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Annomayun. B cmamve pazpaboman cnocob6 nonyyeHusi nNociedo8amesbHocCmel
OUCKDEMHbIX — CUSHANI08,  3HAYUMENbHO — YNPOWAIOWULL  Npoyecc  NOMYYeHUs  CUSHATbHBIX
nocieoosamenvHocmeti c HOBbLMU A8MOKOPPENAYUOHHBIMU u CHEeKmpabHbLMU
Xapakmepucmukamu, OCHOBAHHbIL HA CBOUCMBAX OPMOLOHAILHLIX Npeobpazosanuti OA3UCHLIX
GyuKkyul, Komopwvilli eKuoYaem 8 cebs mpu dmana: NOCMpoeHue Mampuyvl nepexood; paciem
KOOPOUHAM CUSHATbHBIX MOYeK 8 HOBOM Oaszuce;, npeocmasgiexue CUCmembl CUSHAN08 6 bazuce
CMeUjeHHbIX eOUHUYHBIX UMNYIbCO8 C UCNONb308AHUEM KOOPOUHAM 8 HOBOM Da3zuce.
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Abstract. The paper developed a method for obtaining sequences of discrete signals, which
greatly simplifies the process of obtaining signal sequences with new autocorrelation and spectral
characteristics, based on the properties of orthogonal transformations of basis functions, which
includes three stages: building a transition matrix; calculation of coordinates of signal points in a
new basis; representation of the signal system in the basis of displaced unit pulses using
coordinates in the new basis.
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Introduction. The use of complex broadband signals in combination with optimal reception
methods makes it possible to increase the noise immunity of the communication system as a whole,
which is confirmed by publications [1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14].

One of the problems of noise-resistant coding is the problem of optimal placement of signal
points in n -dimensional space. Optimal placement implies uniform distribution of signal points at
the maximum possible distance from each other. In multidimensional discrete geometry, such
problems are reduced to the problem of densest packing of identical balls in n -dimensional space
[13], provided that the centers of the balls are signal points.

As a rule, the problem of dense packing has many solutions, which, however, are not widely
used in practice due to their inherent disadvantages, which primarily include the limited scope of
the bases covered [15].

Materials and research methods. The purpose of the article is to develop a method for
obtaining sequences of discrete signals, which will significantly simplify the process of obtaining
sequences of signals with new characteristics and significantly increase their number.

Research results and their discussion.

Obtaining signal sequences with new autocorrelation and spectral characteristics based

on orthogonal transformations

Any signal-code sequence can be represented as a I|near combination of basis vectors:

S a11® +a12® +a13® +.. +a1n

S, =a,,0, +a,,0, +a,0, +.. +a2n® 1)

S, =a_,0,+a ,0,+a 0,+..+a 0,

mn = n

where { } is a sequence of n basis functions.

The proposed method is based on the orthogonal transformation of the coordinates of signal
points when transferring them from the original basis to a new one, followed by representation of
the coordinates of the signal points in the basis of time-shifted unit pulses

7 (t) = rect(t—ka), )

Moreover, if the old and new bases are orthonormal, then the lengths of the vectors and the
angles between them do not change. Consequently, the cross-correlation coefficient does not
change. And the spectral and energy characteristics, as well as the autocorrelation function, change
due to a change in the structure of the signal, determined by the coordinates in the new basis.

For two bases chosen in n -dimensional space, there is an operator T , which transforms a
basis {C:)} into a basis {@*} [16, 17, 18, 19]

O =T-0. (3)
The operator T corresponds to a non-singular matrix
t11 t12 1:ln
t t oot
T= Htin _| 22 2n ’ (4)
t, t, . t,

the columns of which are the coefficients of expansions of new coordinate vectors into old
basic ones [20, 21]

" (5)

