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Abstract. The issues discussed in this paper provide for further development of studies in
the sphere of imaging spectroscopy and laser vision. In terms of forming the information
fields (radiation fields), the electro-optical systems are subdivided into the passive and
active ones. Passive electro-optical systems use the information fields formed by natural
radiation sources, whereas the active ones suggest using artificial sources. Comparative
analysis of mathematical and physical issues of designing the electro-optical systems with
dynamic spectral processing of optical radiation of the passive and active types has been
performed. It has been shown that the controlled dynamic spectral processing of optical
radiation can be implemented within the passive and active electro-optical systems on the
basis of the same algorithm that represents operation of the optical processor performing
the mathematical operation of dot product. The authors have developed the block diagram
of an active electro-optical system with dynamic spectral processing. The algorithm for
optimal detection of optical signals has been developed using basics of the signal detection
theory. Mathematical modeling of target detection against an inhomogeneous background
has been performed. It has been shown that the optimal dynamic spectral processing of
optical radiation in active electro-optical system enables to separate the desired optical
signal by suppressing the background signal.
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1. Introduction

In terms of forming the information fields (radiation
fields), all the electro-optical systems can be subdivided
into the passive and active ones. The passive electro-
optical systems use the information fields formed by
natural radiation in the space of targets. The method of
designing the active electro-optical systems suggests
creation of an information field by using artificial sources
of radiation.

Our analysis of publications devoted to the deve-
lopment of active electro-optical systems has shown that
this area of optoelectronics is currently developing rapid-
ly, and the active systems are becoming a widespread
alternative to the passive electro-optical sensors [1].
Active spectral imaging, which uses lasers as radiation
sources, has attracted growing interest in recent decades.
It has been shown in [2, 3] that this, in particular, is
facilitated by the development of tunable (frequency-
agile) and broadband (supercontinuum) lasers, as well as
array photodetectors. These technologies provide spectral
images with high spectral and spatial resolution.

To record the spectral characteristics of targets in
active spectral imaging systems, there can be used either
a combination of a supercontinuous laser emitter with a
hyperspectral sensor [4], or a combination of a tunable
[5] as well as a multi-wavelength [6] laser radiation
source with a polychromatic sensor.

The paper [7] related to active spectral imaging
systems provides the explanation of advantages of active
electro-optical systems as compared with the passive
ones. The input signal of the passive electro-optical
system, in a particular case, is provided by the solar
radiation reflected from the observed area of the Earth
surface. It is known that radiation accepted by the
receiver depends on the image formation pattern, in
particular, on angular position of the Sun, position of the
target and the receiver system. Therefore, when using the
passive systems there exists a mismatch between the
input signals and a priori information about them, which
results in worsening the output characteristics. The active
electro-optical systems that use a fixed position of eigen
radiation sources with the possibility of controlling their
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radiant flux are partially free from the aforementioned
drawbacks. Also, the active electro-optical sensors can
operate at night or at low light levels.

In conclusion to the review of publications devoted
to the development of active spectral imaging systems, it
should be noted that all known systems of this class are
characterized by post-detector image processing. It
means that the received radiation is converted into an
electrical signal and digitized, and then processing is
performed, for example, in the interests of targets
detection and recognition [2, 8].

When discussing the advantages of pre-detector
spectral filtration of optical signals and images, it seems
obvious to rely on the fundamental advantages offered by
the optical processing. If the processing is performed
within the optical bandwidth without transformation of
the signals into the electric ones, it allows excluding the
errors occurring at transformation and opening the
opportunity of a parallel processing of large volumes of
information. Therefore, the studies related to further
improvement of electro-optical systems with dynamic
spectral processing of optical signals, are of great
importance.

The paper [9] provides the basics for developing the
passive electro-optical devices with dynamic spectral
filtration. The dynamic spectral filtration represents a
further development of the imaging spectroscopy. Unlike
the imaging spectrometers, the electro-optical systems
with dynamic spectral filtration apply realization of
controlled spectral filtration of optical signals within the
pre-detection domain [10].

Within the passive systems with dynamic spectral
filtration [9] the selective device performs two functions
— firstly, it provides decomposition of the received
radiation into the spectral components, and secondly, on
the basis of the a priori data, it changes the transmittance
for each of spectral components in order to provide
maximum suppression of the background radiation
spectral components at a minimum attenuation of the
optical signal from the target. The acousto-optical filter is
used as the selective device, and it assures variation of
the amplitude and spectral composition of the received
optical signal [10].

