station 106, is designated composite signal 136. The
composite signal 136 may be similar to the composite signal 132 and the composite signal
134, being a combination of two signals, S; + S,. In some embodiments, either or both of the
signal 122 and the signal 124 can be signals of interest for the ground station 106.

[0027] The composite signal 136 may however be subject to different forms and levels of
interference due to different operating environments. In some embodiments the composite
signals 132, 134, 136 may further include varying amounts of interference in addition to echo
interference. In other embodiments, the one or more signals 122, 124 found within the
composite signals 132, 134, 136 may also be referred to herein as constituent signals. Two
modulated signals transmitted together may also be considered an additional modulation.
Thus, for example, the signal 122 and the signal 124 may be referred to as constituent signals
of the composite signal 136.

[0028] In some embodiments, a signal of interest (e.g., the signal 122 or the signal 124) can

be characterized can be canceled from the composite signal 136, for example, leaving a noise
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floor. The noise floor as used herein may generally refer to the measure of the signal created
or regenerated from the sum of all the noise sources and unwanted signals within a
measurement system, where noise is defined as any signal other than the one being
monitored. The noise floor can describe a residual signal or remaining noise after the signal
of interest (e.g., the signal 122, 124) is removed from the composite signal 136. The noise
floor can then be characterized using the interference mitigation or the interference removal
methods described herein (described below in connection with FIG. 4 and FIG. 5) to create a
canceling signal.

[0029] In some embodiments, the noise floor may not be characterized. Accordingly, the
canceling signal that has been created can be combined in a feed-forward loop with a copy of
the composite signal, while compensating for frequency and amplitude variations, to reduce
the noise floor. This may result in a higher signal-to-noise (SNR) ratio for the signal of
interest. This can increase the potential data throughput of the signal by allowing the use of
higher-order modulation schemes, and thus increase the throughput of the entire satellite 110.
[0030] In some embodiments, in order to maximize the use of the available frequency
spectra, the signal 122 and the signal 124 may use the same or similar bandwidth. In some
embodiments, the signal 122 and the signal 124 may have the same amplitude. In some other
embodiments, the signal 122 and the signal 124 may differ slightly in one or more of
bandwidth, phase, and amplitude. Accordingly, the ground stations 102, 104 may
accidentally or intentionally utilize similar frequencies, bandwidths, and power levels (e.g.,
amplitude) to transmit their respective signals (T;, T) for example, the signal 122 and the
signal 124. Thus, the ground station 106 may receive the signal 122 and the signal 124
having a significant or complete frequency overlap between the received signals. In some
embodiments, there may be more than two overlapped signals, as described below in
connection with FIG. 5. The overlap of two or more signals of interest may present the
ground station 106 with certain problems requiring separation and parsing of overlapped and
possibly interfering signals, for example the signal 122, and the signal 124.

[0031] Modulation as described herein may include, but not be limited to analog or digital
modulation. Some of the modulation schemes referenced herein can include but not be
limited to quadrature amplitude modulation (QAM), phase shift keying (PSK), binary PSK
(BPSK), quadrature PSK (QPSK), differential PSK (DPSK), differential QPSK (DQPSK),
amplitude and phase shift keying (APSK), offset QPSK (OQPSK), amplitude shift keying
(ASK), minimum-shift keying (MSK), Gaussian MSK (GMSK) among other types of

modulation, time division multiple access (TDMA), code division multiple access (CDMA),
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orthogonal frequency division multiple access (OFDMA), and continuous phase modulation
(CPM). Certain modulation types such as for example QAM and APSK may also differ in
modulus, for example, 4QAM, 8QAM, and 16APSK, to name a few.

[0032] FIG. 2 is a functional block diagram of components of a communication device that
may be employed within the communication system of FIG. 1. As shown, communication
device 200 may be implemented as the ground stations of FIG. 1. For example the
communication device 200 may comprise the ground station 106.

[0033] The communication device (“‘device”) 200 may include a processor 204 which
controls operation of the communication device 200. The processor 204 may also be referred
to as a central processing unit (CPU). The communication device 200 may further include a
memory 206 operably connected to the processor 204, which may include both read-only
memory (ROM) and random access memory (RAM), providing instructions and data to the
processor 204. A portion of the memory 206 may also include non-volatile random access
memory (NVRAM). The processor 204 typically performs logical and arithmetic operations
based on program instructions stored within the memory 206. The instructions in the
memory 206 may be executable to implement the methods described herein.

[0034] When the communication device 200 is implemented or used as a receiving node or
ground station, the processor 204 may be configured to process information from of a
plurality of different signal types. In such an embodiment, the communication device 200
may be implemented as the ground station 106 and configured to receive and parse or
separate the composite signal 136 into its constituent signals (e.g., the signal 122 and the
signal 124). For example, the processor 204 may be configured to determine the frequency,
bandwidth, modulation type, shaping factor, and symbol trajectory, among other transmission
characteristics in order to recreate or regenerate the signals 122, 124. The processor 204 may
implement various processes or methods in certain signal separation and interference
reduction modules (“modules”) 202 to effect such determinations. The modules 202 may
also include the adaptive regenerative technology (ART) described in connection with FIG. 3,
below.

[0035] The processor 204 may further include one or more adaptive equalizers (not shown).
The adaptive equalizers may be configured to estimate and characterize incoming signals in
the time domain.

[0036] The processor 204 may comprise or be a component of a processing system
implemented with one or more processors 204. The one or more processors 204 may be

implemented with any combination of general-purpose microprocessors, microcontrollers,
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digital signal processors (DSPs), field programmable gate array (FPGAs), programmable
logic devices (PLDs), controllers, state machines, gated logic, discrete hardware components,
dedicated hardware finite state machines, or any other suitable entities that can perform
calculations or other manipulations of information.

[0037] The processor 204 may also include machine-readable media for storing software.
Software shall be construed broadly to mean any type of instructions, whether referred to as
software, firmware, middleware, microcode, hardware description language, or otherwise.
Instructions may include code (e.g., in source code format, binary code format, executable
code format, or any other suitable format of code). The instructions, when executed by the
one or more processors 204, cause the processing system to perform the various functions
described herein.

[0038] The communication device 200 may also include a housing 208 that may include a
transmitter 210 and a receiver 212 to allow transmission and reception of data between the
communication device 200 and a remote location. For example, such communications may
occur between the ground stations 102, 104, 106. The transmitter 210 and receiver 212 may
be combined into a transceiver 214. An antenna 216 may be attached to the housing 208 and
electrically coupled to the transceiver 214, or to the transmitter 210 and the receiver 212
independently. The communication device 200 may also include (not shown) multiple
transmitters, multiple receivers, multiple transceivers, and/or multiple antennas.

