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Abstract. The article deals with the experimental study of the compensation method for 

atmospheric attenuation of laser radiation in active electro-optical remote sensing systems 

with dynamic spectral processing of optical signals that provides an increase of target 

image contrast. The compensation method for atmospheric attenuation of laser radiation in 

active electro-optical systems consists in forming the spectral intensity of the probing 

radiation not only on the basis of a priori data on the spectral features of the reflecting 

surfaces of the target and the background, but also taking into account the spectral 

transmittance of the optical radiation propagation medium. The experimental setup has 

been developed, in which the source of radiation in the transmitting part of the electro-

optical system is three semiconductor lasers operating in the ranges of the red, green and 

blue parts of the spectrum. Absorption light filters were used in the experiment as elements 

simulating the spectral properties of the reflecting surfaces of the target and background. 

The cuvettes with a liquid absorbing optical radiation were used as elements simulating 

atmospheric attenuation. 
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1. Introduction 

All electro-optical systems according to the principle of 
formation of information fields (radiation fields) can be 
separated into passive and active ones. Passive electro-
optical systems use information fields formed by natural 
radiation in the object space. The active method of 
constructing electro-optical systems involves creation of 
an information field by using external radiation sources. 

In the work devoted to multispectral electro-optical 

systems, the advantages of active electro-optical systems 

(AEOS) over the passive ones are formulated in [1]. It is 

noted that in passive electro-optical systems the radiance 

for radiation reflected from target depends on the 

imaging scheme, in particular, on the mutual spatial 

position of the Sun, target and receiving system. 

Therefore, when using the passive electro-optical systems, 

errors occur when comparing the current spectral features 

with the reference ones. Active electro-optical imaging 

systems can partially eliminate the disadvantages of 

passive electro-optical systems, since the radiation source 

and receiver have fixed positions during formation of the 

information field. 

 

Our analysis of literature sources has shown that the 

development of laser radiation sources with a wide range 

of technical characteristics contributes to the intensive 

development of AEOS [2]. Also, the studies related to 

the development of spectral imaging systems with active 

illumination are of considerable practical interest [3–11]. 

Developing research in this area, in [1] the authors 

outlined the principles for constructing active electro-

optical detection systems with dynamic spectral 

processing of optical signals. In such systems, the 

received signal is processed in the pre-detector region 

that is in the optical range, and the spectral composition 

of the probing radiation is formed using multispectral 

laser signals based on a priori information about the 

spectral reflectances of the target and background. The 

probing signal formed in this way enables to suppress the 

background signal with minimal attenuation of the target 

signal, which results in an increase of the image contrast 

at the output of AEOS. 

However, when propagating in air the probing 

signal is exposed to atmospheric interference, which leads 

to a change in its spectral intensity, and, as a result, to a  
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decrease in the efficiency of signal processing by AEOS. 
In [12], the method was developed, which enables to 
compensate the atmospheric attenuation of laser 
radiation, when using the AEOS. The method is based on 
the fact that the spectral intensity of the probing radiation 
is formed not only on the basis of preliminary data on the 
spectral reflectances of the target and background, but 
also with account of the a priori known spectral 
transmittance of the propagation medium for a 
multispectral optical signal. 

The purpose of this paper is to experimentally test 

the previously developed compensation method for 

atmospheric attenuation of laser radiation in AEOS with 

dynamic spectral processing of optical signals in order to 

increase the contrast of target images. 

2. Dynamic spectral processing of optical radiation in 

an active electro-optical system 

The physical basis for the construction of AEOS with 

pre-detector spectral processing is the fact that colored 

surfaces have a selective ability to reflect and absorb 

light of various wavelengths. If the surface is capable of 

reflecting red rays, then when it’s illuminated with green 

rays, the surface will reflect an insignificant part of the 

radiation energy and will be dark in the image [13]. 

The fundamentals of dynamic spectral processing of 

optical radiation in AEOS are described in [1]. It is 

shown that for their implementation, the surface studied 

must be illuminated by a radiation source, in which the 

spectral radiance  eL  is a weighted sum of the 

spectral radiances  ekL  of monochromatic emitters: 

     
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where kA  is the weight coefficient of the spectral 

radiance of the k-th radiation source;  ek  is the 

spectral radiance of the k-th source at 1kA . 

