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Description

Field

[0001] The present invention relates to a known signal detection method for detecting a known signal to be used for
timing synchronization of a frame and compensation for transmission path characteristics in data communication. Back-
ground
[0002] In coherent optical communication, it is planned to realize larger capacity by compensation for transmission
characteristics and accurate synchronization of timings on a reception side. In various kinds of compensation and timing
synchronization, a known signal, for example, a frame synchronization signal (a long-period known pattern signal (LP
signal)) inserted in advance for each frame of a reception signal is used. Performance of making capacity larger depends
on whether this LP signal can be detected accurately at high speed. Further, in optical communication, transmission
characteristics degrade due to polarization dispersion, or the like. Under such circumstances, it is important to accurately
detect an LP signal.
[0003] In related art, in the case where a signal is received, the signal is correlated with a known signal on the time
axis (see, for example, PTL 1). Typically, the signal is correlated for each sampling. As a correlation method, a method
in which convolution operation between the signals is performed is common. If a signal pattern matches, the correlation
becomes the highest. Note that, in the case where two polarized waves are utilized as in optical communication, the
polarized waves are correlated independently from each other.
Patent Document US7558327 B2 is considered to be the closest prior art, with BOUZIANE RACHID ET AL: "Frequency-
based frame synchronization for high-speed optical OFDM" 2012, International Conference on Photonics in Switching,
11 September 2012, pages 1-3, XP032487563 further considered to be relevant prior art; each document relates to
estimation of the position of a specific pattern to in a signal, as described in preamble of the independent claims.

Citation List

Patent Literature

[0004] [PTL 1] JP 2016-19030 A

Summary

Technical Problem

[0005] However, with the known signal detection method in related art, there is a case where erroneous detection is
performed in a state where polarization demultiplexing and compensation for transmission characteristics are not com-
pletely performed. Meanwhile, there is also a method which utilizes a special pattern with which a pattern can be
recognized even if two polarized waves and a Real part and an Imaginary part in complex representation of the two
polarized waves interfere with each other. However, there is a problem of flexibleness that while such a special pattern
is appropriate for a synchronization function, the pattern is not appropriate for other functions.
[0006] The present invention has been made to solve the problem as described above, and an object of the present
invention is to obtain a known signal detection method which is capable of reliably detecting a position of a known signal
in a reception signal without using a special pattern as the known signal even in a state where polarization demultiplexing
and compensation for transmission characteristics are not completely performed.

Solution to Problem

[0007] According to the invention, the problem is solved by the subject-matter outlined in the independent claims.
Advantageous further developments of the invention are set forth in the dependent claims.

Advantageous Effects of Invention

[0008] The present invention makes it possible to reliably detect a position of a known signal in a reception signal
without using a special pattern as the known signal even in a state where polarization demultiplexing and compensation
for transmission characteristics are not completely performed.



EP 3 435 562 B1

3

5

10

15

20

25

30

35

40

45

50

55

Brief Description of the Drawings

[0009]

Fig. 1 is a diagram illustrating a known signal detection apparatus according to Embodiment 1 of the present invention.
Fig. 2 is a diagram illustrating the correlation detection unit according to Embodiment 1 of the present invention.
Fig. 3 is a diagram for explaining operation of the correlation detection unit according to Embodiment 1 of the present
invention.
Fig. 4 is a diagram for explaining operation of the correlation detection unit according to Embodiment 1 of the present
invention.
Fig. 5 is a diagram for explaining operation of the position detection unit according to Embodiment 1 of the present
invention.
Fig. 6 is a diagram illustrating a correlation detection unit according to Embodiment 2 of the present invention.
Fig. 7 is a diagram for explaining operation of the correlation detection unit according to Embodiment 2 of the present
invention.
Fig. 8 is a diagram for explaining operation of the position detection unit according to Embodiment 2 of the present
invention.
Fig. 9 is a diagram illustrating a differential detection unit according to Embodiment 3 of the present invention.
Fig. 10 is a diagram illustrating a known signal detection apparatus according to Embodiment 3 of the present
invention.

Description of Embodiments

[0010] A known signal detection method according to the embodiments of the present invention will be described with
reference to the drawings. The same components will be denoted by the same symbols, and the repeated description
thereof may be omitted.

