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Orthogonal Frequency Division Multiplexing (OFDM) technology has become widespread in civil and
military radio systems, especially in channels with frequency selective fading. Due to the large number
of OFDM signal schemes, an urgent task for modern radio monitoring systems is development of methods
and algorithms for detecting such signals that will be stable in the uncertainty of OFDM signal structure
and electromagnetic environment. At the stage of detection, the characteristic feature of OFDM signal is
presence of frequency channels in its spectrum envelope. In this research, an algorithm for detecting an
OFDM signal in the frequency domain and for estimating the number of frequency channels and duration
of the interval of orthogonality was developed. To make a decision whether signal is present in realization
of the normalized to the energy spectrum, its variation was used. This approach avoids estimating noise
power. In case of signal samples detecting spectrum is double-smoothed using moving average. This provides
better smoothing than with a single long window. Thereafter, double thresholding is performed. The second
threshold is calculated using samples that have not exceeded the first threshold. Samples that have exceeded
the second threshold are considered signal. Next, a search is made for occupied frequencies with a given
bandwidth. The samples located in this band are re-smoothed and give spectrum trend, which is used
as a threshold to determine the boundaries of frequency channels. OFDM signal is considered detected if
equidistant frequency channels were found. After that, duration of the interval of orthogonality is calculated.
The proposed method requires a slight complication of the spectral analysis procedure based on the fast
Fourier transform. Proposed method can be used for improving broadband radio monitoring systems and
provide practically simultaneously implementation procedure of OFDM signal detection-recognition.
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Introduction

Nowadays using Orthogonal Frequency Division
Multiplexing (OFDM) technology has become wi-
despread in civil and military radio systems, especi-
ally in multipath channels, as it solves the problem
of frequency selective fading and interference. This
technology effectively uses frequency band and main-
tains a high speed information transfer [1]. OFDM is
most often used in digital television (DVB) and di-
gital radio (DAB), wireless communication standards
LTE, WiMAX, Wi-Fi, WLAN, radar, software-
defined radio, video transmission from unmanned aeri-
al vehicles. Therefore, one of the main trends of
modern radio monitoring is OFDM signal detecti-
on and its parameters estimation at low signal-to-
noise ratio (SNR) and in frequency selective envi-
ronment. Taking into account the variety of OFDM
schemes, the urgent task is developing methods and
algorithms for detecting such signals that will be

stable in uncertainty of OFDM signal structure and
electromagnetic environment.

1 Review of related works

The complexity of OFDM signal structure requires
applying of non-standard approaches in solving radio
monitoring problems. Therefore, in the scientific works
of recent years, research of methods and algorithms for
OFDM signals detecting and its parameters estimation
are given considerable attention.

The largest group of detection methods is based
on cyclostationary analysis [2-10]. These methods use
peaks of cyclic autocorrelation function (ACF) as
important features of OFDM signal, which are associ-
ated with the presence of guard interval and pilot
tones. Sum of the cyclic ACF peaks, its maximum value
or the ratio of the number of peaks with the same
distance between them to the total number of peaks
are most often chosen as test statistics. Threshold is
defined as average value of the cyclic ACF for noise.
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For these methods, increasing integration time provides
increasing probability of detection by reducing noise
variance. With decreasing duration of guard interval
of OFDM signal detection characteristics deteriorate.
Time window duration for analysis must be at least the
duration of the OFDM symbol. Correlation detector
works better than the energy one in channels with
fading. In [11] to detect OFDM signals without a cyclic
prefix, it is proposed to use energy ACF, which is
insensitive to phase and frequency shifts.

In [12] it was proposed to perform a test for
normality over the received signal and in case of a
positive result perform a test for cyclostationarity. If
process is cyclostationary, it is considered to be an
OFDM signal and then number of subcarriers, symbol
duration and cyclic prefix are estimated.

In [13] statistics derived from the second-order
cyclic cumulant ratio for the time and frequency-time
domains are used to recognize OFDM from a single-
carrier signal. To solve this problem, it is proposed
in [14] to analyze the pseudo-inverse spectrum. Test
statistic in this case is ratio of periodic peaks sum to
the sum of average values between these peaks.