[0039] The communication device 200 may also include a signal detector 218 that may be
used in an effort to detect and quantify the level of signals received by the transceiver 214.
The signal detector 218 may detect such signals as frequency, bandwidth, symbol rate, total
energy, energy per symbol, power spectral density and other signal characteristics. The
signal detector 218 may also be include a “windowing module,” (described in FIG. 3) and
may further be configured to process and incoming data (e.g., one or more signals 122, 124)
ensuring that the processor 204 is receiving a correct bandwidth-limited portion of a wireless
communication spectrum in use. As a non-limiting example, certain transmissions to and
from a ground station 102, 104 can incur certain time and frequency variations by the time
the transmissions are received at the satellite 110 and rerouted to the ground station 106.
Such variations may be due to Doppler shift and distance traveled, among other factors.
Accordingly, the signal detector 218 (or windowing module) may correct the incoming
signal(s) 136 for bandwidth and center frequency to ensure the processor 204 received the

correct portion of the spectrum including the signal(s) 122, 124, 136.
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[0040] The communication device 200 may also include a digital signal processor (DSP)
220 for use in processing signals. The DSP 220 may be configured to generate a data unit for
transmission. The DSP 220 may further cooperate with the signal detector 218 and the
processor 204 to determine certain characteristics of the composite signal 136.

[0041] The communication device 200 may further comprise a user interface 222 in some
aspects. The user interface 222 may comprise a keypad, a microphone, a speaker, and/or a
display. The user interface 222 may include any element or component that conveys
information to a user of the communication device 200 and/or receives input from the user.
[0042] The various components of the communication device 200 described herein may be
coupled together by a bus system 226. The bus system 226 may include a data bus, for
example, as well as a power bus, a control signal bus, and a status signal bus in addition to
the data bus. Those of skill in the art will appreciate the components of the communication
device 200 may be coupled together or accept or provide inputs to each other using some
other mechanism.

[0043] Although a number of separate components are illustrated in FIG. 2, one or more of
the components may be combined or commonly implemented. For example, the processor
204 may be used to implement not only the functionality described above with respect to the
processor 204, but also to implement the functionality described above with respect to the
signal detector 218 and/or the DSP 220. Further, each of the components illustrated in FIG. 2
may be implemented using a plurality of separate elements. Furthermore, the processor 204
may be used to implement any of the components, modules, circuits, or the like described
below, or each may be implemented using a plurality of separate elements.

[0044] FIG. 3 is a functional block diagram of a signal demodulator (“demodulator”). A
demodulator 300 can receive a raw signal 310 a portion of which can include one or more
signals of interest. For example, the ground station 106 may receive the raw signal 310
including the composite signal 136, which, as noted above, can have multiple constituent
signals 122, 124. The raw signal 310 may comprise an entire spectrum or spectra of
frequencies in use for wireless communications (e.g., satellite communications).

[0045] The raw signal 310 is received by the receiver 212 (FIG. 2) and processed by a
digitizing module 320. The digitizing module 320 can comprise one or more analog to digital
(A2D) converters for translating the raw signal 310 from an analog signal to a digital signal.
The digitizing module 320 can output a digitized signal 322.

[0046] The demodulator 300 can further have a windowing module 325 operably coupled to

the digitizing module 320. As noted above, the windowing module 325 can be a component
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of the signal detector 218. The windowing module 325 can also cooperate with the processor
204 and the DSP 220 to complete the processes described herein.

[0047] In some embodiments, the windowing module 325 can be configured to limit the
bandwidth of the digitized signal 322 or focus on a portion of the digitized signal 322 to
ensure the demodulator 300 processes the desired portion of the spectrum encompassing the
signal(s) of interest. In some embodiments, the desired portion of the spectrum may contain
the one or more signals of interest (e.g., the signal 122 and the signal 124). The windowing
module 325 can also correct the bandwidth-limited portion of the spectrum for center
frequency and bandwidth such that the signal(s) of interest (e.g., the composite signal 136
and the signals 122, 124) are processed by the demodulator 300. For purposes of the
following description, the bandwidth limited portion of the digitized signal 322 limited by the
windowing module 325 may generally be referred to herein as a windowed signal 328. In
some embodiments, the windowed signal 328 may be a digital form of the composite signal
136 containing multiple constituent signals (e.g., the signal 122 and the signal 124). One or
more of the constituent signals can be the signal(s) of interest.

[0048] The demodulator 300 can further include an interference detector 330. In some
embodiments, the interference detector 330 can be configured to receive the windowed signal
328 and determine the presence of the signal 122 and the signal 124, or the composite signal
136, in addition to other interfering signals. In some embodiments, two or more signals that
are themselves individually modulated (e.g., QPSK, 4QAM, 16APSK, etc.) may further be
considered a modulation when propagated together as the composite signal 136.

[0049] The interference detector 330 can process incoming windowed signal 325 in the
time domain to determine the presence of multiple interfering signals (e.g., the signal 122 and
the signal 124). The interference detector 330 can also process the windowed signal 328 in
the frequency domain. In some embodiments, the interference detector 330 can analyze the
Fourier transform of the modulus of the windowed signal 328 to determine the presence of
multiple constituent signals. In some other embodiments, the processes conducted by the
interference detector 330 can be implemented in software.

[0050] The interference detector 330 may use processes in both frequency and time to
determine at least a modulation estimate and a symbol rate or clock rate. In some
embodiments, the modulation estimate may be derived by multiplying the windowed signal
328 by itself n-times until a continuous wave (CW) is the product of the windowed signal 328
raised to a power of n. As used herein, the operation of multiplying a signal by itself, or

b

raising a signal to a power of n is generally referred to as “exponentiation.” Exponentiation
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of the windowed signal 328 can be completed multiple times to determine the presence of
multiple constituent signals in the time domain and the frequency domain. Accordingly, the
windowed signal 328 may be multiplied by itself until the interference detector 330 (or signal
detector 218) determines there are one, two, or more signals present in the windowed signal
328. Each of the constituent signals (e.g., the signal 122 and the signal 124) may have a
different modulation and thus produce a CW product at different powers of n. For example,
exponentiation of a composite signal 136 having three constituent signals with three different
modulation types can produce three separate CW waveforms at three different powers of n.
In another example, two or more of the constituent signals can have the same modulation and
thus the CW waveforms would result at the same value of n. In some embodiments, the
power of n is a multiple of two.

