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ABSTRACT Rectangular pulses are simple to form, including with the help of a modern radio element base. In the work, a
calculation analysis of the base and correlation coefficient of a binary sequence with a length of eight rectangular pulses
was carried out. The obtained calculations of the base of sequences were analyzed, and a conclusion was made about
which of them is the most suitable for encoding information during data transmission over the radio channel. Based on the
calculations of the correlation coefficient between the series of pulse sequences, it was concluded which of them could be
separated in the channel. Based on the structure of the self-similar sequence of pulses, a mathematical model and an
expression of the spectral density of the proposed signal are written. A new method of correlation analysis for sequences
that are symmetrical was also proposed, which allowed for improved recognition of the useful signal at lower signal-to-
noise ratios in the communication channel. The method is a combination of autocorrelation and cross-correlation functions.
The right and left halves of the symmetrical sequence and the reference signal are compared. The ratio of the height of the
main petal to the side petals in our proposed correlation function is greater than in the classical version. To obtain the
greatest possible ratio of the height of the petals, it is advisable to choose symmetrical sequences that have the largest
base. With the help of such sequences, it is planned to encode one bit of information, which should improve the
recognition of transmitted information against the background of noise. The obtained results are planned to be used for the
development of a transmitter and receiver with an improved coding method for recognizing a useful signal against a

background of noise.
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I. INTRODUCTION

simple signals, such as rectangular pulses, can be

used to encode information in simple radio systems

for radio data exchange. They are easy to form and
recognize with the help of a modern radio element base.
A relatively unused class of signals are self-similar
signals that can be used to transmit information in
telecommunications [1, 2]. Such signals are characterized
by broadband, and communication systems based on them
are noise-resistant and safe [3, 4, 5]. The improvement of
the coding method using self-similar signals should
increase the reliability of the unambiguous selection of
the appropriate codes against the background of
interference of various origins. The paper [6, 7] shows the
positive results of using such sequences.

The purpose of the work is to study the parameters of
the proposed pulse sequences, highlight their advantages,
and select the most suitable ones for coding according to
the parameters of the base and correlation coefficient.
Also analyze the effectiveness of a new method of
correlation analysis for recognizing a useful signal against
a background of noise.

Il. ANALYSIS OF PARAMETERS OF BINARY SEQUENCES

The base of signals is one of their main characteristics,
based on the value of which it is possible to conclude
about the protection of information signals from the
interference of various types. Broadband signals are those
whose bandwidth coefficient (the product of the signal
spectrum width and its duration B=F-Ts) is greater
than one [3].

B=F, -T,=F

wrTs = Fyp 7221 (1

where F,

spectrum; T is the duration of a pulses sequence; 2/ is

is the effective width of the signal frequency

the number of pulses in a sequence; 7 is the duration of a
pulse in a sequence (we took it equal to 1 ps).

When evaluating the basis of the offered signals, the
width of their spectral band was determined by the noise
equivalent method according to the ratio [8].

ry =[G (1) @

where F,, is the effective width of the signal frequency
spectrum; G, is the maximum value of the spectral

density of the signal power; G (f) is the spectral

density of the signal. Let's create sequences with codes
from 1 to 255 in binary format. The duration of one bit
(one pulse) is taken to be 1 ps, so the duration of a series
of pulses that follow each other continuously is taken to
be 8 us.

Let's calculate the basis for each pulse sequence.
Calculations were performed using the MatLab software
environment. The results of the calculations of the base of
sequences are presented as a graph in FIG. 1. The abscissa
shows the number of the binary sequence and the ordinate
shows the base.
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FIG. 1. Results of sequence database calculations.

It is obvious that for the zero and the last combination
the spectrum will be narrower than in other cases. The
effective frequency band and the base will be smaller
because in the first case there is no signal, and in the
second case we will receive one pulse.