There are also hybrid OFDM detection schemes,
which consist of energy and cyclostationary detectors
[15]. With a known value of the noise variance energy
detector provides a higher detecting probability of
OFDM than cyclostationary, and if it is inaccurate,
it is advisable to use the latter.

To detect OFDM signals in time domain, a method
that uses asymmetry and excess was proposed in [16]. A
priori signal info is not required, but noise power is used
to form threshold. Average value of excess absolute
values for several OFDM symbols is chosen as test
statistic.

In [17] it was proposed to use cepstrum estimates
for characteristic features, which have 1-2 peaks for
OFDM signal. Difference between maximum value of
cepstrum and maximum value of its sidelobe was used
as test statistic. Number of OFDM channels can be
estimated by abscissa value of the cepstrum central
peak.

In most of the considered methods, detection of
OFDM signal is performed at the background of white
noise, and value of threshold depends on the unknown
value of its variance. However, in practice, narrowband
signals fall into the analyzed frequency band and
channel frequency characteristic changes in time. Also
proposed methods often require implementation of
complex signal transforms, but in the vast majority
of software and hardware for radio monitoring as a
basic signal transform fast Fourier transform (FFT)
is usually used. Therefore improvement of methods for
automatic detection and estimation of multifrequency
multiphase signals parameters for modern radio moni-

toring systems based on spectrum analysis in a complex
electromagnetic environment is an urgent task.

2 Purpose and objectives of

research

The aim of this paper is to provide the ability to
automatically detect and estimate OFDM signal main
parameters in a complex electromagnetic environment.

3 Model of received OFDM
signal

OFDM technology is a modulation scheme that
uses a large number of closely spaced orthogonal carri-
ers. Each carrier is modulated according to the usual
modulation scheme at a low symbol rate maintaining
total data rate, as in conventional schemes on one carri-
er in the same bandwidth. Low symbol rate allows us
to use a guard interval and work with time delays and
eliminate inter-symbol interference between carriers, as
well as provides time and frequency synchronization.
Amplitude and initial phase of each modulated tone
depends on information bits it carries.

Data transmission based on OFDM technology
is performed using frames. Each frame consists of
a preamble and a number of OFDM data symbols.
Before the start of the OFDM frame zero symbols
(without power transmission) can be transmitted to
estimate noise, interference levels and coarse timing [1].
Preamble consists of several parts and is designed to
detect start of the frame, automatic gain control, time
synchronization, shift of carrier frequency and channel
characteristic estimation. Preamble also carries values
of coding rate, packet length and type of modulation.

Pilot tones with a known structure are used
to capture phase and equalize channel frequency
characteristic. To eliminate Doppler effect, several
carriers may not be modulated, and adjacent carriers
leave zeros for easier selection of pilots. Continuous
pilotes are transmitted at constant frequencies in each
OFDM symbol, and distributed - uniformly over time
and frequency.

Some signals use virtual carrier (carrier pass in the
center of the spectrum). Power of pilot tones is usually
higher than that of information carriers. Schematic
structure of OFDM signal in time-frequency plane is
shown in Fig. 1.

Data carriers can be grouped into logical channels.
Each channel can have different modulation, power
and encoding. Also, depending on signal propagation
environment it is possible to use different modulation
schemes for different carriers.
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Fig. 1. OFDM signal structure in time-frequency domain

Important parameters of OFDM signal that can be
used for its detection include:

duration of interval of orthogonality (integration)
Ty=N/fs, where N — FFT length, f; — symbol rate;

duration of guard interval Ty;

OFDM symbol duration T = Ty + Ty;

number of information Ng, pilot N,. and guard
(virtual) tones Nyc;

FFT length N=Ng + Npe + Nge;

carriers spacing — Af = 1/T,.

Unknown characteristics of OFDM signal that
complicate its detection are structure of frames and
preamble, scheme and structure of pilot tones.

Model of sample of OFDM symbol s, in time
domain can be represented as follows [1]:
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where dj, = aj +jb,, — complex data symbol; IV, —length
of guard interval in samples.

According to the signal generation rule, it is obvious
that in time domain its value at each moment will
be a random variable with an approximately normal
distribution.

