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Description
BACKGROUND

[0001] Communications systems consist of forward
and return links of communication. Forward links are gen-
erally communications from a ground station or other
sender to a receiver. In satellite communications, the
ground station sends a signal to a satellite, which sends
the signal to a receiver. Return links are communications
in the other direction, back to the ground station. Often,
the forward link contains frames of data separated by
contiguous unique words and containing regularly
spaced pilot symbols to aid in demodulation. Pilot sym-
bols are placed into the data stream at certain intervals
or patterns to aid in the estimation of a communication
signal.

[0002] Satellite and other communications systems on
helicopters are typically configured with the antenna be-
low the main rotors so that the line of slight from the an-
tenna to the satellite or the signal broadcast is regularly
blocked by the rotor blades as they rotate. These block-
ages adversely affect the performance of both the for-
ward and return links.

SUMMARY

[0003] Inoneembodiment, amethod for mitigating hel-
icopter rotor blockage of communications is provided.
The method comprises fast fourier transforming (FFT)
pilot symbols of one current frame of data of a series of
at least one frame of data. A time delay of one frame is
implemented by rotating the complex FFT bins. A leaky
coherent integration is performed, wherein the leaky co-
herent integration adds a result of the fast fourier trans-
form of the one current frame of data to an accumulated
spectrum; applying a forgetting factor to the accumulated
spectrum, wherein the forgetting factor is a factor of less
than one, wherein the accumulated spectrum is a fast
fourier transformed of at least one previous frame of data
of a series of at least one frame of data. The method
further comprises calculating a threshold, wherein the
threshold is based on a mean energy of all FFT bins in
the accumulated spectrum, wherein FFT bins are char-
acterized by a discrete range of frequencies along the
accumulated spectrum, masking the FFT bins, wherein
masking comprises retaining only FFT bins that exceed
the threshold and above a minimum expected rotor block-
ing frequency and adjacent FFT bins. The accumulated
spectrum is inverse fast fourier transformed and com-
pared to a threshold to detect blockage events. Pilot sym-
bols that fall within blockages are removed from the signal
parameter estimation process and bit-log likelihood ra-
tios corresponding to data symbols within blockages are
set to zero.
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DRAWINGS

[0004] Understandingthatthe drawings depictonly ex-
emplary embodiments and are not therefore to be con-
sidered limiting in scope, the exemplary embodiments
will be described with additional specificity and detail
through the use of the accompanying drawings, in which:

Figure 1 a block diagram of one embodiment of an
exemplary method for mitigating helicopter rotor
blockage of communications;

Figure 2 illustrates a block diagram of an example
system for mitigating helicopter rotor blockage of
communications; and

Figure 3 illustrates one embodiment of a helicopter
rotor blockage block diagram;

Figure 4 is a hardware block diagram according to
one embodiment of an exemplary system for miti-
gating helicopter rotor blockage of communications;

Figure 5A illustrates a cumulative spectrum power
graphs and magnitudes of the inverse fast fourier
transformed signal for the current and next frame as
seen by a receiver, according to one embodiment at
5 frames of data;

Figure 5B illustrates a cumulative spectrum power
graphs and magnitudes of the inverse fast fourier
transformed signal for the current and next frame as
seen by a receiver, according to one embodiment at
10 frames of data;

Figure 5C illustrates a cumulative spectrum power
graphs and magnitudes of the inverse fast fourier
transformed signal for the current and next frame as
seen by a receiver, according to one embodiment at
100 frames of data;

Figure 5D illustrates a cumulative spectrum power
graphs and magnitudes of the inverse fast fourier
transformed signal for the current and next frame as
seen by a receiver, according to one embodiment at
500 frames of data;

[0005] In accordance with common practice, the vari-
ous described features are not drawn to scale but are
drawn to emphasize specific features relevant to the ex-
emplary embodiments.

DETAILED DESCRIPTION

[0006] In the following detailed description, reference
is made to the accompanying drawings that form a part
hereof, and in which is shown by way of illustration spe-
cific illustrative embodiments. However, it is to be under-
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stood that other embodiments may be utilized and that
logical, mechanical, and electrical changes may be
made. Furthermore, the method presented in the drawing
figures and the specification is not to be construed as
limiting the order in which the individual steps may be
performed. The following detailed description is, there-
fore, not to be taken in a limiting sense.

