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(57) ABSTRACT

A system 1s provided for use with a frequency band including,
a transmission frequency and a recerved frequency. The trans-
mission frequency includes a transmission signal having a
transmitted unique word therein. The received frequency
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includes a received signal having a received unique word
therein, wherein the received unique word had been recerved
at a received time and at a received phase. The system
includes a first sub-correlator, a second sub-correlator and a
discrete Fourier transform device. The first sub-correlator can
perform a first correlation of only a first portion of the
received unique word with a corresponding first portion of the
transmitted umique word over a plurality of instances of time
and can output a first plurality of sub-correlation values. The
second sub-correlator can perform a second correlation of
only a second portion of the received unique word with a
corresponding second portion of the transmitted umique word
over the plurality of instances of time and can output a second
plurality of sub-correlation values. The discrete Fourier trans-
form device can perform a discrete Fourier transform over a
plurality of frequencies within the frequency band on the first
plurality of sub-correlation values and can perform a discrete
Fourier transform over the plurality of frequencies within the
frequency band on the second plurality of sub-correlation
values. The first portion of the recerved unique word 1s dif-
terent from the second portion of the recerved unique word.
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SYSTEM AND METHOD FOR
CORRELATING RECEIVED SIGNAL OVER
TIME AND FREQUENCY

BACKGROUND

[0001] In some communications systems, a goal 1s the
detection of a signal with some unknown parameters in noise.
For example, 1n a burst-mode transmission, the start of the
burst 1s often marked using some recognizable signal, or
“Umque Word” (UW). This signal will typically arrive at the
receiver with unknown (to a greater or less extent) timing, as
well as unknown phase and frequency. The signal will also
have been subjected to various impairments, such as additive
white Gaussian noise (AWGN).

[0002] FIG. 1 1llustrates a block diagram of a conventional
communication system 100.

[0003] Communication system 100 includes a transmitter
102 and a recerver 104.

[0004] Receirver 104 recerves information from transmitter
102 via a commumnication channel 106. Transmitter transmaits
a transmitted signal 108. Impairments to the reception of
transmitted signal 108 by recerver 104 are generated by con-
ditions denoted as impairment sources 110 external to trans-
mitter 102 and recerver 104. Non-limiting examples of
impairments include atmospheric noise, solar noise, cosmic
noise, thermal noise, white noise, Gaussian noise and Dop-
pler effect. Impairment sources 110 generate and inject
impairments as denoted by an impairment 112. Interference
by impairments 112 to transmitted signal 108 1s modeled as
additive as denoted by a noise addition element 114. Noise
addition element 114 adds transmitted signal 108 and impair-
ments 112 to generate a noisy signal 116. Receiwver 104
receives and processes noisy signal 116. In order to receive
and process noisy signal 116, recerver 104 performs process-
ing steps, non-limiting examples of which include filtering,
mixing and correlation.

[0005] FIG. 2 1llustrates an example communications pro-

tocol 200 that 1s transmitted by conventional transmitter 102
(FIG. 1).

[0006] Communications protocol 200 includes a plurality
of frames with a sampling denoted as a frame 204 and a frame
206.

[0007] Frame 204 and frame 206 are configured with

respect to an x-axis 202 with units of time and resolution of
seconds.

[0008] Transmission of frame 204 initiates at a time 208
and terminates at a time 210. Transmission of frame 206
initiates at a time 212 and terminates at a time 214.

[0009] Frame 204 includes a unique word 216 and a pay-
load 218. Unique word provides a mechanism for recerver
104 to synchronize with frame 204. Payload 218 includes
data and information desired by transmitter 102 to be recerved
and processed by recerver 104. Transmission of unique word
216 1nitiates at time 208 and terminates at a time 220. Trans-

mission of payload 218 initiates at time 220 and terminates at
time 210.

[0010] Unique word 216 includes a plurality of symbols
with a sampling denoted as a symbol 222 and a symbol 224.
Transmission of symbol 222 initiates at time 208 and termi-
nates at a time 226. Transmission of symbol 224 1nitiates at a
time 228 and terminates at time 220. Payload 218 includes a
plurality of symbols with a sampling denoted as a symbol 230
and a symbol 232. Transmission of symbol 230 initiates at
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time 220 and terminates at a time 234. Transmission of sym-
bol 232 1itiates at a time 236 and terminates at time 210.

[0011] Recerver 104 recerves unique word 216 followed by
payload 218. Recerver 104 knows in advance the symbol
structure of unique word 216 and seeks to find unique word
216 by performing a correlation operation. Once a threshold
has been met for the correlation operation, receiver 104 deter-
mines a starting time for the first symbol received of unique
word 216, as denoted by time 208. Once recetver has deter-
mined the starting time for the immitial symbol recerved,
receiver 104 has also determined the 1nitial time of reception
for frame 204, as denoted by time 208. Receiver then uses the
determination of time for initial reception of frame 204, as
denoted by time 208, to synchronize and process the symbols

of payload 218.

[0012] FIG. 3 illustrates a graph 302, a graph 304 and a

graph 306 for explaining a conventional continuous correla-
tion operation 300.

[0013] Conventional continuous correlation operation 300
may be described by the following:

Iy=o)x* ()dr (1)

[0014] Forequation (1), x andy represent general complex-
valued signals and T represents an estimate for the starting
time of the recerved signal.

[0015] Graph 302 describes the characteristic of X or equa-
tion (1), graph 304 describes the characteristic of y of equa-
tion (1) and graph 306 describes the result of performing a
correlation operation between x and y or graph 302 and graph

304.

[0016] Graph 302 includes an x-axis 308 with units of time
in increments of seconds and a y-axis 310 with units of height.

A function 312 initiates at a time 314 and terminates at a time
316. Function 312 has a height as designated by a height 318.

[0017] Graph 304 includes an x-axis 320 with units of time
in increments of seconds and a y-axis 322 with units of height.
A function 324 initiates at a time 326 and terminates at a time

328. Function 324 has a height as designated by a height 330.

[0018] Graph 306 includes an x-axis 332 with units of time
in increments of seconds and a y-axis 334 with units of height.
A Tunction 336 represents the correlation of function 312 of
graph 302 with function 324 of graph 304 as described by
equation (1). Function 336 mitiates at a time 338 and
increases linearly to a point 340 at a time 342 with a maxi-
mum value as denoted by a maximum value 344. Following
this, function 336 decreases linearly and terminates at a time
346 with a height of zero. A threshold value as denoted by a
threshold height 350 crosses function 336 at a point 348 with
x-axis 332 value as represented by a time 352 and also at a
point 354 with x-axis 332 value as represented by a time 356.

[0019] For receiver 104, threshold height 350 represents a

condition of a potential match between a received signal and
an expected signal, as denoted between time 352 and time
356, with point 340 representing an exact match between a
received signal and an expected signal. Recerver 104 uses
correlation to determine when a recerved signal has matched
an expected signal and then uses the timing information to
decode and process received information from a recerved
signal.

[0020] Inthe case of AWGN 1n particular, 1t 1s well known
that a signal can be optimally detected by computing the
correlation between the known transmitted signal and the
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received signal, and finding the value of time © which maxi-
mizes the magnitude of the correlation as given by the fol-
lowing equation:

T = argr;nax”fy(r —T)x" (I)ﬁﬁ'f”z )

[0021] Where x and vy 1n equation (2) are 1n general com-
plex-valued signals and T 1s the estimate of the starting time of
the received signal. The vaniable x describes a sequence of
predetermined symbols of a unique word and variable y rep-
resents a recerved sequence of symbols.