For each communication standard structure of
preamble and frames can differ significantly. Therefore,
for detection of unknown OFDM signal, only specific
and stable for that communication technology features
should be used. In [18] it was shown that as such a
feature of OFDM signal at the stage of detection can be
considered its ripple spectrum shape due to frequency
channels.

Let’s assume following electronic environment for
our research:

- analyzed signal mixture contains an unknown
number of narrowband and OFDM signals;

- noise power is unknown, but in the analyzed
frequency band it practically unchanged;

- bandwidth OFDM signal in analyzed frequency
band is much larger than the spectrum width of other
signals and their spectra do not overlap;

- a priori information about carrier frequencies
and modulation parameters of all components of the
received mixture are unknown.

Further received signal x(t) will be considered as
follows:

z(O)=s(t)xh(t)+) s (fi, Al ) +E(1), (2

Jj=1

where s(t) — OFDM signal;

h(t) — channel impulse response;

fi, Af; — carrier frequency and bandwidth of j-th
narrowband signal;

&(t) — white zero-mean Gaussian noise.

Channel impulse response can be described by the
following expression:

Ny
h:Z(ai+jbi)a (3)
i=1

where N, - uniformly distributed in range [3, 9]
random value that corresponds to the number of signal
propagation paths; a,b — coefficients with a standard
normal distribution.

4 Methodology of OFDM
detection based on smoothed
spectrum analysis

According with the recommendations described in

[19] for the detection and external parameters of
OFDM signal estimation, it is advisable to use methods
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based on the calculation of power spectral density
(PSD) and spectrum shape estimation.

A characteristic feature of OFDM signal is presence
of frequency channels in the envelope of its spectrum.

With a relatively long duration of the guard
interval, there will be clearly visible frequency carri-
ers in signal spectrum and it is possible to estimate
their number, spacing between them and calculate
the duration of interval of orthogonality. In [20] it
was shown that at large integration intervals and hi-
gh resolution of FFT (preferably 0,1Af), the number
of frequency channels can be determined by spectral
estimates.

In fig. 2 an algorithm for OFDM signal detection
in frequency domain based on presence of equidistant
frequency channels is shown. In block 1 are entered
values of FFT length Nppp, number of averaging
FFT realizations R, vector of moving average window
lengths w = {wy, wa, w3}, AF4; — maximum value
of frequency spacing between individual frequency
components, at which they are considered one signal,
threshold values of the spectrum width AF}, and the
decisive statistics Qy,, samples of received signal z[n].

In block 2 sum of squares of R FFT modules
is calculated. To avoid estimation the unknown noi-
se power, in block 3 normalization of the vector of
frequency samples to energy is implemented.

To decide whether the signal samples are present in
calculated PSD we use some test statistic. In [21] it was
shown that variation is the most effective one. Value
of variation @ for vector Z is calculated in block 4.
When calculated value of @) exceeds a certain threshold
value Q. (block 5) processing of the PSD vector
continues. Otherwise, next fragment of received signal
is under processing. Since OFDM signal during such
processing usually takes a large number of adjacent
frequency samples value of Q. should be chosen at
the level of 1,05/ Ngpr. In block 6 PSD is smoothed
by double application of moving average using windows
wi and wo with a length of about 0,002Nppp each.
This approach provides better smoothing than with a
single long window. In block 7 an energy normalization
operation, similar to the normalization considered in
block 3, is performed.

To separate signal and noise samples, double
thresholding of vector Y is performed. In the case
of processing a complex signal, the first threshold is
calculated by the following expression:

1 6
Ti=— (14—,
! NFFT( RW1)

If there are several signals in analyzed frequency
band with different power levels, some weak signals
may not exceed this threshold and will be missed.
Therefore, the second threshold is calculated:
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Fig. 2. Scheme of OFDM signal detection in frequency
domain (MA — moving average)