[0007] Figure 1 illustrates one embodiment of an ex-
emplary method for mitigating helicopter rotor blockage
of communications 100. The method 100 begins by Fast
Fourier Transforming (FFT) pilot symbols in each frame
of data received by a receiver 101. In one embodiment,
the receiver is a satellite receiver. A forward link signal
comprises frames of data separated by contiguous
unique words, and also contains regularly spaced pilot
symbols to aid in the demodulation of the signal. The pilot
symbols in each frame of data are fed into a real to com-
plex FFT.In one embodiment, computational savings can
be made by only calculating half of the output values, as
the negative frequency bins are the complex conjugate
of the positive frequency bins. It is also not possible to
process more than one frame at a time when the pilot
symbols are notfound ata constantrate across the frame
boundary. Alarge FFT relative to the number of pilot sym-
bols is required to allow coherent integration from frame
to frame. In one embodiment, the pilot symbols are fed
into an 8k real to complex FFT.

[0008] For systems in low signal to noise ratio (SNR),
performance can be improved by increasing the FFT
length, which allows a larger forgetting factorand somore
integration. This is at the expense of increased compu-
tation and memory.

[0009] At block 103, the accumulated FFT bin results
are shifted in time by a frame. In one embodiment, since
the time shift is a non-integer multiple of the pilot symbol
period, itis most efficiently performed by rotating the com-
plex frequency bins, adjusting the phase angles. It is to
be understood that block 103 depicts an exemplary em-
bodiment and is not to be taken in a limiting sense. In
other embodiments, the time shift may be implemented
in a different fashion, using techniques that will be ap-
preciated by those having ordinary skill in the art to cause
such a time delay.

[0010] At block 105, the contribution of the old signal
information is exponentially de-weighted by performing
a leaky coherent integration by adding the results of the
FFT and rotation with a forgetting factor. The forgetting
factor (less than one) is applied to the accumulated FFT
bin results before adding new frames.

[0011] Atblock 107, a blockage threshold is calculated
as a multiple of the mean bin energy of all FFT bins. At
block 109, all FFT bins with energy greater than the
threshold and that lie within an allowed interval corre-
sponding to an expected rotor blocking frequency are
copied along with adjacent FFT bins to a second spec-
trum with the remaining FFT bins of the second spectrum
set to zero. This eliminates the direct current (DC) com-
ponentinthe FFT bins while retaining the significant com-
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ponents of a comb spectrum from an ideal signal and
also eliminates noise. This is referred to as the noise
reduced spectrum.

[0012] At block 111, an inverse FFT is applied to the
noise reduced spectrum to convert it back to a real signal
in the time domain. The predicted signal for the frame
ahead is considered and the intervals when the signal
falls below the threshold are the predicted blockages.
[0013] Atblock 113, pilot symbols below the threshold
are removed from the signal parameter estimation. In
one embodiment, associated bit log likelihood ratios
(LLRs) associated with data symbols are set to zero. In
a complete blockage the measured symbols will be just
noise, the true constellation value is at zero. A zero value
for Quadrature Phase-Shift Keying (QPSK) bearers re-
sults in zero valued LLRs that impart no information. A
zero value for 16-Quadrature Amplitude Modulation
(QAM) bearers results in a zero values LLR for the most
significantbitand a non-zero value for the least significant
(usually parity) bit that, depending on the symbol map-
ping, may favor a zero bit value. The noise process itself
will generate non-zero LLR values. In the event of a total
blockage, performance can be improved by implement-
ing an erasure strategy. Here the symbols during the
blockage have their associated bit values replaced by
zero, to represent no information. If the blockage is partial
then information could be lost by using this strategy. In
other embodiments, parameter estimation can be mod-
ified to make it more adaptive at the transitions or to de-
weight the blocked symbols. To implement erasure or
modification, the terminal would have to know it was on
a helicopter and a periodic blockage detector would be
needed.

[0014] Figure 2illustrates a block diagram of an exam-
ple helicopter rotor blockage detector 200. Frame pilot
symbols 201 are inputs to the system. At block 201, the
frame pilot symbols 201 are passed through an FFT. The
output is sent to a summing block. At block 205, a frame
delay is introduced which delays the signal by one frame
of data. At block 207, the frame delay causes a time shift
of a frame. The time shift is a non-integer multiple of the
pilot symbol period, where the pilot symbol period is the
time between receiving consecutive pilot symbols.
Therefore, it is most efficiently time shifted by rotating
the complex frequency FFT) bins. At block 209, de-
weighting of the old signal is accomplished by applying
applying forgetting factor (a factor of less than one), to
the accumulated spectrum. After applying the forgetting
the factor, the signal is coupled back to the summing
block. At 211, a threshold and mask are calculated. The
threshold is calculated as a multiple of the mean energy
in the FFT bins of the spectrum. A mask is applied to the
signal by copying only the FFT bins which have energy
greater than the threshold and are within an allowed in-
terval, and adjacent FFT bins to another spectrum where
the other FFT bins are set to zero. This effectively re-
moves the DC component while retaining the significant
components of the comb spectrum form the ideal signal
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and eliminates noise. At block 213, this noise reduced
spectrum has an IFFT applied to it to convert the signal
back to a real signal in the time domain. At block 215,
the predicted signal from the frame ahead is then con-
sidered and the intervals when the signal falls below the
threshold are the predicted blockages 217.

