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Abstract. The paper considers an approach to evaluate the noise immunity of multispectral 

optoelectronic systems for transmitting information messages. The relevance of this work is 

determined by the need to increase the reliability of optical communication, identification, 

navigation, and control channels under background illumination, electromagnetic 

interference, optical disturbances, partial channel obstruction, and nonuniform spectral 

attenuation of signals. It is shown that a simple increase in the power of a single 

semiconductor emitter increases the amplitude of the received signal but does not eliminate 

the fundamental vulnerability of a single-spectral system to selective interference within the 

chosen wavelength range. It is shown that the real advantage of the multispectral approach 

is determined not only by the number of spectral channels but also by their statistical 

independence, differences in the spectral characteristics of interference, and the ability of 

individual channels to retain information content under difficult transmission conditions. 

The proposed model can be used for numerical simulation, experimental verification, and 

optimization of LED-based multispectral message transmission systems for autonomous 

moving objects, unmanned aerial vehicles, robotic platforms, and local sensor networks. 

 

Keywords: multispectral optoelectronic system, message transmission, noise immunity, 

signal-to-noise ratio, spectral channels, noise covariance matrix, Mahalanobis distance, 

error probability, LED emitters, optical wireless communication. 

https://doi.org/10.15407/spqeo29.02.239 

PACS 02.50.-r, 42.79.Sz, 85.60.-q  

Manuscript received 11.03.26; revised version received 24.05.26; accepted for publication 

10.06.26; published online 23.06.26. 

 
 

1. Introduction 

Interference-resistant transmission of information 

messages is one of the key tasks of modern 

optoelectronic systems for communication, identification, 

navigation, and control. Optical wireless systems, 

particularly visible light communication and free-space 

optical communication, are considered as a promising 

alternative or complement to conventional radio-

frequency channels because of their wide available 

bandwidth, the possibility of combining illumination and 

data transmission, low susceptibility to radio-frequency 

interference, and suitability for local high-speed 

information exchange [1–3]. 

Recent reviews confirm the active development of 

Visible Light / Optical Wireless communication 

(VLC/OWC) technologies, particularly in high-speed 

transmitters and receivers, digital modulation methods,  

 

integration of communication with lighting and sensing, 

and the use of intelligent reflecting surfaces to improve 

optical channel quality [3, 4]. One promising direction to 

improve the noise immunity of optoelectronic message 

transmission systems is the multispectral approach. Its 

essence is that an information message is transmitted not 

through a single channel but through several spectrally 

separated optical channels. These channels may 

correspond to individual visible spectral bands in the 

near-infrared range, or combinations of several LED and 

micro-LED sources. The practical feasibility of this 

approach is supported by recent works on WDM-OWC 

(Wavelength Division Multiplexing Optical Wireless 

Communication) and WDM-VLC (Wavelength Division 

Multiplexing Visible Light Communication), where the 

use of several wavelengths is considered as a means of 

increasing throughput, channel separation, and 

robustness of optical transmission [5–7]. 
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Modern semiconductor emitters in the visible and 

near-infrared ranges are characterized by sufficiently 

high optical power [8, 9], energy efficiency, high speed, 

and the possibility of direct electronic modulation. This 

makes it possible to use them not only as illumination or 

indication sources but also as transmitting elements of 

optoelectronic systems for information message 

transmission. The simplest way to increase the range or 

reliability of reception in such a system is to increase the 

power of a single emitter. In this case, the amplitude of 

the received signal increases and, under certain 

conditions, the signal-to-noise ratio also increases. 

However, a simple increase in the power of a single 

channel does not remove the fundamental limitation of a 

single-spectral system. Such a system remains sensitive 

to all disturbances that affect the selected spectral range: 

background illumination, solar glare, spectrally close 

artificial light sources, partial obstruction of the optical 

path, and attenuation of radiation by fog, dust, smoke, or 

precipitation. If only the spectral channel is significantly 

suppressed, increasing its power does not always provide 

sufficient recovery of reception reliability, especially in 

the presence of selective interference or limitations on 

the permissible optical power. 