The papers [11] show the possibility to design
active systems with dynamic spectral processing for
contrast enhancement of target image. The source of
multi-spectral radiation in the suggested active electro-
optical system (AEOS) is represented by a set of laser
emitters. A priori data about spectral characteristics of
the target and background are used in order to increase
the target image contrast. According to this a priori
information, the radiance from the system of laser
emitters is varied in order to decrease the values of
spectral components of the signal reflected from the
surface of the background with a minimum intensity
attenuation of the signal reflected from the target.

The objective of this paper is to develop the basics
for designing the active electro-optical system with
dynamic spectral processing of optical radiation that
provides detection of target signals.

2. Basics of dynamic spectral processing of optical
radiation in the active electro-optical systems

When developing the principles of designing the active
electro-optical systems with dynamic spectral processing
of optical signals, it turned out to be reasonable to
perform a comparative estimation of the properties of
active and passive electro-optical systems, as well as of
mathematical and physical aspects of their construction.

The electro-optical systems with dynamic spectral
processing of optical radiation of both passive and active
types are represented by analog optical computing
devices, in which the algorithm of forming the control
signals is identical, while the difference between the
systems is only in their technical realization.

It is known that main mathematical operations with
non-coherent optical signals in the analog optical
processors are represented by addition and multiplication
[12]. The operation of addition is realized by means of
convergence of several light beams in one point (it also
can be made using the lens). The operation of
multiplication is realized either by optical elements with
a controlled transparency T (Fig. 1a), or the elements
with the controlled reflectance factor R (Fig. 1b).

In the passive systems with dynamic spectral
filtration, the operation of multiplication is realized using
the optical elements with the controlled transparency,
while in the active electro-optical ones — by means of
varying the intensities of spectral components in the
irradiating light flux at known values of spectral
reflectance of the observed surface.

Let us further consider that an active electro-optical
system comprises the transmitting and receiving parts,
and spectral processing of optical radiation within this
system is realized as the result of performing the
following operations:

o first, the directed light flux is formed by source of
optical radiation that consists of a set of elementary
monochromatic emitters different by their spectra;
second, an independent variation of the radiation
intensities for each of the monochromatic emitters is
provided according to a priori information about
spectral characteristics of the target and background;
third, sensing the observed surface is performed by
the multi-spectral laser signal;
fourth, measuring the reflected optical signal is
performed using the non-selective radiation receiver.

Let us imagine that the signal received by the
radiation detector of the active electro-optical system
represents a dot product of two vectors. For that purpose
let’s determine the radiant flux ®,, which arrives at the
radiation detector of the receiving end of AEOS.

Let the transmitting part of AEOS include the
radiation source possessing the spectral radiance LZe(x).

The radiation source directs the light beam onto the
target located at the distance I, from the electro-optical
system. A part of the flux, which is reflected from the
target, falls onto the entrance pupil of the receiving end
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in the electro-optical system located at the distance I,
from the target. When the equality |, =1, =1 is valid,
and one deals with the round-shaped exit and entrance
pupils of the transmitting and receiving parts of AEQS,
as well as under the diffusive mode of reflection from the
surface of the target, it follows [13]:

max
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where S, is the radiation receiver area; Do, — diameter of
exit pupil in the transmitting part of AEQS; D, —
diameter of entrance pupil in the receiving part of AEOS;
f* — focal length of the optical subsystem in the receiving
part; rm(x) — spectral transmittance of the medium [3];

‘tol(?\,) — spectral transmittance of the optical subsystem
in the transmitting part; t,,(%) — spectral transmittance
of the optical subsystem in the receiving part; p(r) —

spectral reflectance of the observed surface.
Let the spectral radiance of radiation source for the
transmitting part Ly (1) be formed as the sum of m

monochromatic emitters with the values of spectral
radiance Ly (1):
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where @, (1) is the relative spectral radiance of the k-th

source; A, — maximum value of spectral radiance of the
k-th source of radiation.