[0015] Figure 3 shows a side view 300 of a helicopter
310 equipped with satellite antenna and receiver 311 on
the top side of the fuselage of the helicopter 310. The
satellite antenna and receiver 311 are configured to com-
municate with satellite vehicle 315 overhead. Helicopter
rotor blades 313 are positioned above the satellite an-
tenna / receiver 311 causing repeating blockages of the
communication path between antenna/receiver 311 and
satellite vehicle 315. The blockage of communication by
helicopter rotor blades 313 can disrupt communication
functions of the helicopter, and can reflect and deflect
both forward and return link signals. Itis to be understood
that Figure 3 depicts an exemplary embodiment present-
ed by way of example and not by way of limitation. In
particular, other embodiments may use a different anten-
na / receiver in communication with the ground or other
aircraft, where the rotors cause a similar intermittent
blockage, or any other kind of regularly occurring block-
age.

[0016] Figure 4 is a hardware block diagram of an ex-
ample system for mitigation of helicopter rotor blockage.
The system 400 includes an antenna 410, and receiver
411, a processor 423, and memory and/or computer
readable media 425. In one embodiment, the antenna
410 and receiver 411 are a satellite antenna and satellite
receiver. Antenna 410 is coupled to a receiver 411 and
is configured to be able to send and receive a commu-
nications signal. Receiver 411 is coupled to processor
423. In some embodiments, processor 423 may include
more than one processor, a single processor with multi-
ple cores, or other processor configuration known to
those having ordinary skill in the art. Processor 423 is
coupled to system memory and/or computer readable
media 425, comprising helicopter rotor blockage predic-
tion and mitigation instructions 427. In other embodi-
ments, processor 423 and computer readable media 425
may be implemented in a system on a chip configuration,
application specific integrated circuit (ASIC), a digital sig-
nal processor (DSP), programmabile logic such as a Field
Programmable Gate Array, digital hardware, or other ac-
ceptable alternatives as known to those having ordinary
skill in the art. Helicopter rotor blockage prediction and
mitigation instructions 427 include instructions, which
when executed by processor 423 cause the processor
423 to FastFourier Transform (FFT) pilot symbols ineach
frame of data received by the receiver, rotate the FFT
bin results spectrum to adjust the phases to implement
adelay ofone frame, perform aleaky coherentintegration
by adding the results of the rotation with a forgetting factor
applied to the accumulated FFT bin result spectrum, cal-
culate a threshold using a mean bin energy of the FFT
bin spectrum, mask the signal results by retaining only
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the FFT bins that exceed the threshold and their adjacent
FFT bins above the minimum expected rotor blocking
frequency, inverse FFT (IFFT) the signal to obtain an
time domain signal gain, and erase the pilot symbols be-
low the threshold removing them from the signal param-
eter estimation. In one embodiment, bit LLRs associated
with the blocked data symbols are set to zero. In other
embodiments, a de-weighting or modification of the
blocked portions of the signal may be used.

[0017] In some embodiments, these instructions may
typically be stored on any appropriate computer readable
medium used for storage of computer readable instruc-
tions or data structures. The computer readable medium
425 can be implemented as any available media that can
be accessed by a general purpose or special purpose
computer or processor, or any programmable logic de-
vice. Suitable processor-readable media may include
storage or memory media such as magnetic or optical
media. For example, storage or memory media may in-
clude conventional hard disks, Compact Disk - Read Only
Memory (CD-ROM), volatile or non-volatile media such
as Random Access Memory (RAM) (including, but not
limited to, Synchronous Dynamic Random Access Mem-
ory (SDRAM), Double Data Rate (DDR) RAM, RAMBUS
Dynamic RAM (RDRAM), Static RAM (SRAM), etc.),
Read Only Memory (ROM), Electrically Erasable Pro-
grammable ROM (EEPROM), and flash memory, etc.
Suitable processor-readable media may also include
transmission media such as electrical, electromagnetic,
or digital signals, conveyed via a communication medium
such as a network and/or a wireless link.

[0018] In other embodiments, receiver 411 is coupled
to a helicopter rotor blockage predictor unit 420 config-
ured to Fast Fourier Transform (FFT) pilot symbols in
each frame of data received by the receiver, rotate the
FFT bin results spectrum to adjust the phases to imple-
ment a delay of one frame, perform a leaky coherent
integration by adding the results of the rotation with a
forgetting factor applied to the accumulated FFT bin re-
sult spectrum, calculate a threshold using a mean bin
energy of the FFT bin spectrum, mask the signal results
by retaining only the FFT bins that exceed the threshold
andtheir adjacent FFT bins above the minimum expected
rotor blocking frequency, inverse FFT (IFFT) the signal
to obtain an time domain signal gain, and erase the pilot
symbols below the threshold removing them from the sig-
nal parameter estimation. In one embodiment, bit LLRs
associated with the blocked symbols are set to zero. In
some embodiments, the helicopter rotor blockage pre-
dictor unit 420 comprises processor 423 and computer
readable media and/or system memory 425 further com-
prising helicopter rotor blockage prediction and mitiga-
tion instructions 427.

