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Abstract—Performance analysis is carried out, of a multiple input, 

multiple output (MIMO) ultraviolet (UV) communication system with a 

non-line-of-sight (NLOS) UV channel. The achievable bit error 

coefficient is calculated using three spatial multiplexing methods for 

different bitrate values, azimuthal deviation between the directional 

diagrams of an optical transmitter and an optical receiver, and different 

noise levels. 
 

 

Communication systems of the solar-blind UV-C range 

from 200 to 280 nm enable communication in the absence 

of direct visibility (non line-of-sight, NLOS) due to strong 

scattering of UV radiation in the atmosphere, including 

the presence of high obstacles between the transmitter and 

receiver, when traditional radio communication is 

ineffective [1‒4]. One of the ways to improve the 

performance of UV-C communication systems is to use 

multiple input, multiple output (MIMO) technology [5‒6]. 

In addition, the use of an array of transmitters and an 

array of receivers oriented in different directions allows 

for communication when moving and turning 

communication nodes, which is typical of a mobile ad-hoc 

network with a UV-C channel [7‒9]. To use MIMO 

technology in real UV communication systems, it is 

necessary to analyze the performance characteristics of 

the system in different operating conditions, determined 

by the channel state and the selected transmission mode.  

 

Calculated energy characteristics of the MIMO 

communication system with an abstract channel for three 

spatial multiplexing methods with N=2 transmitter 

channels and M=2 receiver channels are shown in Fig. 1. 

Detection by a receiver is based on one of three criteria: i) 

maximum-likelihood (ML); ii) suppression of nonlinear 

interference based on minimizing the average power of 

interference at the reception (Zero-Forcing Successful 

Interference Cancellation, ZF-SIC); iii) suppression of 

nonlinear interference based on minimization of the mean-

square-error estimation (Minimum-Mean-Square-Error 

SIC, MMSE-SIC). To analyze the communication system 

with a real UV-C channel, it is necessary to determine the 
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dependence of the signal-to-noise ratio (SNR) on the 

channel parameters. 

5 10 15 20 25 30
10

-5

10
-4

10
-3

10
-2

10
-1

Eb/No (dB)

B
E

R

System BER

 

 

ZF-SIC

MMSE-SIC

ML

 
Figure 1.  Energy characteristics of the MIMO system for three spatial 

multiplexing methods. 

 

The signal-to-noise ratio (SNR) of the UV channel is 

defined as the ratio of the number of detected signal 

photons to the number of noise photons. The number of 

signal photons depends on the power and bit rate of the 

transmission, the losses in the communication channel, the 

aperture, and the quantum efficiency of the receiver. 

Typical frequencies for detecting noise photons at low, 

medium, and high noise levels are about 1000, 5000, and 

15,000 Hz, respectively (when using a high-quality solar-

blind filter and a photoelectronic multiplier with an 

aperture of 1.92 cm2) [10]. 

The calculated energy characteristics of the MIMO UV 

communication system are shown in Figs. 2‒4. Modeling 

of the amount of losses in the UV channel is performed on 

the basis of the Monte Carlo method. The following 

values of the UV channel parameters were accepted: the 

communication range r =100 m, the elevation angles of 
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the transmitter and receiver θ1 =30o and θ2 =30o, the width 

of the radiation patterns of the transmitter and receiver φ1 

=10o and φ2 =30o, the radiation wavelength λ=260 nm, the 

scattering and absorption coefficients for clear weather, 

the receiver aperture area Ar=1.92 cm2). Also accepted are 

PT = 50 mW, SNR = 10 dB, and R = 100 kbit/s. 

 

 

 

 

 

 

 
Fig. 2. Dependencies of BER on loss for different types of spatial 

multiplexing at high noise levels. 

 

 

 

 

 

 

 

 

 
Fig. 3 - Dependences of BER on azimuthal deviation Δψ for MMSE-

SIC at different noise levels. 

 

 
Fig. 4. Dependencies of BER on bitrate for different types of spatial 

encoding at high noise level. 

 

 

 

The multiplexing method based on the maximum 

likelihood criterion (ML) provides the lowest bit error rate 

(BER), all other things being equal, but has the highest 

computational cost. Therefore, in real systems, it may be 

appropriate to use the MMSE-SIC method with better 

characteristics than ZF-SIC, but with lower computational 

costs than ML. The strong dependence of BER on the 

azimuthal deviation between the directional diagrams of 

the optical transmitter and the optical receiver Δψ (Fig. 3) 

determines the need for a high-quality guidance system. 

The conducted research allows us to determine the 

performance characteristics of the MIMO UV 

communication system in various operating conditions 

(when changing the channel state, transmission mode, 

turns or movements of communication nodes). 
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