In contrast, a multispectral system forms a multi-

dimensional space of spectral features. In such a system, 

the receiver analyzes not only the total signal amplitude 

but also the energy distribution among individual spectral 

channels. In other words, a message can be recognized 

not only by its intensity level but also by the spectral 

“profile” of the signal. This increases the probability of 

correct message reception under background illumination, 

fog, dust, smoke, precipitation, partial obstruction of the 

optical channel, or selective optical interference. 

The use of several spectral channels creates 

additional information redundancy: if one channel is 

partially attenuated or noisy, other channels may retain 

sufficient information content for signal detection and 

message decoding. Therefore, the advantage of the 

multispectral approach lies not only in a possible increase 

in the total signal-to-noise ratio but also in improving the 

system robustness to nonuniform spectral attenuation and 

local optical interference. Studies of MIMO-VLC 

(Multiple-Input Multiple-Output Visible Light 

Communication) also show that spatial and spectral 

channel separation is an important means of improving 

the robustness of optical wireless systems [10]. 

At the same time, the effectiveness of the 

multispectral approach is not determined only by the 

number of spectral channels. If the noise in different 

channels is statistically independent or weakly correlated, 

channel combining increases the total signal-to-noise 

ratio and reduces the probability of message reception 

error. If the channels contain a common noise 

component, for example, due to background illumination, 

electronic coupling, a common photodetection path, or 

digital signal processing, the real gain from multispectral 

operation may be substantially smaller. Therefore, a 

correct assessment of noise immunity must consider not 

only the individual signal and noise levels in each 

channel but also the interchannel noise correlation. 

This problem is especially important for 

autonomous moving objects, unmanned aerial vehicles, 

robotic platforms, transport systems, and local sensor 

networks that must operate under limited availability of 

the radio-frequency spectrum, intense electromagnetic 

interference, or increased requirements for locality and 

directivity of the transmitting channel [11–14]. 

This paper aims to develop a generalized model for 

evaluating the noise immunity of a multispectral 

optoelectronic message transmission system with an 

arbitrary number of spectral channels. The main attention 

is paid to calculating the signal-to-noise ratio, accounting 

for the noise covariance matrix, determining the possible 

gain from optimal channel combining, and estimating the 

probability of message reception error. The proposed 

approach allows us to quantitatively determine the 

conditions under which a multispectral system has a 

practical advantage over a single-spectral configuration 

or a simple increase in the power of one optical channel. 

 

2. General model of a multispectral optical channel 
 

The photodetector, or a set of photodetectors, converts 

the received optical power ksigP ,  of the k-th channel into 

photocurrent. If Rk is the spectral responsivity of the 

photodetector in the k-th channel, then the useful 

electrical component of the signal is 

ksigkk PRs , . 

Hereafter, sk is regarded as the amplitude of the 

useful electrical signal after photodetection and 

extraction of the information component. It can be 

expressed either as a photocurrent or as a voltage after a 

transimpedance amplifier, provided that the noise 

variance 2
k  is referred to the same electrical quantity. 

Even if the average background level is compensated, it 

increases shot noise and therefore cannot be completely 

ignored in the SNR calculation [8]. 

After determining the useful electrical signal sk and 

the total noise variance 2
k , the signal-to-noise ratio of a 

single spectral channel is written as 

2

2

SNR
k

k
k

s


 . 

Let the number of channels be M. Then, for the 

entire M-channel system, we introduce the vector of 

useful signals 

              
   

The observation vector in the problem of optical 

signal detection can be represented in terms of two 

hypotheses: 

ny :0H , nsy :1H , 

where y is the observation vector, and n is the vector of 

noise and interference. 
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The noise covariance matrix Σ, which describes the 

statistical relationship between noise components in 

different channels, is defined as 




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Here, ij  is the correlation coefficient between the 

noise components of the i-th and j-th spectral channels. 

For independent noise, 0ij  for ji  ; in this case,  

Σ is effectively a diagonal matrix. In expanded form, it 

can be written as 
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Thus, an M-channel optical multispectral message 

transmission system should be described not as a set of 

independent scalar signals, but as a vector model in 

which each spectral channel forms a separate component 

of the observation vector. This approach allows us to 

account not only for the useful signal level in each chan-

nel but also for the noise structure of the entire system. 
The covariance matrix Σ is a key element of this 

model because it simultaneously characterizes the 
intrinsic noise of each channel and the degree of 
statistical relationship between noise components in 

different channels. If the off-diagonal elements of the 
matrix are zero, the channel noises may be considered 
independent, and the contribution of each spectral 
channel to the overall noise immunity of the system is 

evaluated separately. If the off-diagonal elements are 
nonzero, this indicates the presence of common noise or 
interference components, for example, due to background 

illumination, electronic coupling, a common photo-
detection path, or digital signal processing. 