[0022] TTypically digital sampled signals are being pro-
cessed, and the correlation 1s replaced by the summation as
shown below:

: (3)

M
T = nT where n = argmax Z VinX;
i=1

H

10023]

[0024] Inaddition to unknown timing and phase, a recerved
signal may also have unknown frequency oifset, within a
range. The frequency offset will cause a phase shiit over the
length of the recerved signal. This will cause the correlation to
be reduced or negatively atfected. The reduction 1n correla-
tion may be described as:

For equation (3), T represents a sampling period.

% I zicm@ﬂf Ndr = SiIffTTfT) D
[0025] Forequation (4), { represents a frequency oflset and

T represents the length of time for the correlation. As may be
observed, 1f the frequency oilset relative to the correlation
length becomes large, the peak value of the correlation may
be reduced and as a result of the reduction 1n correlation, the
detection performance may be degraded.

[0026] Three solutions to problems applying correlation to
received signals with a frequency offset have been applied.
One solution 1s nearly optimal, but highly complex. The other
two solutions are less complicated, but experience subopti-
mal performance.

[0027] The first solution discussed may be referred to as a
“brute force” approach where a search 1s performed over time
and frequency. Instead of performing a single correlation as
shown above, a bank of correlators may be used. The mput to
cach correlator may be referred to as a signal y which has been
frequency shifted by some increment. The maximization 1s
taken over all the correlation magnitude values. In the limit of
continuous time and frequency, this may be described as
equivalent to:

: (3)
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[0028] Typically, a discrete time and frequency approxima-
tion to (5) may be used as shown below:

M 2 (6)
A _ _j2mimF _x
T = nT where n = argmax Vi_p€ X;

. i=1

[0029] For equation (6), mF represents some multiple of
frequency sampling interval F. While this approach may per-
form well, 1t has replaced a single correlation with a bank of
correlations, one for each discrete frequency.

[0030] FIG. 4 illustrates a block diagram of a conventional
brute force recerver portion 400.

[0031] Brute force recerver portion 400 includes a plurality
of correlators with a sampling denoted as a correlator 402, a
correlator 404 and a correlator 406, a plurality of magnitude
portions with a sampling denoted as a magnitude portion 408,
a magnitude portion 410 and a magnitude portion 412 and a
maximum calculation portion 414.

[0032] Correlator 402, correlator 404 and correlator 406
receive a signal via a communication channel 416 from exter-
nal to brute force receiver portion 400. Furthermore, correla-
tor 402 recetves a signal 418 representing a discrete ire-
quency oifset denoted as 1F. Correlator 404 recerves a signal
426 representing a discrete frequency offset denoted as 2F.
Correlator 406 receives a signal 432 representing a discrete
frequency oilset denoted as mF, where m represents a value of
maximum increment for frequency offset F.

[0033] Magmtude portion 408 recerves a signal 420 from
correlator 402. Magnitude portion 410 receives a signal 428
from correlator 404. Magnitude portion 412 recerves a signal
434 from correlator 406 and output a signal 424.

[0034] Correlator 402, correlator 404 and correlator 406

receives a signal via communication channel 416 for process-
ing via a correlation algorithm. Magnitude portion 408, mag-
nitude portion 410 and magnitude portion 412 recerves cor-
related signals from correlator 402, correlator 404 and
correlator 406, respectively, for performing a magnitude cal-
culation. Finally, maximum calculation portion 414 receives
a signal which has had a correlation calculation and magni-
tude calculation performed via a signal 422, a signal 430 and
a signal 436. Maximum calculation portion 414 determines
which received signal has the largest magmtude. The signal
with the largest magnitude and a value larger than a certain
threshold may then be processed for timing information for
retrieving received data information as received via commu-
nication channel 416.

[0035] While application of the brute force correlation
method may perform well, 1t has replaced a single correlation
with a bank of correlations, one for each discrete frequency.
In other words, a correlator may search for the entire Unique
Word over all frequencies and all times. Application of the
brute force correlation method 1s very expensive to imple-
ment, especially in environments where size, weight, power
consumption and power dissipation are considered a pre-
mium, such as in satellite or military applications.

[0036] A second approach for processing a correlation of a
received signal 1s to break the correlation 1nto shorter corre-
lation intervals, and then combine the outputs of these sub-
intervals non-coherently as shown below:
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(7)

3>
[l
~
~

L 2L 2
where n = argmax Z Yien X || + Z VienXi || + ...
' i=L.

[0037] FIG. S illustrates a block diagram of a conventional
non-coherent receiver portion 500.

[0038] Conventional non-coherent receiwver portion 500
includes a unique word portion 504, a plurality of sub-corr-
clators with a sampling denoted as a sub-correlator 506, a
sub-correlator 508 and a sub-correlator 510, a plurality of
delay portions with a sampling denoted as a delay portion
512, a delay portion 514 and a delay portion 516, a plurality
of magnitude portions with a sampling denoted as a magni-
tude portion 518, a magnitude portion 520 and a magnitude
portion 522 and a summation portion 524.

[0039] Sub-correlator 506 receives a signal from a commu-
nication channel 526 and recerves a signal 352 from unique
word portion 504. Magnitude portion 518 recerves a signal
528 from sub-correlator 506. Delay portion 512 receives a
signal from communication channel 526. Sub-correlator 508
receives a signal 332 from delay portion 512 and a signal 550
from umque word portion 504. Magnitude portion 520
receives a signal 534 from sub-correlator 508. Delay portion
514 recerves signal 532 from delay portion 512. Delay portion
516 recerves a signal 538 generated from a plurality of delay
portions. Sub-correlator 5310 receives a signal from delay
portion 516 via a signal 540 and from unique word portion
504 via a signal 548. Magnitude portion 522 recerves a signal
542 from sub-correlator 510. Summation portion 524
receives a signal from magnitude portion 518 via a signal 530,
from magnitude portion 520 via a signal 536, from magnitude
portion 522 via a signal 544 and from a plurality of other
magnitude portions not shown.

[0040] Unique word portion 504 includes a plurality of
unique word sub-portions with a sampling denoted as a
unique word sub-portion 554, a unique word sub-portion 556
and a unique word sub-portion 358. Unique word sub-portion
554 includes a plurality of symbols with a sampling denoted
as a symbol 560 and a symbol 562. Unique word sub-portion
556 includes a plurality of symbols with a sampling denoted
as a symbol 564 and a symbol 566. Unique word sub-portion
538 includes a plurality of symbols with a sampling denoted
as a symbol 568 and a symbol 570.

[0041] Unique word portion 504 1s configured with respect
to an x-axis 502 with units of time and resolution of seconds.
Unique word portion 3504 represents a predetermined
sequence of symbols to be recerved 1n order to perform syn-
chronization, decoding and processing. Symbols of unique
word sub-portions correspond to a relation with respect to
x-ax1s 302 for order of transmission and arrival. For example
symbol 560 of unique word sub-portion 554 may be consid-
ered the first symbol to be recerved for a frame of data pro-
vided from a transmitter, whereas, symbol 370 of unique
word sub-portion 358 may be considered the last received
symbol for the unique word portion of a frame with payload
symbols to follow.