[0019] Figures 5A-5D illustrate cumulative spectrum
power graphs and magnitudes of the IFFT’d signal for
the current and next frame as seen by a receiver accord-
ing to one embodiment at 5, 10, 100 and 500 frames of
data. 500A illustrates the graphs at 5 frames of data. The
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cumulative spectrum graph 510A illustrates an ignored
DC component 511A, a cumulative spectrum power
513A, a blockage threshold 515A, and the masked spec-
trum 517A. The cross symbols at the top of masked spec-
trum 517A denote the peaks of the spectrum. The fun-
damental blockage frequency is 17 hertz (Hz) and the
harmonics are integer multiples of the fundamental fre-
quency. These graphs are then shown in figure 500B for
10frames, 500C for 100 frames, and 500D for 500 frames
of data.

[0020] The magnitude graph 520A shows an IFFT'd
signal 525A for the current and next frame. The threshold
527A indicates the threshold below which if the IFFT'd
signal 525A falls below, a blockage is predicted to occur.
The pilot symbols are depicted as unblocked pilot sym-
bols 521A, and blocked pilot symbols 523A.

EXAMPLE EMBODIMENTS

[0021] Example 1 includes a method for mitigating hel-
icopter rotor blockage of communications comprising:
fast fourier transforming (FFT) pilot symbols of one cur-
rent frame of data of a series of at least one frame of
data; implementing a time delay of one frame; applying
a forgetting factor to an accumulated spectrum, wherein
the forgetting factor is a factor of less than one, wherein
the accumulated spectrum is a fast fourier transformed
of at least one previous frame of data of a series of at
least one frame of data; performing a leaky coherent in-
tegration, wherein the leaky coherent integration adds a
result of the fastfourier transform of the one current frame
of data to the accumulated spectrum; calculating a
threshold, wherein the threshold is based on a mean en-
ergy of all FFT bins in the accumulated spectrum, wherein
bins are characterized by a discrete range of frequencies
along the accumulated spectrum; masking the FFT bins,
wherein masking comprises retaining only FFT bins that
exceed the threshold and above a minimum expected
rotor blocking frequency and adjacent FFT bins; inverse
fast fourier transforming the accumulated spectrum;
erasing the pilot symbols below the threshold and remov-
ing them from signal parameter estimation; erasing data
symbols that lie in a blockage by setting bit-log likelihood
ratios to zero.

[0022] Example 2 includes the method of example 1
wherein implementing a delay of one frame comprises
rotating the accumulated fast fourier transform (FFT) bin
results to adjust a phase, wherein the adjustment to the
phase creates a delay of one frame.

[0023] Example 3 includes the methods of any of ex-
amples 1 or 2, wherein the threshold indicates an energy
level below which a blockage occurs.

[0024] Example 4 includes the method of any of exam-
ple 1-3, wherein pilot symbols below the threshold are
de-weighted before performing parameter estimation.
[0025] Example 5 includesthe method of any of exam-
ples 1-4, wherein de-weighting is relative to the threshold.
[0026] Example 6 includes the method of examples
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1-5 wherein the fast fourier transformis a real to complex
fast fourier transform.

[0027] Example 7 includes the method of any of exam-
ple 1-6 wherein the fast fourier transform computes only
positive frequency FFT bins or negative frequency FFT
bins.

[0028] Example 8 includes the method of any of claims
1-5, wherein the fast fourier transform is a complex to
complex fast fourier transform having a fast fourier trans-
form length half of a real to complex fast fourier transform
length.

[0029] Example 9includes the method of any of exam-
ples 1-8, wherein the accumulated spectrum has no pre-
vious frame information.