0 =t,0,+t,0,+..+t O .
The sequence of signals in the new basis can be represented:
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S—1 = a:1®I + a;2®; + a:3@; oot a:n(:j:;
S, = a, 0, +a,,0, +a,0, +..+a, 0; ©)
S, =a,0,+a,0,+a 0, +..+a 0,
where {au} are the coordinates of the signal points in the new basis.
Provided that the signal sequence decomposition is unique in the old basis:
a = ayl, +apt, +..+a,t,;
a, = a1*1t21 + aIztzz oot ai*nth;
(7)
ain = aIltnl + afztnz tot aIntnn'
Taking into account (4), system (7) can be rewritten in matrix form
A=A"-T, (8)
Where
&, a,
A=l B2 A o[
a, a,

It is easy to show that relation (8) remains valid for other signal sequences (1). In this case,
the relationship that determines the new coordinates through the old ones, provided that matrix (4)
is non-singular, has the form

A =AT™, ©)
where T s the inverse matrix defined by the equality [6, 7]
t11 t21 1:nl
T1= 1 Ti-T _ t12 t22 tn2 ’ (10)
detT "’ e
t, t, . t,

where TijT is a transposed matrix Tij composed of algebraic complements of elements t ij o

matrix T.
With known coordinates in the original basis and the transition matrix defined by expression
(10), using relation (9) it is possible to determine the coordinates of each vector signal in the new
basis.
The next step is to present the new coordinates obtained using relation (9) in the basis of
shifted unit pulses (2), and a new sequence of signals will be obtained:
Sl* = a:1ﬁ1 + 3:2772 + a;ﬁs Tt a:nﬁn;
Sz* = a;ﬁl + azzﬁz + a;3773 oot a;nﬁn;

~ *

Sey = 8uThy + 8pol], + 8ol + oot 8y 77,
(eleven)
The proof of the above statements is based on a well-known statement in linear algebra [16,
17]: an orthogonal transformation of coordinates does not change the scalar product of vectors.
This statement has consequences:
Corollary 1. An orthogonal transformation does not change the lengths of vectors and the
angles between vectors.
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Corollary 2. An orthogonal transformation transforms an orthonormal basis into an
orthonormal one.

Corollary 3. An orthogonal transformation does not change the distance between vectors
(based on Corollary 2).

Based on the above statement and corollaries from it, we can conclude that the relative
position of signal vectors during the transition from one orthonormal basis to another does not
change while the spectral and autocorrelation characteristics of the signals change simultaneously
due to a change in their structure, determined by the coordinates in the new basis.

Conclusion. From the above it follows that if an orthogonal transformation based on the
matrix T is applied to the existing signal sequence of discrete signals presented in the original
basis, and then the resulting coordinates are presented in the basis of time-shifted unit pulses, then a
new sequence of signals will be obtained in the new basis. In this case, the coordinates of the signal
points are determined by formula (9) using known coordinates (1) and the inverse matrix T ™
specified by relation (10). Matrix T is determined from system (5) based on a comparison of the

original basis { ® } and the new { &} by representing the coordinates of the basis vectors @k in the

basis { " }. Taking into account the existing apparatus for synthesizing discrete orthogonal bases
[15], it is possible to obtain an unlimited number of signal sequences with new spectral and
correlation characteristics, including those that satisfy specified requirements.

JIMTEPATYPA

1. Bapakun JI. E. Cuctemsl CBs3M C IIyMOINOAOOHBIMU cuTHamamMu. M.: Paano u cBsi3b,
1985. 384 c.

2. Nuxcon P. K. [llupoxkomonocHsie cuctemsl. [lep. ¢ anri. / mox pen. B. U. XKypapnesa. M.:
Cas3p, 1979. 304 c.

3. HamonoB H. I'., Cennn A. W. OpToronanbHble U KBa3MOPTOTrOHAJIbHbIE CUTHANIBL. M.:
Cas3p, 1977. 222 c.

4. Tlepenaua uudposoit madopmaruu. Ilep. ¢ anrn. / mox pen. C. U. Camoiinenko. M.:
N3parenbcTBO HHOCTpaHHOU JuTeparypsl, 1963. 325 c.

5. Baiianep E. Cucremsl nepenaun auckpetHoil nngopmanuu. Ilep. ¢ monbek. / mop pen.
b. P. JIeBuna. 7-# Boin. M.: Cs3e, 1977. 512 c.