Therefore, subsequent evaluation of the noise immu-
nity of a multispectral system must consider two limiting 

cases: independent spectral channels, where the total gain 
is determined by adding the information content of the 
individual channels, and correlated channels, where the 

real gain depends on the structure of the noise covariance 
matrix. This transition from a scalar description of a 
single channel to a vector-matrix model of the whole 

system allows us to correctly evaluate the effectiveness 
of the multispectral approach, determine the contribution 
of each channel, and formulate the conditions under 
which a multichannel configuration provides a real 

increase in the noise immunity of message transmission. 
 

3. SNR in the absence and presence of noise 

correlation 
 

If the noise components in the spectral channels are 

independent, the covariance matrix has the form 

 22
2

2
1 ...,,,diag MΣ  . 

In this case, the equivalent output signal-to-noise 

ratio after optimal channel combining is equal to the sum 

of the individual signal-to-noise ratios: 







M

k k

k
M

k

kout

s

1
2

2

1

SNRSNR . 

If all channels are identical and independent, then 

021 SNRSNRSNRSNR  M  

and therefore 

0SNRSNR Mout  . 

Under real conditions, the noise components of 

different channels may be correlated due to common 

background illumination, electronic coupling, a common 

receiving path, or digital processing. Therefore, the 

simple summation of SNRk is not always correct. For the 

general case, we introduce a linear decision statistic 

       

where w is the vector of weighting coefficients. The 

signal component at the output of the combiner is 

    
    

and the noise variance at the output is 

  
        

Thus, the output signal-to-noise ratio is 

     
      

    
  

Maximization of this generalized ratio with respect 

to the vector w yields the optimal weights 

       
      

where c is a nonzero scaling constant. The scaling 

constant c does not affect SNRz because multiplication of 

all weights by c changes the numerator and denominator 

in the same way: 

                                 

Therefore, the factor c
2
 cancels in the ratio SNRz. 

If a channel has a large useful signal sk, it should 

receive a larger weight. If a channel has a large noise 

variance 2
k , its weight should be smaller. If the noise of 

a channel is strongly correlated with the noise of other 

channels, the receiver must account for this correlation 

and should not treat this channel as a completely 

independent source of information. 

After substituting the optimal weights, we obtain 

        
       

This relation shows that the receiver does not 

necessarily have to add all channels with equal weights. 
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A channel with a high useful signal level and low noise 

may receive a larger weight, while a channel with high 

noise or strongly correlated interference may receive a 

smaller weight. In some cases, the weight of an 

individual channel may even be negative if this helps 

compensate for a common interference component. 

For independent channels, the matrix Σ is diagonal: 

 22
2

2
1 ...,,,diag MΣ  . 

Then 
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


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and the optimal weights become 

2
k

k
k

s
w


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Thus, each channel is weighted in proportion to its 

useful signal and inversely proportional to its noise 

variance. This corresponds to the intuitive rule that 

strong and low-noise channels should be weighted more 

strongly, whereas weak and noisy channels should be 

weighted less strongly. 

 

4. Quantitative evaluation of signal detection 

probability 
 

To quantitatively evaluate the separability of the two 

hypotheses of signal presence (H1) and signal absence 

(H0), it is convenient to use the Mahalanobis distance, 

which considers not only the difference between mean 

values but also the covariance structure of the noise 

[15, 16]: 

  
         

             

Here, the mean observation vectors are μ0 = 0 and 

μ1 = s. Accordingly, 

  
          

Comparing this expression with the optimal output 

SNR, we obtain 

outMD SNR2  . 

Thus, in this problem, the square of the 

Mahalanobis distance has a direct physical interpretation 

as the optimal output signal-to-noise ratio after 

combining M spectral channels. 