Frequency samples that exceed threshold T, are
considered as signal and in block 9 procedure of
calculating frequency limits of occupied frequencies is
implemented. If spacing between some adjacent regions
of the spectrum is less than AF},,,, then these regions
are combined. In those frequency bands whose width
AF; exceeds threshold value AFj,., frequency channels
of OFDM signal are searched. For this purpose, in
block 11 selected frequency samples are smoothed using
moving average with a window length ws ~ 0, 02Nppp.
This makes it possible to find signal spectrum trend
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(Fig. 3) and use it as threshold to determine boundaries
of frequency channels in frequency-selective channel.
OFDM signal is considered to be detected if equidistant
frequency channels are found in frequency band AF;:
variation of measured values of the central frequencies
of channels do not exceed 0,5. In the case of deciding
to detect OFDM signal in block 14 value of the interval
of orthogonality Ty is calculated as:

_ Nrpr
- EAf
where F — sampling rate; Af —carriers spacing.
Fig. 3 shows visualization of OFDM signal process-
ing results for different types of channels in accordance
with the steps proposed in Fig. 2 algorithm at
Nppr=2'%, R = 6 and F, = 50 MHz. SNR for both
cases was -6 dB. To the right and left of the spectrum
of OFDM signal are narrowband signals. Duration of
the guard interval was a quarter of the duration of
OFDM symbol and number of frequency channels was
25. Analyzing obtained results we can assume that
FFT length during signal generation is 32. Measured
carriers spacing is about 312 kHz, which means that the
interval of orthogonality is about 3,2 us and duration
of the information symbol is 0,1 ps.

Ty
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Fig. 3. Visualization of OFDM processing in fading free
channel (a) and in frequency-selective channel (b)
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Shown in Fig. 3a spectrum corresponds to the case
of a fading free channel or a channel that is stati-
onary for one OFDM symbol. For large FFT lengths

(tens of thousands), non-uniformity of the frequency
characteristic of the time-varying channel is averaged
using several FFT realizations. Fig. 3b corresponds
to the case of a frequency-selective channel that is
stationary within at least one FFT window.

Small values of averaged spectra R improves
accuracy of determining OFDM signal start but deteri-
orate accuracy of determining boundaries of frequency
channels, especially at low SNR and reduce information
rate updating in the analyzed band. However R is
mostly determined not by SNR but by the need to
accumulate a sufficient number of frequency samples
to detect frequency channels. In order for sufficiently
appearing of frequency channels, length of the sequence
of time samples to be analyzed must contain hundreds
or thousands of OFDM symbols.

If in result of the algorithm (Fig. 2) implementation
frequency channels are not detected, it is advisable
to perform correlation analysis in a given frequency
bandwidth AF;. This approach will increase SNR and
reject narrowband signals that fall into the band of the
receiver. Correlation processing can also be performed
after block 10 in parallel with the search for frequency
channels. In addition, obtained value of the duration
of the interval of orthogonality can greatly simplify
correlation processing.

5 Simulation results

Efficiency of the developed method was checked
by the method of statistical modeling. OFDM sig-
nal parameters were selected as follows: number of
frequency channels (including 5 pilot tones) — 25,
information symbol duration — 7, = 0,1 us, data
modulation — Quadrature Amplitude Modulation,
sampling rate — Fy; = 50 MHz. Length of the guard
interval during experiment varied from 1/4 to 1/32
of the length of OFDM symbol. Positions of pilots:
equidistant for one pilot carrier per OFDM symbol
with a time offset of three symbols.

Effect of signal propagation was modeled by add-
ing white Gaussian noise and frequency-selective fad-
ing. SNR value varied from -13dB to 10dB. Channel
complex impulse response was modeled according to
expression (3). When testing the algorithm for OFDM
detection signal was considered detected if at least 80%
of frequency channels are detected.

Fig. 4a shows detection curves of OFDM signal in
fading channel for different FFT lengths and number
of accumulated implementations R. Guard interval was
a quarter of the length of the OFDM symbol. Relative
error in estimating number of frequency channels ¢ as
a function of SNR at R = 1 is shown in Fig. 4b. At high
SNR ey does not depend on FFT length. For R=6 ¢
decreases in 4-8 times.
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interval of orthogonality is approximately the same
asen.
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Fig. 5. Relative error of frequency channels number
1014 estimate via SNR
z Since proposed algorithm combines several
independent criteria it is difficult to say what will
be the probability of false alarm, but we can assume
10-2] that this value will be close to zero.
The closest to the proposed in this paper method,
which also uses as one of the characteristic features of

Fig. 4. Detection curves for OFDM signal (a) and
relative error of frequency channels estimated number
via SNR (b)

In expression (6) there is no number of frequency
channels. Therefore, at high values of e (10-20 %) and
even when the signal by a given criterion is not detected
(at low values of SNR or deep fading), the error in
estimating duration of the interval of orthogonality e
may be very small (less than 0,1 %). However, in most
cases 1 values are of the same order as .