[0051] The interference detector 330 can further derive a symbol rate estimate through the
exponentiation function of the windowed signal 328. The exponentiation of the windowed
signal 328 may result in an indication or an estimate of an associated symbol rate. In some
embodiments, when the signal is multiplied by itself a number of times, the phase of the
symbols may correlate or cancel, resulting in a CW product indicated by a single frequency in
the frequency domain. This process may also yield small side lobes, (e.g., “side spurs”) that
are evenly spaced about the CW frequency. The spacing of the side lobes are related to the
symbol rate for the carrier of the corresponding constituent signal and may be used to
estimate the symbol rate. The interference detector 330 can further have one or more
adaptive equalizers (not shown) configured to use the exponentiation product(s) and the
spacing of the “side spurs” to further refine the one or more symbol rate estimates to derive
one or more actual symbol rates corresponding to the constituent signals. In some
embodiments, such adaptive equalizers can run at a multiple of the symbol rate estimates to
derive actual symbol rates. In some embodiments, this process may be completed for each
distinct value of n (e.g., power of n). The one or more actual symbol rates can correspond to
the one or more constituent signals present in the windowed signal 328. For example, if the
composite signal has three exemplary constituent signals with three different symbol rates (as
above), three separate symbol rates can be derived by the interference detector 330. In an
embodiment, two or more constituent signals may be present having the same symbol rate.
In another embodiment, the two or more constituent signals (e.g. the signal 122 and the signal
124) can have the same symbol rates but different modulation.

[0052] The demodulator 300 can further include one or more adaptive regenerators

(“ART”) 350. The acronym “ART” as used herein stands for Adaptive Regenerative
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Technology” and can generally refer to the processors comprising the ART 350. The ART
350 of FIG. 3 may have multiple subcomponents or modules. When one or more signals
(e.g., signals of interest and interfering signals) are detected by the interference detector 330,
the windowed signal 328 may pass to a separator module 352 within the ART 350.

[0053] The separator module 352 may resample the windowed signal 328 using the
modulation estimate (from the interference detector 330) at X-times the symbol rate. In some
embodiments, the windowed signal 328 can be resampled at X-times the symbol rate for each
symbol rate detected by the interference detector 330, similar to the interference detector 330.
Thus the separator module 352 can sample the incoming constituent signal(s) at a high rate
and derive a symbol trajectory, shaping factor, and a more accurate estimate of the
modulation type of each of the constituent signals present in the windowed signal 328. The
separator module 352 can also determine the constituent signals’ frequency and bandwidth,
and a phase offset between each of the constituent signals (e.g., the signals 122, 124) within
the windowed signal 328. As used herein, shaping factor may generally refer to
concentration or distribution of signal energy of a given constituent signal (e.g., the signal
122 or the signal 124). In some embodiments, the shaping factor may be a root-raised cosine
spectra of the windowed signal 328. Shaping factor may be used when referring to the
frequency domain of the windowed signal 328 while “pulse shaping” may be used to refer to
the time domain of the windowed signal 328.

[0054] The ART 350 can further have a regenerator module 354 operably coupled to the
separator module 352. The regenerator module 354 can use the symbol trajectory, coupled
with the shaping factor, modulation, and phase offset of the constituent signals to regenerate
each of the constituent signals (e.g., the signals 122, 124). The regenerator module 354 may
further use the bandwidth, frequency offset, and amplitude in the regeneration of the
constituent signals. In some embodiments the demodulation of each of the constituent signals
(e.g., the signal 122 and the signal 124) may be completed simultaneously or at least
concurrently.

[0055] In some embodiments, if the regenerator module 354 outputs a regenerated version
of the constituent signals (e.g., the signal 122 and the signal 124), the processor 204 may
determine which of the constituent signals is/are a desired signal and protect or otherwise
isolate and focus on the desired signal (e.g., the signal 122). For example, if the signal 122
and the signal 124 are constituent signals of the windowed signal 328, the processor may
select the signal 122 as the desired signal and output an interference free version of the signal

122. In some embodiments, the signal of interest (e.g., the signal 122) can be used to further
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characterize the noise floor of the composite signal 136. The noise floor can then be canceled
to increase the SNR of the signal of interest (e.g., the signal 122).

[0056] If the regenerated signal(s) is/are not the signals of interest, they may be used for
interference cancelation. The ART 350 can further have an inversion module 356 operably
coupled to the regenerator module 354. The inversion module 356 can invert the signal 122
and sum the inverted copy of the signal 122 with a copy of the digitized signal 322 in a
cancelation module 360.  Due to the processing time, the copy of the digitized signal 322
may be provided through a delay module 365. The cancelation module 360 may correct the
inverted copy of the interfering signal for gain and phase with the raw signal 310 to produce
an interference free signal 370. In some embodiments, the interference free signal 370 may
be processed again to further reduce any interference present. The interference free signal
370 may be considered a copy of the desired signal (e.g., the signal 122) or a copy of the
digitized signal 322 with the interfering signal (e.g., the signal 124) canceled.

[0057] In some embodiments, the demodulator 300 can further have a digital to analog
(D2A) converter (not shown) coupled to the cancelation module 360 and the regenerator
module 354 that may convert the processed signals back into an analog signal.

[0058] FIG. 4 is a flowchart of a method of signal separation. As shown, a method for
signal separation (“method”) 400 may start at block 402 with receiving the raw signal 310
(see, FIG. 3). The raw signal 310 can also be digitized by the digitizing module 320 at block
402. In some embodiments, the signal(s) of interest (e.g., the signal 122, 124) may only
occupy a portion of the raw signal 310 spectrum. Additionally, the demodulation system 300
may selectively limit the amount of raw signal 310 regarded for signal processing. At block
410, the windowing module 325 can adjust the bandwidth that the demodulation system 300
regards as the bandwidth of interest. For example, the raw signal 310 may be a large swath
of frequencies containing not only the signal(s) of interest (e.g., the signal 122 and the signal
124) but also various other transmissions not necessarily intended for the ground station 106
or other interfering transmissions. Accordingly, at the block 410, the windowing module 325
may band limit the raw signal 310 (e.g., the windowed signal 328, FIG. 3) to focus on the
bandwidth in which the signal 122 is expected to be received. In some embodiments, both
the signal 122 and the signal 124 may be signals of interest, thus the windowing module 325
can band limit the raw signal 310 to receive both signals 122, 124. In some other
embodiments, the windowed signal 328 can include more than the signals 122, 124. In some

embodiments, little or no information may be known at the demodulator 300 about the signal
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122, the signal 124, or any other interfering signals that are received. In some cases however,
at least an expected bandwidth may be known.