Then the optical signal arriving at the radiation 

receiver of AEOS is determined by the dot product of the 

vector  Tmk fffF 


,,1  of its instrumental function 

and the vector  Tmk xxX 


,,x1  of the input optical 

signal representing the spectral properties of the 

reflecting surface [1]: 
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where kx  is the relative radiation flux arriving at the 

input of the receiver of AEOS for the k-th 

monochromatic component of the radiation source; kf  is 

the coordinate of the vector F


 of the instrumental 

function of AEOS, which is the weighted value of the 

spectral radiance of the k-th monochromatic component 

of the radiation source of AEOS kk Af  . 

 

The vector X


 coordinates correspond to the fluxes of 

radiation entering the input of the AEOS receiver for each 

monochromatic component of the radiation source [1]: 
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 is a parameter that depends 

on the distance to the probed surface z and design 

parameters of AEOS (Dout is the diameter of the exit 

pupil of the optical subsystem of the radiation source; 

Din, f
 
 is the diameter of the entrance pupil and the focal 

length of the optical subsystem of the receiving channel 

in AEOS; Srr is the area of the radiation receiver) [5, 6]; 

 а  is the spectral transmittance of the medium; 

  1о ,   2о  are the spectral transmittances of the 

optical systems of the transmitting and receiving 

channels in AEOS; ρ(λ) is the spectral reflectance of the 

probed surface (for diffuse reflection); maxmin    is 

the operating wavelength range inherent to AEOS. 

To implement dynamic spectral processing of optical 

radiation, AEOS (Fig. 1) should include a controlled 

laser radiation source (LRS), a receiving optical sub-

system (ROS), and a radiation receiver (RR). The source 

of laser radiation consists of m sources operating in 

different wavelength ranges. This provides independent 

control of the intensity proper to each of them. 

At the output of the radiation receiver of this AEOS, 

the signal Y proportional to (and ideally equal to) the dot 

product of the vector of its instrumental function F


 and 

the vector of the input optical signal F


 containing 

information about the spectral properties of the reflecting 

surface will be measured. If the radiation receiver is 

characterized by spectral sensitivity  r , then, with 

account of (2) and (3), the expression for the signal at the 

output of AEOS will take the following form 
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Fig. 1. Scheme of the active electro-optical system with 

dynamic spectral processing of optical radiation. 
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Fig. 2. Vector representation of dynamic spectral processing of 

optical radiation in AEOS orders to increasing the contrast of 

the target image. 

 

 
Thus, the mathematical basis of dynamic spectral 

processing of optical signals is their vector 

representation. The optical radiation of the target and the 

background in this case is represented as the vectors  

T


 and B


 in a multidimensional spectral space 

 ,,, 321   (Fig. 2) [12]. 

It is known [1, 11, 12] that through the use of 

dynamic spectral processing of optical radiation an 

increase in the image contrast of the target C is provided 

by reducing the background signal YB at the output of 

AOES with minimal attenuation of the output signal of 

the target YT. The image contrast of the observed object 

(target) at the output of AEOS with dynamic spectral 

processing is determined as follows: 

BT

BT

YY

YY
C




 ,       (5) 

where YT and YB are the signals of the target and 

background at the output of AEOS. 

To increase the contrast of the target image, the 

filter vector F


 must be perpendicular to the background 

vector B


 and lie in a plane that passes through the target 

T


 and background B


 vectors. In this case, background 

spectral components will be suppressed due to the fact 

that the dot product BFT


 will be equal to zero. The filter 

vector F


 in this case is calculated as based on a priori 

information about the spectral features of the target and 

background by using the following expression [12]: 

 BNTrF


 ,     (6) 

where BBBTN TT


  is the projection of target vector 

T


 onto the unit vector BBBB To


  of the 

background vector normalized to its length BBB T


 ; 

r is the normalizing multiplier that ensures maximization 

of the optical signal received by the radiation detector: 

 

 kk
k

bNtr  max1 ,      (7) 

where tk and bk are the coordinates of the target and 

background vectors, respectively. 

In three-dimensional space, Fig. 2 shows the 

arrangement of vectors during dynamic spectral 

processing, and the magnitude of the projections for each 

of the vectors reflects the value of the radiation intensity 

for a certain wavelength. It is shown that the filter vector 

332211 


fffF  and the background vector 

332211 


bbbB  are orthogonal, and the vector 

representing the spectral properties of the target 

332211 


tttT  lies in the plane passing through the 

vectors B


 and F


. 