Analyzing the obtained calculations, we can conclude
that the sequences with the codes are the most suitable for
encoding information when transmitting data over a radio
channel: 1,2,4,5,8,9,10,16,17,18,20,21,32,33,34,36,37,40,
41,42,64,65,66,68,69,72,73,74,80,81,82,84,85,128,129,
130,132,133,136,137,138,144,145,146,148,149,160,161,
162, 164,165,168,169,170 (1, 2, 4, 8, ..., 2", where
N=0,12,.. and 3, 5, 6, 9, 10, ..., 2" +2", where
M =0,1,..,5). The remaining sequences have the
smallest base.

I1l. CORRELATION COEFFICIENT OF BINARY SEQUENCES

Let's also calculate the correlation coefficient between
sequences according to formula (3), which will allow us
to draw a conclusion about the possibility using them in
parallel transmission channels or better extraction from
noisy signal. We will present the results of the
calculations as a planar graph (FIG. 2).
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FIG. 2. Dependence of the correlation coefficient between
sequences.
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FIG. 2 shows sequence numbers along the axes. Dark
points correspond to a correlation coefficient equal to
zero. Analyzing the correlation coefficient between a
series of pulse sequences, the following pairs of
sequences can be used to separate channels or uniquely
separate signals when they transmit different bits 0 and 1
in different sequences: 1.2; 1.4; 1.6; and others between
which the correlation coefficient is zero.

IV. SELF-SIMILAR PULSE SEQUENCES
There are known works in which it is offered to form
pseudo-random sequences of pulses [9]. We suggest
applying a sequence of pulses that follow each other
continuously (FIG. 3). These sequences are symmetrical,
which should allow comparing the received signal with

itself.
H : Y n HH:HH n
m.543210

m.543210

-

m.543210

FIG. 3. Examples of pulse sequences used in the "Smart House"
system under development; m where is the number of pulses in
the sequence, n is the pulse number in the sequence, 7 is the
duration of the pulse.

The sequence of pulses is formed in such a way that
the older and younger halves of the pulses are mirror-
symmetrical to each other. First, we set the number of
pulses / in the younger half of the sequence — we will get
2' possible combinations in binary form. Then we mirror
the given combination and supplement it with the initial
one and get the designed sequence with a length 2/ of
pulses. The pulses follow one another continuously, their
amplitude is the same. The sequences themselves during
transmission are separated by time slots.

Let's form symmetrical sequences of pulses with a
length of 8 bits. The older half of the sequence is a
symmetrical reflection of the younger one. An example of
the calculation window is presented in FIG. 4. In this
window, we can see the waveform, spectrum and power
spectrum.

mean=0 24901 Feff=0 25337 MHz B=20269 S/N=100 =1

FIG. 4. Example of the calculation result window in the MatLab
software environment.
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From the obtained set of binary sequences (item 1),
we will select such binary codes in which the youngest
and the oldest half-bytes (nibbles) are mirror-imaged
(symmetric). There are 15 such codes: 24, 36, 60, 66, 90,
102, 126, 129, 153, 165, 189, 195, 219, 231, 255. Based
on them, we will form sequences of pulses and calculate
their bases (FIG. 5).

FIG. 5. Results of sequence database calculations.

As can be seen from the figure, sequences based on
codes 36, 66, 129, 165 have the largest base. We will use
the symmetry of pulses in the correlation analysis as one
of the signs of this pulse.

V. MATHEMATICAL MODEL OF A SELF-SIMILAR SIGNAL
Based on the structure of a self-similar sequence of
pulses, the mathematical model can be written as a sum of
sequences of pulses with the same amplitude [10]:

AZ[Qt— o(t-1,-1)], (4)

where A4 is the pulse amplitude; % is the sequence number
of the pulse; O(¢) is the Heaviside function; 7 is the pulse
duration (the same for all pulses).