[0059] Due to Doppler shift over long transmission distances from the ground station 102
or the ground station 104 to the satellite 110, and then to the ground station 106, certain time
delays or shifts in frequency may result. For example, the signal 124 may be expected to
have a center frequency of 1.44 MHz (Megahertz) and a bandwidth of 22 MHz. Such a
signal (e.g., the signal 124) may be shifted in time and frequency over the long transmission
path, and thus arrive at the ground station 106 as a portion of the composite signal 136 having
a center frequency of 1.452 MHz and a bandwidth of 22.64 MHz as determined by the
windowing module 325. The bandwidth and center frequency of the windowed signal 328
may further depend on other factors determined by, e.g., the processor 204.

[0060] Thus in some embodiments, the windowing module 325 may further adjust the
bandwidth of the received portion of the spectrum (e.g., the raw signal 310) to focus on the
signal 124. In another embodiment, the composite signal 136 may have one or more
constituent signals (e.g., the signal 122 and the signal 124). The windowing module 325 may
then adjust the bandwidth of the received raw signal 310 to encompass the all of the
constituent signals (e.g., the signals122, 124). As described below in connection with FIG.
6A, FIG. 6B, and FIG. 6C, the composite signal 136 may comprise multiple constituent
signals 122, 124 overlapped in frequency.

[0061] At block 420 the interference detector 330 may exponentiate the windowed signal
328. The exponentiation process can include raising the windowed signal 328 to a power of
n, or multiplying the windowed signal 328 by itself n number of times until a CW is the
product of the power of n. In some embodiments, the exponentiation can be completed in the
time domain. The interference detector 330 can be configured to perform such an operation
in small time blocks in the time domain of the windowed signal 328. In some embodiments,
this may be performed by software.

[0062] At decision block 425 the interference detector 330 may determine if one or more
CWs are produced by the exponentiation. If not, the method 400 may increment n at block
430. The method 400 may then return to block 420 to again exponentiate the windowed
signal 328 at n+2, for example. The exponentiation at block 420 may be repeated until one or
more CWs are present.

[0063] In some embodiments, multiple constituent signals within the composite signal 136
(e.g., the windowed signal 328) may yield more than one CW product at different powers of

n. For example, if the signal 122 is modulated using BPSK the continuous wave may result
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at n = 2. As another example, if the signal 124 is modulated using QPSK then the CW
waveform would result from a power of n = 4. In some embodiments, n is a factor of 2. The
power index n then provides an indication of the modulation type: 1 = CW; 2 = BPSK; 4 =
QPSK, and on to n = m. In some embodiments m may be any integer multiple of two.
Certain additional processes may be required to disambiguate between QPSK and 16QAM,
for instance as both may yield a CW at n =4. This is described in more detail below.

[0064] In some embodiments, the windowed signal 328 received by the interference
detector 330 may be received as a data stream of symbols in I and Q form, where I represents
a symbol coordinate on a real axis and Q represents a symbol coordinate on an imaginary
axis. The I and Q data may further be implemented to represent polar coordinates of a given
symbol. Accordingly, a complex signal can be represented as Sc = S; + Sq. The signal Sc is
exponentiated (e.g., raised to a power n) where n can be, for example, a multiple of two: n =
2,4, 8,12, 16, 24, 32, etc. The value(s) of n can indicated one or more modulation types.
The complex components of the signal S¢, S; and S, can also be exponentiated to determine
whether the modulation type has a constant amplitude. For example, at n = 4, the modulation
can be QPSK or QAM. In order to disambiguate between the two types, the interference
detector 330 can build a histogram of symbol vectors representing symbol power and phase
to determine whether there are multiple power and phase states within each quadrant of I and
Q. The histogram can reveal whether the modulation of Sc is QPSK, 8QAM, 16QAM, or
64QAM. In some embodiments, APSK (e.g., 16-APSK or 32-APSK) may be present. Such
signals may be associated with Digital Video Broadcasting — Satellite — Second Generation
(DVB-S2). In some other embodiments, the interference detector 330 can further distinguish
MSK, GMSK, OQPSK, and 8PSK among other modulation types, such as those listed above
in the description of FIG. 1.

[0065] At block 412, the interference detector 330 can also derive one or more symbol rates
of the one or more constituent signals within the windowed signal 328. As noted above, the
interference detector 330 can include one more adaptive equalizers configured to use the
exponentiation results to refine one or more symbol rate estimates corresponding to the one
or more constituent signals. The adaptive equalizers may be can be run at a multiple of the
estimated symbol rate in order to refine the symbol rate estimates into actual symbol rates
that can be provided to the ART 350. If at the decision block 425, the interference detector
330 determines the presence of one or more CW products, the method proceeds to block 440.
At block 440, the interference detector 330 may provide the one or more symbol rates (from

block 412) and a modulation estimate based on the power factor n (from block 420) to the
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ART 350. The ART 350 may then resample the windowed signal 328 using the power factor
n at X-times the symbol rate (from block 412). Accordingly, the ART 350 may resample the
windowed signal 328 at a high rate to determine a symbol trajectory and refine the
modulation type. In the presence of multiple constituent signals, the ART 350 may further
determine phase offset and frequency offset between the individual constituent signals.

[0066] At block 450 the ART 350 can regenerate the resampled signal(s) using the symbol
trajectory and modulation determined above. Accordingly the ART 350 may regenerate a
copy of at least one of the one or more constituent signals (e.g., the signals 122, 124).

[0067] In some embodiments, a single constituent signal (e.g., the signal 122) is the signal
of interest. For example, the signal 122 may be the signal of interest while the signal 124 is
the interfering signal. Therefore, at decision block 452, the processor 204 may determine that
the regenerated signal at block 450 is the signal of interest (e.g., the signal 122), and protect
the regenerated signal at 454. As used herein, the term protect may generally refer to
isolating the desired signal for further interference reduction and/or demodulation.

[0068] If at decision block 452, the processor 204 determines that the regenerated signal is
an interfering signal (e.g., the signal 124) and not the signal of interest, the processor 204
may proceed to block 455 to cancel the interfering signal from the digitized signal 322. This
cancelation may be iterative for the digitized signal 322 having multiple interfering signals.
In some embodiments, the method 400 may be iterative to further refine the signals
regenerated at block 450.

[0069] At block 455, the regenerated signal from block 450 may be canceled from the
digitized signal 322 at block 455, after the digitized signal 322 is fed through the delay
module 365 at block 460. The cancelation at block 455 may include inverting the copy
generated at block 450, correcting the copy for gain and phase and summing the inverted
copy with the digitized signal 322.

[0070] At block 465, a residual signal results from the combination of the inverted
interfering signal and the digitized signal 322. The residual signal may be a version of the
digitized signal 322 having at least one constituent signal (e.g., the interfering signal)
canceled. In some embodiments this may be referred to as the noise floor. This may further
enable the demodulator 300 to characterize the noise floor and increase the SNR of the signal
of interest, the signal 122 for example.