For two Gaussian classes with identical covariance 

matrices and equal a priori probabilities, the probability 

of discrimination error can be estimated as 

























2

SNR

2

outM
e Q

D
QP , 

where Q is the standard Q-function of the normal 

distribution. 

For analytical evaluation, consider the case in which 

all channels have the same individual SNR0, and the 

correlation coefficient between the noise components of 

any two channels is the same and equal to ρ. The 

covariance matrix can be written as 

                
    

where IM is the M × M identity matrix and 1 is a vector 

filled with ones. For the matrix to be positive definite, the 

following condition must be satisfied: 

.1
1

1
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If 1s 0s . And 
2

2
0

0SNR



s

, then, after calculation, we 

obtain 
  0SNR

11
SNR




M

M
out . 

The quantity
 


11

M
M

M
eff  can be interpreted 

as the effective gain associated with increasing the 

number of spectral channels. If ρ = 0, then Meff = M, and 

the system obtains the maximum gain. If ρ approaches 1, 

then Meff approaches 1; that is, the M-channel system 

effectively degenerates into a single channel, because all 

noise components are fully correlated. 

If each spectral channel has SNR0 = 1, which 

corresponds to a normalized limiting case in which the 

useful signal power in each spectral channel is equal to 

the noise power, then for M channels SNRout = M, 

MDM  , and the error probability is determined as  
















2

M
QPe . 

For the normalized case SNR0 = 1, dependences of 

the discrimination error probability Pe and the noise 

immunity margin (n, which is calculated as Meff) on the 

interchannel correlation coefficient ρ were plotted for 

multispectral systems with the number of channels 

M = 2,
 
…

 
12. The calculation was performed using the 

equations given above. 
Fig. 1 demonstrates that increasing the number of 

spectral channels provides a significant reduction in error 
probability only under weak noise correlation between 
channels. At ρ = 0, the channel noises are independent; 

therefore, each additional channel increases the total 
signal-to-noise ratio and reduces Pe. In this case, the 
multispectral system has the largest gain. 

As ρ increases, the interchannel noise components 

become more similar; that is, the channels contain a 
common noise component. As a result, the effective 
number of independent channels decreases, and the gain 

from multispectral operation gradually decreases. In the 
limiting case ρ → 1, the noise components of all 
channels are almost completely correlated; therefore, the 

M-channel system approaches a single-spectral system in 
terms of efficiency. 
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Thus, a simple increase in the number of spectral 

channels does not guarantee a proportional improvement 

in system characteristics. The practical advantage of the 

multispectral approach appears when the channels have 

not only different wavelengths but also statistically 

weakly correlated noise, different levels of background 

radiation, and different sensitivity to optical interference 

and medium attenuation. 
 

5. Conclusions 
 

A generalized model for evaluating the signal-to-noise 

ratio of a multichannel multispectral optoelectronic 

message transmission system has been developed. The 

proposed approach shows that, when the spectral 

channels are independent, a multispectral system 

provides an increase in the total signal-to-noise ratio by 

combining information from several channels. This 

improves the energy efficiency of reception without 

simply increasing the power of a single emitter. At the 

same time, this gain is maximal only when the noise 

components in the individual spectral channels are 

statistically independent or weakly correlated. 

It has been established that an additional spectral 

channel is useful not by itself, but only when it contains a 

sufficient level of useful signal, has an acceptable noise 

level, and does not duplicate the interference component 

of other channels. A channel with a weak useful signal, a 

high background level, or strongly correlated interference 

may have only a minor practical effect. Therefore, the 

efficiency of a multichannel system is determined not 

only by the number of channels but also by the quality of 

their spectral separation. 

It has been shown that the practical advantage of a 

multispectral system is most fully manifested under 

difficult operating conditions, such as fog, dust, smoke, 

precipitation, artificial illumination, solar glare, or local 

optical interference. Under such conditions, one spectral 

channel may be partially suppressed or noisy, while other 

channels may retain sufficient information content for 

signal detection and reliable message transmission. 
 

 

 

 

It has also been determined that a simple increase in 

the power of one channel can be effective under idealized 

conditions when interference is not spectrally selective. 

However, such a system remains one-dimensional and 

vulnerable to degradation in the selected spectral range. 

The multispectral approach, in contrast, provides 

additional redundancy and increases the probability of 

preserving information when one of the channels is 

partially lost or degraded. 