Thus, using the vector representation of the optical 

signals of the target and the background, the instrumental 

function of AEOS is determined, which provides an 

increase of the contrast of the target image. It is shown 

that the vector of the instrumental function of AEOS 

must be orthogonal to the background vector and lie in 

the plane passing through the target and background 
vectors. 

3. Influence of atmospheric interferences on the 

operation of AEOS with dynamic spectral signal 

processing 

In AEOS with dynamic spectral processing, the spectral 

composition of the probing radiation is formed as a sum 

of laser signals, the intensities of which are calculated on 

the basis of a priori information about the spectral 

reflectance of the target and background. However, when 

propagating the probing signal is exposed to atmospheric 

interference, which leads to a change in its spectral 

intensity and, as a result, to a decrease in the efficiency of 

image processing. 

The attenuation and distortion of optical signals in 

the atmosphere is due to two main processes [14, 15]: 

- absorption of radiation by gaseous components; 

- molecular and aerosol attenuation (scattering) of 

radiation. 

Absorption of radiation is caused by the presence of 

various gases in the atmosphere and has a pronounced 

selective character. 

In the general case, the process of attenuation of 

optical radiation in the atmosphere can be described by 

the following expressions: 

- spectral extinction coefficient of the atmosphere –   ; 

- spectral transmittance of the atmosphere –  a . 

With a single scattering of radiation in a homo-

geneous medium along the propagation path, its spectral 

transmittance is described by the Beer–Lambert–Bouguer 

law and is defined by the following expression [15]: 

        lIIa  exp0 ,   (8) 

where I() is the spectral intensity of the radiation that 

has passed the distance l; I0() is the spectral intensity of 

radiation at the beginning of the path. 
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To determine the extinction coefficient of the 

atmosphere, we use the Koschmieder expression [15], 

which establishes the relationship between the extinction 

coefficient of the atmosphere 0.55 at the wavelength 

0.55 μm and the meteorological optical range 

(meteorological range) Rvis. The meteorological optical 

range is the distance at which the contrast between a 

certain type of source (test object) C0 = 1 and the 

surrounding background is reduced to the threshold of 

the contrast sensitivity of the eye CT = 0.05 (in 

accordance with the requirements of the International 

Committee on illumination [16]): 

55.0

0

55.0

3
ln

1




















T
vis

C

C
R .     (9) 

The calculation of the spectral extinction coefficient 

in the wavelength range of 0.4…3 µm is performed using 

the following formula [15]: 

 
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
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where the meteorological optical range Rvis is expressed 

in kilometers and the wavelength  is expressed in 

micrometers. 

It should be taken into account that in AEOS, when 

calculating the effect of atmosphere, attenuation in two 

sections should be taken into account: propagation in the 

path from the source to the probing surface, and then 

from the surface to the receiving device: 

    za  2exp2 ,    (11) 

where 2lz   is the range to the surface, which is 

irradiated by AEOS. 

Analysis of expressions (10) and (11) showed that 

the value of the spectral transmittance squared of the 

atmosphere  2
a  decreases with decreasing wavelength 

 of optical radiation. In this case, with an increase in the 

range z to the probed surface, the difference in the values 

of the spectral transmittance for different wavelengths 

increases. Consequently, the squared spectral 

transmittance of the atmosphere  2
a  depends both on 

the wavelength  of the optical radiation and on the range 

z to the probed surface. 

4. Compensation method for atmospheric attenuation 

of radiation in AEOS with dynamic spectral 

processing 

The method for compensation of the atmospheric 

attenuation of laser radiation in AEOS is described in 

[12]. The method is based on the fact that the spectral 

intensity of the probing radiation is formed not only 

using a priori information about the spectral reflectances 

of the target and the background, but also taking into 

account the preliminary known spectral transmittance of 

the propagation medium for a multispectral optical signal. 