When T}, is reduced by factor of 2 detection curves
are shifted to the right by 3-4dB and values of errors
in estimating the parameters increase by about ten
times. For T, < 1/16 OFDM spectrum will be almost
continuous which significantly limits the efficiency of
spectral analysis for estimating frequency parameters.
In such conditions detection of OFDM using the
proposed method becomes impractical.

For a channel with frequency selective fading, which
is stationary within OFDM symbol and non-stationary
within FFT window detection curves will be shifted by
1-2dB to the right. Relative error in estimating number
of frequency channels as function of SNR is shown in
Fig. 5. As we can see, for the case of frequency selective
channel value of ey at high SNR will be smaller for
larger FFT length. Error in estimating duration of the

the OFDM signal is comb shape of its spectrum, given
in [17]. However, this method allows you to estimate
only the number of frequency channels. Unfortunately
authors did not specify at which SNR their method
remains stable.

Conclusions

Scientific novelty of the proposed method is in the
sequential double smoothing of power spectrum with
subsequent double thresholding, estimation of occupied
frequencies and search for the frequency channels of
OFDM signal. Implementation of the proposed method
provides detection of OFDM signal and estimation of
the number of its frequency channels and interval of
orthogonality in case of frequency-selective channel.
Reliability of conclusions is confirmed by results of
statistical modeling.

Proposed method requires slight complication of
the spectral analysis procedure based on FFT and may
be used to increase the efficiency of broadband radio
monitoring systems, namely the almost simultaneous
implementation detection-recognition of OFDM signal.

Prospects for further research in this area should
focus on development and research of methods for
detecting and recognizing OFDM signals in a complex
electromagnetic environment based on correlation
processing.
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Meron sugaBiaeunns OFDM curmanis B
YMOBaX YaCTOTHO-CEJIEKTUBHUX 3aBMMU-
PaHb HAa OCHOBiI aHaMi3y 3IJIagXKEHOTO
CIIEKTpAa

Byaatios M. B.