Embodiment 1

[0011] Fig. 1 is a diagram illustrating a known signal detection apparatus according to Embodiment 1 of the present
invention. The known signal detection apparatus is provided at a reception apparatus of a coherent optical communication
apparatus and detects a position of a known signal in a reception signal.
[0012] A polarization demultiplexer/optical-electrical converter 1 performs polarization demultiplexing on a received
optical signal and converts the signals into analog electrical signals. Sampling apparatuses 2 and 3 respectively sample
the analog electrical signals of an X polarized wave and a Y polarized wave to convert the signals into digital signals.
[0013] A detection unit 4 performs differential detection respectively on the digital signals of an X polarized wave and
a Y polarized wave and adds the signals to obtain a detection signal. A correlation detection unit 5 detects correlation
between the detection signal and a known signal to calculate a correlation signal. A position detection unit 6 detects a
position of the known signal in the reception signal (detection signal) on the basis of the correlation signal.
[0014] Fig. 2 is a diagram illustrating the correlation detection unit according to Embodiment 1 of the present invention.
Fig. 3 and Fig. 4 are diagrams for explaining operation of the correlation detection unit according to Embodiment 1 of
the present invention. As illustrated in Fig. 3, the detection signal output from the detection unit 4 is made up of a plurality
of frames (several thousands to several tens of thousands of symbols/frame) in which a training sequence LP (for
example, 256 symbols) which is the known signal is inserted at the same position in each frame.
[0015] A 1/2 overlap FFT unit 7 performs Fourier transform (FFT) on the detection signal for each of N times of sampling
which indicates a size of FFT to obtain a first calculation value XR(k). For example, FFT (N = 256) of 256 points is used.
While the number of symbols which is the same as the number of symbols of the LP signal can be preferably adapted
as the size of FFT, the size of FFT is not limited to this. In the first FFT, FFT is executed on the first symbol to the 256-
th symbol, in the second FFT, FFT is executed on the 129-th symbol to the 384-th symbol, and in the third FFT, FFT is
executed on the 257-th symbol to the 512-th symbol.
[0016] At this time, the 1/2 overlap FFT unit 7 performs Fourier transform on data of the detection signal while data is
made to overlap by half of N (the size of FFT or the number of points). For example, in a case of (128 + 128 3 300)
symbols per frame, FFT is performed 300 times. By performing FFT while dividing the detection signal and making part
of the detection signal overlap in this manner, it is possible to prevent detection sensitivity from lowering even in the
case where the LP signal spans a plurality of FFT windows. Note that an overlapped amount is not limited to N/2, and,
for example, may be N/3 or 2N/3.
[0017] The first calculation value XR(k) can be calculated from the following equation. However, while FFT is used in
a circuit configuration, because discrete Fourier transform (DFT) is logically used, in the following equation, DFT (and
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IDFT (inverse DFT)) is used. Note that xR(n) is complex representation (Re + jIm) of a signal at a sampling point (sample
point)n. 

[0018] Note that, by using a pattern in which the LP signal is multiplied by an LPF, it is possible to realize resistance
to distortion in a transmission path such as chromatic dispersion and PMD (polarization mode dispersion).
[0019] An FFT unit 8 performs Fourier transform on the LP signal which is the known signal at the same size as that
in the 1/2 overlap FFT unit 7 to obtain a second calculation value XLP(k). For example, assuming that the LP signal can
be expressed with N = 256 sampling, FFT of 256 points is executed on 256 symbols of the LP signal. The second
calculation value XLP(k) can be calculated from the following equation.

[0020] A division unit 9 divides the first calculation value XR(k) by the second calculation value XLP(k) to obtain a third
calculation value XR(k)/XLP(k). Note that, because this division is division in a complex number, if this division is performed
in a form of multiplication as indicated below, it is possible to perform efficient calculation. Further, to avoid division by
zero, it is also possible to employ a configuration where the first calculation value XR(k) is multiplied by a complex
conjugate of the second calculation value XLP(k). 