6. Ilenun I1. U., ®ununmnos JI. . Pagnorexnudeckue cucteMbl nepenayn WHGOpMaIUU.
M.: Panmo u cBs3b, 1984. 256 c.

7. Cuctembl mojBWXKHON pamuocBsizu / nox pen. M. M. Ilemukuna / M. M. IlsmkuH,
N. U. Nexypusiit, B. H. Tanezun, . J1. Usunes. M.: Paano u cBs3b, 1986. 328 c.

8. Xapmyr X. @. Ilepemaua uHpopmanuu OpTOroHaldbHbIMH (yHKUMAMHU. Ilep. ¢ aHrm.
H.T. Oamonosa, A. . Cenuna. M.: Csi3b, 1975. 267 c.

9. banakpumnan A. B. Teopus cBszu. M.: Cesss, 1972. 231 c.

10. CemenoB A. M., CukapeB A. A. IllupokomnonocHas paauocssass. M.: MO CCCP,
1970. 278 c.

11. Bapakun JI. E. Teopust cnoxubix curaanos. M.: Coserckoe paauo, 1978. 199 c.

12. IlectpsixoB B. b., AcdanaceeB B. Il., I'ypsunr B. JI. IllymomnonoOHble cHUTHAJIBI B
cucremax nepenaun napopmanuu / nog pen. B. b. Ilectpsikoa. M.: Coetckoe paauo, 1973. 424 c.

13. Tor JI. ®@. PacnonokeHrue Ha IJIOCKOCTH, Ha cepe U B mpocTpaHcTBe. Ilep. ¢ Hem.
H. M. Maxkaposoii. M.: ®uzmariut, 1958. 363 c.

14. Allen RL, Mills DW. Signal analysis. Time, frequency, scale, and structure. Wiley-
Interscience, 2004. 382 p.

15. Tlonmenko B. C. BekTopHblii cuHTe3 aHcamOieil OpTOroHalbHBIX curHaioB. Y. 3.
Crasponons: MO P®, 1993. 150 c.

16. bmox 3. JI., Jlommuckuii JI. U., Typur B. fI. OcHOBBI THHEHHOI anreOpbl 1 HEKOTOpHIE
e€ mpunoxxenus. M.: Beiciias mkoia, 1971. 256 c.

22 Bbinyck Ne 3, 2023



Modern Science and Innovations. 2023. No. 3 (43)

17. TonoBuna JI. U. Jluneitnas anrebpa u HekoTopble €€ mpriioxeHus. M.: Hayka, 1971.
288 c.

18. ManbiieB A. M. OcHoBsl tuHEHON anreOpsl. M.: Hayka, 1970. 255 c.

19. Wang R. Introduction to Orthogonal Transforms: With Applications in Data Processing
and Analysis. Cambridge University Press, 2012. 590 p.

20. bopesunu 3. 1. Onpenenutenu u marpunsl. M.: Hayka, 1970. 540 c.

21. Mapkyc M., Munk X. O0630p 1o TeopuH MaTpUI] U MaTPUYHBIX HepaBeHCTB. Ilep. c
anri1. / moxa pex. B. b. JIunckoro. M.: Hayka, 1972. 232 c.

REFERENCES

1. Varakin LE. Sistemy svyazi s shumopodobnymi signalami. M.: Radio i svyaz', 1985.
384 p.

2. Dikson RK. Shirokopolosnye sistemy. Per. s angl. Pod red. VI. Zhuravleva. M.: Svyaz',
1979. 304 p.

3. Dyadyunov NG, Senin Al. Ortogonal'nye i kvaziortogonal'nye signaly. M.: Svyaz', 1977.
222 p.

4. Peredacha tsifrovoi informatsii. Per. s angl. Pod red. S. I. Samoilenko. M.: lzdatel'stvo
inostrannoi literatury, 1963. 325 p.

5. Zaidler E. Sistemy peredachi diskretnoi informatsii. Per. s pol'sk. Pod red. B. R. Levina.
7-ivyp. M.: Svyaz', 1977. 512 p.