[0042] Sub-correlator 306 receives a signal via communi-
cation channel 526 and performs a correlation of the recerved
signal with the symbols received from unique word sub-
portion 558. Sub-correlator 508 my receives a delayed signal
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from communication channel 526 via delay portion 512 and
performs a correlation of the delayed recerved signal with the
symbols of unique word sub-portion 356. Sub-correlator 510
receives a multiplied delayed signal from commumnication
channel 526 and performs a correlation of the delayed
received signal with the symbols of unique word sub-portion
554.

[0043] Magmtude portion 518 receives a signal from sub-
correlator 506 and performs a magnitude calculation. Mag-
nitude portion 520 receives a signal from sub-correlator 508
and performs a magnitude calculation. Magnitude portion
522 recerves a signal from sub-correlator 510 and performs a
magnitude calculation. Summation portion 524 receives a set
of magnitude calculations from magnitude portion 518, mag-
nitude portion 520, magnitude portion 522 and a plurality of
other magnitude portions not shown and performs a summa-
tion calculation. The summation calculation may be com-
pared to threshold 1n order to determine 11 a unique word has
been received as denoted by the configuration of unique word
portion 504. Once the threshold has been achieved, the signal
received via communication channel 526 may then be pro-
cessed for timing information for retrieving receirved data
information as recerved via communication channel 526.
[0044] With the conventional non-coherent receiver
approach, a single correlator may be required, however the
drawback 1s that the performance of the correlator 1n noisy
conditions 1s degraded due to the non-coherent summation
performed for the sub-correlations.

[0045] A third approach for processing a correlation of a
received signal 1s to apply differential detection. For difier-
ential detection, a differential detection operation 1s per-
formed on the received sequence of symbols to form a new
sequence described as:

YiEvyEi (8)

[0046] The new sequence 1s then correlated with an
expected differential sequence described as:

X =xx* (9)

[0047] FIG. 6 illustrates a block diagram of a conventional
differential detection receiver portion 600.

[0048] Conventional differential detection recerver portion
600 includes a delay 602, a differential portion 604, a unique
word portion 606, a delay 608, a differential portion 610 and
a correlator 612.

[0049] Delay 602 receives a signal via a communication
channel 614. Differential portion 604 recerves a signal from
communication channel 614 and a delayed version of the
signal from delay 602 via a signal 616. Delay 608 receives a
signal 620 from unique word portion 606. Differential portion
610 receives a signal 622 from unique word portion 606 and
a delayed or shifted version of unique word from delay 608
via a signal 624. Correlator portion 612 receives a recerved
differential signal from ditferential portion 604 via a signal
618 and an expected differential signal from ditferential por-
tion 610 via a signal 626. Correlator 612 provides a signal
external to conventional differential detection receiver por-
tion 600 via signal 618.

[0050] Unique word portion 606 provides storage for an
expected unique word to be recerved via communication
channel 614. Delay 608 provides a delayed or shifted version
of umique word portion 606. Differential portion 610 per-
forms a differential operation on the unique word stored 1n
unique word portion 606 and a delayed or shifted version of
the unique word stored in unique word portion 606. Delay
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602 provides a delayed version of the signal received via
communication channel 614. Difierential portion 604 per-
forms a differential operation on the signal recerved via com-
munication channel 614 and the delayed version of the signal
received from delay 602. Correlator 612 performs a correla-
tion operation on the differential operation performed on the
unique word stored 1n unique word portion 606 and the dif-
terential Operation performed on the signal recerved via com-
munication channel 614 and the delayed version of the signal
received via communication channel 614.

[0051] Signal 628 generated by correlator 612 1s compared
to a threshold 1n order to determine 1f a unique word has been
received as denoted by the configuration of unique word
portion 606. Once the threshold has been achieved, the signal
received via communication channel 614 1s then processed
for timing information for retrieving received data informa-
tion as recerved via communication channel 614.

[0052] An advantage of the conventional differential detec-
tion approach 1s that 1t 1s inherently insensitive to issues
related to frequency oifsets. However, the drawback to this
approach 1s 1t can sufler a significant performance loss due to
the differential detection step. Furthermore, the losses due to
differential detection increase as the signal-to-noise ratio
decreases.

[0053] What 1s needed 1s a system and method for opti-
mally or near optimally detecting and decoding information
embedded 1n a signal without necessitating a large number of
correlator banks for implementation.

BRIEF SUMMARY

[0054] Thepresentinvention provides a system and method
for nearly optimal performance for searching a signal over
both time and frequency, and for decoding and processing
information embedded within the recerved signal.

[0055] In accordance with an aspect of the present mven-
tion, a system and method 1s provided for use with a fre-
quency band including a transmission Ifrequency and a
received Irequency. The transmission frequency includes a
transmission signal having a transmitted unique word therein.
The received frequency includes a received signal having a
received unmique word therein, wherein the recerved unique
word had been recerved at a received time and at a received
phase. The system includes a first sub-correlator, a second
sub-correlator and a discrete Fourier transform device. The
first sub-correlator can perform a first correlation of only a
first portion of the recerved unique word with a corresponding
first portion of the transmitted unique word over a plurality of
instances of time and can output a first plurality of sub-
correlation values. The second sub-correlator can perform a
second correlation of only a second portion of the received
unique word with a corresponding second portion of the
transmitted unique word over the plurality of instances of
time and can output a second plurality of sub-correlation
values. The discrete Fourier transform device can perform a
discrete Fourier transform over a plurality of frequencies
within the frequency hand on the first plurality of sub-corre-
lation values and can perform a discrete Fourier transform
over the plurality of frequencies within the frequency band on
the second plurality of sub-correlation values. The first por-
tion of the received unique word 1s different from the second
portion of the recetved unique word

[0056] Additional advantages and novel features of the
invention are set forth 1in part 1n the description which follows,
and 1n part will become apparent to those skilled 1n the art

Aug. 2, 2012

upon examination of the following or may be learned by
practice of the invention. The advantages of the invention may
be realized and attained by means of the instrumentalities and
combinations particularly pointed out in the appended
claims.

BRIEF SUMMARY OF THE DRAWINGS

[0057] The accompanying drawings, which are incorpo-
rated 1 and form a part of the specification, illustrate an
exemplary embodiment of the present invention and, together
with the description, serve to explain the principles of the
invention. In the drawings:

[0058] FIG. 1 illustrates a block diagram of a conventional
communication system;

[0059] FIG. 2 illustrates a conventional transmission of a
communications protocol by a transmitter as shown 1in FIG. 1;
[0060] FIG. 3 illustrates a conventional continuous corre-
lation operation;

[0061] FIG. 4 1llustrates a block diagram of a conventional
brute force recerver portion;

[0062] FIG. 51llustrates a block diagram of a conventional
non-coherent receiver portion;

[0063] FIG. 6 illustrates a block diagram of a conventional
differential detection receiver portion;

[0064] FIG. 7 illustrates a block diagram of an example
communication receiwver portion, in accordance with an
aspect of the present invention;

[0065] FIG. 8 illustrates a detailed version of an example
data recovery portion as shown in FIG. 7, 1n accordance with
an aspect of the present invention;

[0066] FIG. 9 illustrates a detailed version of an example
sub-correlator portion as shown 1n FIG. 8, in accordance with
an aspect of the present invention;

[0067] FIG. 10 illustrates a detailed version of an example
digital Fourier transform DF'T portion as shown in FIG. 8, 1n
accordance with an aspect of the present invention;

[0068] FIG. 11 illustrates a detailed version of an example
phase-shiit portion as shown in FIG. 10, 1n accordance with
an aspect of the present invention;

[0069] FIG. 12 illustrates a detailed version of an example
magnitude portion as shown in FIG. 8, in accordance with an
aspect of the present invention;

[0070] FIG. 13 illustrates a detailed version of an example
data processor as shown in FIG. 8, in accordance with an
aspect of the present invention;

[0071] FIG. 14 illustrates an example matrix of magnitude
information as calculated by a data recovery portion as shown
in FIGS. 7-8, 1n accordance with an aspect of the present
invention; and

[0072] FIGS. 15A-B illustrate an example method for

operation of a data processor as shown in FIG. 8 and FIG. 13,
in accordance with an aspect of the present invention.

