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However good and effective the 
system for selection and qualification 
of the scientists in the scientific 
organizations is, still there are a 
number of people who are not capable 
of scientific work. So the problem is 
what can be done to improve the 
effective selection system and to 
release the “plain masses” in science. 
Practice has shown that it is extremely 
difficult, especially with scientific 
workers with many years of work 
experience. There are many factors 
involved, including social ones.  It is 
easier to get rid of incapable people at 
the beginning of their work. The 
system of attestation of the personnel 
provides a mechanism for releasing of 
incapable scientific workers even in 
later periods of their work experience.  
It is a pity that both regulated 
mechanisms for selection do not 
operate properly for the time being. 

Of course, we can think of other 
methods for selection: periodical 
dismissal and redirecting of  part of 
the personnel in every branch, 
economic forces by limiting the 
salary, etc. but according to the author 
the current mechanism are good as 
long as they are put into practice. The 
problem could be solved by working 
with these scientists (especially the 
managers) to change their 
psychological attitude and elimination 
of the possible subjectiveness when 
solving the problem.   . 

It can be concluded that striving 
for high quality and efficiency of the 
scientific research is impossible 
without the preparation of highly 
qualified and active personnel whose 
professional characteristics 
correspond to the requirements of the 
contemporary science. 

 
References: 

�. Gospodinov K, Scientific 
Collectives, Publ. Science and Art, 
Sofia, ����, ��� p.  
�. Yosifov A. The 
Professionalization of the 
Scientists, Sofia, BAS, ����, ��� 
p. 
�. Kugel, S. A. Professional 
Mobility in Science. Publ. Misl, 
Moscow, �00�, ��� p. 

 
�. Motroshklova, N. V., Science 
and Scientists in the 
Contemporary Capitalism, Publ. 
Science, Moscow, ����, ��� p. 
�. Naumov M, The Scientific 
Collective as a System, Publ. 
Science and Art, Sofia, ����, ��0 
p. 

 
 
 
 
 
 
 
 

JOURNAL SCIENTIFIC AND APPLIED RESEARCH    Vol. �, �0��        
 

               
                Original Contribution 

Journal scientific and applied research, vol. �, �0�� 
Association Scientific and Applied Research 

International Journal  
 
 
           ISSN ����-���� 

 
METHOD FOR SYNTHESIS OF LARGE FAMILIES OF SIGNALS 

WITH LOW CORRELATION 
 

Borislav Y. Bedzhev, Stoyan S. Yordanov 
 

bedzhev@abv.bg, stoyan.yordanov1000@abv.bg 
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�. Introduction  
Sequences with low periodic 

correlation (LPC) find many 
applications in radars and wireless 
communications for synchronization 
and for providing the simultaneous 
work of multiple users with low 
mutual interference. With regard 
methods for synthesis of families of 
signals with LPC have been 
researched from many authors for 
the last several decades [�] – [��]. 

In this paper a new method for 
creating of large sequence sets with 
LPC is presented. It is based on the 
known method for generation of the 
so-named Gold sets [�], [��], but is 
more general. The main advantage 
of the method is that it is not related 
to a certain value of the decimation 
coefficient d. Therefore it is 
applicable for all p-ary M– 
sequences independently of the sen 
values of p and the degree n of their 
characteristic equation. 

The paper is organized as follows. 
First, the basics of the synthesis of the 
M-sequences are recalled in Section �. 
After that in Section �, a new general 
method for synthesis of phase 
manipulated (PM) signals, possessing 
both low level of the lobes of the 
periodic auto- and cross-correlation is 
suggested. Conclusions of the paper 
are summarized in Section �. 

 
2. Basics of the synthesis of the 

M-sequences 
The linear recurring sequences 

(LRS) find wide implementation in 
many fields, especially for information 
protection and in communications [�], 
[�], [�], [��], [��], [��]. Due to this 
reason they have been extensively 
studied since �0th years of the �0th 
century. 

LRSs are created by means of a 
linear recursive equation (LRE), which 
can be expressed as [��], [�0]: 
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where: 

- )(iu  is the new i-th element of 
the LRS; 

- )(...,),�(),�( niuiuiu   are 
elements of the considered LRS, 
obtained during the previous steps of 
the LRE (�) (the initial elements 

)�(...,),�(),0( nuuu  should be 
known); 

- 0�� ...,,, aaa nn   are 
coefficients, belonging to a finite 
algebraic field (named Galois Field 
(GF)) and all algebraic operations in 
(�) are performed in GF(pm) (i.e. 
modulo p, where p can be an 
arbitrary prime integer). 