In this case, by multiplying the first calculation value XR(k) only by the complex conjugate (Re - jIm) of the second
calculation value XLP(k) (a coefficient is arbitrarily set), it is possible to perform further efficient calculation.
[0021] The IFFT unit 10 obtains a fourth calculation value y(n) by performing inverse Fourier transform on the third
calculation value XR(k)/XLP(k). This inverse Fourier transform is also performed a plurality of times along the data of the
detection signal. 

As a result of IDFT, a Real part RE and an Imaginary part Im are respectively output for 256 sample points. Here, Re2

+ Im2 indicates a square of an amplitude of the fourth calculation value y(n).
[0022] A maximum value detection unit 11 detects a maximum value A of each amplitude in N = 256 sample points
and a sample point no at which the maximum value is obtained. However, no is between 0 and N-1.
[0023] Here, if the LP signal is included in the detection signal, as illustrated in Fig. 4, output y(n) of the IFFT unit 10
appears as an impulse at a position of n corresponding to shift between an LP signal of the received detection signal
and an LP signal which is made a comparison target as the known signal.
[0024] The above-described maximum value detection is performed on output of a plurality of times of FFT and IFFT
executed in an overlapped manner within one frame of the detection signal. Here, a set of a maximum value of 300 per
frame and a sample point of the maximum value is detected.
[0025] The position detection unit 6 detects the position of the known signal in a frame of the reception signal from
the sample point at which the maximum value is obtained. Fig. 5 is a diagram for explaining operation of the position
detection unit according to Embodiment 1 of the present invention. Correlation matching in a frequency domain is detected
as an impulse if the correlation matching is returned to a time domain. Therefore, in the case where there is an LP signal
at each FFT window, an impulse occurs at output y(n) of the IFFT unit 10. Therefore, the LP signal exists in FFT in which
a maximum value is obtained among a plurality of times of FFT in which a maximum value is detected in one frame. A
position of the sample point at which the maximum value is obtained in the FFT becomes the position of the LP signal.
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In the case where an impulse can be detected at a sample point n0 of the p-th FFT, the position of the LP signal in the
frame can be calculated from (N/2) 3 (p - 1) + (no + 1). However, this is an example in the case where FFT is performed
while data is made to overlap by N/2, and a calculation equation for the position of the LP signal can be easily made
also in a case of other types of overlap. For example, in the case where a maximum value is obtained at a sample point
of no = 50 in the third FFT, a position of 256/2 3 (3 - 1) + (50 + 1) = 307-th symbol from an end of the frame can be
detected as the position of the LP signal.
[0026] As described above, in the present embodiment, by utilizing FFT and IFFT, compared to the method in which
comparison is performed in units of a symbol in a time domain as in related art, it is possible to detect a position of a
known signal in a reception signal with a simple configuration and reduce a scale of calculation. Further, it is possible
to reliably detect a position of a known signal in a reception signal without using a special pattern as the known signal
even in a state where polarization demultiplexing and compensation for transmission characteristics are not completely
performed.

Embodiment 2

[0027] Fig. 6 is a diagram illustrating a correlation detection unit according to Embodiment 2 of the present invention.
Fig. 7 is a diagram for explaining operation of the correlation detection unit according to Embodiment 2 of the present
invention. In the present embodiment, a configuration until detection of a maximum value is the same as that in Embod-
iment 1, and a vectorization unit 12 and an averaging unit 13 are added after the configuration.
[0028] The maximum value detection unit 11 detects a maximum value A of an amplitude in each FFT of each frame
and detects a sample point no at which the maximum value is obtained. The vectorization unit 12 generates a vector
C(f, m) in which the maximum value A is associated with the amplitude and the sample point no is associated with the
phase as indicated below. 

Here, f indicates the f-th FFT, and m indicates the m-th frame. N corresponds to a size of discrete Fourier transform.
Particularly, by the sample point no being converted into a phase index, two-dimensional averaging using vector synthesis
is facilitated.
[0029] A vector of a maximum value detection result detected in each frame can be expressed on polar coordinates
as illustrated in a lower part of Fig. 7. In the case where the detection signal is subjected to distortion and degrades by
transmission path characteristics in optical communication, if the detection signal is correlated with a known LP signal,
there is a case where the detection signal is affected by noise. While, in Fig. 7, a signal at which a maximum value is
obtained can be observed in substantially the same direction in each frame, there is also a case where a large correlation
value is output depending on noise. Influence of such noise can be suppressed by averaging which will be described below.
[0030] The averaging unit 13 averages vectors over a plurality of frames. An averaged vector CAV(f) can be calculated
from the following equation. 