DETAILED DESCRIPTION

[0073] Generally a demodulator receives a waveform and
outputs either hard decisions, 1.¢., binary 1 and binary 0, or
outputs soit decisions, values determined to be either a binary
1 and binary 0. In particular, a burst-mode demodulator
includes two functions: first, it estimates parameters needed
to decode a signal, e.g., time of the burst, frequency of the
burst, phase, etc.; and then 2) using the estimates, there 1s a
demodulation process, e.g, similar to a continuous mode
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demodulation. Aspects of the present invention are drawn to
the first function of a burst-mode demodulator, 1.e., estimat-

ing parameters of the burst.

[0074] An aspect of the present invention provides nearly
optimal performance for searching a signal over both time
and frequency. A correlation operation may be performed
between the received signal and a predetermined unique
word. In the prior art brute force method discussed above, an
entire recerved unique word 1s correlated over a plurality of
time instances and over a plurality of frequencies. On the
contrary, in accordance with the present invention, the unique
word 1s divided 1nto segments. Then, each segment 1s corre-
lated over the plurality of time instances as a plurality of
sub-correlations. The plurality of sub-correlations 1s then cor-
related over the plurality of frequencies by way of a discrete
Fourier transform (DFT). Consequently, the entire unique
word 1s only correlated once over the plurality of time
instances and over the plurality of frequencies. Furthermore,
the result of the phase shiit and DFT performed for the sub-
correlations may be considered a matrix of complex-values
organized by time and frequency.

[0075] In other embodiments of the present invention, a
method and system will be described for performing a mag-
nitude calculation for the results following the performance
of the DFT as described for the first embodiment and for
determining time and frequency oflset to provide for decod-
ing information embedded 1n a recerved signal.

[0076] The matrix of real-valued magnitude imnformation
organized by time and frequency may be stored for process-
ing. The stored imformation may be retrieved and processed.
Non-limiting example of processing performed may include
threshold detection and matrix operations. For determination
of a matrix element with a magnitude value greater than a
threshold, a time and frequency offset may be ascertained.

[0077] Further processing may include examining neigh-
boring values of the element of the matrix with the maximum
value for purposes of further refining the time and frequency
offset. For a determination of significant neighboring values
to the maximum value, an interpolation may be performed for
ascertaining a more accurate representation for the time and
frequency oiffset.

[0078] Theresulting time and frequency offset information
may be used for decoding the embedded information located
within the recetved signal. The decoded information may be
delivered for a use of some purpose.

[0079] Imtial discussion will focus on explaining the time
clement of the present invention. The output of the correlator
at time 1 may be described as:

C; :Zymjx; (10)

[0080] Where x and v 1n equation (10) are generally com-
plex-valued. The variable x may describe a sequence of pre-
determined symbols of a unique word and variable y may
represent a recerved sequence of symbols. Equation (10) may

describe the discrete correlation of y and x as denoted by the
summation of the sequence of y multiplied by the sequence of
X.
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[0081] The discussion for frequency will now be consid-
ered as described by:

Cik = Z }"mjx;f_ﬂmw (11)

[0082] Forequation (11), F may describe a frequency incre-
ment, ] may represent a time index and k may represent a
frequency 1index.

[0083] The summation calculation as performed by equa-
tion (11) may be broken up into summations of smaller inter-
vals as described by:

b+ 1)1 (12)
v _—2nkF
Cikitl= E | Yn+jAn€ "

n={l—1

[0084] For equation (12), 1 may represent an index over the
subintervals.
[0085] The complete correlation for each time and fre-

quency may be described as the summation over all of the
smaller intervals as described by:

Cik = ij,k,i (13)
{

[0086] The substitution of equation (12) into equation (13)
may be described as:

({+1)L—1 (14)
+ —B2AnkF
S‘ yﬂ-l—j'xnf
d d
{

n=Il—1

C'J,',;{

[0087] Forequation (14), 1 may operate as an index over the
subintervals.
[0088] The length of each subinterval for equation (14), as

denoted by L, may be chosen small enough such that the
change in phase factor € *™** over the interval may be con-
sidered as small. Furthermore, since the contribution of the
phase factor 1s very small for small subintervals, the phase
factor may be removed from the inner summation to the outer
summation as described by:

(+1) L1 (15)

E l —i2kILF "
€l e Z Yn+ jXn
n=iL—1

{

[0089] Taking into accountthe change in phase betweenthe
subintervals may be considered as 2akLF, equation (15) may

be further simplified as described by:
o E : —2TKILF | (16)
C k= & C‘ 0.1
J E J

[0090] The length of the subcorrelation, as denoted by L,
may be chosen small enough such that the loss as described by
equation (4) may be considered acceptably small. This
approach may produce a similar result as described previ-
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ously with respect to the brute force approach, albeit with a
small loss as described by equation (4). Furthermore, the
result of this approach may operate using a single correlator
instead of a bank of correlators as used for the brute force
approach.

[0091] Equation (16) has the form of a discrete Fourier
transform (DFT). Thus, a DFT may be performed for the
results generated from performing the subinterval correla-
tions.

[0092] In summary, the correlation sequence x and 1nput
sequence v are divided into 1 segments of length L. The
correlation calculation for the segments may be considered a
vector of length M (1.e.r,,(j),J=0 ... M-1). The DF1 may be
applied over the 1 segments for each time 1ndex j. The result-
ing output of the DFT may be considered a 2-dimensional
complex-valued matrix over time and frequency. For signals
with unknown phase, a magnitude calculation may be per-
tormed for the output of the DF'T, resulting in a 2-dimensional
matrix of real-valued magnitudes over time and frequency.
The resulting 2-dimensional matrix may be processed depen-
dant upon the application. For example, to find the highest
correlation magnitude over time and frequency, the 2-dimen-
sional matrix may be searched for the highest value of mag-
nitude.

[0093] A more detailed discussion for an exemplary
embodiment of the present invention will now be described
with respect to FIGS. 7-15.

[0094] FIG. 7 illustrates a block diagram of an example
communication recerver portion 700, 1n accordance with an
aspect of the present invention.

[0095] Communication receiver portion 700 includes a {il-
ter portion 702, a parameter estimator 704 and a demodulator
portion 706. Each of the elements of communication receiver
portion 700 are 1llustrated as individual devices, however, in
some embodiments of the present invention at least two of
filter portion 702, parameter estimator 704 and demodulator
portion 706 may be combined as a umitary device.

[0096] Filter portion 702 may recerve a communication
signal via a communication channel 708. Parameter estimator
704 may recerve miformation from filter portion 702 via a
signal 710. Demodulator portion 706 may receive informa-
tion from parameter estimator 704 via a signal 712.

[0097] Filter portion 702 may recerve a communication
signal via communication channel 708 and perform a filtering
function or functions on the received communication signal.
Non-limiting examples of filtering which may be performed
include band pass, high pass and low pass.