After the substitution 
...,�,�,0,)(  ixiu i , (�) is 

transformed into the so-named 
characteristic equation (noted often 
as the connection polynomial of the 
linear feedback shift registers 
(LFSRs), which are the hardware, 
realizing the LRE (�)): 
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If the left side of the 

characteristic equation is a primitive 
irreducible polynomial over GF(pm), 
then the period of the LRS is 
maximal, namely �)(  nmpN  and 
it is called maximal length sequence 
(M – sequence) [��], [�0]. 

In communications the M-
sequences are used for controlling 

the phase modulation of the PM 
signals. Due to the symmetric 
connection the derivative PM signals 
are named M-sequences also. The main 
advantage of these signals is that their 
periodic autocorrelation function 
(PACF) is almost perfect, because the 
level of the side-lobes is constant and 
equal to -� [��], i.e.: 
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In (�) )(rP  is the PACF of the 

M-sequence   �
0)( 


N
ii , r is the time 

shift, the symbol “ ” means 
“summing modulo p”, and symbol “*” 
– “complex conjugation”. 

The complex envelopes of the 
elementary phase impulses (chips) of 
the PM signal are described with the 
following equation (or coding rule): 
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Here )(iu  are the elements of the 
M-sequence, controlling the phase 
modulation [��], [��]. 

Another important advantage of 
the PM signals, which are M-
sequences, is that their length can be 
arbitrary long even though the size of 
the signal alphabet is small. This 
feature is essential if longer sequences 
are required.  
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3. Method for synthesis of 
large families of signals with low 
correlation 

Key feature of the methods for 
synthesis of signals for the present 
communication systems is the 
possibility for synthesis of families 
(sets) of signals, possessing both 
periodic auto- and cross-correlation 
functions with small level of the 
side-lobes. These conditions can be 
mathematically described as follows. 
Let Ф (K, N, C) be a set of K signals 
with period N and with maximal 
level C of the auto- and cross-
correlation lobes: 

 
(�)  NC    
 
Here   is a coefficient with 
relatively low value. In this case 
Ф (K, N, C) is named family of 
signals with low periodic correlation 
(LPC) [��], [�0], [��]. 

The known methods for 
generation of M - sequences with 
low cross-correlation are based on 
the principle of the permutation of a 
M-sequence or the so – named 
decimation [�]-[��]. Let we have a 
sequence    �

0
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N
ii  with ideal PACF, 

similar to a delta pulse. Then the 
derivative signals    �
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N
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obtained by the rule: 
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have also ideal PACF [�] - [��]. 
Here the decimation coefficients 

tk Nkd ...,,�,�,   are the all possible 

positive integers smaller than N and 
co-prime to N, and the symbol “

Nk id mod. ” means “multiplication 
modulo p”. 

In the sequel we shall suggest a 
new method for synthesis of families 
of signals with LPC. It is a 
generalization of the so-named Gold 
method [�], [��], which can be 
described as follows. For ��0  nl  
and n an arbitrary odd integer, let 
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ill iss  be a binary sequence, 
whose elements are evaluated by the 
rule: 
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Then ls  is called a Gold-pair 

sequence [��]. Here   is an arbitrary 
primitive element of GF(2n), d, 

�/)�(,�),gcd(,��  nknkd k  is 
an integer co-prime with ��  nN  and 

).( diilTr    denotes the trace 

function of the elements diil  .  
of GF(2n) to GF(�). In this situation, 
the set, given by [��]: 
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l lsdS  , 

 
is said to be a Gold-pair (signal) set. 

Note, that   ��
0�� )(





n

n i
iTrsa   and 

  ��
0� )(



n

n i
diTrsb  , are M-

sequences [��] and, consequently, they 
possess an almost ideal PACF, 
according to (�). Besides, it is easy to 
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Here )(iu  are the elements of the 
M-sequence, controlling the phase 
modulation [��], [��]. 

Another important advantage of 
the PM signals, which are M-
sequences, is that their length can be 
arbitrary long even though the size of 
the signal alphabet is small. This 
feature is essential if longer sequences 
are required.  