[0031] Specifically, there are the following two methods. The first method is a method in which a vector obtained from
the maximum value detection result is subjected to cumulative addition over m frames for each FFT. Specifically, the
averaged vector can be obtained by respectively performing cumulative addition on a Real part and an Imaginary part
in polar coordinates.
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[0032] The Real part Re and the Imaginary part Im can be respectively calculated from the following equations. 

[0033] Because the calculation is cumulative addition, by adding data of the next frame (the Real part and the Imaginary
part) to data of the first frame (the Real part and the Imaginary part), it is possible to minimize a memory. Note that
calculation of division by "m" at the last part of the averaging equation can be deleted or added as necessary in accordance
with a memory and a circuit configuration. Typically, averaging is substantially equivalent to cumulative addition on digital
data processing.
[0034] The second method is a method in which IIR (Infinite Impulse Response) using a forgetting factor is utilized.
With this method, it is possible to suppress a memory amount. While the IIR filter includes a feedback loop, it is possible
to average data which are sequentially input with less filter coefficients. That is, in this IIR filter, influence of the past
value is set at a filter coefficient as a forgetting factor. As the forgetting factor approaches zero, influence of the past
value is smaller, while, as the forgetting value approaches 1, influence of the past value is greater.
[0035] In the case where the known signal is repeatedly inserted at the same position for each frame, vectors generated
in a plurality of frames are averaged. By this means, random signals are reduced, only portion of the known signal which
is constantly inserted remains, and peak becomes clearer, so that it is possible to detect the position of the LP signal
with higher accuracy.
[0036] Fig. 8 is a diagram for explaining operation of the position detection unit according to Embodiment 2 of the
present invention. Operation principles are the same as those in Embodiment 1. The position detection unit 6 detects
the position of the LP signal from the sample point corresponding to a phase at which an amplitude of the averaged
vector becomes a maximum. Specifically, first, a Fourier transform window at which an amplitude of the averaged vectors
CAV(1) to CAV(300) becomes a maximum is detected. Here, it is assumed that a maximum value is obtained in the p-th
FFT. Then, no is extracted from the detected FFT. In a similar manner to Embodiment 1, the position of the LP signal
in the frame is detected at (N/2) 3 (p - 1) + (n0 + 1) from a position of the Fourier transform window in the frame and
the sample point corresponding to the phase at which the amplitude of the averaged vector becomes a maximum.
However, this is an example in the case where FFT is performed while data is made to overlap by N/2, and a calculation
equation for the position of the LP signal can be easily made also in a case of other types of overlap.

Embodiment 3

[0037] Fig. 9 is a diagram illustrating a differential detection unit according to Embodiment 3 of the present invention.
The differential detection unit 14 obtains an inner product of an X polarized wave signal X(n) and a signal X(n - 1) delayed
by one symbol from the X polarized wave signal X(n). The differential detection unit 15 obtains an inner product of a Y
polarized wave signal Y(n) and a signal Y(n - 1) delayed by one symbol from the Y polarized wave signal Y(n). The
method will be described below. 
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[0038] Because influence of phase fluctuation and frequency offset is relatively small between adjacent symbols, it is
possible to largely reduce the influence of phase noise and frequency offset by differential detection delayed by one
symbol. By the differential detection units 14 and 15 obtaining inner products of the respective polarized waves and an
addition unit 16 adding two polarized wave components each other, even in a state where polarization demultiplexing
is not completely performed and in a state where linear distortion exists, it is possible to cancel out the influence and
extract signals.
[0039] Fig. 10 is a diagram illustrating a known signal detection apparatus according to Embodiment 3 of the present
invention. Xi[0] to Xi[511] are data obtained by cutting out 512 samples from data obtained by sampling the Real part
of the reception signal of the X polarized wave. Xq[0] to Xq[511] are data obtained by cutting out 512 samples from data
obtained by sampling the Imaginary part of the reception signal of the X polarized wave. Yi[0] to Yi[511] are data obtained
by cutting out 512 samples from data obtained by sampling the Real part of the reception signal of the Y polarized wave.
Yq[0] to Yq[511] are data obtained by cutting out 512 samples from data obtained by sampling the Imaginary part of the
reception signal of the X polarized wave. Note that, in the present example, because there are two samples per symbol,
symbols are indicated every other sample. In a case of differential detection, a sample 511 and a sample 509 are used.
While not illustrated in this drawing, an adjacent sample 511 is used for a sample 1.
[0040] For example, differential detection of the sample 511 can be expressed with the following equations. 