[0098] Parameter estimator 704 may recerve the filtered
signal from filter portion 702 and perform a demodulation
function or functions. Non-limiting examples of demodula-
tion which may be performed include Amplitude, Frequency
and Phase-shift Demodulation.

[0099] Demodulator portion 706 may recerve the demodu-
lated signal from parameter estimator 704, perform process-
ing for data recovery and receive recovered data and infor-
mation via a signal 714. Non-limiting examples of processes
which may be applied include mixing, correlating, delaying,
matching, multiplying, performing magnitude calculations,
phase shifting, performing summation calculations, perform-
ing matrix operations, performing DFT calculations, per-
forming complex conjugate calculations and performing
interpolation calculations.

[0100] Communication recerver portion 700 may recerve a
communication signal via communication channel 708 and

Aug. 2, 2012

process the received signal such that the transmitted signal
may be recovered and transmitted via signal 714.

[0101] FIG. 8 illustrates a detailed version of example

parameter estimator 704 and demodulator portion 706 (FIG.
7), 1n accordance with an aspect of the present invention.

[0102] Parameter estimator 704 includes a unique word
portion 804, plurality of correlators with a sampling denoted
as a sub-correlator portion 806, a sub-correlator portion 808
and a sub-correlator portion 810, a plurality of delay portions
with a sampling denoted as a delay portion 812, a delay
portion 814 and a delay portion 816, a DFT portion 818, a
plurality of magnitude portions, with a sampling denoted as a
magnitude portion 820, a magnitude portion 822 and a mag-
nitude portion 824 and a signal parameter estimator 826. Each
of the elements of parameter estimator 704 are illustrated as
individual devices, however, 1n some embodiments of the
present mvention at least two of unique word portion 804,
plurality of correlators with a sampling denoted as sub-corr-
clator portion 806, sub-correlator portion 808 and sub-corr-
clator portion 810, plurality of delay portions with a sampling
denoted as delay portion 812, delay portion 814 and delay
portion 816, DFT portion 818, plurality of magnitude por-
tions, with a sampling denoted as magnitude portion 820,
magnitude portion 822 and magmitude portion 824 and signal
parameter estimator 826 may be combined as a unitary
device.

[0103] Sub-correlator portion 806 may recerve information
via a signal 828 generated external to parameter estimator 704
and receiwve a signal 860 from umque word portion 804.
Sub-correlator portion 806 may then correlate signal 828 with
signal 860 to generate signal 836. Delay portion 812 may
receive information via signal 828. Sub-correlator portion
808 may recerve a signal 830 from delay portion 812 and a
signal 858 from unique word portion 804. Sub-correlator
portion 808 may then correlate signal 830 with signal 858 to
generate signal 838. Delay portion 814 may receive signal
830 from delay portion 812 and provide an output signal 831
to other delay portions (not shown). Delay portion 816 may
receive a signal 832 from other delay portions (not shown).
Sub-correlator portion 810 may receive a signal 834 from
delay portion 816 and a signal 856 from unique word portion
804. Sub-correlator portion 810 may then correlate signal 834
with signal 856 to generate signal 840. DF'T portion 818 may
receive a signal 836 from sub-correlator portion 806, a signal
838 from sub-correlator portion 808, a signal 840 from sub-
correlator portion 810 and a plurality of signals from other
sub-correlator portions (not shown). Magnitude portion 820
may recerve a signal 842 from DFT portion 818. Magnmitude
portion 822 may receive a signal 844 from DFT portion 818.
Magnitude portion 824 may receive a signal 846 from DFT
portion 818. A plurality of other magmtude portions (not
shown) may recetve signals from DFT portion 818. Signal
parameter estimator 826 may receive a signal 848 from mag-
nitude portion 820, a signal 850 from magnitude portion 822,
a signal 852 from magnitude portion 824 and a plurality of
signals from other magnitude portions (not shown). Signal
parameter estimator 826 may provide signal 712 for external
connection from parameter estimator 704.

[0104] Unique word portion 804 includes a plurality of
unique word sub-portions with a sampling denoted as a
unique word sub-portion 862, a unique word sub-portion 864
and a unique word sub-portion 866. Unique word sub-portion
862 includes a plurality of symbols with a sampling denoted
as a symbol 868 and a symbol 870. Unique word sub-portion
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864 includes a plurality of symbols with a sampling denoted
as a symbol 872 and a symbol 874. Unique word sub-portion
866 includes a plurality of symbols with a sampling denoted
as a symbol 876 and a symbol 878.

[0105] Unique word portion 804 may be configured with
respect to an x-axis 802 with units of time and resolution of
seconds. Unique word portion 804 may represent a predeter-
mined sequence of symbols to be recerved 1n order to perform
synchronization, decoding and processing. Symbols of
unique word sub-portions correspond to a relation with
respect to x-axis 502 for order of transmission and arrival. For
example symbol 868 of unique word sub-portion 862 may be
considered the first symbol to be recerved for a frame of data
provided from a transmitter, whereas, symbol 878 of unique
word sub-portion 866 may be considered the last received
symbol for the unique word portion of a frame with a payload
ol symbols to follow.

[0106] Sub-correlator portion 806 may receive signal 828
and perform a correlation of the recerved signal with the
symbols recerved from unique word sub-portion 866. Sub-
correlator portion 808 may receive a delayed signal 828 via
delay portion 812 and perform a correlation of the delayed
signal with the symbols provided by unique word sub-portion
864. Sub-correlator portion 810 may receive a multiply
delayed signal of signal 828 via a plurality of delays and
perform a correlation of the delayed received signal with the
symbols provided by unique word sub-portion 862. A plural-
ity of other correlators (not shown) may receive a plurality of
delayed signals (not shown) of signal 828 via a plurality of
delays (not shown) and perform a correlation of the delayed
received signals with the symbols provided by unique word
sub-portions (not shown).

[0107] DFT portion 818 may recerved the correlated sig-
nals from sub-correlator portion 806, sub-correlator portion
808 and sub-correlator portion 810 and from a plurality of
other correlators (not shown) and perform a DFT operation on
the received signals.

[0108] Magnitude portion 820, magnitude portion 822,
magnitude portion 824 and a plurality of other magmtude
portions (not shown) may receive signals from DFT portion
818 and perform a magnitude calculation on the recerved
signals.

[0109] Signal parameter estimator 826 may receive the sig-
nals from magnitude portion 820, magnitude portion 822,
magnitude portion 824 and a plurality of other magnitude
portions (not shown) and perform processing functions. Non-
limiting examples of the processing functions performed by
signal parameter estimator 826 include threshold calcula-
tions, threshold comparisons, time related calculations, fre-
quency related calculations, interpolation calculations and
decoding operations. Signal 712 output from signal param-
cter estimator 826 may include estimates of parameters
needed to demodulate the received signal. Non-limiting
examples of parameters includes signal timing and frequency.
Demodulator 706 may then use the estimates within signal

712 to demodulate unique word 804 and the payload to output
signal 714.

[0110] Demodulator portion 706 may receive a signal con-
taining information and perform correlations of sub-portions
of the recerved signal with sub-portions of a unique word. A
DFT portion may recerve the results of the sub-correlation
operations and perform a DF'T operation. Magnitude portions
may receive the results of the DFT operation and perform
magnitude calculations. A data processor portion may receive
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the magnitude calculations and perform processing of the
magnitude information to recover data information from the
received signal.

