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DESCRIPTION

BACKGROUND

[0001] Communications systems consist of forward and return links of communication. Forward links are generally
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 symbols 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 below the main rotors
so that the line of slight from the antenna to the satellite or the signal broadcast is regularly blocked by the rotor blades as they
rotate. These blockages adversely affect the performance of both the forward and return links.

SUMMARY

[0003] In one embodiment, a method for mitigating helicopter 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 coherent integration adds a result of the fast fourier transform 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 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. The accumulated spectrum is inverse fast fourier transformed
and compared to a threshold to detect blockage events. Pilot symbols that fall within blockages are removed from the signal
parameter estimation process and bit-log likelihood ratios corresponding to data symbols within blockages are set to zero.

DRAWINGS

[0004] Understanding that the drawings depict only exemplary embodiments and are not therefore to be considered 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 mitigating 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;
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[0005] In accordance with common practice, the various described features are not drawn to scale but are drawn to emphasize
specific features relevant to the exemplary 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 specific illustrative embodiments. However, it is to be understood 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, therefore, not to be taken in a limiting sense.

[0007] Figure 1 illustrates one embodiment of an exemplary 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
unigue 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 complex 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 not found at a constant rate across the frame
boundary. Alarge FFT relative to the number of pilot symbols 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 factor and so more integration. This is at the expense of increased computation 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, it is most efficiently performed by rotating the complex frequency bins, adjusting
the phase angles. It is to be understood that block 103 depicts an exemplary embodiment 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 appreciated
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] At block 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 corresponding to an expected rotor
blocking frequency are copied along with adjacent FFT bins to a second spectrum with the remaining FFT bins of the second
spectrum set to zero. This eliminates the direct current (DC) component in the FFT bins while retaining the significant components
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] At block 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
results 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 significant bit and a non-zero value for the least significant (usually parity) bit that,
depending on the symbol mapping, 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 implementing 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 modified 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



DK/EP 2833563 T3

a helicopter and a periodic blockage detector would be needed.

[0014] Figure 2 illustrates a block diagram of an example 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. Amask is applied to the signal by copying only the FFT bins which have energy greater than the threshold and
are within an allowed interval, and adjacent FFT bins to another spectrum where the other FFT bins are set to zero. This
effectively removes the DC component while retaining the significant components of the comb spectrum form the ideal signal 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 considered 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 communicate with satellite vehicle
315 overhead. Helicopter rotor blades 313 are positioned above the satellite antenna / 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. It is to be understood that Figure 3 depicts an exemplary embodiment presented by way of example and not by
way of limitation. In particular, other embodiments may use a different antenna / receiver in communication with the ground or
other aircraft, where the rotors cause a similar intermittent blockage, or any other kind of regularly occurring blockage.

[0016] Figure 4 is a hardware block diagram of an example 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 communications signal. Receiver 411 is coupled to processor
423. In some embodiments, processor 423 may include more than one processor, a single processor with multiple 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 prediction and mitigation instructions 427. In other
embodiments, processor 423 and computer readable media 425 may be implemented in a system on a chip configuration,
application specific integrated circuit (ASIC), a digital signal processor (DSP), programmable logic such as a Field Programmable
Gate Array, digital hardware, or other acceptable 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 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 implement 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 result 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 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 below the threshold removing them from the signal parameter 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 instructions 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 device. Suitable processor-readable media may include storage or memory media such as magnetic or optical media. For
example, storage or memory media may include 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 Memory (SDRAM), Double Data Rate (DDR) RAM, RAMBUS Dynamic RAM (RDRAM), Static RAM (SRAM), etc.), Read
Only Memory (ROM), Electrically Erasable Programmable 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 configured to Fast Fourier
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Transform (FFT) pilot symbols in each frame of data received by the receiver, rotate the FFT bin results spectrum to adjust the
phases to implement 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 result 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 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 below the threshold removing them from the signal parameter estimation. In one embodiment, bit LLRs
associated with the blocked symbols are set to zero. In some embodiments, the helicopter rotor blockage predictor unit 420
comprises processor 423 and computer readable media and / or system memory 425 further comprising helicopter rotor blockage
prediction and mitigation 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 according to one embodiment at 5, 10, 100 and 500 frames of data. 500A illustrates the graphs at 5
frames of data. The cumulative spectrum graph 510A illustrates an ignored DC component 511A, a cumulative spectrum power
513A, a blockage threshold 515A, and the masked spectrum 517A. The cross symbols at the top of masked spectrum 517A
denote the peaks of the spectrum. The fundamental blockage frequency is 17 hertz (Hz) and the harmonics are integer multiples
of the fundamental frequency. These graphs are then shown in figure 500B for 10 frames, 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 symbols 521A, and blocked pilot symbols 523A.

