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Abstract:  In the systems with spread spectrum signal the quasi-coherent acceptance can not be made 
without prior synchronization, because in the real conditions the phase, position of time and Doppler shift 
frequency are unknown.  

For the purposes of processing of quasi-coherent SSS should make the introduction of tracking devices 
in step with an accuracy determined by the area of the grip devices.  

The accuracy of determining the frequency and the delay of the received signal must be determined by 
the appropriate intervals of the correlation of the signal. 

To minimize the time for initial synchronization, the signal should be changed so that the 
autocorrelation function at each stage to be agreed with the necessary increase in aposteriority density. 

Keywords: synchronization, quasi-coherent acceptance. 

Introduction
As it is known, the development 

of aviation and space equipment led 
to the creation of compatible multi-
functional radio communication sys-
tems.  

It measuring of parameters of the 
movement of the controlled object, 

two-role synchronization and trans-
mission of information are merged 
within a single radio engineering sys-
tem, based on the multipurpose use of 
signals SSS a carrier of information. 

As such a signal is used SSS. 
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Abstract: The general frame of the BG-ROM MARINEGEOHAZARDS Project is considered. The Project 
is about set-up and implementation of the key core components of a regional early-warning system for marine 
geohazards of risk to the Romanian-Bulgarian Black Sea costal area The main focus is on the data and informa-
tion about the investigations related to the creation of the marine geo hazards early warning system. The target 
topics are on the earthquakes, landslides, tsunamis, floods and similar natural hazards. Maps and schemas 
about the main hazards have been created for the Bulgaria-Romania cross border area – both in marine and 
coastal environment. The typology and quantification of the hazards and their dangerous elements support the 
key core elements selection and the infrastructure of the early warning system targeted to the population and 
society safety.  
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Bringing together the expertise 
of the two countries – Bulgaria and 
Romania, the MARINEGEOHAZ-
ARD project aims for the establish-
ment of a joint regional early-warning 
system and of a common decision 
tool, which can support in an efficient 
manner the emergency managers and 
decision makers in their activity re-
lated to protection of the local com-
munities, environment and assets 
within the cross-border area, from 
consequences of natural marine geo-
hazards. This is a pilot project and 
first attempt in this area and brings all 
risks of such innovative approach. 

Project Coordinator: National In-
stitute of Marine Geology and 
Geoecology – GeoEcoMar (Romania) 

Partners: Geological Institute 
Bulgarian Academy of Sciences (GI-
BAS); Institute of Oceanology – 

Varna (IO BAS); National Institute of 
Research and Development for Earth 
Physics (Romania) 

General objective: Implementa-
tion of an integrated early-warning 
system accompanied by a common 
decision-support tool, and enhance-
ment of regional technical capability, 
for the adequate detection, assess-
ment, forecasting and rapid notifica-
tion of natural marine geohazards of 
risk to the Ro-Bg Black Sea cross-
border area. The future intention in-
cludes as well as integration with the 
local authorities to provide warning 
issues.

Specific objectives [8]: 
 Define and implement a uni-

fied and integrated approach to as-
sessment of marine geohazards of risk 
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The multiple roles allow simpli-
fying on-board and ground equipment 
to reduce weight, dimensions and 
power consumption. 

This is because SSS is typical for 
the presence of discrete and continu-
ous parameters. 

However in the high criteria in 
aviation-space systems on the quality 
of transmission of information in-
crease the importance and role of the 
optimal methods for forming and 
processing of signals. 

At the present time, coherent ra-
dio links are those that allow their 
properties to almost reach the condi-
tions for optimal signal reception, but 
this is related to solving one of the 
most difficult problems the establish-
ment of synchronization. 

In conjunction with SSS systems 
the receiver does not know of two ma-
jor parameters of the signal. This is 
the time of the initial phase of the 
code sequence and frequency of the 
carrier and each of them must be set 
before the start of the work in the re-
ceiver mode of reception information.  

This work deals with this issue. 
Initial conditions 
In the transmission of analog 

messages  (t) signal structure is 
known to the receiver and is not 
changed, so the optimal quasi-
coherent reception of such signals ma-
terializes in rules, arising in particular 
from the results of the theory of 
nonlinear filtration. 

In the case of discrete messages 
and dependence of SSS ever changing 
parasitic parameters (phase, delay) 
devices for quasi-coherent reception
are significantly complicated. 

Transmitted messages reflect 
random events or processes that de-
termine their probability description. 