By substituting (2) into (1) and considering that the
spectral radiance in (2) is a sum of a finite number of
monochromatic components, we obtain
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where q :167' - is the component dependent

upon the distance to observed surface and the structural
parameters of AEOS; F =[f,,...f,... fm]T — vector of

the instrumental function of the transmitting part of
AEQS (the weight vector of processing), the coordinates
of which mean maximum values of intensity for each of
the monochromatic components of the radiation source,
fu=Ac; X =[X,..%,..x,]| — vector of the input
optical signal, the coordinates of which correspond

.
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Fig. 1. Fundamental analog optical operations: a) multi-
plication based on the effect of light transmission;
b) multiplication based on the effect of light reflection.

to the radiant fluxes arriving at the input of the receiver
for each of the monochromatic components of the
source:

}‘max
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2
m
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Therefore, the radiant flux ®,, arriving at the input
of the radiation receiver in AEOS with the dynamic
spectral processing, will be determined by a dot product
of the vector X corresponding to the radiation flux
reflected from the target, and the vector of the

instrumental function (the weight vector) F of the
transmitting part of AEOS.

Considering that dynamic processing of radiation
assumes performance of linear transforms with regards to
the field intensity, it follows that the only operations with
positive values of the field can be performed in AEOS.
With account that the light radiance intensity may have
only positive values, it becomes apparent that the vector
F can have at least one negative coordinate at the
dynamic spectral processing. It means that the radiation
intensity must accept a negative value within a certain
spectral interval. In this case, to realize the radiation
processing, it is necessary to use the operation of
subtraction of the signals obtained by means of the two
weight vectors F* and F~.

The values of these vectors are formed when
decomposing the vector F into two vectors with positive
coordinates. While forming the vector F*, we assume
that all the negative values of the coordinates reflecting
the negative value of spectral components are equal to
zero. When forming the vector F~, we assume all the
coordinates having positive values as equal to zero, and
those having negative values — with the ‘plus’ sign. For
example, if the vector F has the representation
F=[f,—f,,—f,]' , then it would be necessary to

represent the vectors F* and F~ in the following way:
IE+ =[f1,O,O]T y IE7 = [O, f2, f3]T .
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3. Functional and block diagrams of the electro-
optical systems with dynamic spectral processing of
optical signals

The above-mentioned basics of dynamic spectral
processing the optical radiation within AEOS allow
developing the functional and block diagrams of this
system. When developing the functional diagram of
AEQS, we perform its comparison with the similar
diagram of the passive system.

Let us consider the simplified functional diagrams
of the passive and active electro-optical systems with
dynamic spectral processing of signals, which enables to
substantiate their common features and differences.
Fig. 2a represents the functional layout illustrating the
principles of forming the optical signals within the
passive electro-optical system with the dynamic spectral
filtration. The abbreviations shown in this figure are as
follows: DSF — dynamic spectral filter, RR — radiation
receiver.

It is shown (see Fig.?2a) that two multipliers
participate in performance of mathematical operation of
“multiplication” within the passive electro-optical
systems — the first multiplier is represented by the vector

F (the instrumental function) that characterizes the
spectral transmittance of the selective device; the second

multiplier is represented by the vector X that
characterizes the properties of the light flux reflected
from the sensed surface.

Within the passive systems with the dynamic
spectral filtration, the operation of multiplication is
realized as the result of diffraction of the received optical
radiation on the multi-frequency and controlled by its
amplitude ultrasonic wave. Here, the light diffraction on
the acoustic waves is the physical mechanism that
provides the transfer of electrical signals to the light
carrier.

Fig. 2b shows the functional diagram of forming the
optical signals within AEOS with dynamic spectral
processing. The designations shown in Fig. 2b are as
follows: LRS — laser radiation source (laser unit), RR —
radiation receiver.

i\N\MLV

F RS

Y-F'% Ao
S RR | DSF st S

a)

AEOSs with dynamic spectral processing of optical
radiation are the result of further development: firstly, the
passive systems of spectral filtration; secondly, the laser
vision systems that use laser illumination under the
conditions of insufficient natural illumination. The
difference from the passive electro-optical systems is as
follows: instead of the selective device (acousto-optical
filter), which provides the dynamic spectral filtration
within the passive system, applied in the active system is
the laser emitters unit with the multi-spectral sensing
signal. The power spectral density of the multi-spectral
signal is determined using a priori information about the
characteristics of the target and background, so that to
decrease the value of spectral components of the signal
reflected from the surface of background.