The proposed model can be used as a basis for 

numerical simulation, experimental verification, and 

optimization of multispectral LED systems for 

transmitting navigation and identification messages. 

Practical applications of such systems are promising for 

autonomous navigation and communication of unmanned 

aerial vehicles, robotic platforms, transport systems, and 

other moving objects in environments with limited or 

unavailable GNSS signals. 

Acknowledgment 

This work was supported by the National Research 

Foundation of Ukraine, project No. 2025.06/0017. 

References 

1. Loureiro P.A., Guiomar F.P., Monteiro P.P. Visible 

light communications: A survey on recent high-

capacity demonstrations and digital modulation 

techniques. Photonics. 2023. 10, No 9. Art. 993. 

https://doi.org/10.3390/photonics10090993. 

2. He C., Chen C. A review of advanced transceiver 

technologies in visible light communications. 

Photonics. 2023. 10, No 6. Art. 648. 

https://doi.org/10.3390/photonics10060648. 

3. Alimi I.A., Monteiro P.P. Revolutionizing free-

space optics: A survey of enabling technologies, 

challenges, trends, and prospects of beyond 5G 

free-space optical (FSO) communication systems. 

Sensors. 2024. 24, No 24. Art. No 8036. 

https://doi.org/10.3390/s24248036. 

 

   
(a) 

   
(b) 

Fig. 1. Effect of interchannel noise correlation ρ on the efficiency of an M-channel multispectral system at SNR0 = 1:  
(a) signal discrimination error probability Pe; (b) gain factor of noise immunity compared with a single-spectral system. 



SPQEO, 2026. V. 29, No 2. P. 239-245. 

Pekur D.V., Kornaga V.I., Kravchenko M.S. et al. Evaluation of noise immunity of multispectral optoelectronic … 

244 

4. Fang C., Li S., Wang Y., Wang K. Survey on 

optical wireless communication with intelligent  

reflecting surfaces. Photonics. 2024. 11, No 9. Art. 

830. https://doi.org/10.3390/photonics11090830. 

5. Burton A., Chvojka P., Haigh P.A. et al. Optical 

filter-less WDM for visible light communications 

using defocused MIMO. Electronics. 2021. 10, No 

9. Art. 1065. 

https://doi.org/10.3390/electronics10091065. 

6. He C., Tang Y., Chen C., Fu H.Y. Wavelength 

division multiplexing in visible light communica-

tions using fluorescent fiber antennas. J. Light. 

Technol. 2024. 42, No 10. P. 3725–3735. 

https://doi.org/10.1109/JLT.2024.3363164. 

7. Qiu P., Zhu S., Jin Z. et al. Beyond 25 Gbps optical 

wireless communication using wavelength division 

multiplexed LEDs and micro-LEDs. Opt. Lett. 

2022. 47, No 2. P. 317–320. 

https://doi.org/10.1364/OL.447540. 

8. Pekur D.V., Nikolaenko Yu.E., Khairnasov S.M. 

et al. Thermal characteristics of a compact cooling 

system of a powerful LED lighting device based on 

a spiral heat exchanger and heat pipes. Therm. Sci. 

Eng. Prog. 2025. 60. Art. 103483. 

https://doi.org/10.1016/j.tsep.2025.103483. 

9. Minyailo A.M., Pekur I.V., Kornaga V.I. et al. 

Optimizing the spectral composition of light from 

LED phytolighting systems to improve energy 

efficiency. SPQEO. 2023. 26. P. 463–470. 

https://doi.org/10.15407/spqeo26.04.463. 

10. Ding J., I C.-L., Wang J., Yang H. Effects of optical 

beams on MIMO visible light communication 

channel characteristics. Sensors. 2021. 22, No 1. 

Art. 216. https://doi.org/10.3390/s22010216. 

11. Jiang S., Xu Q., Wang W. et al. Vehicle positioning 

systems in tunnel environments: A review. Complex 

Intell. Syst. 2025. 11. Art. 164. 

https://doi.org/10.1007/s40747-024-01744-1. 

12. Sonugür G. A review of quadrotor UAV: Control 

and SLAM methodologies ranging from con-

ventional to innovative approaches. Robot. Auton. 