[0111] FIG. 9 illustrates a detailed version of example sub-
correlator portion 806 (FIG. 8), 1n accordance with an aspect
of the present invention.

[0112] Sub-correlator portion 808 (FIG. 8), sub-correlator
portion 810 (FIG. 8) and a plurality of sub-correlator portions
(not shown) may also be described by the illustration of FIG.

9

[0113] Sub-correlator portion 806 includes a multiplier
portion 902 and a summation portion 904. Each of the ele-
ments of sub-correlator portion 806 are illustrated as 1ndi-
vidual devices, however, 1n some embodiments of the present
invention at least two of multiplier portion 902 and summa-
tion portion 904 may be combined as a unitary device.
[0114] Multiplier portion 902 may recerve a data signal 906
and a unique word signal 908 generated external to sub-
correlator portion 810. Summation portion 904 may receive a
signal 910 from multiplier portion 902 and provide a signal
912 for external connection from sub-correlator portion 806.
[0115] Multiplier portion 902 may perform a multiplica-
tion operation of information received from data signal 906
with information received from umique word signal 908.
Summation portion 904 may receive the multiplication infor-
mation generated by multiplier portion 902 and perform a
summation operation.

[0116] Sub-correlator portion 806 may receive data infor-
mation and unique word information and perform a multipli-
cation of the recerved information. Furthermore, sub-correla-
tor portion 806 may perform a summation calculation for the
information generated from the multiplication operation.

[0117] FIG. 10 illustrates a detailed version of example
DFT portion 818 (FIG. 8), in accordance with an aspect of the
present invention.

[0118] DFT portion 818 includes a plurality of phase-shiit
portions, with a sampling denoted as a phase-shiit portion
1002, a phase-shiit portion 1004, a phase-shiit portion 1006,
a plurality of phase-shift coeflicients, with a sampling
denoted as a phase-shift coetlicient 1008, a phase-shift coet-
ficient 1010 and a phase-shiit coetiicient 1012. Each of the
clements of DFT portion 818 are illustrated as individual
devices, however, 1n some embodiments of the present mven-
tion at least two of phase-shiit portion 1002, phase-shift por-
tion 1004, phase-shiit portion 1006, a plurality of phase-shiit
coellicients, with a sampling denoted as phase-shift coetli-
cient 1008, phase-shift coefficient 1010 and phase-shiit coet-
ficient 1012 may be combined as a umtary device.

[0119] Phase-shiit portion 1002 may receive a signal 1014
generated from external to DFT portion 818, recerve a phase-
shift coelfficient from phase-shift coefficient 1008 via a signal
1016 and provide a signal 1018 for connection external to
DFT portion 818. Phase-shiit portion 1002 may receive a
signal 1020 from generated external to OFT portion 818,
receive a phase-shift coelficient from phase-shift coefficient
1010 via a signal 1022 and provide a signal 1024 for connec-
tion external to DFT portion 818. Phase-shiit portion 1006
may recerve a signal 1026 generated from external to DFT
portion 818, receive a phase-shiit coellicient from phase-shiit
coellicient 1012 via a signal 1028 and provide a signal 1030
for connection external to DFT portion 818. A plurality of
phase-shift portions (not shown) may receive a plurality of
signals generated from external to DFT portion 818 (not
shown), may receive a plurality of phase-shift coellicients
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from a plurality of phase-shift coelficient portions (now
shown) via a plurality of signals (now shown) and provide a

plurality of signals (not shown) for connection external to
OFT portion 818.

[0120] Phase-shift portion 1002, phase-shiit portion 1004,
phase-shift portion 1006 and a plurality of phase-shiit por-
tions (not shown) may perform a phase shiit as denoted by a
received phase-shift coellicient, perform a DFT for a received
signal and deliver the results of the combined phase-shiit and

DFT operation external to OFT portion 818.

[0121] DFT portion 818 may receive a plurality of signals
delivering sub-correlations performed between sub-signals
and unique word sub-portions. Furthermore, a plurality of
differing phase shift operations and DFT operations may be
applied to the received sub-correlations for generating a plu-

rality of signals 842, 844 and 846.

[0122] FIG. 11 illustrates a detailed version of example
phase-shift portion 1002 (FIG. 10), in accordance with an
aspect of the present invention.

[0123] Phase-shift portion 1004 (FI1G. 10), phase-shiit por-
t1on 1006 (F1G. 10) and a plurality of phase-shift portions (not
shown) may also be described by the 1llustration of FIG. 11.

[0124] Phase-shift portion 1002 includes a coefficient

select portion 1102, a coetficients portion 1104, a multiplier
portion 1106 and a summation portion 1108. Each of the
clements of phase-shift portion 1002 are 1llustrated as indi-
vidual devices, however, 1n some embodiments of the present
invention at least two of coellicient select portion 1102, coet-
ficients portion 1104, multiplier portion 1106 and summation
portion 1108 may be combined as a unitary device.

[0125] Coetlicient select portion 1102 may recerve a signal
1110 generated external to phase-shift portion 1002 and may
receive a signal 1112 from coetlicients portion 1104. Multi-
plier portion 1106 may receive a signal 1114 generated exter-
nal to phase-shiit portion 1002 and a signal 1116 from coet-
ficient select portion 1102. Summation portion 1108 may
receive a signal 1118 from multiplier portion 1106 and gen-
erate a signal 1120 for delivery external to phase-shift portion

1002.

[0126] Coellicient select portion 1102 may receive a coel-
ficient 1indication from external to phase-shiit portion 1002
for selecting a group of coellicients from coeflicients portion
1104 for delivery to multiplier portion 1106. Multiplier por-
tion 1106 may receive the selected group of coellicients from
coellicient select portion 1102 and receive a sub-correlation
calculation generated external to phase-shiit portion 1002
and perform a multiplication of the received signal with the
selected group of coellicients. Summation portion 1108 may
receive the multiplication calculation performed by multi-
plier portion 1106 and provide the summation result external
to phase-shift portion 1002.

[0127] FIG. 12 illustrates a detailed version of example
magnitude portion 820 (FIG. 8), in accordance with an aspect
ol the present 1nvention.

[0128] Magnitude portion 822 (FIG. 8), magnitude portion
824 (FIG. 8) and a plurality of magnitude portions (not
shown) may also be described by the 1llustration of FIG. 12.

[0129] Magnitude portion 822 includes a complex conju-
gate portion 1202 and a multiplier portion 1204. Each of the
clements of magnitude portion 822 are illustrated as indi-
vidual devices, however, 1n some embodiments of the present
invention at least two of complex conjugate portion 1202 and
multiplier portion 1204 may be combined as a unitary device.
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[0130] Complex conjugate portion 1202 may recetrve a sig-
nal 1206 generated external to magnitude portion 822. Mul-
tiplier portion 1204 may receive signal 1206 generated exter-
nal to magnitude portion 822, a signal 1208 from complex
conjugate portion 1202 and provide a signal 1210 for delivery
external to complex conjugate portion 1202.

[0131] Magmtude portion 822 may receive a signal gener-
ated from external to magnitude portion 822, perform a com-
plex conjugate operation for the received signal, perform a
multiplication operate of the recerved signal and the complex
conjugate calculation to generate a magnitude calculation for
the received signal. Furthermore, the magnitude calculation
may be provided for delivery external to magnitude portion
822.