In AEOS (see Fig. 2b), the signal at its output is
also the result of the mathematical operation of dot
product, in which two multipliers take part. The first

multiplier X corresponds to the reflecting properties of

the sensed surface. The second multiplier F
characterizes the spectral density of multi-spectral light
flux. Intensities of the spectral components of this
multiplier are calculated on the basis of a priori
information about spectral characteristics of the
reflecting surface.

The developed functional layout of AEOS with
dynamic spectral processing of optical radiation allows
drawing its block diagram. Fig. 3 shows the block
diagram of the active electro-optical system with
dynamic spectral processing of signals that consists of
the transmitting and receiving parts. The transmitting part
of this system includes the library of spectral
characteristics (1), instrumental function former (2), laser
unit (3), and device for forming the multi-spectral laser
beam (4). The receiving part of the system comprises the
lens (5), radiation receiver (6) and electronic processing
unit (7).

The instrumental function former is designed to
create on the basis of a priori spectral characteristics of
the target and background the controlling signal that
provides the multi-spectral radiation with the required
spectral density at the output of laser unit. The laser unit
comprises a set of lasers generating the monochrome

Fig. 2. Functional diagrams of forming the optical signals within the passive (a) and active (b) electro-optical systems with dynamic
spectral processing. DSF — dynamic spectral filter, RR — radiation receiver, LRS — laser radiation source (laser unit).
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Fig. 3. Block diagram of active electro-optical system with
dynamic spectral processing of radiation. 1 — library of spectral
characteristics, 2 — instrumental function former, 3 — laser unit,
4 — device for forming the multi-spectral laser beam, 5 — lens,
6 — radiation receiver, 7 — electronic processing unit.

radiation. The device used for forming the multi-spectral
laser radiation composes a set of monochrome laser
signals into the light beam and provides control of its
angular divergence. At the receiving end of the electro-
optical system, the reflected polychrome optical radiation
is transformed by the radiation receiver into the electrical
signals and recorded in the electronic processing unit.

4. Algorithm for optimal detection of optical signals
using an active electro-optical system with dynamic
spectral processing

The paper [9] deals with developing the principles of
designing an optimal detection device for optical signals
on the basis of passive electro-optical systems with the
dynamic spectral filtration. This paper shows that the
dynamic spectral processing of optical radiation, which is
implemented in both passive and active electro-optical
systems, is described by the same mathematical model
that includes performing the dot product of the
instrumental function vector and the vector of input
optical signal. Due to the differences in physical and
engineering implementation of the processing, it turned
out to be reasonable to consider particularities of
designing an optimal detection device for optical signals
on the basis of active electro-optical system with the
dynamic spectral processing of optical radiation.

When illuminating the inhomogeneous surface with
the laser emission, a random signal will be measured at
the receiving part of AEQOS. Therefore, the problem
under consideration is a particular case of the general
problem of statistical verification of two hypotheses — Hy
(the background signal is present) and H; (the target
signal is present). Suppose that for Hy the conditional
probability density is normal and has the following

representation: p()Z/HO)~N(ﬁb,Fb), and for the
hypothesis H; it is p()Z/Hl)~ N(fi, T;) . Here, [, and
b; , as well as I'y and I'; are the mathematical

expectations and correlation matrices of realizations of
the background and target signals, correspondingly.

Subsequently, we shall consider solely the equality
of the correlation matrices T, =T;=T . Then the

considered problem is reduced to solving the problem of
the deterministic signal detection against the background
of additive noise. The sample received by AEOS with
dynamic spectral processing acquires the following
representation:

Z=0E+0,

®)

where Z = X —[i, is the reduced sample at the input of
optical processing circuit; &=f, —f, — deterministic
desired signal representing the difference between the
mathematical expectations of the signals of target and
background; a — random parameter accepting the values
of either 1 or 0; i — random column vector of sampling
values, which characterizes an additive noise with the
following normal distribution: N(0, T').

We select the Neyman—Pearson criterion as the
optimality criterion when solving the problem of optical
signal detection, because the a priori probabilities P(H,)
and P(Ho) are unknown. Usually, in order to make an
optimal decision after receiving a multi-dimensional
sample (5), it is calculated the logarithm for the

probability ratio E(Z)z Pen (Z)/ pn(Z), i.e., the logarithm

for probability densities ratio of one and the same sample
of the received signal under two conditions: availability

of both the signal and noise pq, (Z) and availability of

the noise only p, (Z) Subsequently, the obtained value

of the logarithm is compared with the threshold value.