EXAMPLE EMBODIMENTS

[0021] Example 1 includes a method for mitigating helicopter rotor blockage of communications comprising: fast fourier
transforming (FFT) pilot symbols of one current 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 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; calculating a threshold, wherein the threshold is based
on a mean energy 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 removing 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 examples 1 or 2, wherein the threshold indicates an energy level below which a
blockage occurs.

[0024] Example 4 includes the method of any of example 1-3, wherein pilot symbols below the threshold are de-weighted before
performing parameter estimation.

[0025] Example 5 includes the method of any of examples 1-4, wherein de-weighting is relative to the threshold.

[0026] Example 6 includes the method of examples 1-5 wherein the fast fourier transform is a real to complex fast fourier
transform.

[0027] Example 7 includes the method of any of example 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 transform length half of a real to complex fast fourier transform length.
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[0029] Example 9 includes the method of any of examples 1-8, wherein the accumulated spectrum has no previous frame
information.

[0030] Example 10 includes a system for mitigating helicopter rotor blockage of communications comprising: a receiver
configured to receive a signal, the signal comprising frames of data, wherein the frames of data contain regularly spaced pilot
symbols; at least one programmable processor coupled to the receiver; a processor-readable medium on which program
instructions are configured, when executed by at least one programmable processor, to cause the at least 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 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; 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 inverse
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 examples 10-11, wherein the program instructions are further 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 examples 10-12, wherein the program instructions are further configured to
cause the at least one programmable processor to de-weight blocked pilot symbols.

[0034] Example 14 includes the system of any of examples 10-13, wherein the program instructions are configured to cause the
at least one programmable processor to perform a real to complex fast fourier transform.

[0035] Example 15 includes the system of any of examples 10-14, wherein the program instructions are configured to cause the
at least one programmable processor 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 examples 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 examples 10-16, wherein the receiver is a satellite receiver configured to
receive a satellite signal, the signal comprising 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 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 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 accumulated
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
spectrum; a signal estimation unit configured to: calculate a threshold, wherein the threshold is based on a mean energy 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 inverse fast fourier transform the accumulated spectrum.

[0039] Example 19 includes the apparatus of example 18, wherein the helicopter rotor blockage predictor unit implements a
delay of one frame by 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.
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[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.
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- 1 _
Patentkrav
1. Fremgangsmade til at afbade blokering af
kommunikationssystemer fra helikopterrotor, hvilken
fremgangsmade omfatter:
udfgrelse at fast Fourier-transformation (F'TT) af

pilotsymboler i én aktuel dataramme i en rakke pa mindst én
dataramme (101)

gennemfgrelse af en tidsforsinkelse pa én ramme (103)
anvendelse af en glemselsfaktor pa et akkumuleret spektrum,
hvor glemselsfaktoren er en faktor pa mindre end én, og hvor
det akkumulerede spektrum er en fast Fourier-transformeret af
mindst én tidligere dataramme i en rekke pa mindst én
dataramme (105)

udfgrelse af en koharent leaky-integration, hvorved den
kohaerente leaky-integration adderer et resultat af fast
Fourier-transformationen af den ene aktuelle dataramme til det
akkumulerede spektrum (105)

beregning af en tarskel, hvorved tarsklen er baseret pa
middelenergien af alle FFT-serierne 1 det akkumulerede
spektrum, hvor FFT-serier er kendetegnet ved et diskret
frekvensomrade langs det akkumulerede spektrum (107)

maskering af FFT-serierne, hvor maskering omfatter bevarelse
kun af FFT-serier, der overskrider tarsklen og over en
forventet minimumsfrekvens for rotorblokering og tilstgdende
FFT-serier (109)

udfgrelse af invers fast Fourier-transformation af det
akkumulerede spektrum (111)

sletning af pilotsymbolerne under tarsklen ved fjernelse af
pilotsymbolerne fra estimering af signalparameter (113)
sletning af datasymboler, der ligger i en blokering, ved at

s@tte serie-logs sandsynlighedsforhold til nul (113).