[0041] In this case, by applying an LPF to Xi[0] to Xi[511], Xq[0] to Xq[511], Yi[0] to Yi[511] and Yq[0] to Yq[511] with
respect to a reception signal sequence, it is possible to realize resistance to distortion in the transmission path such as
chromatic dispersion and PMD. At that time, it is also possible to perform down-sampling at the same time at the LPF.
As a case where the LPF is simplified, adjacent two samples are added, converted into 1 sample/symbol, and input to
the detection unit 4 in Fig. 1 and complex conjugate multiplications 14 and 15 in Fig. 10.
[0042] As described above, detection signals Z(1) to Z(511) (where 1, 3, ... 509, 511) are obtained. These are input
to the 1/2 overlap FFT unit 7 which is 256pt FFT, and DFT is performed. Meanwhile, DFT is performed on a known LP
signal by the FFT unit 8 which is 256pt FFT in a similar manner. These calculation results are subjected to division
processing at the division unit 9, and a division result is input to the IFFT unit 10 which is 256ptIFFT, and IDFT is
performed. The maximum value detection unit 11 detects a maximum value A of an amplitude and a sample point no
at which the maximum value is obtained for 256 pieces of data subjected to IDFT. Similar processing is performed after
data is shifted by 128 symbols (256 samples). For example, in the case where FFT is executed 300 times in one frame,
the maximum value A of the amplitude and the sample point no at which the maximum value is obtained are detected
in each FFT. Further, in the case where FFT is executed in a plurality of frames, operation similar to that in Embodiment
2 is performed at the vectorization unit 12 and the averaging unit 13. Finally, the position detection unit 6 detects the
position of the LP signal.
[0043] Note that, the known signal detection may be performed by recording a program for realizing the known signal
detection method according to any one of the embodiments 1-3 in a computer-readable recording medium, making a
computer system or a programmable logic device read the program recorded in the recording medium, and executing
it. Note that the "computer system" here includes an OS and hardware such as a peripheral device or the like. In addition,
the "computer system" also includes a WWW system including a homepage providing environment (or display environ-
ment). Furthermore, the "computer-readable recording medium" is a portable medium such as a flexible disk, a magneto-
optical disk, a ROM or a CD-ROM, or a storage device such as a hard disk built in the computer system. Further, the
"computer-readable recording medium" also includes the one holding the program for a fixed period of time, such as a
volatile memory (RAM) inside the computer system to be a server or a client in the case that the program is transmitted
through a network such as the Internet or a communication channel such as a telephone line. In addition, the program
may be transmitted from the computer system storing the program in the storage device or the like to another computer
system through a transmission medium or a transmission wave in the transmission medium. Here, the "transmission
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medium" that transmits the program is a medium having a function of transmitting information like the network (commu-
nication network) such as the Internet or the communication channel (communication line) such as the telephone line.
Furthermore, the program may be the one for realizing a part of the above-described function. Further, it may be the
one capable of realizing the above-described function by a combination with the program already recorded in the computer
system, that is, a so-called difference file (difference program).

Reference Signs List

[0044] 1 polarization demultiplexer/optical-electrical converter; 2,3 sampling apparatus; 4 detection unit; 5 correlation
detection unit; 6 position detection unit; 7 1/2 overlap FFT unit; 8 FFT unit; 9 division unit; 10 IFFT unit; 11 maximum
value detection unit; 12 vectorization unit; 13 averaging unit; 14,15 differential detection unit; 16 addition unit