[0132] As an example, magnitude portion 822 may receive
a value of (2+13) 1n order to determine the magnitude. Com-
plex conjugate portion 1202 may calculate the complex con-
jugate for (2+13) denoted as (2—13). Multiplier portion 1204
may then multiply (2+13)*(2—13) and generate a magnitude
value of 13 for delivery external to magnitude portion 822.
[0133] FIG. 13 illustrates a detailed version of example
signal parameter estimator 826 (FIG. 8), in accordance with
an aspect of the present invention.

[0134] Signal parameter estimator 826 includes a processor
portion 1302 and a memory portion 1304. Each of the ele-
ments of signal parameter estimator 826 are illustrated as
individual devices, however, in some embodiments of the
present invention at least two of processor portion 1302 and
memory portion 1304 may be combined as a unitary device.
[0135] Processor portion 1302 may receive a plurality of
signals containing magnitude information, with a sampling,
denoted as a signal 1308, a signal 1310 and a signal 1312, and
receive a signal 1306 containing information for decoding.
Processor portion 1302 may communicate bi-directionally
with memory via a communication channel 1314.

[0136] Processor portion 1302 may receive the plurality of
signals containing magnitude information and store the mag-
nitude mnformation in memory portion 1304. Processor may
retrieve magnitude information from memory portion 1304
for processing. Processor portion 1302 may perform thresh-
old calculations and comparisons for the magnitude informa-
tion 1n order to determine the receipt and match for a unique
word. Furthermore, processor portion 1302 may use the
determination of a unique word match for determining syn-
chronization information and phase information for decoding
information recerved via signal 1306 for deliver external to
signal parameter estimator 826 via a signal 1316.

[0137] Non-limiting examples of the processing functions
performed by signal parameter estimator 826 include thresh-
old calculations, threshold comparisons, time related calcu-
lations, frequency related calculations, interpolation calcula-
tions and decoding operations.

[0138] FIG. 14 illustrates an example matrix 1402 of mag-
nitude information as calculated by example parameter esti-
mator 704 (FIGS. 7-8), in accordance with an aspect of the
present 1nvention.

[0139] Matrix 1402 includes a plurality of row information
with a sampling denoted as a row 1404, a row 1406, a row
1408, a row 1401 and a row 1412 and a plurality of column
information with a sampling denoted as a column 1414, a
column 1416, a column 1418, a column 1420, a column 1422,
a column 1424 and a column 1426.

[0140] The rows of matrix 1402 may be organized by fre-
quency oifset as determined by a plurality of phase-shill
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coellicients with a sampling denoted, referring to FIG. 10, as
phase-shift coefficient 1008, phase-shiit coetlicient 1010 and
phase-shift coefficient 1012. The columns of matrix 1402
may be orgamized with respect to time with the information
depicted 1n column 1414 as being recerved prior to informa-
tion receirved in other columns and with the information
depicted 1n column 1426 as being received after information
received 1n other columns.

[0141] The magnitude information as depicted 1n matrix
1402 may indicate a frequency offset and moment of time for
synchronization with an expected unique word for a received
signal. For example, the largest value of magnitude as
depicted 1n matrix 1402 1s the value of eight located at the
intersection of row 1406 and column 1422. For this example,
the time and frequency ofl:

set may be determined as being
with respect to the frequency ofiset of row 1406 and with
respect to the timing of column 1422,

[0142] Furthermore, the exact time and frequency for syn-
chronization may not occur at exactly the intersection of row
1406 and column 1422. A case of inexact synchromization
may be observed by significant, but lower magnitude, values
located adjacent to the largest magnitude value. For example,
the next largest magnitude values of matrix 1402 are located
in adjacent positions to the largest magnitude value of 8. The
significant but lesser magnitude values may be observed as a
value of 7 located at the intersection of row 1404 and column
1422 and by a value 6 located at the itersection of row 1406
and column 1420. A more accurate representation for the time
and frequency for synchronization may be determined by
performing an interpolation calculation between the largest
value of magnitude and lesser valued Eld] acent magnitude
values. For example, the true frequency oflset may be con-
sidered as between the frequency ofiset as denoted by column
1422 and column 1420 and the true time offset may be con-
sidered as between the time ofiset as denoted by row 1404 and

row 1406.

[0143] FIGS. 15A-B illustrate an exemplary method 1500
for operation of signal parameter estimator 826, 1n accor-
dance with an aspect of the present invention.

[0144] Starting with FIG. 15A, 1in the example embodi-
ment, method 1500 starts (S1502) and signal parameter esti-
mator 826 may recerve and store a matrix of information as
depicted, by the exemplary embodiment as illustrated in FIG.
14 (S1504).

[0145] Returning to FIG. 13, processor portion 1302 may
receive magnitude information via a plurality of signals with
a sampling denoted as signal 1308, signal 1310 and signal
1312. Processor portion 1302 may then store recerved mag-
nitude information 1n memory portion 1304 via communica-
tion channel 1314.

[0146] Matrix of magnitude information may be retrieved
and examined by processor portion 1302 (S1506).

[0147] Processor portion 1302 may retrieve matrix of mag-
nitude mformation from memory portion 1304 via commu-
nication channel 1314 and examine the elements of the
retrieved matrix for magnitude elements of the matrix
exceeding a predetermined threshold.

[0148] For a determination of not finding a value of the
matrix greater than the predetermined threshold, execution of
method 1500 returns to receiving and storing matrix informa-
tion (S1504).

[0149] For a determination of finding a value of the matrix
greater than the predetermined threshold (S1508), a determi-
nation for the frequency oifset and time offset 1s made
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(S1510) based upon the respective row and column of the
matrix for an element or elements exceeding the predeter-
mined threshold.

[0150] For example, returning to FIG. 14, the magnitude
value o1 8 located as the cross section of row 1406 and column
1422, as depicted in exemplary matrix 1402, may be consid-
ered as having the maximum value of all of the elements of the
matrix and surpassing a threshold value of 5. Furthermore, the
frequency ofiset may be determined approximately as being
with respect to row 1406 and the time offset may be deter-
mined approximately as being with respect to column 1422.
[0151] After determining a maximum magnitude for a
matrix of mformation, the magnitude of neighboring ele-
ments to the maximum magnitude for the matrix may be
examined for significance n order to determine if a more
accurate estimate for the time and frequency ofiset may be

ascertained (51512).

[0152] As 1llustrated 1n FIG. 15B, for a determination of
significant neighboring elements of the maximum magnitude
value (51514), an interpolated value for the time and/or fre-
quency olifset may be calculated (S1516).

[0153] For example, returning to FIG. 14, the magnitude
value o1 7 located at the cross section of row 1404 and column
1422 may be considered greater than a threshold of 3. Fur-
thermore, the magnitude value of 6 located at the cross section
ofrow 1406 and column 1420 may be considered greater than
a threshold of 5. Based on this a more accurate approximation
for the frequency oflfset may be determined via iterpolation
as being located between the frequency as indicated by row
1404 and row 1406. Furthermore, a more accurate approxi-
mation for the time offset may be determined via interpola-
tion as being located between the time as indicated by column
1420 and column 1422. Any known method for imnterpolation
calculation may be used for determining more accurate
approximations for the time and frequency oilset.

[0154] Adter determining a time and frequency oifset, the
received signal may be processed for decoding the embedded
symbols (S1518).