Ha mawmwmit wac B pagiocucremMax IMBLIBHOIO Ta, Biffi-
CHKOBOTO TIPU3HAYEHHST IMUPOKOTO IONIMPEHHST HAOY/I0 BU-
xopucrtanuas TexHosorii OFDM, ocobsmBo mpu poboti B
KaHaJIaX 13 9aCTOTHO-CEJIEKTUBHUMU 3aBMUPaHHAMU. depe3
3HAYHY KUIbKICTH cxeMm mobymoBu OFDM curmamis akry-
AJIBHUM 3aBJAHHAM I CyIaCHUX CHCTEM PAJiOMOHITOPHH-
Ty € pO3pOo0JIeHH METOMIB Ta AJITOPATMIB BUSBJIEHHS TAKIX
CUTHAJIB, K1 OYAyTh CTIMKMMIU 00 HEBU3HAYEHOCTI CTPY-
krypu OFDM curaaay Ta e1eKTpoMarHiTHOI 0GCTAHOBKHL.
Ha erani BusiBienns xapakrepuoro o3uakoio OFDM curna-
JIy 00paHOo HasgBHICTh YaCTOTHUX KAHAJIB B 3TMHAIOUIH f10T0
cniekTpa. Po3pobseno anropurm Bussienns OFDM curna-
JIy B 9aCTOTHIN 00s1acTi, a TAKOXK OIHIOBAHHI KLIHKOCTI
YACTOTHUX KAHAJIB 1 TPUBAJIOCTI IHTEPBAJIY OPTOTOHAIbL-
HocTi. it mpuiHSATTS PilleHHs PO HASBHICTH CUTHAJIb-
HEX BIUIIKIB y pO3paxoBaHill peasi3amii HOpPMOBAHOIO 0
eHepril CIeKTpa BHUKOPUCTAHO ioro Bapiamiro. Taxwmii min-
Xi/l T03BOJIS€ YHUKHYTH OIHIOBAHHS TOTYXKHOCTI IIYyMY.
Y pa3i BugB/IeHHS YACTOTHUX BiJJIKIB HIPOBOAUTHCH IIO-
[BiiTHe 3TJI1/KyBAHHS CIIEKTPA 3a JTOTOMOT0I0 KOB3AI09I0T0
cepemuboro. e 3abe3medye kpaiie 3r1aKyBaHHS HIXK 32
JO0IIOMOIOI0 OJHOI'O BiKHA BEJIMKOI J0B2KuHHU. Llicias mporo
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MIPOBOAUTHCS MOABiMHA mMOporoBa 06podka. Ipyrmit mopir
PO3PaXOBYETHCS 13 BUKOPUCTAHHAM BIJJIIKIB, IITO He ITePEBU-
WA IepInuil nopir. Bimmiku, mo nepeBUIuIN APyt mo-
Pir BBasKaIOTHCs CATHAIBHUMU. Jlayri IPOBOMUTHCS MMOIIYK
3afHATAX JIJITHOK YACTOT i3 33JaHOI0 IMUPHUHOIO CMYTH.
Bingiku, mo 3HAXOAATHCA y Iiif cMy3i Ime pa3 3ryIaRKy-
OThCsI, 10 JIO3BOJIE OTPUMATH TPEHJ CHEKTPa, AKUN BH-
KOPHUCTOBYETHCS SIK TOPIT JIJI BUSHAYEHHS MEK YaCTOTHIX
karasaie. OFDM curaaJ BBakKa€ThCs BUSIBJICHUM, SIKIIO OY-
JI0 3HAMIEHO eKBIAMCTAHTHI 9acTOTHI KaHasu. [licas uporo
PO3paxOBYETHCS TPUBAJIICTH IHTEPBAJIY OPTOTOHAJIBHOCTI.
3arnporoHOBa M METO T IOTPeOY€E HEZHATHOTO YCKJIATHEH-
HsI IPOIIEy PU CHEKTPAIBHOTO aHAJII3Y HA OCHOBIL IIBUIKOTO
neperBopenus @Pyp’e. Merom moxke OyTH BUKOPUCTAHUIA
Iy TiaBuineHHs e(peKTUBHOCTI POOOTH TIHPOKOCMYTOBHX
CHCTeM PaiOMOHITOPHHTY, & CaMe MPAKTUIHO OJHOYACHOL
peamizamii ¢GyHKIT BusBieHHsa-po3mi3HaBaunus OFDM cu-
THAJIY.

Karowosi caosa: OFDM; 3riamkennit ClieKTp; MoIBiiHa,
mOporoBa 00po0Ka; IHTEPBAJ OPTOTOHAJIHHOCTI; YaCTOTHUIA
KaHaJI; YaCTOTHO-CEJIEKTUBHI 3aBMUDPAHHS

Meton obuapyxkeuusas OFDM curnanos B
YCJIOBUSIX YaCTOTHO-CEJIEKTUBHBIX 3aMU-
paHuii Ha OCHOBE aHAJIN3a CIJIA>KE€HHOrO
cnexTpa

Byeatios H. B.

B macrosimee BpeMs B PaJMOCUCTEMAX IPAXKIAHCKOrO
¥ BOEHHOI'O HA3HAYMEHHs IIHPOKOE PACIPOCTPAHEHUE ITOJIY-
a0 ucnosib3oBanune TexHosjormu OFDM, ocobemmo mpu
pabore B KaHaaX € YaCTOTHO-CEJEKTUBHBIMU 3aMUPAHUS-
vu. M3-3a 60sp1moro koimdectsa cxem nocrpoernnss OFDM
CUTHAJIOB aKTYaJbHON 3a/a4eil s COBPEMEHHBIX CHCTEM
Pa/IMOMOHUTOPUHIA ABJIAETCH Pa3pabOTKa METOOB U AJII0-
PUTMOB OOHAPY KEHMUSI TAKUX CHTHAJIOB, YCTONTIUBBIX OTHO-
curenbHO HeonpeaeseHHocTu crpykrypbl OFDM curnasna