[0071] FIG. 5 is a flowchart of a method for multi-signal demodulation. A method 500
may have certain similar features to the method 400. Accordingly like numbers designate

like features and like components.
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[0072] The method 500 begins at block 502 with the reception of the raw signal 310 at the
receiver 212. At block 502 the raw signal 310 may further be digitized by the digitizing
module 320 to produce the digitized signal 322. At block 510, the windowing module 325
can band limit the digitized signal 322 such that the windowed signal 328 includes the
signal(s) of interest, similar to the method 400.

[0073] In some embodiments, the signal(s) of interest may be overlapped in frequency.
Accordingly, the windowing module 325 can adjust the windowed signal 328 to a bandwidth
that encompasses the signal(s) of interest.

[0074] At block 520, the interference detector 330 may exponentiate the windowed signal
328. The exponentiation at block 520 multiplies the windowed signal 328 by itself n times to
produce a CW signal, similar to block 420 of the method 400.

[0075] At decision block 525 if the current power index, n, does not produce a CW signal
then n is incremented at block 530 and the method 500 returns to block 520 with an
incremented power index n, similar to the method 400. The power index n can be
incremented until a CW waveform is produced for each constituent signal within the
windowed signal 328. The power index n provides an indication of the modulation type of
the constituent signal. As previously described, the value of n may indicate 2=BPSK;
4=16QAM or QPSK, etc.

[0076] In some embodiments, two or more signals with different modulation types may be
present. Accordingly, block 420 may yield two or more values of n, depending on the
number of constituent signals. In some embodiments, two or more constituent signals may
have the same modulation type, thus the same power index n may produce multiple CW
waveforms corresponding to the constituent signals.

[0077] At block 512, the interference detector 330 may further generate an estimate of the
symbol rate for each constituent signal present in the windowed signal 328 based on the
windowed signal 328 and power index used to generate the CW waveform(s) in block 520.
The interference detector 330 may further have one or more adaptive equalizers configured to
refine the symbol rate estimates to derive actual symbol rates for each of the constituent
signals within the windowed signal 328, similar to the processes described in connection with
FIG. 3.

[0078] The method 500 may continue to block 540 where the ART 350 receives the actual
symbol rate generated in block 512 and the power index, n, generated in block 520. Similar
to above, at block 540 the windowed signal 328 is resampled using the modulation

(according to the power index, n) at X-times the symbol rate. The increased resampling rate,
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for example a multiple of the symbol rate, at block 540 enables the ART 350 to generate a
symbol trajectory for each of the constituent signals present within the windowed signal 328.
For example, if three values of n corresponded to three CW waveforms at different symbol
rates and different types of modulation, the resampling at block 540 may yield certain
information about all three constituent signals, indicating a symbol trajectory, shaping factor,
bandwidth, frequency offset, phase offset of the various signals, and modulation type. The
block 540 may occur in multiple concurrent instances, according to the number of constituent
signals. For example, FIG. 5 indicates three resampling blocks 540 corresponding to the
multiple signals (e.g., the signal Sy, and signal S, through signal Sy, described below).

[0079] At block 550, the ART 350 may further regenerate the constituent signals using one
or more of the symbol trajectory, shaping factor, phase offset, frequency offset, bandwidth,
and other available information. The regenerated signals are labeled as signal Si, signal S»,
through signal Si. The signal Sy indicates that more than two signals up to a k-number of
signals may be regenerated. In some embodiments the k-number of signals may be processed
concurrently and thus simultaneously demodulated.

[0080] At block 550, the various regenerated constituent signals can be demodulated (e.g.,
the signal S;, S,, Sy). In some embodiments, the ART 350 can independently derive each of
the constituent signals and simultaneously demodulated them even in the presence of a
frequency overlap.

[0081] At decision block 552, the processor 204 can determine whether one or more of the
regenerated signals are the desired signals. Accordingly, the processor 204 may determine
that the signal of interest (e.g., the signal 122) was not yet recovered by the method 500. In
some embodiments this may occur because the signal of interest (e.g., the signal 122) has a
low power level, or a lower power level than the regenerated signals S;:Sx. For example, the
method 500 may have been able to isolate one or more constituent signals having a higher
power level than the signal of interest and determine such signals are interfering signals. If
one or more of the regenerated signals is not the signal of interest, at block 555 one or more
inverted copies of the one or more of the regenerated interfering signals may be provided to
the cancelation module 360. In some embodiments, if none of the regenerated signals at
block 550 are the desired signal then they can be treated as interfering signals and canceled.
[0082] The cancelation module 360 may also take as an input, a copy of the windowed
signal 328 that is delayed by the delay module 365 at block 560. At block 565 a residual

signal that has had one or more regenerated signals (not signal(s) of interest) cancelled from
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it may be produced. Accordingly, the windowed signal 328 minus the canceled interfering
signals at block 555 may generate the desired signal (e.g., the signal 122) at block 565.

[0083] If at decision block 552 the processor 204 determines that one or more of the
regenerated and demodulated signals are desired signals, the method 500 can move to block
580. At block 580, the processor 204 may then protect the one or more desired regenerated
signals. In some embodiments, the method 500 may result in any number of regenerated
signals. In some embodiments, the undesired signals may be discarded or ignored. In some
other embodiments, the undesired signals may be used to refine the desired signal by adaptive
cancelation (not shown).

[0084] In some embodiments, the method 500 is iterative. Each iteration of the method 500
may provide successively more accurate regenerations of the constituent signals (e.g., the
signals 122, 124). As shown in FIG. 6A-FIG. 6C, the demodulation of multiple overlapping
signals can be accomplished with significant or even total overlap in frequency.

[0085] Accordingly, by using the interference cancelation method described above,
multiple signals may be overlapped in frequency, maximizing the use of available frequency
spectra.

[0086] FIG. 6A, FIG. 6B, and FIG. 6C that follow are plots of possible ways that signals
may be overlapped and transmitted while maintaining sufficient distinguishing qualities such
that they may be separated and demodulated as described herein. By overlapping two or
more signals (e.g., the signal 122 and the signal 124) in frequency, a communication link
(e.g., the communication system 100) may make more efficient use of available frequency
spectra and increase data throughput.

[0087] As mentioned above, the sum of two or more modulated signals 122, 124 can form a
distinct modulation. In some embodiments, the combined signals may be mutually
interfering. For a given degree of interference or noise contamination of a communication
channel (e.g., in the communication system 100), it is possible to communicate discrete data
(digital information) nearly error-free up to a computable maximum rate through the channel.
Such a maximum may be computed using Shannon’s theorem. As applied to overlapped
frequencies as described herein, Shannon’s theorem shows that a change in signal to noise
ratio of the modulated signals 122, 124 is dependent upon the proposed modulation technique
for each of the signals 122, 124 and their underlying required energy per bit to noise power
spectral density ratio (EsNy). This value can also be expressed as signal-to-noise ratio (SNR)
per bit, or as a normalized SNR measure of the individual signals 122, 124. In some

embodiments, such calculations can be useful to derive a maximum overlap and optimum
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bandwidth or modulation type when transmitting overlapped signals. In some other
embodiments, such calculations may further be useful in separation, regeneration, and
demodulation techniques for overlapped signals, as described herein.