 

The method providing compensation of atmospheric 

attenuation of laser radiation includes the following 

steps: 

1) the vector of the instrumental function of AEOS 

 Tmk fffF ,,,,1 

  (where m is the number of 

monochromatic emitters) is calculated, which provides 

an increase in contrast (5) for the case when there is 

absence of radiation attenuation by the propagation 

medium   12 a ; 

2) the normalized correction vector 

 Tncorr
m

ncorr
k

ncorr
ncorr fffF ,,,,1 


  is calculated, the 

coordinates of which are defined as follows [12]: 

2
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where   min
2

min
2min ffK akka

k
n   is the normalizing 

factor; 
2

mina  and minf  are the square of the 

transmittance of the propagation medium and the 

coordinate of the vector F


 (calculated at the first stage), 

the ratio of which is minimal; 

3) dynamic spectral processing of optical radiation 

is carried out by calculating the radiation flux at the 

receiver input after correction, which is the dot product 

of the input signal vector X


 with a normalized 

correction vector ncorrF


: 

XFT
ncorrcorre


 .    (13) 

Thus, the radiation flux arriving at the radiation 

receiver of AEOS with atmospheric attenuation 

compensation is the dot product of the input signal vector 

with the correction vector. In this case, the correction 

vector is formed on the basis of preliminary information 

about the spectral intensity of the probing radiation, the 

spectral transmittance of the atmosphere, as well as the 

spectral reflection coefficients of the target and 

background. 

5. Composition and scheme of the experimental setup 

For the verification of the developed method for 

compensating the atmospheric attenuation of laser 

radiation in AEOS with dynamic spectral processing, an 

experimental setup was developed, the block diagram of 

which is shown in Fig. 3. When developing the 

experimental setup, the results presented in [17] were 

used.  

The experimental setup included the following 

blocks and elements: 

- transmitting and receiving blocks; 

- elements simulating target and background signals; 

- elements simulating the absorbing properties of the 

atmosphere. 
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Fig. 3. Block diagram of the experimental setup. 

 

 

The transmitting unit of the experimental setup 

consisted of the following devices: 

- semiconductor laser 1 with the wavelength of radiation 

λ = 635 nm; 

- semiconductor laser 2 with the wavelength of radiation 

λ = 532 nm; 

- semiconductor laser 3 with the wavelength of radiation 

λ = 450 nm; 

- three attenuators 4, providing control of the laser 

radiation intensity; 

- dichroic prism 5 for spatial alignment of laser radiation 

into one beam; 

- three power supplies 6 for lasers. 

The receiving unit of the experimental setup 

included the following devices: 

- photomultiplier 9 with the power supply 10; 

- microammeter 11; 

- computer 12. 

Elements that imitate the optical signals of the 

target and the background and the absorption properties 

of the atmosphere, in Fig. 3 are labeled 7 and 8, 

respectively. The elements simulating the optical signals 

of the target and the background were two sets of 

absorption light filters. In the first set, the filters 

simulating the optical signals of the target (GG-1) and 

the background (YGG-6) had approximately the same 

spectral transmittance. Light filters of the second set, 

simulating the signals of the target (BG-2) and the 

background (YGG-6), had spectral features that differed 

significantly. 

The choice of light filters was carried out on the 

basis of the calculation of their spectral transmittances. 

The calculation was carried out using information on the 

absorption coefficients of light filters, induced in the 

catalog of colored glass [18]. When calculating the 

spectral transmittances, the reflection from the surface of 

the light filters was also taken into account. 

To simulate the absorbing properties of the 

atmosphere on the “transmitter-target” and “target-

receiver” paths, two identical cuvettes with a liquid 

absorbing radiation in the optical wavelength range of 

laser sources were used. A solution of milk with distilled 

water was used as a liquid. To do this, 0.06 g of milk 

diluted with distilled water in a ratio of 1:1 was added to 

15 g of distilled water. 

 

 
 

Fig. 4. General view of the experimental setup to study the 

method for attenuation compensation of laser radiation in AEOS. 
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Fig. 5. Spectral transmittance squared of the cuvettes with 

radiation-absorbing liquid as a function of the laser radiation 

wavelength. 

 

 
Fig. 4 shows a general view of the experimental 

setup for studying the method of compensating the 

attenuation of laser radiation in AEOS with dynamic 

spectral filtering. 

Fig. 5 shows the dependence of the experimentally 

obtained spectral transmittance squared of cuvettes with 

radiation-absorbing liquid on the wavelength of laser 

radiation. 

6. Experimental technique 

The procedure for carrying out the experiment to study 

the method of compensating atmospheric attenuation of 

laser radiation in AEOS with dynamic spectral 

processing consisted of three successive stages. 

Stage 1. Dynamic spectral processing in the 

interests of increasing contrast in the absence of 

attenuation of laser radiation. 