Claims

1. A known signal detection method detecting a position of a known signal in a reception signal by a known signal
detection apparatus and comprising:

performing Fourier transform on the reception signal to obtain a first calculation value;
performing Fourier transform on the known signal to obtain a second calculation value;
multiplying the first calculation value by a complex conjugate of the second calculation value to obtain a third
calculation value;
performing inverse Fourier transform on the third calculation value to obtain a fourth calculation value;
detecting a maximum value of an amplitude of the fourth calculation value and a sample point at which the
maximum value is obtained; and
detecting the position of the known signal in the reception signal from the sample point at which the maximum
value is obtained;
characterised in that
the reception signal is made up of a plurality of frames in which the known signal is inserted at the same position;
and
generating a vector in which the maximum value is associated with an amplitude and the sample point is
associated with a phase; and
averaging the vector over the plurality of frames,
wherein the position of the known signal in the reception signal is detected from a sample point corresponding
to a phase at which an amplitude of the averaged vector becomes a maximum;
wherein the maximum value is A, the sample point at which the maximum value is obtained is n0, a size of
discrete Fourier transform is N, and the vector is generated by Aexp(j2π(n0/N)).

2. The known signal detection method according to claim 1, wherein the vector is subjected to cumulative addition
over the plurality of frames to average the vector.

3. The known signal detection method according to claim 1 or 2, wherein a Fourier transform window at which the
amplitude of the averaged vector becomes a maximum is detected, and
the position of the known signal in the reception signal is detected from a position of the Fourier transform window
in a frame and the sample point corresponding to the phase at which the amplitude of the averaged vector becomes
a maximum.

4. The known signal detection method according to any one of claims 1 to 3,
wherein the Fourier transform on the reception signal is performed while dividing the reception signal and making
part of the reception signal overlap.

5. The known signal detection method according to any one of claims 1 to 4, further comprising generating the reception
signal by adding an inner product of an X polarized wave signal and a signal delayed by one symbol from the X
polarized wave signal to an inner product of a Y polarized wave signal and a signal delayed by one symbol from
the Y polarized wave signal.
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Patentansprüche

1. Verfahren zum Erfassen eines bekannten Signals, welches eine Position eines bekannten Signals in einem Emp-
fangssignal durch eine Vorrichtung zum Erfassen eines bekannten Signals erfasst, und umfassend:

Durchführen einer Fourier-Transformation an dem Empfangssignal, um einen ersten Berechnungswert zu er-
halten;
Durchführen einer Fourier-Transformation an dem bekannten Signal, um einen zweiten Berechnungswert zu
erhalten;
Multiplizieren des ersten Berechnungswertes mit einer komplexen Konjugierten des zweiten Berechnungswer-
tes, um einen dritten Berechnungswert zu erhalten;
Durchführen einer inversen Fourier-Transformation an dem dritten Berechnungswert, um einen vierten Berech-
nungswert zu erhalten;
Erfassen eines Maximalwertes einer Amplitude des vierten Berechnungswertes und eines Abtastpunktes, an
dem der Maximalwert erhalten wird; und
Erfassen der Position des bekannten Signals im Empfangssignal aus dem Abtastpunkt, an dem der Maximalwert
erhalten wird;
dadurch gekennzeichnet, dass
das Empfangssignal eine Vielzahl von Rahmen enthält, in die das bekannte Signal an der gleichen Position
eingefügt wird; und
Erzeugen eines Vektors, in welchem der Maximalwert mit einer Amplitude im Zusammenhang steht und der
Abtastpunkt mit einer Phase im Zusammenhang steht; und
Mitteln des Vektors über die Vielzahl von Rahmen,
wobei die Position des bekannten Signals im Empfangssignal aus einem Abtastpunkt erfasst wird, der einer
Phase entspricht, bei der eine Amplitude des gemittelten Vektors einen Maximalwert annimmt;
wobei der Maximalwert A ist, der Abtastpunkt, an dem der Maximalwert erhalten wird, n0 ist, eine Größe der
diskreten Fourier-Transformation N ist, und der Vektor durch Aexp(j2π(n0/N)) erzeugt wird.

2. Verfahren zum Erfassen eines bekannten Signals nach Anspruch 1, bei welchem der Vektor einer kumulativen
Addition über die Vielzahl von Rahmen unterzogen wird, um den Vektor zu mitteln.