[0030] Example 10 includes a system for mitigating
helicopter rotor blockage of communications comprising:
areceiver configured to receive a signal, the signal com-
prising frames of data, wherein the frames of data contain
regularly spaced pilot symbols; at least one programma-
ble processor coupled to the receiver; a processor-read-
able medium on which program instructions are config-
ured, when executed by at least one programmable proc-
essor, to cause the atleast one programmable processor
to: fast fourier transform (FFT) the pilot symbols of one
current frame of data of a series of at least one frame of
data; implement a time delay of one frame; apply a for-
getting factor to an accumulated spectrum, wherein the
forgetting factor is a factor of less than one, wherein the
accumulated spectrum is a fast fourier transformed of at
least one previous frame of data of a series of at least
one frame of data; perform a leaky coherent integration,
wherein the leaky coherent integration adds a result of
the fast fourier transform of the one current frame of data
to the accumulated spectrum; calculate a threshold,
wherein the threshold is based on a mean energy of all
FFT bins in the accumulated spectrum, wherein FFT bins
are characterized by a discrete range of frequencies
along the accumulated spectrum; mask the FFT bins,
wherein masking comprises retaining only FFT bins that
exceed the threshold and above a minimum expected
rotor blocking frequency and adjacent FFT bins; and in-
verse fast fourier transform the accumulated spectrum.
[0031] Example 11 includes the system of example 10,
wherein implementing a delay of one frame comprises
rotating the accumulated fast fourier transform (FFT) bin
results to adjust phase angles.

[0032] Example 12 includes the system of any of ex-
amples 10-11, wherein the program instructions are fur-
ther configured to cause the at least one programmable
processor to set bit log likelihood ratios associated with
data symbols within a blockage to zero.

[0033] Example 13 includes the system of any of ex-
amples 10-12, wherein the program instructions are fur-
ther configured to cause the at least one programmable
processor to de-weight blocked pilot symbols.

[0034] Example 14 includes the system of any of ex-
amples 10-13, wherein the program instructions are con-
figured to cause the at least one programmable proces-
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sor to perform a real to complex fast fourier transform.
[0035] Example 15 includes the system of any of ex-
amples 10-14, wherein the program instructions are con-
figured to cause the at least one programmable proces-
sor to compute a fast fourier transform for only positive
frequency FFT bins or negative frequency FFT bins.
[0036] Example 16 includes the system of any of ex-
amples claim 10-13, wherein the program instructions
are configured to cause the at least one programmable
processor to perform a complex to complex fast fourier
transform having a fourier fast transform length half of a
real to complex fast fourier transform length.

[0037] Example 17 includes the system of any of ex-
amples 10-16, wherein the receiver is a satellite receiver
configured to receive a satellite signal, the signal com-
prising frames of data, wherein the frames of data contain
regularly spaced pilot symbols.

[0038] Example 18 includes an apparatus comprising:
an antenna coupled to a receiver, the antenna and re-
ceiver configured to receive a signal, the signal compris-
ing frames of data, wherein the frames of data contain
regularly spaced pilot symbols; a helicopter rotor block-
age predictor unit configured to: fast fourier transform
(FFT) the pilot symbols of one current frame of data of a
series of at least one frame of data; implement a time
delay of one frame; apply a forgetting factor to an accu-
mulated spectrum, wherein the forgetting factor is a factor
of less than one, wherein the accumulated spectrum is
a fast fourier transform of at least one previous frame of
data of a series of at least one frame of data; perform a
leaky coherent integration, wherein the leaky coherent
integration adds a result of the fast fourier transform of
the one current frame of data to the accumulated spec-
trum; a signal estimation unit configured to: calculate a
threshold, wherein the threshold is based on a mean en-
ergy of all FFT bins in the accumulated spectrum, wherein
bins are characterized by a discrete range of frequencies
along the accumulated spectrum; mask the FFT bins,
wherein masking comprises retaining only FFT bins that
exceed the threshold and above a minimum expected
rotor blocking frequency and adjacent FFT bins; and in-
verse fast fourier transform the accumulated spectrum.
[0039] Example 19includes the apparatus of example
18, wherein the helicopter rotor blockage predictor unit
implements a delay of one frame by rotating the accu-
mulated fast fourier transform (FFT) bin results to adjust
a phase, wherein the adjustment to the phase creates a
delay of one frame.

[0040] Example 20 includes the apparatus of any of
examples 18 or 19, wherein the signal estimation unit is
configured to set bit log likelihood ratios associated with
data symbols in a blockage to zero.

Claims

1. A method for mitigating helicopter rotor blockage of
communications comprising:
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fast Fourier transforming (FFT) pilot symbols of
one current frame of data of a series of at least
one frame of data (101);

implementing a time delay of one frame (103);
applying a forgetting factor to an accumulated
spectrum, wherein the forgetting factor is a fac-
tor of less than one, wherein the accumulated
spectrum is a fast Fourier transformed of at least
one previous frame of data of a series of at least
one frame of data (105);

performing a leaky coherent integration, where-
in the leaky coherent integration adds a result
of the fast fourier transform of the one current
frame of data to the accumulated spectrum
(105);

calculating a threshold, wherein the threshold is
based on a mean energy of all FFT bins in the
accumulated spectrum, wherein FFT bins are
characterized by a discrete range of frequen-
cies along the accumulated spectrum (107);
masking the FFT bins, wherein masking com-
prises retaining only FFT bins that exceed the
threshold and above a minimum expected rotor
blocking frequency and adjacent FFT bins (109);
inverse fast Fourier transforming the accumu-
lated spectrum (111);

erasing the pilot symbols below the threshold by
removing the pilot symbols from signal param-
eter estimation (113) ;

erasing data symbols that lie in a blockage by
setting bit-log likelihood ratios to zero (113).