At this stage, an experimental study of the process 

of dynamic spectral processing of optical radiation was 

carried out in order to increase the contrast of the target 

image at the output of AEOS in the absence of attenuation 

by the propagation medium. When performing this 

research, the spectral features of filters simulating the 

optical signals of the target and background were 

measured first. To do this, three lasers of the transmitting 

unit of the experimental setup were turned on and the 

signals at the output of PMT were measured, first for the 

filter that simulates the target signal, and then for the 

filter simulating the background signal. Based on the 

obtained measurements in three-dimensional space, the 
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target vector  TRGB tttT ,,


 and the background vector 

 TRGB bbbB ,,


 were formed. The coordinates of each of 

the vectors were the values of the current at the PMT 

output, when the corresponding laser was turned on. 

Using the expressions (6), (7), as well as the 

measured vectors T


 and B


, the instrumental function 

vector  TRGB fffF ,,


 was calculated, which provided 

an increase in the contrast of the target image at the 

output of AEOS. 

Next, to implement optical spectral processing, 

vectors F


 and F


 were formed, and dynamic spectral 

processing of optical radiation was performed. To do 

this, the attenuators were used to set the radiation 

intensity of each laser included in the transmitting unit. 

First, the transmittances of the attenuators were adjusted 

in accordance with the coordinates of the vector F


 

(Fig. 2), and the radiation of the target and background 

TFY T
T


  , BFY T

B


  , respectively, was measured. 

And then, similar operations were performed for the vector 

,F


 and signals TFY T
T


  , B


T

B FY    were measured. 

After that, the target YT and background YB signals 

at the output of AEOS were calculated by subtracting the 

corresponding values that were measured for the vectors 
F


 and F


: 

TFTFY TT
T


  ;    (14) 

 

BFFY TT
B


  B .    (15) 

Using the expression (5), the contrast of target 

image at the output of AEOS was calculated. When 

calculating the contrast in the course of experimental 

studies, the following values were obtained: for the first 

pair of light filters (GG-1 – YGG-6) C = 0.86; for the 

second pair of filters (BG-2 – YGG-6) C = 1. 

Stage 2. Dynamic spectral processing for increasing 

the contrast without compensating for the attenuation of 

laser radiation. 

At this stage, there was made a study of the 

influence of the attenuation of laser radiation by the 

propagation medium on the contrast of the target image 

at the output of AEOS with dynamic spectral processing. 

To do this, cuvettes imitating the process of radiation 

passing through the atmosphere were installed on the  

 

 

 

path of propagation of the probing radiation. In this case, 

the vector of the instrumental function of AEOS was not 

changed and remained the same as under ideal conditions 

(there is no atmospheric attenuation). 

Next, dynamic spectral processing of the optical 

radiation was performed, the signals at the output of 

AEOS were measured, and the target contrast was 

determined by analogy with the previous stage. 

When calculating the contrast at this stage of 

experimental studies, the following values were obtained: 

for the first pair of light filters (GG-1 – YGG-6) 

C = 0.67; for the second pair of filters (BG-2 – YGG-6) 

C = 0.62. 

Stage 3. Dynamic spectral processing for increasing 

the contrast for the compensation of the attenuation of 

laser radiation. 

At this stage, the process of compensating the 

attenuation of laser radiation by the propagation medium 

during dynamic spectral processing was studied. The 

attenuation compensation efficiency was evaluated by 

calculating the target image contrast and comparing it 

with the value obtained at the second stage. 

To do this, first, using Eq. (12), the coordinates of 

the normalized correction vector were calculated with 

account of the spectral transmittance of the cuvettes 

simulating the properties of the atmosphere. Next, 

dynamic spectral processing of optical radiation was 

performed according to Eq. (13). To do this, using the 

attenuators, the laser radiation intensities were set using 

the current value at the PMT output in accordance with 

the coordinate values of the normalized correction vector. 

The contrast values obtained in the course of 

experimental studies at this stage were: for the first pair 

of light filters (GG-1 – YGG-6) C = 0.83; for the second 

pair of filters (BG-2 – YGG-6) C = 0.93. 

The contrast values for pairs of light filters (GG-1 – 

YGG-6) and (BG-2 – YGG-6), which were obtained 

during three stages of experimental studies of dynamic 

spectral processing of laser radiation, are shown in Table. 