If the message is determined at 
any moment of time, it describes a r
 andom process. 
Broad class processes are random 
processes Markov, asked by the sto-
chastic differential equations of the 
type:
(1) ttKtK

dt
td ,, 21 ,

where (t) is white noise with unit 
spectral density K1 and K2 are the 
coefficients of transmission and diffu-
sion process. 
In the simplest type of expression (1) 
has type: 

(2) tnta
dt

td ,

who describing the process, formed 
by white noise tn  in its passage 
through the RC filter. 

The value of RC
1  is deter-

mined by time constant filter RCT
From the choice of T depends 

on the width of the spectrum of the 
process t  and time correlation 

1
k  . 

Correlation function of the proc-
ess t  is determined in this case by: 

exp2
AR , where 2  is 

the dispersion process. 
The Markov process described 

by equation (1) may be compared to 
the probability density equation: 
(3)

twLtwtKtwtK
t

tw
pr ,,,5,0,,,

22

2

1
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Here Lpr is denoted by the operator of 
Fokker-Planck-Kolmogorov. 

When describing the more com-
plex messages accordingly using 
more complex models of processes 
Markov, but in this case is com-
pounded only type of operator Lpr.

Modulation of information 
communications systems SSS can be 
implemented in any of the known 
methods.
In the case of Phase shift keying 
(Phase manipulation) SSS for the time 
period specified by pseudorandom 
sequence (PRS), the signal can be rep-
resented as: 
(4)

)sin()1()( 0
1

0 k
i

i
N

k
tktrectats ,

where k  phase is receive discrete 
values in accordance with the law of 
the following symbols of the PRS. 
In the case of binary phase manipula-
tion signal (4) adopt kinds: 
(5) 000 cos ttgats ,
where g (t) is binary PRS described 
should cocoa 

1;
1

1
k

N

k i

i
k

kt
recttg

The phase shift keying SSS with 
phase modulation and analog message 

t  can be described by: 
tttgats 00 cos

This signal is formed on the 
transmitting side 

Initial synchronization in sys-
tems with SSS 

In systems with SSS having base 
B >> 1 quasi-coherent acceptance can 
not be made without prior / home / 
base synchronization. In real terms in 

connection with the entry, the time 
position, phase, Doppler shift fre-
quency of SSS are unknown. 

It is therefore necessary to carry 
out a search in the space of SSS speci-
fied parameters, i.e. starting synchro-
nization of the system. Search process 
requires significant resources of time 
and equipment, especially in a large a 
priori uncertainty. In connection with 
these issues and demand determina-
tion of SSS is an important task, 
which is independent in deciding the 
processes of synchronization in sys-
tems with SSS. 

This is because the establishment 
of synchronous mode of receiver, you 
first need to decide the task of initial 
synchronization following the initial 
uncertainty of the frequency and time 
of reception of the signal.

For the purposes of processing of 
quasi-coherent SSS should make the 
introduction of tracking devices in 
step with an accuracy determined by 
the area of the grip device. 

Normally systems with SSS it is 
less than the area of uncertainty of the 
parameters of the signal, suggesting 
demand for SSS in the field of uncer-
tainty.

The accuracy of determining the 
frequency and the delay of the re-
ceived signal must be determined by 
the appropriate intervals kf , k  of 
the correlation of the signal, limiting 
the area of grip. 
So the whole area of uncertainty on 
the time-frequency plane can be di-
vided into elementary rectangular fi-
nal cell with number of countries 

Tf 2
1  and F2

1 , where T and 
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F are respectively the signal length 
and the breadth of its spectrum. 
The search task is to recognize the M 
signals. The value of M to determine 
the number of cells in the area of un-
certainty (Fig.1). 

Optimal rule of recognition to 
maximize the probability of correct 
decision is the calculation of the cor-
relation integrals for all anticipated 
values of the parameters and decision 
in accordance with the maximum of 
them. 

In the optimization of search cri-
teria based on minimum time speci-
fied in the search for the correct de-
tection probability of the signal, or 
most likely at this time of the search 
set.

Most long is the process of seek-
ing a delay in SSS. 

The most simple search on the 
delay is built on the basis of Single 
circuit containing pseudorandom se-
quence generator (PRS), multiplier, 
low-pass filter (LPF) detector (D), a 
decision device (DD), Fig.2. 

In view of the delay control sig-
nal to supporting the scheme includes 
a control unit (CU), pulse counter 
(PC) device rejection (DR). 

Clock (CLK) generates a sequence 
which does count in determining the 
number of stroke to reside in a cell 
search.