[0155] For example, returning to FIG. 2, consider frame
204. The starting time of frame 204, as denoted by time 208,
may be determined, as well as any frequency offset. Using the
time and frequency imformation derived from processing
unique word 216, signal parameter estimator 826, as illus-
trated 1n FIG. 8, may determine the start time of payload 218,
as denoted by time 220. Furthermore, signal parameter esti-
mator 826 may determine the starting time and frequency
olflset for each symbol of payload 218. Furthermore, having
determined the starting time and frequency offset for each
symbol, signal parameter estimator 826 may determine the
value of each symbol resident within payload 218. Further-
more, signal parameter estimator 826 may transmit decode
information external to communication receiver portion 700.
[0156] Adter decoding information embedded 1n a signal, 1t
may be determined whether method 1500 continues execu-
tion (S1520).

[0157] Foradeterminationof continuation of method 1500,
execution of method 1500 returns to recerving and storing

matrix imnformation (S1504) (FI1G. 15A).

[0158] For a determination of cessation of method 1500,
method 1500 terminates (S1522) (FIG. 15B).

[0159] A data processor may recerve a matrix of magnitude
information, store information, retrieve mformation, process
information, examine information, determine a time and fre-

it il

quency oflset, perform interpolation operations to determine
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a more accurate representation of the time and frequency
offset and use time and frequency ofiset to perform process-
ing and decoding of information embedded within a recerved
signal.

[0160] In accordance with an aspect of the present mven-
tion, a system and method has been described for recerving an
encoded signal containing impairments and for providing
filtering, demodulation and processing for the near optimal
recovery of the encoded information embedded within the
received signal.

[0161] The foregoing description of various preferred
embodiments of the invention have been presented for pur-
poses of 1llustration and description. It 1s not intended to be
exhaustive or to limit the mvention to the precise forms dis-
closed, and obviously many modifications and variations are
possible 1n light of the above teaching. The example embodi-
ments, as described above, were chosen and described in
order to best explain the principles of the invention and 1ts
practical application to thereby enable others skilled 1n the art
to best utilize the invention in various embodiments and with
various modifications as are suited to the particular use con-
templated. It 1s intended that the scope of the mvention be
defined by the claims appended hereto.

What 1s claimed as new and desired to be protected by
Letters Patent of the United States 1s:

1. A system for use with a frequency band including a
transmission frequency and a received frequency, the trans-
mission frequency including a transmission signal having a
transmitted unique word therein, the recerved frequency
including a received signal having a recerved unique word
therein, the received unique word having been received at a
received time and at a recerved phase, said system compris-
ng:

a {irst sub-correlator operable to perform a first correlation
of only a first portion of the recerved unique word with a
corresponding first portion of the transmitted unique
word over a plurality of mstances of time and to output
a first plurality of sub-correlation values;

a second sub-correlator operable to perform a second cor-
relation of only a second portion of the recerved unique
word with a corresponding second portion of the trans-
mitted unique word over the plurality of instances of
time and to output a second plurality of sub-correlation
values; and

a discrete Fourier transtorm device operable to perform a
discrete Fourier transform over a plurality of frequencies
within the frequency band on the first plurality of sub-
correlation values and to perform a discrete Fourier
transform over the plurality of frequencies within the
frequency band on the second plurality of sub-correla-
tion values,

wherein the first portion of the received unique word 1s
different from the second portion of the received unique
word.

2. The system of claim 1, wherein said discrete Fourier
transiform device 1s operable to output a matrix of values.

3. The system of claim 2, wherein said discrete Fourier
transiorm device 1s operable to output the matrix of values as
a matrix ol complex values.

4. The system of claim 3, further comprising a processing,
portion operable to calculate a matrix of magnitude values
based on the matrix of complex values.
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5. The system of claim 4, wherein said processing portion
1s Turther operable to interpolate about the greatest magnitude
value within the matrix of magnitude values to obtain a maxi-
mum magnitude value.

6. A method of using a frequency band including a trans-
mission frequency and a received frequency, the transmission
frequency including a transmission signal having a transmiut-
ted unique word therein, the received frequency including a
received signal having a received unique word therein, the
received unique word having been received at a recerved time
and at a recerved phase, said method comprising:

performing, via a first sub-correlator, a first correlation of
only a first portion of the recerved unique word with a
corresponding first portion of the transmitted unique
word over a plurality of mstances of time and to output
a first plurality of sub-correlation values;

performing, via a second sub-correlator, a second correla-
tion of only a second portion of the recerved umique word
with a corresponding second portion of the transmitted
unique word over the plurality of instances of time and to
output a second plurality of sub-correlation values; and

performing, via a discrete Fourier transform device, a dis-
crete Fourier transform over a plurality of frequencies
within the frequency band on the first plurality of sub-
correlation values and to perform a discrete Fourier

transiform over the plurality of frequencies within the
frequency band on the second plurality of sub-correla-
tion values,

wherein the first portion of the received unique word 1s
different from the second portion of the received unique
word.

7. The method of claim 6, wherein said performing, via a
discrete Fourier transform device, a discrete Fourier trans-

form comprises outputting a matrix of values.

8. The method of claim 7, wherein said outputting a matrix
of values comprises outputting the matrix of values as a
matrix of complex values.

9. The method of claim 8, further comprising calculating,
via a processing portion, a matrix ol magnitude values based
on the matrix of complex values.

10. The method of claim 9, further comprising interpolat-
ing, via the processing portion, about the greatest magnitude
value within the matrix of magnitude values to obtain a maxi-
mum magnitude value.

11. A computer-readable media having computer-readable
instructions stored thereon, the computer-readable instruc-
tions being capable of being read by a computer to be used
with a frequency band including a transmission frequency
and a received frequency, the transmission frequency includ-
ing a transmission signal having a transmitted unique word
therein, the recerved frequency including a received signal
having a recerved umique word therein, the recerved unique
word having been recerved at arecerved time and at a recerved
phase, the computer-readable 1nstructions being capable of
instructing the computer to perform the method comprising:

performing, via a {irst sub-correlator, a first correlation of
only a first portion of the recerved unique word with a
corresponding first portion of the transmitted unique
word over a plurality of mstances of time and to output
a first plurality of sub-correlation values;

performing, via a second sub-correlator, a second correla-
tion of only a second portion of the recerved umique word
with a corresponding second portion of the transmitted
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umque word over the plurality of instances of time and to
output a second plurality of sub-correlation values; and

performing, via a discrete Fourier transform device, a dis-
crete Fourier transform over a plurality of frequencies
within the frequency band on the first plurality of sub-
correlation values and to perform a discrete Fourier
transiform over the plurality of frequencies within the
frequency band on the second plurality of sub-correla-
tion values,

wherein the first portion of the received unique word 1s
different from the second portion of the recerved unique
word.

12. The computer-readable media of claim 11, wherein the
computer-readable instructions being capable of instructing
the computer to perform a discrete Fourier transform com-
prises computer-readable instructions being capable of
instructing the computer to output a matrix of values.
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13. The computer-readable media of claim 12, wherein the
computer-readable instructions being capable of instructing
the computer to output a matrix of values comprises com-
puter-readable mstructions being capable of instructing the
computer to output the matrix of values as a matrix of com-
plex values.

14. The computer-readable media of claim 13, wherein the
computer-readable 1nstructions being further capable of
instructing the computer to perform calculating, via a pro-
cessing portion, a matrix ol magnitude values based on the
matrix of complex values.

15. The computer-readable media of claim 14, wherein the
computer-readable 1nstructions being further capable of
instructing the computer to perform interpolating, via the
processing portion, about the greatest magnitude value within
the matrix of magnitude values to obtain a maximum magni-

tude value.
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