 

JOURNAL SCIENTIFIC AND APPLIED RESEARCH    Vol. �, �0��        
 

3. Method for synthesis of 
large families of signals with low 
correlation 

Key feature of the methods for 
synthesis of signals for the present 
communication systems is the 
possibility for synthesis of families 
(sets) of signals, possessing both 
periodic auto- and cross-correlation 
functions with small level of the 
side-lobes. These conditions can be 
mathematically described as follows. 
Let Ф (K, N, C) be a set of K signals 
with period N and with maximal 
level C of the auto- and cross-
correlation lobes: 

 
(�)  NC    
 
Here   is a coefficient with 
relatively low value. In this case 
Ф (K, N, C) is named family of 
signals with low periodic correlation 
(LPC) [��], [�0], [��]. 

The known methods for 
generation of M - sequences with 
low cross-correlation are based on 
the principle of the permutation of a 
M-sequence or the so – named 
decimation [�]-[��]. Let we have a 
sequence    �

0



N
ii  with ideal PACF, 

similar to a delta pulse. Then the 
derivative signals    �

0



N
ik i , 

obtained by the rule: 
 

(�) 
 

,...�...,,�,�,0

,. mod




Ni

idi Nkk 
,  

 
have also ideal PACF [�] - [��]. 
Here the decimation coefficients 

tk Nkd ...,,�,�,   are the all possible 

positive integers smaller than N and 
co-prime to N, and the symbol “

Nk id mod. ” means “multiplication 
modulo p”. 

In the sequel we shall suggest a 
new method for synthesis of families 
of signals with LPC. It is a 
generalization of the so-named Gold 
method [�], [��], which can be 
described as follows. For ��0  nl  
and n an arbitrary odd integer, let 

  ��
0)( 


n

ill iss  be a binary sequence, 
whose elements are evaluated by the 
rule: 

 

(�) 
.��...,,�,0

),()(




n

diij
l

i

Tris    

 
Then ls  is called a Gold-pair 

sequence [��]. Here   is an arbitrary 
primitive element of GF(2n), d, 

�/)�(,�),gcd(,��  nknkd k  is 
an integer co-prime with ��  nN  and 

).( diilTr    denotes the trace 

function of the elements diil  .  
of GF(2n) to GF(�). In this situation, 
the set, given by [��]: 

 
(�) }�0{)( n

l lsdS  , 

 
is said to be a Gold-pair (signal) set. 

Note, that   ��
0�� )(





n

n i
iTrsa   and 

  ��
0� )(



n

n i
diTrsb  , are M-

sequences [��] and, consequently, they 
possess an almost ideal PACF, 
according to (�). Besides, it is easy to 



16 JOURNAL SCIENTIFIC AND APPLIED RESEARCH    Vol. �, �0��        
 

see that the set (family) (�) is 
generated by the pair-wise summing 
modulo � of the sequences a and b: 

 
(�) �0,  NlbaLs l
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Here aLl  means “right rotation 

of the sequence a at l steps”. 
It is proven [�], [��] that the 

signal set (�) is a family Ф (K, N, C) 
of signals with LPC with parameters: 
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With regard to the described 

Gold method, since ���� many 
authors (for example Kasami, 
Welch, No, Kumar, Niho, Helleseth, 
Müller) have proposed different 
values of the decimation coefficients 
d that can be used in the construction 
(�) [�], [�], [�], [�], [�], [�], [�0], 
[��], [��], [��], [��], [��], [��], [��]. 
It should be pointed out that despite 
of the all efforts there is no any 
general method, applicable for all 
values of n and p. 

With regard below we shall 
prove a different approach for 
finding of decimation coefficients d 
for M-sequences over an arbitrary 
finite field GF(p) so that the 
requirement (�) to be satisfied. The 
new method consists of the 
following steps. 

�) For given p and n with a 
computer program all possible 
values of the decimation coefficients 
d, �)�,gcd(  npNd , are 
calculated. Note that these 

decimation coefficients d, applied in 
(�), transform every M-sequence over 
GF(p) with a characteristic equation of 
degree n in a M-sequence of the same 
type [��], [�0]. In this way an initial 
family (set) of M-sequences is 
obtained. 

�) With the above computer 
program the initial set is filtered in 
order to retain only these pairs of M-
sequences which periodic cross-
correlation function (PCCF) satisfies 
the restriction (�). 

�) The M-sequences from the all 
selected pairs are used in the Gold 
construction (�), which provides a 
large number of different families of 
signals with LPC. 