Using the expression of the time dependence of the
signal, it is possible to calculate the expression of the
spectral density of the offered fractal by finding the
Fourier transform. The complex spectral density of such a
signal is equal to:

S(a))zﬁsm[ J _/ﬂer"’"” (5)
o

where x; is the value of the bit in the sequence (0 or 1); £
is the pulse number in the sequence; 4 is the pulse
amplitude; 7 is the pulse duration.

The modulus of the complex spectral density is
defined as:

sin(w7/2) .

|S(o)|=24 p

(6)

2

. \/{Zx cos(ka)r)}z + {z % sin(ka)r)}

The argument of the complex spectral density is equal
to:

¢(w)=—arctg {27: x, sin (ko)

k=0

Zx cos(ka)r)} .

VI. AMETHOD OF RECOGNIZING A SEQUENCE OF
PULSES AGAINST A BACKGROUND OF NOISE
The method is a combination of autocorrelation and
cross-correlation functions. The right and left halves of
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the symmetrical sequence and the reference signal are
compared. The formula, according to which the method
works, looks like this:

K(n) = Z:(; St0..m1 (n)- Sim-1)..m] (m—n)- Sop10...m1 (n), (D

where 7 is the bit number in the sequence; s, ,,(n) is
the bits in a sequence with numbers from 0 to m;
Siam-tym (M—n) is the symmetrically placed bits in

sequence with numbers from 2m—1to m; s, ,, (1) is

the reference data (initial signal).

In this formula, the autocorrelation and cross-
correlation functions are calculated at the same time - it is
their combination. This should give a gain in extracting
pulse sequences from noise.

FIG. 6 presents the results of calculations according to
the formula (7) at different ratios of noise power to signal
power. Calculations were performed for one of the pulse
sequences. In the figures, the upper graph shows the
signal against a background of noise, the middle one
shows the mutual correlation function, and the lower one
shows the correlation function we offered.
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FIG. 6. Results of correlation function calculations at different
ratios of noise power to signal power: the upper graph in the
figures is the signal, the middle one is the mutual correlation
function, and the lower one is the offered function. The ratio of
signal power to noise power: a) 10 dB, b) 3 dB, ¢) 0 dB.
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As can be seen from the graphs, the ratio of the main
petal to the side petals in our offered correlation function
is greater than in the classical version. As shown by the
calculations of the classical correlation function and the
offered one, the ratio of the "height" of the main petal to
the "height" of the lateral ones at different signal/noise
ratios is: 1.82 (classical), 4 (offered) at 10 dB; 2 (classic),
2.75 (suggested) at 3 dB; 1.25 (classic), 2 (suggested) at
0 dB. In this way, we can recognize signals even when the
ratio of signal power to noise power is 0 dB.

VII. CONCLUSION

The calculations of the signal base and correlation
coefficient made it possible to choose the most optimal
sequences of pulses for encoding signals. The results of
calculations according to the offered correlation function
at different ratios of noise power to signal power showed
that it is possible to recognize the offered pulse sequences
at a power ratio of up to 0 dB. When using the generally
accepted mutual correlation function, there is no
unambiguous recognition of the signal under such
conditions.
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JdocnipXeHHA camonoAdibHux ABiIMKOBUX NOCNIAOBHOCTEMN

~ * . ~ .
AHppin Bepura , PycnaH MNMonitaHcbkuin, Maprapura PoxkaectBeHcbKa Ta FananHa Jlacriska

Kadepnpa pagiorexHiku Ta iHpopmauiinHoi 6e3nekn, YepHiseubkuii HauioHanbHUl yHiBepcuTeT imeHi Opia ®eabkosuya, m.HepHisui, YKkpaiHa
*ABTOp-KOpecnoHaeHT (EnekTpoHHa agpeca: veriga@ukr.net)