U 3IeKTpOMarHuTHON obcramoBku. Ha stame oOHapyxke-
Hust xapakrtepasiM mpm3HakoM OFDM curmama BeiGpanHo
HaJIMYMe JaCTOTHBIX KAHAJIOB B OrmOaiolneil ero CiexkTpa.
Paspaboran anropurm obnapyxenus OFDM curnasna B ga-
CTOTHO# 06JIACTH, & TAK¥Ke OIEHKU KOJIMIECTBA TACTOTHBIX
KQHAJIOB U [JINTEILHOCTH WHTEPBAJAa OPTOTOHAJIBHOCTH.
J s NpUHATHS PelleHns O HAJIUIHN CUTHAIBHBIX OTCYETOB
B PACCUMTAHHON peajm3anyuy HOPMUPOBAHHOTO K IHEPIUU
CIIeKTPa HUCIOJIb30BAHO ero Bapmanuio. Takoil momgxosn mo-
3BoJisieT mM30eXkaTh OIMEHKM MOIIHOCTH miyMa. B ciaygae
OOHAPYIKEHUST YACTOTHBIX OTCIETOB IMPOBOINTCS IBOIHOE
CIJIAXKMBAHNE CIIEKTPA C IOMOIIHIO CKOJIB3SIIIET0 CPEIHEro.
D10 obecrednBaer Jiydiiee CrJIAXKUBAHAE YeM C IIOMOIIHIO
OZIHOTO OKHA 60/bIIOi JuHbl. ITocsie 3TOTO BHITOIHSETCS
OBOMHAs IOporoBasi obpaborka. Bropoit mopor paccum-
TBIBAETCH C KCIOJIb30BAHHEM OTCUYETOB, KOTODbIE HE IIpe-
BBICHJIN TIEPBHIi Topor. OTCUeTsl, IPEBBICUBIINE BTOPOI TTO-
POT, CYUTAIOTCS CUTHAJIBHBIME. Jlasiee Ipon3BOANTCS IOUCK
3aHATBHIX yYaCTKOB 9aCTOT C 3aJaHHON IMHMPHUHON II0JIOCHI.
Orcuersl, HAXOISIIHUECS B ITOM MOJIOCE TIOBTOPHO CIUIAKH-
BAIOTCsI, ITO IO3BOJISET [IOJIYIUTh TPEH[T CIIEKTPa, KOTOPbII
HCIIOJIB3YEeTCs KAK IIOPOr ISl OLpefie/IeHns TPAHUL] TacTo-
taBIX KaHaaoB. OFDM curman cunraercst 06HapY KEHHBIM,
ecyu ObLIN HANIEHBl SKBUAUCTAHTHBIE YaCTOTHBIE KAHAJIBL.
Ilocne sToro paccumrbiBaeTcs JIUTEIHBHOCTH HHTEPBAJIA
oproronajsHocTH. IIpemmokennstit MeTos TpebyeT He3Ha-
YHUTENTHHOI0 YCIO0XKHEHUs IIPOIEIyPhl CIIEKTPAIHHOIO aHa-
m3a Ha oCHOBe OpIicTporo mpeobpazosanus Pypoe. Metos
MOXKeT OBbITHh MCIOJB30BAH [JIsT MOBBIIIEHMsT 3 deKTUBHO-
cTi pabOTHI IMUPOKOIOIOCHBIX CUCTEM PAJUOMOHUTOPHHIA,
a MMEHHO NPAKTUYECKU OJHOBPEMEHHOH peasm3anuu QyH-
Kkrnu obHapykenus-pacro3unasauns OFDM curmasa.

Karoweswie caosa: OFDM; criakeHHBIN CHEKTp; ABOW-
Had MOporosad 0OPabOTKAa; MHTEPBAJ OPTOrOHAJIBHOCTH;
9aCTOTHBIN KaHAJI; YaCTOTHO-CEJIEKTUBHbIE 3aMUPAHMS
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