The correctness of the proposed 
method is a consequence of the 
following facts. First of all, let a be an 
arbitrary M-sequence over GF(p) with 
characteristic equation of degree n. As 
known, it can be presented in the form 
[��]: 
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where   is a primitive element of 
GF(pn), u   for some u, Nu 0  
and )(zTr  is the so-named trace 
function, which maps the elements of 
GF(pn) to GF(p) [��], [�0]: 

 
(��) 

��0
...)(




nppp zzzzTr . 
 

According to the above method, 
let b be another M-sequence, obtained 
by a decimation of a, so that the 
maximal absolute level C of the lobes 
of PCCF of the sequences a and b does 
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not exceed the restriction (�). 
Consequently, a and b form a family 
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Here rklu   ' , 

rv  �'  and u’ and v’ show the 
steps of the right rotations of a and b 
respectively. 

Now it should be seen that the 
PCCF ( )''( vuP ba  ) of the M-sequences 
a and b satisfy (�), according to their 
choice. Besides, if Nr mod0  then 
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With regard to the described 

Gold method, since ���� many 
authors (for example Kasami, 
Welch, No, Kumar, Niho, Helleseth, 
Müller) have proposed different 
values of the decimation coefficients 
d that can be used in the construction 
(�) [�], [�], [�], [�], [�], [�], [�0], 
[��], [��], [��], [��], [��], [��], [��]. 
It should be pointed out that despite 
of the all efforts there is no any 
general method, applicable for all 
values of n and p. 

With regard below we shall 
prove a different approach for 
finding of decimation coefficients d 
for M-sequences over an arbitrary 
finite field GF(p) so that the 
requirement (�) to be satisfied. The 
new method consists of the 
following steps. 

�) For given p and n with a 
computer program all possible 
values of the decimation coefficients 
d, �)�,gcd(  npNd , are 
calculated. Note that these 

decimation coefficients d, applied in 
(�), transform every M-sequence over 
GF(p) with a characteristic equation of 
degree n in a M-sequence of the same 
type [��], [�0]. In this way an initial 
family (set) of M-sequences is 
obtained. 

�) With the above computer 
program the initial set is filtered in 
order to retain only these pairs of M-
sequences which periodic cross-
correlation function (PCCF) satisfies 
the restriction (�). 

�) The M-sequences from the all 
selected pairs are used in the Gold 
construction (�), which provides a 
large number of different families of 
signals with LPC. 

The correctness of the proposed 
method is a consequence of the 
following facts. First of all, let a be an 
arbitrary M-sequence over GF(p) with 
characteristic equation of degree n. As 
known, it can be presented in the form 
[��]: 
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where   is a primitive element of 
GF(pn), u   for some u, Nu 0  
and )(zTr  is the so-named trace 
function, which maps the elements of 
GF(pn) to GF(p) [��], [�0]: 
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According to the above method, 
let b be another M-sequence, obtained 
by a decimation of a, so that the 
maximal absolute level C of the lobes 
of PCCF of the sequences a and b does 
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not exceed the restriction (�). 
Consequently, a and b form a family 
V (K, N, C) of signals with LPC, 
which parameters are: 
(��) NCpNK n  ,�,� . 

(Note that a and b are M-sequences 
and as a result the maximal level of 
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show that the maximal absolute level 
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of ��  NpK n  sequences, 
satisfy (�). 

In order to prove the above 
proposition it is necessary to 
consider the following cases. 
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Here rklu   ' , 

rv  �'  and u’ and v’ show the 
steps of the right rotations of a and b 
respectively. 

Now it should be seen that the 
PCCF ( )''( vuP ba  ) of the M-sequences 
a and b satisfy (�), according to their 
choice. Besides, if Nr mod0  then 
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Case 3. The PACF of an arbitrary 
sequence �0,  Nlsl  can be 
evaluated from (��) after the 
substitution kl  . The result is 
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Here )�(' rlu   , 
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Case 4. The PCCF of an arbitrary 
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�np  times the elements �...,,�,� p  

and �� np  times the element 0 
[��], [�0]. 

Case 5. The PCCF of an 
arbitrary pair �0,,  Nlbsl  is: 
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times the elements �...,,�,� p  and 

�� np  times the element 0. 
This finishes the all possible 

variants. 
The new method for synthesis of 

families of signals with LPC will be 
illustrated by the following examples. 

Example 1: Let we consider a M-
sequence over GF(25) with length 

����� N . The results of a survey 
of the all possible decimation 
coefficients d and the maximal 
absolute level of the PCCFs of the 
initial M-sequence and the decimated 
M-sequences, are shown in table �. 
 