The method of claim 1, wherein the threshold indi-
cates an energy level below which a blockage oc-
curs.

The method of claim 1, wherein pilot symbols below
the threshold are de-weighted before performing pa-
rameter estimation.

The method of claim 3, wherein de-weighting is rel-
ative to the threshold.

The method of claim 1 wherein the fast Fourier trans-
form is a real to complex fast Fourier transform.

The method of claim 1 wherein the fast Fourier trans-
form computes only positive frequency FFT bins or
negative frequency FFT bins.

The method of claim 1, wherein the fast Fourier trans-
form is a complex to complex fast Fourier transform
having a fast Fourier transform length half of a real
to complex fast Fourier transform length.

An apparatus (400) comprising:

an antenna (410) coupled to a receiver (411),
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the antenna and receiver configured to receive
a signal, the signal comprising frames of data,
wherein the frames of data contain regularly
spaced pilot symbols;

a helicopter rotor blockage predictor unit (420)
configured to:

fast Fourier transform (FFT) the pilot sym-
bols of one current frame of data of a series
of at least one frame of data (101);
implement a time delay of one frame (103);
apply a forgetting factor to an accumulated
spectrum, wherein the forgetting factor is a
factor of less than one, wherein the accu-
mulated spectrum is a fast Fourier trans-
form of at least one previous frame of data
of a series of at least one frame of data
(105);

perform a leaky coherent integration,
wherein the leaky coherentintegration adds
a result of the fast Fourier transform of the
one current frame of data to the accumulat-
ed spectrum (105);

a signal estimation unit (211,213) configured to:

calculate a threshold, wherein the threshold
is based on a mean energy of all FFT bins
in the accumulated spectrum, wherein FFT
bins are characterized by a discrete range
of frequencies along the accumulated spec-
trum (107);

mask the FFT bins, wherein masking com-
prises retaining only FFT bins that exceed
the threshold and above a minimum expect-
ed rotor blocking frequency and adjacent
FFT bins (109); and

inverse fast Fourier transform the accumu-
lated spectrum (111).

The apparatus of claim 8, wherein the helicopter ro-
tor blockage predictor unitimplements a delay of one
frame by rotating the accumulated fast fourier trans-
form (FFT) bin results to adjust phase angles, where-
in the adjustment to the phase creates a delay of one
frame.

The apparatus of claim 8, wherein the signal estima-
tion unit is configured to set bit log likelihood ratios
associated with data symbols in a blockage to zero.

Patentanspriiche

1.

Verfahren zur Abschwéachung der Blockierung von
Kommunikation durch einen Hubschrauberrotor,
welches aufweist:
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Durchfiihren einer schnellen Fourier-Transfor-
mation (Fast Fourier Transformation, FFT) von
Pilotsymbolen eines aktuellen Datenrahmens
aus einer Folge von wenigstens einem Daten-
rahmen (101) ;

Implementieren einer Zeitverzégerung eines
Rahmens (103) ;

Anwenden eines Vergessensfaktors auf ein ak-
kumuliertes Spektrum, wobei der Vergessens-
faktor ein Faktorist, derkleiner als eins ist, wobei
das akkumulierte Spektrum eine schnelle Fou-
riertransformierte wenigstens eines vorherge-
henden Datenrahmens aus einer Folge von we-
nigstens einem Datenrahmen ist (105);
Durchfiihren einer verlustbehafteten koharen-
ten Integration, wobei die verlustbehaftete ko-
harente Integration ein Ergebnis der schnellen
Fourier-Transformation des einen aktuellen Da-
tenrahmens zu dem akkumulierten Spektrum
hinzuflgt (105);

Berechnen eines Schwellenwertes, wobei der
Schwellenwert auf einer mittleren Energie aller
FFT-Bins in dem akkumulierten Spektrum ba-
siert, wobei FFT-Bins durch einen diskreten Be-
reich von Frequenzen entlang des akkumulier-
ten Spektrums gekennzeichnet sind (107);
Maskieren der FFT-Bins, wobei das Maskieren
beinhaltet, nur FFT-Bins, welche den Schwel-
lenwert Uberschreiten und Uber einer minimalen
erwarteten Rotorblockierfrequenz liegen, und
benachbarte FFT-Bins zuriickzubehalten (109);
Durchfiihren einer inversen schnellen Fourier-
Transformation des akkumulierten Spektrums
(111);

Léschen der Pilotsymbole unterhalb des
Schwellenwertes durch Entfernen der Pilotsym-
bole aus einer Signalparameterschatzung
(113);

Léschen von Datensymbolen, welche in einer
Blockierung liegen, durch Setzen von Bit-Log-
Likelihood-Quotienten auf null (113).