6. Penin PI, Filippov LI. Radiotekhnicheskie sistemy peredachi informatsii. M.: Radio i
svyaz', 1984. 256 p.

7. Sistemy podvizhnoi radiosvyazi. Pod red. IM. Pyshkina / IM. Pyshkin, 1l. Dezhurnyi, VN.
Talyzin, GD. Chvilev. M.: Radio i svyaz', 1986. 328 p.

8. Kharmut KhF. Peredacha informatsii ortogonal'nymi funktsiyami. Per. s angl. N. G.
Dyadyunova, A. I. Senina. M.: Svyaz', 1975. 267 p.

9. Balakrishnan AV. Teoriya svyazi. M.: Svyaz', 1972. 231 p.

10. Semenov AM, Sikarev AA. Shirokopolosnaya radiosvyaz'. M.: MO SSSR, 1970. 278 p.

11. Varakin LE. Teoriya slozhnykh signalov. M.: Sovetskoe radio, 1978. 199 p.

12. Pestryakov VB, Afanasev VP, Gurvits VL. Shumopodobnye signaly v sistemakh
peredachi informatsii / pod red. V. B. Pestryakova. M.: Sovetskoe radio, 1973. 424 p.

13. Tot LF. Raspolozhenie na ploskosti, na sfere i v prostranstve. Per. s nem. N. M.
Makarovoi. M.: Fizmatlit, 1958. 363 p.

14. Allen RL, Mills DW. Signal analysis. Time, frequency, scale, and structure. Wiley-
Interscience, 2004. 382 p.

15. Popenko VS. Vektornyi sintez ansamblei ortogonal'nykh signalov. CH. 3. Stavropol:
MO RF, 1993. 150 p.

16. Blokh EhL, Loshinskii LI., Turin VYa. Osnovy lineinoi algebry i nekotorye ee
prilozheniya. M.: Vysshaya shkola, 1971. 256 p.

17. Golovina LI. Lineinaya algebra i nekotorye ee prilozheniya. M.: Nauka, 1971. 288 p.

18. Mal'tsev Al. Osnovy lineinoi algebry. M.: Nauka, 1970. 255 p.

19. Wang R. Introduction to Orthogonal Transforms: With Applications in Data Processing
and Analysis. Cambridge University Press, 2012. 590 p.

20. Borevich ZI. Opredeliteli i matritsy. M.: Nauka, 1970. 540 p.

21. Markus M, Mink Kh. Obzor po teorii matrits i matrichnykh neravenstv. Per. s angl. / pod
red. VB. Lidskogo. M.: Nauka, 1972. 232 p.

NH®OPMAILIUS Ob ABTOPE
Baagumup Muxaiisouu Camyc — acniupanT kadeapbl HTHGOPMAMOHHON 0e30MacHOCTH
aBTOMaTH3MPOBaHHBIX cucTeM, CeBepo-KaBkasckuil ¢enepanbHblii yHuBepcutet, mp. Kynakosa, 2
(kopmyc 9), . CraBponosb, 355029, Poccus, +79654600393

Issue No. 3, 2023 23



CoBpemMenHas Hayka 1 nHHOBanuu. 2023. Ne 3 (43)

INFORMATION ABOUT THE AUTHOR
Vladimir M. Samus — Doctoral Student, the Postgraduate at the Department of Information

Security of Automated Systems, North-Caucasian Federal University, Kulakova Ave, 2 (building
9), Stavropol, 355029, Russia, +79654600393

KoH()JIHMKT HHTepecoB: aBTOP 3asBIIAET 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.
Conflict of interest: the author declares no conflicts of interests.

Cmamobs nocmynuna 6 peoaxyuio: 13.07.2023;
000bpena nocie peyensuposanus: 16.08.2023;
npunsma k nyboauxayuu: 06.09.2023.

The article was submitted: 13.07.2023;

approved after reviewing: 16.08.2023;
accepted for publication: 06.09.2023.

24 Bbinyck Ne 3, 2023



