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Аннотация. В статье разработан способ получения последовательностей 

дискретных сигналов, значительно упрощающий процесс получения сигнальных 

последовательностей с новыми автокорреляционными и спектральными 

характеристиками, основанный на свойствах ортогональных преобразований базисных 

функций, который включает в себя три этапа: построение матрицы перехода; расчет 

координат сигнальных точек в новом базисе; представление системы сигналов в базисе 

смещенных единичных импульсов с использованием координат в новом базисе. 
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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 linear combination of basis vectors: 
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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 

 ( ) ( ),k t rect t k t     (2) 

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   into a basis  * [16, 17, 18, 19] 

 * T   .  (3) 

The operator T corresponds to a non-singular matrix 
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the columns of which are the coefficients of expansions of new coordinate vectors into old 

basic ones [20, 21] 
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The sequence of signals in the new basis can be represented: 
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where  *

ija are the coordinates of the signal points in the new basis. 

Provided that the signal sequence decomposition is unique in the old basis: 
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Taking into account (4), system (7) can be rewritten in matrix form 

 *A A T  ,  (8) 

Where 
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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 

 * 1A A T   ,  (9) 

where T 
-1 

is the inverse matrix defined by the equality [6, 7] 
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where 
T

ijT is a transposed matrix ijT composed of algebraic complements of elements t ij of 

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: 
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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 
-1 

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. 
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