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RESEARCH ON THE LIKELIHOOD RATIO OF
REGISTERED UNIDENTIFIED SIGNALS OF  

SATELLITE ENVIRONMENTAL MONITORING OF ATMOSPHERE 

Georgi K. Baev 
NATIONAL MILITARY UNIVERSITY "VASIL LEVSKI" 

Abstract:  Optical studies from the board of  satellites are among the most informative.   From space, 
 in certain narrow spectral windows of the atmosphere  environmental monitoring of the atmosphere is possible 
to be implemented.   Objects of study are natural sources of environmental pollution and anthropogenic sources 
of pollution. 
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The research of signals from 
satellites at different background 
brightness is one of the basic prob-
lems which concerns a lot of scien-
tists who work in the sphere of at-
mospheric monitoring, space physics 
and distant methods [2,3,6,7,10], in 
the visible and near infrared part of 
the optic specter [1,4,5,8,9].  

If there is no a priori informa-
tion about the presence of a signal 
and this is a typical case in the re-
search process, the likelihood ratio is 
the only thing that can be concluded 
from the research. Sometimes in such 

cases we have 50 % probability: ab-
sence or presence of a signal, i.e. 

                      P(S)=P(O),
where P(S) – a posteriori probability 
for presence of a signal; 
             P(O) – a posteriori probabil-
ity for absence of a signal; 
 It turns out that the likelihood 
ratio absolutely characterizes the 
probability for the presence of a sig-
nal in the realization.   For most of 
the observational systems, a very 
small a priori likelihood for the pres-
ence of a signal is characteristic, i.e. 
P(S) << 1, and the a posteriori like-
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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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lihood becomes a proportion from 
the likelihood ratio 
 To solve practical problems, 
the likelihood ratio can be presented 
by distributing the density of the re-
alizations probability. First the reali-
zation of absence of signal is looked 
at P(Y/O), i.e. when the realization 
y(t) is only noises.
 When the realization is known 
for a certain period of time , with 
intervals H, and at the end of every 
interval (in points Hi21  t,… t,… t, t ) are re-
corded the reports )( ii tyy , which 
correspond in the given situation the 
values of the noise at moments of the 
time it . The sum of reports for the 
time  make the kind of Y which can 
be presented as H-dimensional vector 
which make iy , where  i= 1, 2, …, 
H, and the value of the noise in every 
point it  is within the limits from iy
to yii dy , i.e.: 

(1) i1 ny < yidy1 .

 If we use what we know from 
the probabilities theory, the relation-
ship between the probability P and 
the probability density )(x of a ran-
dom value X with probable defini-
tions x, so:

(2)
x

xxXxPx
x

)()( lim
0

,

and with multiple distribution: 

(3)

n

nnnn
xxn xxx

xxXxxxXxxxx
n ...

,...,lim),...,,(
21

1111
0,...,21

1

 . 

On the basis of (3) we get: 

(4) HHn dydydyyyyOYP ...),...,,()/( 2121 .

The last formulae can be presented in 
short

(5) dYYOYP N )()/( ,

where: HdydydydY ...21  - element of 
the volume from H – dimensional 
space

)(YN H-dimensional distri-
bution of the noise probability.

Analogically we get the likeli-
hood of the element Y to be present 
in the volume dY in a situation of 
signal presence: 

(6) dYSYSYP )/()/( ,

where )/( SY  - relative probability 
density for realization of Y in a mix-
ture of signal and noise. 
 Having in mind formulas (5) 
and (6), the relationship of the rela-
tive probability for realization is de-
fined as likelihood ratios, we present 
it as pA and the result is: 

(7)
)(
)/(

Y
SYA

N
p .

 Very often the mixing of signal 
and noise is an algebraic sum, i.e. it 
is signal and additive noise. We often 
have this case in the experiments: 
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(8) iii Sny ,

where in - value of the noise at a 
moment of time it

iS - value of the signal at the 
same moment of time. 

In this case the probability for 
realization of the quantity iy  coin-
cide with the probability for the noise 
realization with the quantities

iii Syn .

This means that the probability 
for realization of the ordinate iy  co-
incides with the probability to have 
the ordinate  

ii Sy ,

In a realization which has only noise. 
Consequently, when we have additiv-
ity ff signal and noise, the result is: 

(9) )()/( SYSY N ,

and:

(10)
)(

)(
Y

SYA
N

N
p .

 A case is researched for a like-
lihood ratio with unknown parame-
ters when the signal depends on cer-
tain kAAA ,...,, 21 and the time and 
it can be presented like:  
(11) ),...,,,( 21 kAAAts ,

And these parameters are not abso-
lutely known, the signal form is also 
unknown and only the realization Y 

is known.  We can presume that the 
parameters of the signal have random 
character ka  and the probability den-
sity is also known A  of their quanti-
ties at a certain moment of time: 

(12) ),...,,( 21 kA aaa .

 Then the relationship of the 
likelihood ratio P(Y/O) from the sig-
nal does not depend on dYYN )( , but 
the probability P(Y/S) at a certain 
realization at the presence of a ran-
dom probable signal is defined by 
every possible value of the parame-
ters..
 To define P(Y/S) we use the 
formula of the probability density for 
a certain event B which happens with 
the likelihood )/( jABP  at the condi-
tion of the event occurrence jA ,
which happens only with a certain 
probability P( jA ) : 

(13) )/()()( j
j

j ABPAPBP ,

and
j

jAP 1)( .

 And in the case of the event 
jA , all parameters of the signal are in 

the set system in the interval 

(14)
,,......,1111 jkjkkjkjjj aaAaaaAa

and the full set of indexes 
),...,,( 21 kjjj is necessary to ensure the 

full coverage of the k-dimensional 
area of the possible values of the pa-
rameters kAAA ,...,, 21 . Because of this, 
the probability )( jAP  is presented by 
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the density of the parameters distri-
bution ),...,,( 21 kA aaa :

(15)
)( jAP = jkjjjkjjAj aaaaaa ...,).,...,,( 221 .

 The conditional probability 
P(B/ jA ) is by itself a probability to 
get the realization Y in the element of 
the volume dY  on the condition that 
the parameters of the signal are 
within a certain interval and they 
have certain values 

jkkjj aaaaaa ,...,, 2211 :

(16)
/()/( YPABP j ),...,, 21 jkjj aaa

dYaaaY jkjj ),...,,/( 21 .

 When we substitute (15) and 
(16) into (13), it can be observed that 
the sum in (13) is of integral type and 
the when the intervals jkjj aaa ..., 21

have a tendency towards zero, we get 
a k-multiple integral: 

(17)
kkAk

k

dadadaaaaaaaYdYSYP ,....,),....,,(),....,,/()/( 212121 ,

And the likelihood ratio becomes:  
(18)

)(

,....,),....,,(),....,,/( 212121

Y

dadadaaaaaaaY
A

N

kkAk
k

p .

If the relationship is represented:  
(19) ),...,,(

)(
),....,,/(

21
21

kp
N

k aaaA
Y

aaaY ,

the final formula for the likelihood 
ratio is:
(20)

,,....,),....,,(),....,,( 212121 kkAk
k

pp dadadaaaaaaaAA

where ),...,,( 21 kp aaaA characterize the 
probability of presence of a signal 
with certain parameters ),...,,( 21 kaaa .
 It can be concluded that with 
random parameters ),...,,( 21 kAAA ,
which have probability density 

)( jAj a  their integration with all of 
their values gives the mathematical 
expectancy or the average value of 
the likelihood ratio. Formula (20) 
gives the probability of the signal 
presence at different possible values 
of its random parameters.  
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