Verfahren nach Anspruch 1, wobei der Schwellen-
wert ein Energieniveau angibt, unterhalb dessen ei-
ne Blockierung erfolgt.

Verfahren nach Anspruch 1, wobei Pilotsymbole un-
terhalb des Schwellenwertes schwacher gewichtet
werden, bevor eine Parameterschatzung durchge-
fuhrt wird.

Verfahren nach Anspruch 3, wobei die schwachere
Gewichtung relativ zu dem Schwellenwert erfolgt.

Verfahren nach Anspruch 1, wobei die schnelle Fou-
rier-Transformation eine schnelle Fourier-Transfor-
mation "reell zu komplex" ist.
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Verfahren nach Anspruch 1, wobei die schnelle Fou-
rier-Transformation nur FFT-Bins mit positiver Fre-
quenz oder FFT-Bins mit negativer Frequenz be-
rechnet.

Verfahren nach Anspruch 1, wobei die schnelle Fou-
rier-Transformation eine schnelle Fourier-Transfor-
mation "komplex zu komplex" ist, die eine Lange der
schnellen Fourier-Transformation aufweist, die halb
sogrofd wie die Lange einer schnellen Fourier-Trans-
formation "reell zu komplex" ist.

Vorrichtung (400), welche umfasst:

eine Antenne (410), die mit einem Empfanger
(411) gekoppelt ist, wobei die Antenne und der
Empfanger dafir ausgelegt sind, ein Signal zu
empfangen, wobei das Signal Datenrahmen
aufweist, wobei die Datenrahmen gleichmaRig
beabstandete Pilotsymbole enthalten;

eine Vorhersageeinheit (420) fir die Blockie-
rung durch einen Hubschrauberrotor, die dafiir
ausgelegt ist:

eine schnelle Fourier-Transformation (Fast
Fourier Transformation, FFT) der Pilotsym-
bole eines aktuellen Datenrahmens aus ei-
ner Folge von wenigstens einem Datenrah-
men durchzufihren (101);

eine Zeitverzégerung eines Rahmens zu
implementieren (103);

einen Vergessensfaktor auf ein akkumulier-
tes Spektrum anzuwenden, wobei der Ver-
gessensfaktor ein Faktor ist, der kleiner als
eins ist, wobei das akkumulierte Spektrum
eine schnelle Fourier-Transformation we-
nigstens eines vorhergehenden Datenrah-
mens aus einer Folge von wenigstens ei-
nem Datenrahmen ist (105);

eine verlustbehaftete koharente Integration
durchzuftihren, wobei die verlustbehaftete
kohéarente Integration ein Ergebnis der
schnellen Fourier-Transformation des ei-
nen aktuellen Datenrahmens zu dem akku-
mulierten Spektrum hinzufiigt (105);

eine Signalschatzeinheit (211, 213), die da-
fur ausgelegt ist:

einen Schwellenwert zu berechnen,
wobeider Schwellenwert auf einer mitt-
leren Energie aller FFT-Bins in dem ak-
kumulierten Spektrum basiert, wobei
FFT-Bins durch einen diskreten Be-
reich von Frequenzen entlang des ak-
kumulierten Spektrums gekennzeich-
net sind (107);

die FFT-Bins zu maskieren, wobei das
Maskieren beinhaltet, nur FFT-Bins,
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10.

welche den Schwellenwert Giberschrei-
ten und Uber einer minimalen erwarte-
ten Rotorblockierfrequenz liegen, und
benachbarte FFT-Bins zurlickzubehal-
ten (109);

eine inverse schnelle Fourier-Transfor-
mation des akkumulierten Spektrums
durchzufihren (111).

Vorrichtung nach Anspruch 8, wobei die Vorhersa-
geeinheit fur die Blockierung durch einen Hub-
schrauberrotor eine Verzégerung eines Rahmens
durch Rotieren der akkumulierten Ergebnisse der
schnellen Fourier-Transformations-Bins (FFT-Bins)
implementiert, um Phasenwinkel anzupassen, wo-
bei die Anpassung an die Phase eine Verzogerung
eines Rahmens erzeugt.

Vorrichtung nach Anspruch 8, wobei die Signal-
schatzeinheit daflir ausgelegt ist, Bit-Log-Likeli-
hood-Quotienten, die Datensymbolen in einer Blo-
ckierung zugeordnet sind, gleich null zu setzen.

Revendications

1.