After the expiry of the time of 
analysis ia NTT , the meter is filled 
and submitted to the command in 
structure for management, which to-
gether with the device for rejection 
reject the required number of clock 
pulses, which change pseudorandom 
sequence delay. 

Consequently, the timing of de-
mand is determined by the number of 
cells analyzed and the time for analy-
sis of each step. 

The time required to search for 
signals with large base, such as SSS is 
great, especially in small relations 
signal noise. 

In this connection, using differ-
ent procedures, acceleration of de-
mand in late SSS: statement of 
purpose procedures, multi-search, use 
of composite sequences, use of spe-
cial signals for starting synchroniza-
tion and others. 
 The purpose of the proposed 
work is to establish requirements for 
the structure of SSS that under limited 
resources, minimizing initial synchro-
nization time of the radio communica-
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tion systems (RCS) for the transmis-
sion of information. 

Requirements for the structure 
of SSS to accelerate the process of 
initial synchronization. 

During an initial synchronization 
is necessary to remove the uncertainty 
of parameters .

In order to quantify the uncer-
tainty, to apply the entropy of the 
probability density aposteriority. 
Since aposteriority density depends 
on the realization of the disturbances, 
it is convenient to consider ensemble 
average in the implementation of 
aposteriority density, which depends 
on the type of signal. 

Entropy of the average density 
is determined by the expression: 

(6) dtwtwtH ,ln, ,

where
(7) ,,, tFTtwktw ,
k  – 
(...........FACTOR) 
T – Time of observation 

If we consider  unenergetic 
parameter (time), and disturbance – 
white noise with spectral den-
sity 2

0N , function ,tF  may be 
presented as: 
(8) ,exp, tqRtF  , 
where
(9)

0N
Fq

is the ratio of signal energy to the 
spectral density of the disturbance. 

,tR  – normalized autocorrelation 
function of signal 

(10)
t

Tt
dttsts

E
tR ,1, ,

Of (1) follows the expression for 
the rate of change of entropy. 
(11)

d
t
twtwdtw

t
tw

dt
tdH ,ln,,ln,

The second integral in the above 
expression is zero because the func-
tion at any moment of time satisfies 
the condition for normalization. 
Indeed, if a derivative

t
tw ,ln , we 

obtain
(12)

0,,
,

1, dtw
t

d
t
tw

tw
tw

If we logarithmic right side of 
expression (7) and put it in expression 
(11), we obtain: 

(13)
dtqR

t
twldTtw

t
tw

dt
tdH ,,,ln,

To formulate requirements for 
the correlation function ,tR , based 
on the conditions for changing the 
maximum entropy. 

Requirements are implemented, 
if the relationship is satisfied: 

(14) ,max,, tRdtR
t
twq
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Expression (14) can be seen as 
a necessary condition for maximizing 
the rate of change of entropy. In ac-
cordance with the inequality of 
Schwarz-Bunyakovski can record: 
(15)

t
twCtR w
,, ,

where
iwC  is a normalize factor and 

don`t depend on  .
When the  represents delay 

signal, it provided that autocorrelation 
function of the signal in the interval 

Ttt ii ,  does not change, we may 
write
(16) ,, iiwi twTtwCR

i
,

where
iwC  is a normalize factor for i 

stage.
Above ratio makes it possible to 

establish a link between the correla-
tion function signal and the necessary 
law changing aposteriority density 
parameter  in the transition from the 
stage of observation i to stage i +1. 

As is known, the optimal re-
ceiver calculated aposteriority prob-
ability density of ,tw  in order to de-
termine its maximum, which may be 

effected by means of a matched filter 
or multi correlation receiver. 

Determining the maximum of 
probability density aposteriority pos-
sible to use values consistent policy of 
calculating the j,tw , where j  ac-
cepts a final number of values at each 
stage. If the limit at each stage of bi-
nary solutions, i.e. implement phased 
division of the field of parameter un-
certainty in half, then using the two-
correlator can be found uncertainty to 
log  stages, where  is the initial 

area of uncertainty, and  is the re-
quired final accuracy of determining 
the parameters. 

Conclusions
The results show that the re-

quirements in order to minimize the 
time for initial synchronization, the 
signal should be changed so that the 

iR  autocorrelation function at each 
stage to be agreed with the necessary 
increase in aposteriority density ,tw .
This is possible through the imple-
mentation of SSS variable basis, the 
value of which doubled in the transi-
tion from one stage to another syn-
chronization to achieve the desired 
value.
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