[0088] FIG. 6A is plot of two signals overlapped in frequency that may be separated using
the methods of FIG. 4 and FIG. 5. A plot 600 is shown with amplitude on the vertical (y)
axis versus frequency (f) on the horizontal (x) axis. The plot 600 shows an embodiment of
two signals such as the signal 122 (bounded by dashed lines) and the signal 124 (bounded by
solid lines) that can be overlapped in frequency and demodulated by the ART 350. In an
embodiment, the signal 122 and the signal 124 can have a same bandwidth 605. The signal
122 can have a center frequency 602 and the signal 124 can have a center frequency 612. A
difference between the center frequencies 602, 612 may generally be referred to herein as a
phase offset 610.

[0089] In an embodiment, the ART 350 may distinguish the signal 122 from the signal 124
during resampling (e.g., the blocks 450, 550) in part due to the increased sample rate used by
the separator module 352. While the signal 122 and the signal 124 are only offset slightly by
the phase offset 610, the high resampling rate (e.g., X-times the symbol rate) allows the ART
350 to distinguish between multiple signals with only slight variations in center frequency,
amplitude or bandwidth.

[0090] For example, the phase offset 610 can be a result of the phase shift between the
signal 122 and the signal 124. Accordingly, if the signal 122 and the signal 124 are both
modulated with QPSK with a 45 degree (m/4 radians) phase offset 610, the QPSK
constellations of each signal 122, 124 will appear with a 45 degree shift in phase; the ART
350 can then distinguish the signal 122 from the signal 124 using the symbol trajectory and
shaping factor of the signal 122 and the signal 124 to regenerate and demodulate both of the
signals 122, 124. In some embodiments, the system 300 may be capable of separating,
regenerating, and demodulating more than two signals at once.

[0091] FIG. 6B is another plot of two signals overlapped in frequency that may be
separated using the methods of FIG. 4 and FIG. 5. A plot 630 is shown with amplitude on the
vertical (y) axis versus frequency (f) on the horizontal (x) axis. The plot 630 further shows
the signal 122 (bounded by dashed lines) and the signal 124 (bounded by solid lines) with the
same bandwidth 605 as before. The difference between the plot 600 and the plot 630,
however, is that in the plot 630, the signals 122, 124 are completely overlapped in frequency,
both having a center frequency 632. The plot 630 also shows a difference in amplitude 635.
The difference in amplitude 635 indicates that while the signal 122 and the signal 124 are
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share the same bandwidth 605 and the same center frequency 632, the difference in amplitude
635 (e.g., a power level or received signal strength) can be sufficient to distinguish the signals
122, 124 using the method 400 and the method 500 disclosed herein. Accordingly the ART
350 may separate, regenerate, and demodulate two or more frequencies with the same
bandwidth 605 and the same center frequency 632 when there is a difference in amplitude
635.

[0092] FIG. 6C is another plot of two signals overlapped in frequency that may be
separated using the methods of FIG. 4 and FIG. 5. A plot 660 is shown with amplitude on the
vertical (y) axis versus frequency (f) on the horizontal (x) axis. The plot 660 further shows
the signal 122 (bounded by dashed lines) and the signal 124 (bounded by solid lines) having a
same center frequency 662 and the same amplitude 664. The plot 660 further shows the
signal 122 having a bandwidth 665 and the signal 124 having a bandwidth 675. The
difference in bandwidth between the signal 122 and the signal 124 can be sufficient to allow
the ART 350 to separate, regenerate, and demodulate the signals 122, 124.

[0093] FIG. 7 is a flowchart of a method of separation and demodulation of overlapped
signals. A method 700 starts at block 710 when a ground station (e.g., the ground station 106
of FIG. 1) receives an input (e.g., the raw signal 310) having two or more constituent signals.
In some embodiments, the two or more constituent signals (e.g., the signal 122 and the signal
124) may be signals of interest. In some other embodiments the input may have one or more
interfering signals.

[0094] At block 720 the demodulator 300 may detect certain interfering signals within a
portion of the input (e.g., the windowed signal 328). The interference detector 330 can derive
a symbol rate for the two or more constituent signals 122, 124 within the windowed signal
328. The interference detector 330 can also derive a modulation estimate through
exponentiation of the windowed signal 328 (e.g., power of n). The CW waveforms that result
from the exponentiation (e.g., the power of n) may be used to determine phase offset,
frequency offset, bandwidth, and time delay.

[0095] At block 730, one or more adaptive equalizers can be applied to the windowed
signal 328 at X times the symbol rate of the individual constituent signals 122, 124 to
determine the symbol trajectory, shaping factor, phase offset, frequency offset, and
modulation type of the signal 122 and the signal 124.

[0096] At block 740, the demodulator 300 and more specifically the ART 350 may

regenerate the constituent signals (e.g., the signal 122 and the signal 124) based on one or
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more of the bandwidth, symbol trajectory, shaping factor, modulation type, phase offset, and
frequency offset.

[0097] At decision block 745, the processor 204 can determined if the regenerated signals
are signals of interest. If the regenerated signals are signals of interest, the method 700 can
proceed to block 750.

[0098] At block 750, the demodulator 300 can demodulate each of the constituent signals.
In some embodiments, the constituent signals can be demodulated simultaneously. In some
other embodiments, the adaptive regeneration as disclosed in the method 700 can occur
independent of time delay. Due to the adaptive equalization and the resampling at X-times
the symbol rate, a more accurate estimation of the constituent signals can be generated at a
faster rate than by interference cancelation alone. In some embodiments, the steps indicated
in block 710, block 720, and block 730 can be executed in software. In some embodiments,
the steps indicated in block 740 and block 750 can be executed in firmware.