The logarithm from the probability ratio for the
problem under consideration will have the following
representation:

Ine(Z)=y"-q%/2, (6)

where Y'=E"T2Z =F"Z is the reduced signal at the
output of radiation receiver of AEOS with dynamic
spectral processing; g2 =&'T € — signal-to-noise ratio
in dependence on the power; F =T"'¢ — instrumental

function (weight vector) of the AEOS transmitting part
(Fig. 4).

As an example, Fig.4 shows within the two-
dimensional space the normal distributions of samples of
the background and the target signals, as well as the
vector corresponding to the instrumental function of the
AEOS transmitting part, providing for optimal dynamic
spectral processing.

Analysis of the expression (6) shows that optimal
detection of the target signal can be performed by
comparing the value of reduced signal at the output of
radiation receiver of AEOS with dynamic spectral
processing with the threshold value. However, the
obtained algorithm is hard to be realized, because

forming Z = X —{i, is possible only by the means of
subtraction performed for the optical signals. To exclude
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Fig. 4. Optimal dynamic spectral processing of optical radiation
of an inhomogeneous target against the inhomogeneous
background.

this operation, it is reasonable to transform the
expression for the reduced signal at the output of
radiation receiver of AEOS in the following manner:
Y =ETTZ=F"X -FTji,. 7
Then, to compare with the threshold value, we shall
use the signal at the output of radiation receiver of AEOS
with dynamic spectral processing Y =F "X instead of Y.
Whereas, it will be compared with the threshold value, to
which the value of the background signal at the output of

AEOS is added: m, = F "fi, .

When performing practical implementation of the
dynamic spectral processing of optical radiation, it is
necessary to maximize the optical signal arriving at the
radiation receiver for each of the spectral components.
Therefore, it is suggested to normalize the instrumental
function of the transmitting part of AEOS as follows:

F,=rr %, (8)

is the normalizing multiplier that

where r :]7/‘§maxé
maximizes the intensity of radiation of one of the
monochrome emitters; S, — row vector of the inverse
correlation matrix, for which the absolute value of the dot
product is maximal ‘§%‘ = max .

Therefore, to perform comparison with the
threshold value, we shall use the normalized value of the
signal Y, at the output of radiation receiver of the active
electro-optical system with dynamic spectral processing:

Hl
>

Y, ~h,
<

Ho

©)

where Y, = IfnT)Z is the normalized signal at the output

of AEOS; h, =Y, +F, 1, — normalized threshold.

The obtained algorithm (9) allows developing the
block diagram (Fig. 5) of an optimal detection device, in
which the dynamic spectral processing of optical
radiation is used. In this figure, the scalar values are
shown with single arrows and the vector values — with
the vector arrows. The threshold device (ThD) forms the
signal =0 (Ho is true) or & =1 (H; is true) depending
on the level of the output signal Y, and the calculated

threshold value Y, + F.'fi, .

According to the Neyman-Pearson criterion, the
value of the threshold is selected as being based on the
given false alarm probability Pgs by using the following
expression;

hy = ar® (1 Pea )+ Fil iy, (10)

where ®'(e) is the quantile function inverse to the
probability integral.

Whereas the conditional probability of correct
detection of P¢p will be equal to:

Pep = T Psn (Yo )Y, :1_q)(q)7l(1_ PFA)_q)- (11)

hn

Using the obtained expressions (10) and (11), the
dependences of conditional probabilities of correct
detection on the signal-to-noise ratio q were plotted
(Fig. 6). The curves of conditional probabilities of correct
detection were plotted under various levels of the
conditional false alarm probability.

ThD

Iy

Fig. 5. Block diagram of an optimal detection device for the
inhomogeneous target against the inhomogeneous background.
ThD — threshold device, x — multiplier.
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Fig. 6. Dependences of conditional probabilities of correct
detection upon the signal-to-noise ratio at different values of the
false alarm probability.
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Therefore, the algorithm for optimal detection of
optical signals is developed using basics of the dynamic
spectral processing of optical radiation in AEOS.
Qualitative characteristics for the developed detection
device are determined on the basis of AEOS with
dynamic spectral processing, which allow, at the given
level of the false alarm, determining the conditional
probability of correct detection of the target under
observation depending on the value of the signal-to-noise
ratio.