Syst. 2023. 161. Art. 104342. 

https://doi.org/10.1016/j.robot.2022.104342. 

13. Wang X., Yang J., Huang M., Peng Z. GNSS 

interference and spoofing dataset. Data in Brief. 

2024. 54. Art. 110302. 

https://doi.org/10.1016/j.dib.2024.110302. 

14. Zidane Y., Silva J.S., Tavares G. Jamming and 

spoofing techniques for drone neutralization: An 

experimental study. Drones. 2024. 8, No 12. Art. 

743. https://doi.org/10.3390/drones8120743. 

15. Riffenburgh R.H. Mahalanobis’ Distance. In: 

Statistics in Medicine, 3rd ed. Elsevier, Amsterdam, 

2012. Ch. 26. P. 481–490. 

16. Etherington T.R. Mahalanobis distances for 

ecological niche modelling and outlier detection: 

implications of sample size, error, and bias for 

selecting and parameterising a multivariate location 

and scatter method. PeerJ. 2021. 9. Art. e11436. 

https://doi.org/10.7717/peerj.11436. 

Authors and CV 

 

D.V. Pekur, PhD in Telecommu-

nications and Radio Engineering, 

Deputy Head of the Department of 

Optoelectronics, V. Lashkaryov Insti-

tute of Semiconductor Physics. 

Authored more than 100 publications 

and   7  patents  for   inventions.   His  
research interests include the development of advanced 

high-power LED lighting systems, the creation of 

lighting systems with wide functionalities, and the 

development of perspective optoelectronic devices.  

https://orcid.org/0000-0002-4342-5717 
 

 

Vasyl I. Kornaga, PhD in Technical 

Sciences, Senior Research Fellow at 

the Department of Optoelectronics, 

V. Lashkaryov Institute of Semi-

conductor Physics. Authored 60 pub-

lications and 2 patents. His main 

research     interests    include    smart  
lighting, color mixing, tunable white light, development 

of effective methods for natural daylight reproduction, 

and metrology of light sources.  

E-mail: vasyak1284@gmail.com,  

https://orcid.org/0000-0002-4256-9647 
 

 

Mykola S. Kravchenko, 1st category 

engineer of the Department of Opto-

electronics at the V. Lashkaryov 

Institute of Semiconductor Physics. 

Scientific interests: optoelectronic sys-

tems for transmitting, collecting and 

processing information; distributed 

remote environmental monitoring sys- 
tems; intelligent data analysis and clustering; com-

puterized monitoring systems for the agro-industrial 

complex using small drones; data analysis in alternative 

energy systems; evaluation of solar panel performance; 

hardware and software solutions for energy-efficient 

Microgrid systems.  

E-mail: mykola.kravchenko19@gmail.com,  

https://orcid.org/0009-0003-9262-9198 
 

 

Oleksandr S. Oliinyk, Researcher at 

the V. Lashkaryov Institute of Semi-

conductor Physics. Author of over 10 

publications in scientific journals. 

His scientific interests include re-

search into the photometric and 

electrical   characteristics   of   LEDs,  
analysis of parameters of various types of lighting 

systems, as well as modeling, design and development 

of modern lighting systems and optoelectronic devices 

based on LEDs.  

E-mail: kalessin.s@gmail.com,  

https://orcid.org/0000-0001-5325-1282 

https://orcid.org/0000-0002-4342-5717
mailto:vasyak1284@gmail.com
https://orcid.org/0000-0002-4256-9647
https://orcid.org/0009-0003-9262-9198
mailto:kalessin.s@gmail.com


SPQEO, 2026. V. 29, No 2. P. 239-245. 

Pekur D.V., Kornaga V.I., Kravchenko M.S. et al. Evaluation of noise immunity of multispectral optoelectronic … 

245 

 

Heorhii V. Bystrytskyi, Leading 

engineer of the Department of Opto-

electronics at the V. Lashkaryov 

Institute of Semiconductor Physics. 