3. Verfahren zum Erfassen eines bekannten Signals nach Anspruch 1 oder 2, bei welchem ein Fourier-Transformati-
onsfenster erfasst wird, bei dem die Amplitude des gemittelten Vektors einen Maximalwert annimmt, und
wobei die Position des bekannten Signals im Empfangssignal anhand einer Position des Fourier-Transformations-
fensters in einem Rahmen und des Abtastpunktes, welcher der Phase entspricht, bei der die Amplitude des gemit-
telten Vektors einen Maximalwert annimmt, erfasst wird.

4. Verfahren zum Erfassen eines bekannten Signals nach einem der Ansprüche 1 bis 3, bei welchem die Fourier-
Transformation an dem Empfangssignal durchgeführt wird, indem das Empfangssignal unterteilt wird und ein Teil
des Empfangssignals überlappt wird.

5. Verfahren zum Erfassen eines bekannten Signals nach einem der Ansprüche 1 bis 4, ferner umfassend ein Erzeugen
des Empfangssignals durch Addieren eines inneren Produkts eines X-polarisierten Wellensignals und eines um ein
Symbol von dem X-polarisierten Wellensignal verzögerten Signals mit einem inneren Produkt eines Y-polarisierten
Wellensignals und eines um ein Symbol von dem Y-polarisierten Wellensignal verzögerten Signals.

Revendications

1. Procédé de détection de signal connu détectant une position d’un signal connu dans un signal de réception par un
appareil de détection de signal connu et comprenant les étapes consistant à :

effectuer une transformation de Fourier sur le signal de réception pour obtenir une première valeur de calcul ;
effectuer une transformation de Fourier sur le signal connu pour obtenir une deuxième valeur de calcul ;
multiplier la première valeur de calcul par un conjugué complexe de la deuxième valeur de calcul pour obtenir
une troisième valeur de calcul ;
effectuer une transformation de Fourier inverse sur la troisième valeur de calcul pour obtenir une quatrième
valeur de calcul ;
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détecter une valeur maximale d’une amplitude de la quatrième valeur de calcul et un point d’échantillonnage
auquel la valeur maximale est obtenue ; et
détecter la position du signal connu dans le signal de réception à partir du point d’échantillonnage auquel la
valeur maximale est obtenue ;
caractérisé en ce que
le signal de réception est constitué d’une pluralité de trames dans lesquelles le signal connu est inséré à la
même position ; et par les étapes consistant à :

générer un vecteur dans lequel la valeur maximale est associée à une amplitude et le point d’échantillonnage
est associé à une phase ; et
faire la moyenne du vecteur sur la pluralité de trames,
dans lequel la position du signal connu dans le signal de réception est détectée à partir d’un point d’échan-
tillonnage correspondant à une phase à laquelle une amplitude du vecteur moyenné devient maximale ;
dans lequel la valeur maximale est A, le point d’échantillonnage auquel la valeur maximale est obtenue est
n0, une taille de la transformée de Fourier discrète est N et le vecteur est généré par Aexp(j2π(n0/N)).

2. Procédé de détection de signal connu selon la revendication 1, dans lequel le vecteur est soumis à une addition
cumulative sur la pluralité de trames pour faire la moyenne du vecteur.

3. Procédé de détection de signal connu selon la revendication 1 ou 2, dans lequel une fenêtre de transformée de
Fourier à laquelle l’amplitude du vecteur moyenné devient maximale est détectée, et
la position du signal connu dans le signal de réception est détectée à partir d’une position de la fenêtre de transformée
de Fourier dans une trame et du point d’échantillonnage correspondant à la phase à laquelle l’amplitude du vecteur
moyenné devient maximale.

4. Procédé de détection de signal connu selon l’une quelconque des revendications 1 à 3, dans lequel la transformée
de Fourier sur le signal de réception est effectuée en divisant le signal de réception et en faisant se chevaucher
une partie du signal de réception.

5. Procédé de détection de signal connu selon l’une quelconque des revendications 1 à 4, comprenant en outre l’étape
consistant à générer le signal de réception en ajoutant un produit interne d’un signal d’onde polarisée X et d’un
signal retardé d’un symbole du signal d’onde polarisée X à un produit interne d’un signal d’onde polarisée Y et d’un
signal retardé d’un symbole du signal d’onde polarisée Y.
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