5. Mathematical modeling of optimal detection of
the target signal

This section of the paper represents the results of
mathematical modeling of the process of optimal
detection of the target signal by using AEOS with
dynamic spectral processing of optical radiation.

The following provisions are applied to develop the
mathematical model of the optimal processing of optical
signals within the active electro-optical system:

the RGB-model of color digital images [14] that
assumes representation of the color of any point in
the image as a vector within the Euclidian space of
three main colors;

independence of the radiation processing arriving
from the spatial resolution elements of the electro-
optical system [15];

representation of optical radiation processing of
the image elements in the form of a dot product of
the input signal and the instrumental function of
the electro-optical system with  matched
processing of optical signals.
In accordance with the applied RGB-model,
each element of the initial color image with
the coordinates (i, j) is represented as the vector

X (i, §) =[x (i, ) s (i, ) xg (i, j)[ within the three-
dimensional Euclidian space, where Xg, Xg, Xg are the
radiance values measured in the red (R — red), green (G -
green) and blue (B — blue) spectral channels.

Mathematical modeling has been performed using
the Mathcad computer software package for engineering
calculations and consisted of two stages. At the first
stage, we focused on forming basic data required to
perform modeling. Performed at the second stage was
immediate mathematical modeling of the dynamic
spectral processing of optical radiation within the active
electro-optical system for the purpose to detect the
searched target.

The first stage of the mathematical modeling
consisted of forming an initial image with the required
spectral and statistical characteristics. We formed the
initial image so that the background and target signals in
three spectral channels (RGB) were the realizations of
the following independent normalized random values:

%or (i, j)~ N(100,100);
%o (i, )~ N(170,225);
Xog (i, j)~ N(123,625);

xg (i, j)~ N(160,100);
xg (i, )~ N(105,225); (12)
xg (i, j)~ N(L00,625).

Target

iy

iv

Fig. 7. Initial (a) and output (b) images formed in the process of
mathematical modeling.

The initial image had the dimensions of 300x300
elements. The rectangular target to be detected was
positioned in the center of the image. The target
dimensions were equal to 11x11 pixels. The initial image
is shown in Fig. 7a.

The following sequence
performed at the second stage.

1. Calculation of the normalized weight vector IEn
and the normalized value of the threshold h, by using the
previously obtained expressions. Calculation of the
weight vector IEn was performed using the equation (8)
with account of a priori information about the spectral

and statistical characteristics of the background and
target signals:

of operations was

100 160 100 0 O
i, =|170|; g, =[105|; T= 0 225 O
123 100 0 0 625

The threshold h,, was calculated using the formula
(10) for the following value of the false alarm

probability: Pz, =107°.
2. Modeling of the process of dynamic spectral
processing of optical radiation was performed by means

of calculating the dot product of weight vector and the
input vector for each point of the initial image:

Y, (i j) (i.§).

3. Threshold processing of the signals. The
mathematical equation (9) was used for modeling at this
stage. In this case, the point (i, j) of the output image was
assigned to the value of unity, if the value of dot product
exceeded the threshold, and the value of zero — in the
opposite case.

The binary image obtained as the result of optimal
processing is shown in Fig. 7b.

Analysis of the image obtained in the course of the
mathematical modeling shows that we have managed to
separate the desired signal at the output by suppressing
the optical signal of the inhomogeneous background as
the result of optimal dynamic spectral processing of
optical radiation in AEOS.

_FTX

n
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6. Conclusions

Active electro-optical systems with dynamic processing
of signals represent further development of passive
spectral filtration systems as well as the laser vision
systems using laser illumination under the conditions of
insufficient natural illumination.

The difference from the passive electro-optical
systems is that instead of the selective device (acousto-
optical filter), which provides the dynamic spectral
filtration within the passive system, applied in the active
system is a laser emitter unit with the multi-spectral
sensing signal. The power spectral density of the multi-
spectral signal is determined using a priori information
about the characteristics of the target and background, so
that to decrease the value of spectral components of the
signal reflected from the surface of the background.

The algorithm for optimal detection of optical
signals has been developed using basics of the signal
detection theory, as well as of the developed principles
for dynamic spectral processing of optical radiation in
AEQS. There have been defined the quantitative charac-
teristics of the developed detector device, which enables,
at the set level of false alarm, to determine the condi-
tional probability of correct detection of the target,
depending on the value of signal-to-noise ratio.

