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I. INTRODUCTION

The extraction of the useful signal against the background of noise is carried out by
correlating the received and reference signals. The correlator performs convolution of the received
signal with the reference one. It is an ideal detector for determining the time shifts of the received
pulses relative to the reference. So, when the unit is received, the correlation function is +1, and
when it is 0, it takes on the value -1. In any other cases, the correlation function is 0. Accumulation
of a certain number of ultra-short pulses in the receiver's correlator, encoding each of the
information bits, makes it possible to significantly increase the signal-to-noise ratio, providing the
ability to transmit information in a wide frequency range significantly below the white noise level,
while ensuring the requirements for noise immunity of mobile devices.

II. ANALYSIS OF RESEARCH AND PUBLICATIONS

A known method of receiving a signal against a background of noise [1] is that a mixture of
signal and noise is fed to a series-connected optimal linear filter, which is matched with the
spectrum of the received signal, a threshold device and a device to be solved. The optimal linear
filter provides the maximum signal-to-noise ratio at the input of the threshold device, which gives a
decision on the presence of an information signal at the input of the receiving device when a given
threshold voltage is exceeded, the level of which is selected according to one of the known criteria,
and feeds it to the device to be solved, which carries out identification information signal. The
mentioned method ensures the reliability of receiving the information signal against the background
of noise and depends only on the signal energy. It ensures the highest possible signal reception
reliability due to the significant excess of the signal noise level. The main disadvantages of the
known method is the lack of reliability of signal reception against the background of noise at low
signal-to-noise ratios.

III. PRESENTATION OF KEY MATERIAL

Partial elimination of this drawback becomes possible due to the use of ultra-wideband
signals, when the signal spectrum width exceeds the noise spectrum width [2]. In this case, ultra-
wideband (UWB) signals are signals for which the relation is fulfilled B:FCTC >> ], where

B, F., T, — 1s the base of the signal, the width of its spectrum and the duration of the signal,

respectively. The UWB signal is a pulse radiation of constant amplitude and duration 7', the
information coding of which is carried out by a time shift relative to the reference pulse for a time
T, when encoding «1» , and 7;, when encoding «0», and the amount of the shift does not exceed a

quarter of the duration of the reference pulse 7. The received binary coherent signal is observed
over the observation interval [0,7], and depending on the time shift value 7, or 7, the

identification of the received signal is carried out against the background noise by coherent
reception, based on an accurate knowledge of the temporal location of the transmitted binary signal.
Due to the limited observation interval, the width of the noise spectrum decreases, and the use of
UWB information signals makes it possible to fulfill the conditions for exceeding the signal
spectrum bandwidth of the noise bandwidth, which increases the reliability of determining the
binary signal [3]. However, when receiving weak signals, when the noise level is equal to or
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exceeds the level of the useful signal at the receiver input, the reliability of the received information
is significantly reduced..

The implementation of the proposed method of correlation reception of UWB signals is
achieved through the use of new information features that allow the conditions of the Slepyan D.
theorem to be fulfilled due to nonlinear processing of the additive mixture of signal and noise. Since
the identified information signal is possible for any small signal-to-noise ratio, the implementation
of the proposed method is an urgent task, the solution of which is as follows. The mixture of signals
and noise is sequentially fed to the input of the digital filter, from the output of which the signal in
the form of the sum of the transmitted UWB signal and the spectrum-matched Gaussian interference
is fed to the digital spectrum analyzer, where the power spectra of the received UWB signal and
noise are calculated during the duration T of one information symbol, the ratio which determines
the signal-to-noise ratio. Arrays of digital samples formed at the output of the spectrum analyzer are
fed to the input of a digital Fourier processor, which performs a fast inverse Fourier transform and
calculates the modules of complex autocorrelation functions, according to which the information
correlation peaks have a time shift 7, or 7, according to the stream of binary bits «0» or «1». The

influence of noise causes an increase in random emissions for the autocorrelation function, which
leads to an increase in the error in recovering the transmitted binary information and reduces the
value of information peaks with time shifts 7,, 7;. Therefore, the device to be solved calculates the

ratio of the likelihood functions, the logarithm of the ratio of which has the form:
i) == E0 o 2 s (0=t i (1)
Ny Ny
where E, and E,— signal energies s,(t) and s,(t) accordingly; 7' — signal duration; N, —
spectral density of additive noise; s(t) — transmitted signal; u(¢) — received signal.
Usually E; = E,, but their probability p=0.5.

Taking this ratio into account, the integral is calculated:
2 T
g =~ Tu(t)[s,(t)=sy(t) it )

and the results of the calculations are fed to a threshold device where a decision is made in favor of
the signal s,(¢), when ¢ >0 and in favor of the signal s,(7), otherwise.

Thus, an unambiguous restoration of the transmitted binary information is carried out. As a
result, with a large base of the signal B > 300, when the intensity of the received signals is below
the level of interference, the transmission of information is carried out with an error probability less

107, which characterizes its high reliability. For digital binary signals, the use of the proposed
method increases the reliability of the received information, reducing the probability of an error by
10+20 05 atlow (— 3+-5 OE) signal-to-noise ratios and a large signal base.

IV. CONCLUSION
Thus, the proposed method of correlation reception of UWB signals provides a higher
reliability of reception of binary symbols in noise conditions, when the noise level is equal to or
exceeds the signal level. The method can find wide application both in the reception and
determination of single impulse signals and their various sequences, as well as in information
systems with increased noise immunity, which use complex signals with a large base.
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