 
 

Table �: A Survey of the maximal values of the cross-correlation functions of the initial 
and the decimated M-sequences with length N = �� 

d � � � � � � � � �0 �� �� �� �� �� �� 
C �� � �� � � � �� � � � � � � �� �� 

 
d �� �� �� �0 �� �� �� �� �� �� �� �� �� �0 
C � � � � � � �� � � � �� � �� �� 

 
In table �, a comparison of the 

known at present methods for 
synthesis of families of signals with 
low LPC is presented for the M-
sequences over GF(��) with length 

����� N , [�], [�], [�], [�], [�], 
[�], [�0], [��], [��], [��], [��], [��], 
[��], [��]. 
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Table �: Comparison of the known methods for synthesis of families of signals with low 
LPC for N = �� 

 

Gold 
decimation 

d=�k+�,  
k≤(n-�)/� 

 

Kasami 
decimation 
d=��k-�k+�, 
k≤(n-�)/� 

 

Welch 
decimation 
d=�(n-�)/�+� 

Niho 
decimation 
d=��k+�k-�, 
k=(n-�)/� or 

(�n-�)/� 

Decimations, according to the 
new method 

C=� � �� � � 
�, �, �, �, �, �0, ��, ��, ��, ��, 
��, ��, ��, �0, ��, ��, ��, ��, 

��, �� 
C=�� - - - - ��, ��, ��, ��, �0 

 
Example 2: Let we consider a 

ternary (i.e. �p ) M - sequence 

with length ����� N . The 
results of a survey of the all possible 

decimation coefficients d and the 
corresponding M-sequences, are 
shown in table �. 

 
 

Table � A Survey of the maximal absolute values of the cross-correlation functions of 
the initial and the decimated M-sequences with length N = �� 

d � � � � �� �� �� �� �� �� �� 
C �� �0 �0 �� �0 �0 �0 �0 �0 �0 �0 

 
As can be seen the decimation 

coefficients �, �, ��, ��, ��, ��, ��, 
�� and �� can be used in order to 
generate families of signals with 
maximal absolute level �0C  of the 
lobes of the PCCFs. 

 
4. Conclusion 
In the paper a general method for 

synthesis of families of signals with 
low periodic correlation is suggested. 
It is more general by the known at 
present methods and as a result it is 

applicable for all possible values of p 
and n. These positive features are 
confirmed by the results, obtained by 
exhaustive computer surveys, shown 
in tables �-�. 

The proposed method can be 
successfully used in the process of 
development of perspective wireless 
communication system, providing 
both very high rate of information 
transmission and data protection. 
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The new method for synthesis of 

families of signals with LPC will be 
illustrated by the following examples. 

Example 1: Let we consider a M-
sequence over GF(25) with length 

����� N . The results of a survey 
of the all possible decimation 
coefficients d and the maximal 
absolute level of the PCCFs of the 
initial M-sequence and the decimated 
M-sequences, are shown in table �. 
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known at present methods for 
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The purpose of Channel Coding is 

decreasing of errors when signals are 
transmitted by noisy channel. The 
capabilities of Channel Coding were 
investigated by Claude Elwood 
Shannon (�0.0�.����–��.0�.�00�) and 
written in “A mathematical theory of 
communication” [3]. 

A measure the quality of digital 
signals is Bit Error Rate (BER). The bit 
error rate or bit error ratio is the 
number of bit errors divided by the 
total number of transferred bits during 
a studied time interval. BER is a 
unitless performance measure, often 
expressed as a percentage number. As 
the custom is the errors are slightingly 
small if the BER values are ��0  for the 
audio signals and ���0  for the data. In 
cases when the states of signal 
information parameter are represented 

by number of bits (the binary bit 
stream is combined into groups, 
called symbols) there is in use 
Symbol Error Rate (SER). The 
parameters bP  (BER) and  SP  (SER) 
can be found by simulation, real 
experiment or analytically.  

The BER is often expressed as 
a function of the 0/ NEb , (energy per 
bit to noise power spectral density 
ratio): 
(�)      )(

�
�

0NEerfcBER b , 

where erfc  is a Complementary 
Error Function. 

For transmission the digital 
information signal is gone to the 
modulator to form a radiosignal. The 
carrying of signal spectrum from 
low frequency to high frequency is 
doing by modulation. Modulation is 