Procédé d’atténuation du blocage des communica-
tions par le rotor d’un hélicoptére, comprenant les
étapes suivantes :

transformée de Fourier rapide (FFT) des sym-
boles pilotes d’'une trame de données actuelle
d’une série d’au moins une trame de données
(101);

mise en oeuvre d’un retard dans le temps d’'une
trame (103) ;

application d’un facteur d’oubli a un spectre cu-
mulé, le facteur d’oubli étant un facteur inférieur
a un, le spectre cumulé étant une transformée
de Fourier rapide d’au moins une trame de don-
nées précédente d’une série d’au moins une tra-
me de données (105) ;

réalisation d’'une intégration cohérente ouverte,
l'intégration cohérente ouverte ajoutant un ré-
sultat de la transformée de Fourier rapide de la
trame de données actuelle au spectre cumulé
(105) ;

calculd’un seuil, le seuil étant basé sur une éner-
gie moyenne de toutes les cases FFT dans le
spectre cumulé, les cases FFT étant caractéri-
sées par une plage discrete de fréquences le
long du spectre cumulé (107) ;

masquage des cases FFT, le masquage com-
prenant la conservation uniquement des cases
FFT qui dépassent le seuil et sont au-dessus
d’une fréquence minimale attendue de blocage
par le rotor et des cases FFT voisines (109) ;
transformée Fourier inverse du spectre cumulé
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(111);
effacementdes symboles pilotes au-dessous du
seul en supprimant les symboles pilotes de I'es-
timation des parameétres du signal (113) ;
effacement des symboles de données qui se
trouvent dans un blocage en fixant a zéro les
logarithmes du rapport de vraisemblance des
bits (113).

Procédé selon la revendication 1, selon lequel le
seuilindique un niveau d’énergie au-dessous duquel
il se produit un blocage.

Procédé selon la revendication 1, selon lequel les
symboles pilotes au-dessous du seuil sont dépon-
dérés avant d’effectuer I'estimation des paramétres.

Procédé selon la revendication 3, selon lequel la
pondération est relative au seuil.

Procédé selon la revendication 1, selon lequel la
transformée de Fourier rapide est une transformée
de Fourier rapide de réel a complexe.

Procédé selon la revendication 1, selon lequel la
transformée de Fourier rapide calcule uniquement
les cases de FFT a fréquence positive ou les cases
de FFT a fréquence négative.

Procédé selon la revendication 1, selon lequel la
transformée de Fourier rapide est une transformée
de Fourier rapide de complexe a complexe ayant
une longueur de transformée de Fourier rapide égale
alamoitié de lalongueur d’'une transformée de Fou-
rier rapide de réel a complexe.

Appareil (400) comprenant :

une antenne (410) connectée a un récepteur
(411), 'antenne et le récepteur étant configurés
pour recevoir un signal, le signal comprenant
des trames de données, les trames de données
contenant des symboles pilotes équidistants ;
une unité de prévision de blocage par rotor d’hé-
licoptere (420) configurée pour :

effectuer une transformée de Fourier rapide
(FFT) des symboles pilotes d’'une trame de
données actuelle d’'une série d’au moins
une trame de données (101) ;

mettre en oeuvre un retard dans le temps
d'une trame (103) ; appliquer un facteur
d'oubli a un spectre cumulé, le facteur
d’oubli étant un facteur inférieur a un, le
spectre cumulé étant une transformée de
Fourier rapide d’au moins une trame de
données précédente d’'une série d’au moins
une trame de données (105) ;
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10.

réaliser une intégration cohérente ouverte,
l'intégration cohérente ouverte ajoutant un
résultat de la transformée de Fourier rapide
de la trame de données actuelle au spectre
cumulé (105) ;

une unité d’estimation de signal (211, 213)
configurée a ; calculer un seuil, le seuil étant
basé sur une énergie moyenne de toutes
les cases FFT dans le spectre cumulé, les
cases FFT étant caractérisées par une
plage discréte de fréquences le long du
spectre cumulé (107) ;

masquer les cases FFT, le masquage com-
prenantlaconservation uniguementdes ca-
ses FFT qui dépassent le seuil et sont au-
dessus d’une fréquence minimale attendue
de blocage par le rotor et des cases FFT
voisines (109) ; et

effectuer une transformée Fourier inverse
du spectre cumulé (111).

Appareil selon la revendication 8, avec lequel I'unité
de prévision de blocage par rotor d’hélicoptére met
en oeuvre un retard d’'une trame en faisant tourner
les résultats cumulés des cases de transformée de
Fourierrapide (FFT) afin d’ajuster les angles de pha-
se, 'ajustement a la phase créant un retard d’'une
trame.

Appareil selon la revendication 8, avec lequel I'unité
d’estimation de signal est configurée pour fixer a zé-
ro les logarithmes du rapport de vraisemblance des
bits associés aux symboles de données dans un blo-
cage.
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