[0099] If at decision block 745 the signals are not signals of interest, the regenerated signals
(e.g., the block 740) can be deemed interfering signals. Accordingly, at block 760, the
demodulator 300 (FIG. 3) can cancel the interfering signals from the windowed signal 328.
The method 700 can the proceed to block 750 and outputting at least one signal of interest.
[00100] In some embodiments, the method 700 can be repeated or iterated as needed to
demodulate or separate constituent signals. The method 700 can be combined with the
method 400 and the method 500 to effect additional interference cancelation by canceling one
or more constituent signals from a time delayed copy of the raw signal to determine a residual
signal (e.g., block 565 of FIG. 5) and re-process the residual signal using the method 700.
[00101] The various illustrative logical blocks, modules, circuits, and algorithm steps
described in connection with the embodiments disclosed herein may be implemented as
electronic hardware, computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components, blocks,
modules, circuits, and steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as hardware or software depends
upon the particular application and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in varying ways for each particular
application, but such implementation decisions should not be interpreted as causing a
departure from the scope of the present invention.

[00102] The techniques described herein may be implemented in hardware, software,

firmware, or any combination thereof. Such techniques may be implemented in any of a
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variety of devices such as general purposes computers, wireless communication device
handsets, or integrated circuit devices having multiple uses including application in wireless
communication device handsets and other devices. Any features described as modules or
components may be implemented together in an integrated logic device or separately as
discrete but interoperable logic devices. If implemented in software, the techniques may be
realized at least in part by a computer-readable data storage medium comprising program
code including instructions that, when executed, performs one or more of the methods
described above. The computer-readable data storage medium may form part of a computer
program product, which may include packaging materials. The computer-readable medium
may comprise memory or data storage media, such as random access memory (RAM) such as
synchronous dynamic random access memory (SDRAM), read-only memory (ROM), non-
volatile random access memory (NVRAM), electrically erasable programmable read-only
memory (EEPROM), FLASH memory, magnetic or optical data storage media, and the like.
The techniques additionally, or alternatively, may be realized at least in part by a computer-
readable communication medium that carries or communicates program code in the form of
instructions or data structures and that can be accessed, read, and/or executed by a computer,
such as propagated signals or waves.

[00103] The program code may be executed by a processor, which may include one or more
processors, such as one or more digital signal processors (DSPs), general purpose
microprocessors, an application specific integrated circuits (ASICs), field programmable
logic arrays (FPGAs), or other equivalent integrated or discrete logic circuitry, as described
in connection with FIG. 2. Such a processor may be configured to perform any of the
techniques described in this disclosure. A general purpose processor may be a
microprocessor; but in the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices, e.g., a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microprocessors in conjunction with a DSP core, or
any other such configuration. Accordingly, the term "processor," as used herein may refer to
any of the foregoing structure, any combination of the foregoing structure, or any other
structure or apparatus suitable for implementation of the techniques described herein. In
addition, in some aspects, the functionality described herein may be provided within
dedicated software modules or hardware modules configured for encoding and decoding, or

incorporated in a combined encoder-decoder (CODEC).
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[00104] Although embodiment of the invention are described above for particular
embodiment, many variations of the invention are possible. For example, the numbers of
various components may be increased or decreased, modules and steps that determine a
supply voltage may be modified to determine a frequency, another system parameter, or a
combination of parameters. Additionally, features of the various embodiments may be
combined in combinations that differ from those described above.

[00105] Those of skill will appreciate that the various illustrative blocks and modules
described in connection with the embodiment disclosed herein can be implemented in various
forms. Some blocks and modules have been described above generally in terms of their
functionality. How such functionality is implemented depends upon the design constraints
imposed on an overall system. Skilled persons can implement the described functionality in
varying ways for each particular application, but such implementation decisions should not
be interpreted as causing a departure from the scope of the invention. In addition, the
grouping of functions within a module, block, or step is for ease of description. Specific
functions or steps can be moved from one module or block or distributed across to modules
or blocks without departing from the invention.

[00106] The above description of the disclosed embodiment is provided to enable any person
skilled in the art to make or use the invention. Various modifications to these embodiments
will be readily apparent to those skilled in the art, and the generic principles described herein
can be applied to other embodiment without departing from the spirit or scope of the
invention. Thus, it is to be understood that the description and drawings presented herein
represent a presently preferred implementation of the invention and are therefore
representative of the subject matter which is broadly contemplated by the present invention.
It is further understood that the scope of the present invention fully encompasses other
embodiment that may become obvious to those skilled in the art and that the scope of the

present invention is accordingly limited by nothing other than the appended claims.
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CLAIMS

1. An apparatus for demodulation of multiple received desired signals, comprising;:
a receiver configured to receive a composite signal, the composite signal having a
first signal and a second signal, the first signal overlapping the second signal, both the
first signal and the second signal being desired signals; and
at least one processor configured to:
exponentiate the composite signal n-times until a first power of n yields a
first continuous wave corresponding to the first signal, and a second power of n
yields a second continuous wave corresponding to the second signal, the first
power of n corresponding to a modulation estimate for the first signal, and the
second power of n corresponding to a modulation estimate for the second signal;
derive at least one symbol rate corresponding to the first signal based on
the first power of n and the second power of n;
resample the composite signal based on the modulation estimate at x-times
the at least one symbol rate to determine at least one symbol trajectory, at least
one modulation type, and offset information between the first signal and the
second signal;
regenerate the first signal and the second signal based on the at least one
modulation type, the at least one symbol trajectory, and offset information; and

output the first signal concurrently with the second signal.

2. The apparatus of claim 1, wherein the composite signal comprises a third signal
and wherein the processor is further configured to demodulate the third signal with the

first signal and the second signal.

3. The apparatus of claim 1, wherein the first power of n and the second power of n
have different values, the first power of n corresponding to a first modulation type and

the second power of n corresponding to a second modulation type.
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4. The apparatus of claim 1, wherein the offset information comprises a phase offset

and a frequency offset between the first signal and the second signal.

5. The apparatus of claim 2, wherein the phase offset and the frequency offset

between the first signal and the second signal each equal zero.

6. The apparatus of claim 2, wherein the first signal and the second signal have a
same bandwidth and the phase offset between the first signal and the second signal equals

ZEro.

7. The apparatus of claim 2, wherein the first signal and the second signal have a
same amplitude and the frequency offset between the first signal and the second signal

equals zero.

8. The apparatus of claim 1 further comprising a windowing unit to correct the
bandwidth limited portion based on a center frequency and a bandwidth of a combination

of the first signal and the second signal.

9. The apparatus of claim 1, wherein n equals two.
10. The apparatus of claim 1, wherein n is a multiple of two.
11. A method for demodulating multiple received desired signals, comprising:

receiving a composite signal, the composite signal having a first signal and a
second signal the first signal overlapping the second signal, both the first signal and the
second signal being desired signals;

exponentiating the composite signal n-times until a first power of n yields a first
continuous wave corresponding to the first signal, and a second power of n yields a
second continuous wave corresponding to the second signal, the first power of n
corresponding to a modulation estimate for the first signal, and the second power of n
corresponding to a modulation estimate for the second signal;

deriving a symbol rate of the composite signal corresponding to at least one of the

first signal and the second signal;
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resampling the composite signal based on the modulation estimate at x-times the
symbol rate estimate to determine a symbol trajectory, a modulation type and offset
information between the first signal and the second signal;

regenerating the first signal and the second signal based on the modulation type,
the symbol trajectory, the shaping factor, and the offset information; and

outputting the first signal and the second signal.