His current research interests in-

clude programming of optoelectronic 

devices and systems, including the 

development  of  control algorithms,  

 

 

Yurii E. Nikolaenko, Doctor of 

Engineering. Leading Fellow of the 

Heat-and-power Engineering De-

partment at the National Technical 

University of Ukraine “Igor Sikor-

sky Kyiv Polytechnic Institute”. He 

is the author of more than 350 

scientific publications.  His research  

digital signal processing, and automation of measure-

ment processes. E-mail: ujif1230@gmail.com,  

https://orcid.org/0009-0000-5140-7933 

 

interests include heat removal from electronic com-

ponents by using heat pipes. https://orcid.org/0000-

0002-3036-5305, e-mail: y.nikolaenko@kpi.ua 

   

 

A.V. Turukalo, PhD in Information 

Technologies (2023, National Uni-

versity of Life Resources and Envi-

ronmental Management of Ukraine), 

Senior lecturer of the Computer 

Science Department at the Borys 

Grinchenko Kyiv Metropolitan Uni-

versity.  Authored  over  20  publica- 

 

 

Viktor M. Sorokin, Professor, 

Doctor of Sciences, Corresponding 

Member of the NAS of Ukraine, 

Principal Researcher at the Depart-

ment of Optoelectronics, V. Lash-

karyov Institute of Semiconductor 

Physics. Authored more than 200 

scientific publications. His research  

tions in the field of optoelectronic systems. The area of 

his scientific interests includes problems of optoelec-

tronic systems, information and measuring systems, 

human-machine and embedded systems, micro-

controller programming, robotics, and the Internet of 

Things. https://orcid.org/0000-0003-2944-1806 

 

interests include problems of liquid crystal materials 

science, lighting engineering, and lighting materials. 

He organized the massive implementation of LED 

lighting in Ukraine. He is a winner of the State Prize of 

Ukraine in Science and Technology. https://orcid.org/ 

0000-0002-1499-1357,  e-mail: vsorokin@isp.kiev.ua 

 

Authors’ contributions 
 

Pekur D.V.: formal analysis, investigation, data curation, 

visualization, writing – original draft. 
Kornaga V.I.: conceptualization, formal analysis, 

investigation, validation, writing – original draft. 

Kravchenko M.S.: investigation, data curation, 
visualization.  

Turukalo A.V.: investigation, software, visualization. 

 

Oliinyk O.S.: investigation, validation, writing – review 

& editing. 

Bystrytskyi H.V.: investigation, visualization, data 

curation. 

Nikolaenko Yu.E.: methodology, validation, writing – 

review & editing. 

Sorokin V.M.: conceptualization, methodology, formal 

analysis, supervision, writing – review & editing. 

 

Оцінювання завадостійкості мультиспектральних оптоелектронних системи передачі повідомлень 

Д.В. Пекур, В.І. Корнага, М.С. Кравченко, О.С. Олійник, Г.В. Бистрицький, А.В. Турукало,  

Ю.Є. Ніколаєнко, В.М. Сорокін 

Анотація. У статті розглянуто підхід до оцінювання завадостійкості мультиспектральних оптоелектронних систем 

передавання інформаційних повідомлень. Актуальність роботи зумовлена необхідністю підвищення надійності 
оптичних каналів зв’язку, ідентифікації, навігації та керування в умовах фонового освітлення, електромагнітних 

завад, оптичних перешкод, часткового перекриття каналу та нерівномірного спектрального ослаблення сигналів. 
Установлено, що просте збільшення потужності одного напівпровідникового випромінювача підвищує амплітуду 

прийнятого сигналу, однак не усуває принципову вразливість односмугової системи до селективних завад у 

вибраному діапазоні довжин хвиль. Показано, що реальна перевага мультиспектрального підходу визначається не 
лише кількістю спектральних каналів, а й рівнем їх статистичної незалежності, різницею спектральних 

характеристик завад і здатністю окремих каналів зберігати інформативність у складних умовах передавання. 

Запропонована модель може бути використана для числового моделювання, експериментальної верифікації та 
оптимізації світлодіодних мультиспектральних систем передавання повідомлень для автономних рухомих об’єктів, 

БПЛА, роботизованих платформ і локальних сенсорних мереж. 

Ключові слова: мультиспектральна оптоелектронна система, передавання повідомлень, завадостійкість, відношення 

сигнал/шум, спектральні канали, коваріаційна матриця шумів, відстань Махаланобіса, ймовірність помилки, 

світлодіодні випромінювачі, оптичний бездротовий зв’язок. 
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