2. Fremgangsmade ifglge krav 1, hvorved tersklen angiver et

energiniveau, under hvilket en blokering finder sted.

3. Fremgangsmade ifelge krav 1, hvorved pilotsymboler under

tersklen de-vagtes, inden der foretages estimering af
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-2 -
parameter.

4. Fremgangsmade i1ifglge krav 3, hvorved de-vaegtning er 1
forhold til tersklen.

5. Fremgangsmade ifglge krav 1, hvorved fast Fourier-

transformationen er en reel til kompleks fast Fourier-

transformation.

6. Fremgangsmade ifglge krav 1, hvorved fast Fourier-
transformationen kun udregner FFT-serier med positiv frekvens

eller FFT-serier med negativ frekvens.

7. Fremgangsmade 1ifglge krav 1, Thvorved fast Fourier-
transformationen er en kompleks til kompleks fast Fourier-
transformation, som har en fast Fourier-transformations langde
pa halvdelen af en reel til kompleks fast Fourier-

transformations langde.

3. Apparat (400), der omfatter:

en antenne (410), der er koblet til en modtager (411), idet
antennen og modtageren er konfigureret til at modtage et
signal, der omfatter datarammer, hvor datarammerne indeholder
regelmaessigt spatierede pilotsymboler

en enhed (420) til forudsigelse af blokering fra
helikopterrotor, hvilken enhed er konfigureret til:

fast Fourier-transformation (FTT) af pilotsymbolerne i en
aktuel dataramme i en rakke pa mindst én dataramme (101)
gennemfgrelse af en tidsforsinkelse pa én ramme (103)
anvendelse af en glemselfaktor pa et akkumuleret spektrum,
hvor glemselsfaktoren er en faktor pa mindre end én, og hvor
det akkumulerede spektrum er en fast Fourier-transformation af
mindst én tidligere dataramme 1 en r&kke pad mindst én
dataramme (105)

udfgrelse af en koherent leaky-integration, hvorved den
koharente leaky-integration adderer et ©resultat af fast
Fourier-transformationen af den ene aktuelle dataramme til det

akkumulerede spektrum (105);
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en signalestimeringsenhed (211, 213), der er konfigureret til:

at beregne en terskel, hvorved tarsklen er Dbaseret pa
middelenergien af alle FFT-serierne 1 det akkumulerede
spektrum, hvor FFT-serier er kendetegnet ved et diskret
frekvensomrade langs det akkumulerede spektrum (107)

at maskere FFT-serierne, hvor maskering omfatter bevarelse kun
af FFT-serier, der overskrider taersklen og over en forventet
minimumsfrekvens for rotorblokering og tilstgdende FFT-serier
(109)

at invers fast Fourier-transformere det akkumulerede spektrum
(111) .

9. Apparat ifelge krav 8, hvor enheden til forudsigelse af
blokering fra helikopterrotor gennemfgrer en tidsforsinkelse
pa én ramme ved at rotere resultaterne af den akkumulerede
fast Fourier-transformations rakke (FFT-rakke) for at Jjustere
fasevinkler, hvorved tilpasningen til fasen skaber en

forsinkelse pa én ramme.

10. Apparat 1ifglge 8, hvori signalestimeringsenheden er
konfigureret til at satte serie-logs sandsynlighedsforhold

kombineret med datasymboler i en blokering til nul.
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Fourier Fast Transforming (FFT) pilot symbols in each frame
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!

Rotating the accumulated FFT bin results o adjust the phases to implement a delay of one frame
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!

Perfarming a leaky coherent integration by adding the results of the FFT and Rotation with
forgetting factor
105 .

{

Calculating a threshold using a mean bin energy

!

Masking the signal results by retaining only the bins that exceed the threshold and the adjacent
bins above the minimum expected rotor blocking frequency

109

!

Inverse Fast Fourier Transforming the signal to obtain an ideal time domain signal gain
1

!

Erasing the pilot symbols below the threshold removing them from the signal parameter
estimation and setting the associated bit log likelihood ratios to zero
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