12. The method of claim 11, further comprising receiving the composite signal
comprising a third signal; and

demodulating the third signal with the first signal and the second signal.

13. The method of claim 11, exponentiating the composite signal until the first power
of n yields a continuous wave at a first value of n and the second power of n yield a
continuous wave at a second value of n that is different from the first value of n, each of

the first value of n and the second value of n corresponding to a different modulation

type.

14. The method of claim 11, wherein the offset information comprises at least one of
a phase offset, a frequency offset, and a time delay between the first signal and the

second signal.

15. The method of claim 11, further comprising correcting the composite signal based
on a center frequency and a bandwidth of a combination of the first signal and the second

signal.

27

CA 2936825 2019-12-09



CA 02936825 2016-07-13

WO 2015/160409 PCT/US2015/012509

117

(o]
o
—

100
/’

FIG. 1

110
XN
X$W

122

102



PCT/US2015/012509

27

CA 02936825 2016-07-13

WO 2015/160409

¢ Old

c0c
NOILONAa3
Tea — JONIYI4HTLNI
NOLo313d >m_wo_\mm_>_ / NOILVYHYd3S T¥NOIS
TYNOIS —
v0C
d0SS3I00Hd
00z 4 @NN\ ﬁ
e I e m——T | e ——
_ 4 4 || 0c2 zec
_ | JOV4HILNI
" H3IAIADTY | | YILLINSNVHL “ dsa d3asn
|||||||| ————————
002 vz 7 INTLSAS 43LNdINOD

9l¢



CA 02936825 2016-07-13

PCT/US2015/012509

WO 2015/160409

37

€ Old
AVYNOIS 3344 JONIHIAHTLNI
D, A
04€
3IINAOW 3INAOW
NOILVTIONVD Y wmaa [ TYNDIS 40 AdOD
X
ommk mmm\
wNmoul
IINAOW IINAOW 3INAOW IINAOW
NoIsuIANI [ voLlveanaoay [ | voLvavaas [ ONIMOANIM
»
J
9¢¢ \ yGe \ A% \ TAN
¥0103130
<
Lay JFONTYIAIILNI
omm\
omm\
00€ A

cce

F1NAON
ONIZILIDId

0ce %

IVNOIS
MVH

oLE &



CA 02936825 2016-07-13

WO 2015/160409

4/7

RECEIVE AND

DIGITIZE 402
RAW SIGNAL Y/

PCT/US2015/012509

465 j

DIGITIZED SIGNAL
WITHOUT INTERFERENCE

FIG. 4

410 <[ BAND-LIMIT RAW 400
SIGNAL
412
DERIVE
SYMBOL
RATE $ v
2 440
: ¥ A
% y RESAMPLE
= EXPONENTIATE /— 420
L —» THE INPUT SIGNAL 7\
- (Power of N)
430 ~
INCREMENT N
N=24,8,1216, etc. 425
IS CW
PRESENT? YES Y
450 — REGENERATE
THE SIGNAL(S)
455
ya 460 / 452
CANCEL NO
! TIME DELAY |—»{ INTERFERING |« Q.EC;S’,LFE\EL?
SIGNAL -

PROTECT
SIGNAL




CA 02936825 2016-07-13

WO 2015/160409

PCT/US2015/012509

57

RECEIVE AND

502 500
DIGITIZE RAW SIGNAL Y v

FEED FORWARD

430 N\

|

510 —~] BAND-LIMIT RAW
SIGNAL

DERIVE
SYMBOL

/—512

RATE

v |

540 L

EXPONENTIATE
—»| THE INPUT SIGNAL
(Power of N)

/— 520 RESAMPLE

INCREMENT N
N=24,8,12,16, etc.

IS CW
PRESENT?

525

YES \ 4

550
REGENERATE
THE SIGNAL(S)

552

/_ 560 — 5565

CANCEL

—| TIME DELAY |—»| INTERFERING [*

SINGAL(S)

NO

565 N\ l

DIGITIZED SIGNAL MINUS
INTERFERENCE

580
A

PROTECT SIGNAL(S)

FIG.

OF INTEREST

5



WO 2015/160409

>

Amplitude

CA 02936825 2016-07-13

PCT/US2015/012509

6/7
612 600
630
(D) f—
SA
= | 612
gl 12
< \_:
124
605
Frequency (f)
FIG. 6B
660
=7 2
2
€
< 675
664 |

665

FIG. 6C

124

Frequency (f)



CA 02936825 2016-07-13

WO 2015/160409 PCT/US2015/012509

717

710

RECEIVING AN INPUT COMPRISING MULTIPLE
SIGNALS: ONE OR MORE DESIRED SIGNALS AND
INTERFERING SIGNAL(S)

| 20

DETECT INTERFERING SIGNALS, DETERMINE
SYMBOL RATE AND MODULATION ESTIMATE

l /730

RUNNING AN ADAPTIVE EQUALIZER AT X TIMES
THE SYMBOL RATE OF THE INDIVIDUAL SIGNALS
TO DETERMINE SYMBOL TRAJECTORY, SHAPING

FACTOR, MODULATION TYPE, PHASE OFFSET,
AND FREQUENCY OFFSET

l /740

REGENERATING THE SIGNALS BASED ON
SYMBOL TRAJECTORY, SHAPING FACTOR,
MODULATION TYPE, PHASE OFFSET, AND

FREQUENCY OFFSET
760
Vs 745
CANCELING
UNDESIRED DESIRED,?
SIGNALS SIGNAL(S)

750

L~

OUTPUTTING MULTIPLE SEPARATED SIGNALS

FIG. 7



502 v 500

RECEIVE AND
DIGITIZE RAW SIGNAL

BAND-LIMIT RAW
SIGNAL

510

/—512

DERIVE
SYMBOL
RATE

f

EXPONENTIATE /— 520 RESAMPLE
THE INPUT SIGNAL
(Power of N)

FEED FORWARD

REGENERATE
THE SIGNAL(S)

560 555
CANCEL
TIME DELAY INTERFERING
SINGAL(S)

566
| DIGITIZED SIGNAL MINUS ‘

INTERFERENCE PROTECT SIGNAL(S)

OF INTEREST




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - CLAIMS
	Page 29 - CLAIMS
	Page 30 - CLAIMS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - REPRESENTATIVE_DRAWING