AHOTALLIA MpamoKyTHi imnyabcyn € npocTuMK ana GopmMyBaHHA, B TOMY YMCAi 3a JOMOMOIOK Cy4acHO! pagioenemeHTHOI
6a3un. B poboTi NnpoBeaeHO po3paxyHKOBWUIA aHani3 6a3u Ta KoedilieHTy Kopensauii ABiIMKOBOI NOCNIA0BHOCTI AOBXUHOW
BiCIM MPAMOKYTHUX iMMyAbCiB. MpoaHani3oBaHO OTPUMaHI po3paxyHKK 6a3un nocnigoBHOCTEN Ta 3p061EHO BUCHOBOK, AKi 3
HWX € HaNBINbL NPUAATHUMUK ANA KoAyBaHHSA iHGopMaLl Npy NepegaBaHHi 4aHMX MO pagiokaHany. Ha ocHOBI po3paxyHKiB
KoedilieHTY Kopenauii MiX cepiamn nocnigoBHOCTEN iMMYAbCIB 3p06/1EHO BUCHOBOK KOTPI 3 HWUX MOXHa po3Ainvti B
KaHani. BuMxopsaum 3i CTPYKTypyM camonogibHol MmocnigoBHOCTI iMNy/bCiB 3anMcaHa MaTemaTMyHa MOALENb Ta BMpas
CMNEKTPaNbHOI TYCTUHW NPOMOHOBAHOIO CUrHa/Ay. TaKOX 3anponoHOBaHO HOBMI CMOCIO KOpenAuiMHOro aHanisy ans
NoCcNifoBHOCTEN, AKI € CUMETPUYHMMM, WO [03BO/MUIO MOKPALWMTU PO3Mi3HABAHHA KOPUCHOTO CUTHasy Mpu MEHLIMX
BiAHOLIEHHAX CUrHaN/Wym B KaHani 38’A3Ky. MeToA nosiArae B NoeAHaHHI aBTOKOPENALUINHOT Ta B3aEMHOI KOpPenaLinHoi
dyHKUiN. MopiBHIOOTbCA NpaBa i NiBa NONOBUHU CUMETPUYHOT NOCNIAOBHOCTI Ta ONOPHMI CUrHaA. BigHoWeHHA BUMCOTU
ro/IOBHOI MENOCTKM A0 6OKOBWUX B 3aMPOMNOHOBAHIN HaMM KOPENALinHiN GYHKUT € BIAbWKMM HiXK B KNAaCMYHOMY BapiaHTi.
Moxemo po3ni3HaBaTM CUIHA/M NPU BiGHOLWEHHI NOTYXHOCTI CUrHany A0 NOTyXHocTi wymy O ab. Mpu 3actocyBaHHI
3ara/ibHONPUAHATOI B3aEMHOI KOpenALinHOT GYHKLii 04HO3HAYHOTO PO3Mi3HAaBaHHA CUTHANY NP TaKUX YMOBaxX He Mae. A
OTPUMaAHHA SAKHaWBINbWOro BiAHOWEHHSA BWCOTM MENIOCTOK AOUibHUM € BMOPaTU CUMETPUYHI NOCNIAOBHOCTI, SAKi
BOJIOAjOTb HalbiNbloo 6a30t0. 33 A4ONOMOrOK TaKMX NOC/IA0BHOCTEN NAAHYETbCA KOAYBaTU oAMH 6IT iHpopmaLii, Wwo
NMOBMHHO NIABUWMTM poO3Mi3HAaBaHHA nNepeaaBaHoi iHPpopmauii Ha ¢oHi wymis. OTpMMaHi pesynbTaTM NNAHYETLCA
BMKOPUCTATU Ana po3pob/ieHHA nepegasBaya Ta NpuiiMada 3 MOKpalleHMm cnocobom KoayBaHHA ANs Po3nisHaBaHHSA
KOPUCHOIO CUTHaNy Ha GOHi LWymis.

KNKOYOBI C/IOBA camonogibHicTb, iMnynbc, KogyBaHHSA, KopensLin.
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