Thus, the results obtained in the course of 

experimental studies show that the developed method 

enables to compensate the attenuation of laser radiation 

by the atmosphere. This method provides an increase (as 

compared to the case without compensation) of the target 

contrast at the output of AEOS for a pair of GG-1 and 

YGG-6 light filters by 1.2 times, and for a pair of BG-2 

and YGG-6 light filters – 1.5 times. 

 

 

 

Table. Contrast values obtained in the course of experimental studies. 

Contrast measurement condition GG-1 and YGG-6 BG-2 and YGG-6 

1. Target contrast in the absence of radiation attenuation by the 

atmosphere 
0.86 1 

2. Target contrast with attenuation of radiation by the atmosphere 

and without attenuation compensation 
0.67 0.62 

3. Target contrast in the presence of radiation attenuation by the 

atmosphere and using attenuation compensation 
0.83 0.93 
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7. Conclusions 

The results of experimental studies of a method for 

compensating atmospheric attenuation of laser radiation 

in AEOS with dynamic spectral processing of optical 

signals in order to increase the contrast of the target 

images have been presented. The scheme of an 

experimental setup for studying the method to 

compensate attenuation of laser radiation in AEOS has 

been developed. The transmitting part of the scheme 

included three semiconductor lasers operating in the 

ranges of the red, green and blue parts of the spectrum. 

Cuvettes with the liquid absorbing optical radiation were 

used as elements simulating atmospheric attenuation. 

The possibility to compensate attenuation of 

multispectral laser radiation in an absorbing medium and 

to provide the increase of contrast inherent to the target 

image at the output of AEOS has been experimentally 

confirmed. The method of compensating for atmospheric 

attenuation of laser radiation in AEOS is based on the 

fact that the spectral intensity of the probed radiation is 

formed not only on the basis of preliminary data on the 

spectral features of the target and background, but also 

with account of the known in advance spectral 

transmittance of the medium. 

Experimental studies included three stages. First, 

dynamic spectral processing of optical radiation was 

carried out in the absence of radiation attenuation in the 

atmosphere. Then, dynamic spectral processing of optical 

radiation was performed in the presence of radiation 

attenuation by the propagation medium and without its 

compensation. At the final stage, dynamic spectral 

processing of optical radiation was made in the presence 

of radiation attenuation by the propagation medium and 

with its compensation. 

The efficiency of attenuation compensation has 

been evaluated by calculating the image contrast of the 

target at each stage of the study and comparing the 

obtained values. It has been experimentally ascertained 

that as a result of applying compensation for the 

attenuation of laser radiation, it is possible to increase (as 

compared to the case without compensation) the contrast 

value for a pair of light filters GG-1 – YGG-6 by 1.2 

times, and for a pair of light filters BG-2 – YGG-6 – 1.5 

times. 
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Експериментальне дослідження методу компенсації атмосферного ослаблення зондуючого лазерного 

випромінювання в активних оптико-електронних системах, що забезпечують підвищення контрасту 

зображень 

 

Л.Ф. Купченко, А.С. Риб’як, О.А. Гурін, А.П. Гурін, А.В. Пономарь, О.В. Бєсова 

 

Анотація. Експериментально досліджується метод компенсації атмосферного ослаблення лазерного 

випромінювання в активних оптико-електронних системах дистанційного зондування з динамічною обробкою 

оптичних сигналів для підвищення контрасту зображень. Метод компенсації атмосферного ослаблення 

лазерного випромінювання в активних оптико-електронних системах полягає у тому, що спектральна густина 

інтенсивності зондувального випромінювання формується не тільки на основі апріорних даних про спектральні 

характеристики відбивних поверхонь об’єкта та фону, але і з урахуванням спектрального коефіцієнта 

пропускання середовища, в якому поширюється оптичне випромінювання. Розроблено експериментальну 

установку, в якій джерелом випромінювання у передавальній частині оптико-електронної системи служать три 

напівпровідникові лазери, що працюють у діапазонах червоної, зеленої та синьої ділянок спектра. У ролі 

елементів, які імітують спектральні властивості поверхонь об’єкта і фону, що відбивають, в експерименті 

застосовувалися абсорбційні світлофільтри. У ролі елементів, які імітують атмосферне ослаблення, 

використовувалися кювети з поглинаючою оптичне випромінювання рідиною. 

Ключові слова: активна оптико-електронна система, динамічна спектральна обробка, атмосферне ослаблення 

випромінювання, напівпровідникові лазери. 