Mathematical modeling of the process of target
detection against an inhomogeneous background has
been performed, and it has been shown that optimal
dynamic spectral processing of optical radiation in AEOS
allows selecting the desired signal by full suppressing the
optical signal of the inhomogeneous background.
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AKTHBHA ONTHKO-€JeKTPOHHA CHCTeMa BHSIBJEHHSI 00’€KTiB 3 BHKOPHCTAHHIM JHHAMIYHOI CHEKTPaJbHOI
00po0KH ONTHYHOI0 BUIIPOMiHIOBAHHSA

JI.®. Kynuenko, B.JI. Kapsos, A.C. Pu6’sak, O.0. I'ypin, A.B. Ilonomaps

AHoTanig. Y cTaTTi pO3rIITHYTO AOCHIIKEHHS B 00JACTi CIIEKTpaIbHOI 0OpOOKH 300paXkeHb Ta JIA3EPHOTO OaueHHS.
3a xapaktepoM (opMyBaHHS IHPOPMALIHHKX MOJIB (OB BUIPOMIHIOBAHHS) ONTHKO-CICKTPOHHI CHCTEMHU MOXHA
MOJIIMTH Ha MAcHBHI Ta akTUBHI. [1aCHBHI ONTHKO-EIEKTPOHHI CHUCTEMH BHKOPUCTOBYIOTH iH(OPMAIiiHI NOJs, SKi
(OPMYIOTBCS IPUPOIHUMH JDKEPEIaMH BUIIPOMIHIOBAHHSI, @ aKTHBHI TIepej0a4yaloTh BUKOPUCTAHHS LITYYHHUX JPKEpell.
[TpoBeneHO MOPIBHIBLHUN aHaNi3 MaTeMaTHYHHUX Ta (I3MYHMX aCHEKTiB MOOYJOBH ONTHKO-CJIEKTPOHHUX CHUCTEM 3
JIMHAMIYHOIO CIIEKTPAIbHOI 00pOOKOI0 ONTUYHOIO BUITPOMIHIOBAHHS MACHBHOTIO Ta akKTUBHOTO TuHiB. [TokazaHo, 110
KepoBaHa JUHaMIuHa CHEKTpajbHA 0OpOOKa ONTHYHOTO BUIPOMIHIOBAHHS PEaTi3yeEThCSl y NMACHBHUX Ta aKTHBHHX
OINTHKO-CJICKTPOHHMUX CHCTEMax 3a OJHHM 1 THM JKE€ alIrOPUTMOM, SKUH HpelcTaBiisie co00K pPoOOTY ONTHYHOIO
IpoLecopa, M0 BUKOHYE MATEMAaTHYHY OIEpaLilo CKAIIPHOrO MHOXKECHHS BEKTOpa Ha BEKTOp. P0o3polieHo cTpyKTypy
CXeMH aKTHUBHOI OINTHKO-CJIEKTPOHHOI CHCTEMH 3 JAWHAMIYHOK CIEKTPaJbHOK 0O0pOOKOw. I3 BHKOPHCTAHHAM
OCHOBHHUX TOJIOXKEHb TEOpii JACTEKTYBaHHS CUTHAIIB PO3POOJCHO alrOPUTM ONTHMAJbHOIO BHUSBJICHHS ONTHYHHX
curHaiiB. [IpoBeseHO MaTeMaTHYHE MOJICITIOBAHHS NPOLIECY BUSIBIICHHS 00 €KTa Ha HeonHopinHoMY ¢oHi. [TokazaHo,
IIO B pe3yJIbTaTi ONTUMAIBHOT THHAMIYHOI CIIEKTPaIbHOT 0OPOOKH ONTHYHOrO BUIIPOMIHIOBaHHS B aKTUBHIN ONTHKO-
EJIEKTPOHHIH CHUCTeMI B/IaIOCh BUOKPEMHUTH KOPHCHUI ONITUYHHI CUTHAJI, MOBHICTIO 3arIyIIMBUIN MIPU [[bOMY CHI'HAI

¢ony.

KaiouoBi cjioBa: akTUBHA ONTHUKO-CIEKTPOHHA CHUCTEMa, JMHAMIYHA CHEKTpajibHa (iAbTpallis, ONTUMAaJIbHE
BUSBJICHHS, JIa3epHe OadeHHsI.
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