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Abstract: Mobile Ad-Hoc Networks (MANET) provide 

operation in the absence of traditional telecommunications 

infrastructure, which makes such networks indispensable in the 

context of military operations, search and rescue operations, the 

elimination of emergency situations and other responsible and 

dangerous objects. The high value of ultraviolet (UV) 

communication networks and systems in the UV-C range of 200-

280 nm is determined by a number of key features. They are 

nonsusceptible to electronic warfare, solar radiation, and the 

ability to secure data transmission in a non-line-of-sight mode 

(NLOS). These advantages determine the perspectivity use of 

MANET networks with a UV channel. For reliable operation of 

such networks, it is necessary to ensure reliable communication 

in all possible directions, which is caused by the constant 

movement of subscribers in a wide area. The solution is to use 

grids of emitters and receivers with various configurations. Based 

on the modified Monte Carlo algorithm, the characteristics of the 

UV channels were simulated using flat and sector grids of 

transmitters and receivers. It has been established that increasing 

the opening angle of the transmitters and receivers grids in 

azimuth to 20 or 40 degrees makes it possible to significantly 

smooth the loss dependence on the network nodes azimuths, 

which is necessary for reliable communication with subscribers 

in all possible directions. In this case, when changing the range 

and other angular parameters of the channel the loss values do 

not increase much (less than 10 dB). Indicated promising areas 

of development studies to optimize the antenna array 

configurations for specific conditions and operation of  MANET 

routing protocol parameters for transmitting data through 

intermediate nodes when the requested node is unavailable 

because of the large UV channel attenuation. 

Keywords: wireless UV connection; Mobile Ad-Hoc Network 

(MANET); Monte Carlo method. 

INTRODUCTION 

Progress in the development and production of electronic 

components, such as sources and receivers of ultraviolet 

(UV) radiation, has attracted considerable interest in UV 

communications, especially in the non-line-of-sight (NLOS) 

mode [1-3]. The high value of UV communication systems 

in the UV-C range, which is not exposed to solar radiation 

(wavelength 200-280 nm), is determined by the possibility 
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of reliable data transmission in the NLOS mode. This 

advantage makes such systems irreplaceable in the 

conditions of difficult terrain and obstacles between the 

transmitter and receiver (buildings or natural irregularities).  

In addition, UV communication is not subject to electronic 

warfare. These aspects determine the usage relevance of UV 

communication systems in the context of military 

operations, search and rescue operations, the elimination of 

emergency situations, etc. Communication networks at 

responsible and hazardous facilities should function in the 

absence (inappropriate use) of traditional 

telecommunications infrastructure, which is typical to 

mobile self-organizing networks (Mobile Ad-Hoc Network, 

MANET) [4, 5].The classic solution for building MANET 

networks is radio frequency use. Individual works [6–9] are 

devoted to the problems of modeling and analyzing 

MANET networks with a UV communication channel. 

For reliable operation of MANET networks with a UV 

channel, it is necessary to ensure reliable communication in 

all possible directions, which is caused by the constant 

movement of subscribers in a wide area. The problem is 

aggravated by the fact that the propagation of UV radiation 

in the atmosphere is accompanied by strong attenuation — 

more than 100 dB in the NLOS mode [10–12]. It is 

necessary to use highly directional emitters to ensure an 

acceptable signal level at the receiving side. To increase the 

bit rate of data transmission, narrowly targeted receivers are 

also needed, which further increases the channel loss. 

A large number of works are devoted to modeling and 

experimental study of attenuation in the NLOS UV channel 

with variations in the communication range and transmitter 

and receiver elevation angles [13-16]. The question of the 

influence of the transmitting and receiving nodes azimuths 

have been studied to a much lesser extent [6, 17, 18]. The 

obtained results show a significant (on the order of 25 ... 40 

dB) increase in losses with varying azimuths over a wide 

range (200 or more), using a single transmitter and a single 

receiver. To ensure acceptable attenuation over the entire 

azimuth range from –1800 to 1800, it is necessary to use 

grids of emitters and receivers directed in different 

directions. 

The main target of the work is to simulate and analyze the 

characteristics of ultraviolet channels when using the 

gratings of transmitters and receivers of various 

configurations for building MANET networks.  
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MODELS OF UV NLOS CHANNELS WITH 

DIFFERENT CONFIGURATION OF 

TRANSMITTERS AND RECEIVERS 

The UV NLOS channel geometry with one transmitter 

and one receiver is shown in Fig. 1. In the figure it is 

indicated: Тх – transmitter, Rx – reciever, r – the distance 

between Тх and Rx,  θ1,2 and φ1,2 – angle and the width of 

the DP, index 1 refers to the transmitter, index 2 to the 

receiver, θs – the scattering angle, V – is the total amount of 

Тх and Rx radiation patterns, r1,2 – the distance from Тх and 

Rx to the center of the region V, ψТ,R – the transmitter and 

receiver azimuths. 

 

 
а) 

 

 
b) 

Fig. 1 – The UV NLOS channel geometry with one 

transmitter and one receiver:  

а) channel vertical projection;  b) channel horizontal 

projection 

 

The scattering model, which characterizes the probability 

of photon scattering in a given direction, is described by the 

phase scattering function. The phase function is a weighted 

sum of the Rayleigh molecular scattering and Mie aerosol 

phase scattering functions [15, 19, 20], 
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where s cos=
 – the cosine of the scattering angle, 

fg,,
 – the parameters of the scattering model. In 

difficult weather conditions, the Mie model additionally 

includes terms describing the contribution of certain types of 

aerosol particles with different radius and concentrations 

[21, 22]. 

Varying the azimuthal characteristics of emitters and 

detectors in a wide angle range makes it difficult to use 

analytical models. Most of the known analytical models are 

focused on studying the characteristics of a channel with a 

coplanar geometry (in the absence of azimuthal deviation, 

when the central rays of the transmitter and receiver patterns 

in the same plane) are located in the same plane [23] or with 

a small azimuthal deviation, when the total volume of the 

transmitter and receiver DP is saved and the model of single 

scattering of photons may be applied [24]. 

Thus, for reliable modeling of UV channels in a wide 

range of azimuths in the absence of a total volume of DP 

transmitter and receiver, it is necessary to use the Monte 

Carlo statistical test method [25-27]. 

The key differences of the proposed algorithm based on 

the Monte Carlo method in comparison with the known 

implementations of this method are as follows: 

- geometric parameters of the beam pattern are given by 

vector quantities to simulate the communication mode with 

many transmitters and many receivers; 

- an additional discrete random variable with an equal 

distribution sets the number of the transmitter that emits 

each specific photon when the number of transmitters is 

more than one. The coordinate transformation is performed, 

described by the product of two rotation matrices in three-

dimensional space to simulate the initial trajectories of 

photons emitted by transmitters with different elevation 

angles θT and azimuths ψT; 

- for each transmitter and receiver cosine DP is used, 

which is more adequate  for real DP components then 

commonly used rectangular; 

- the product of two rotation matrices in three-

dimensional space are describing coordinate transformation 

for receivers with different elevation angles θR and azimuths 

ψR is described. Summing the field of view (FOV) values 

calculated for the individual receivers are calculating the 

resulting FOV for many receivers. 

The configurations of emitters and receivers grids are 

defined by the following parameters: the number of 

components, the span in azimuth, the span in elevation. 

Practically implemented by the authors an example of a 

specific configuration is shown in Fig. 2.  
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Fig. 2 – An example of a specific configuration of 

transmitter and receiver grids 

 

The presence of several channels of transmission and 

reception of ultraviolet radiation with a circular arrangement 

of optical transmitters and receivers allows to provide 

reliable communication in the absence of direct visibility 

between network clients during movements and turns of 

mobile communication nodes, as well as to increase the 

receiving channels range and sensitivity due to the 

narrowing of optical radiation angles transmitters and angles 

of view of optical receivers. 

The two lower tiers of the structure (1 and 3) have 18 

faces at the base, located at different angles to the horizontal 

and containing cells (2 and 4) to accommodate 18 optical 

transmitters in each, providing a circular pattern for the 

propagation of transmitted light rays.  

The first row of optical transmitters with a low elevation 

angle is used to create a communication channel with 

minimal loss of radiation propagation in the mode of direct 

visibility between the transmitter and the receiver, the 

second row with a large elevation angle is necessary to 

create a communication channel with large losses in the 

NLOS mode due to difficult terrain conditions (presence of 

obstacles). 

The two upper tiers of the structure (5 and 7) each have 

12 faces at the base, also located at different angles to the 

horizontal and containing cells (6 and 8) to accommodate 12 

optical receivers each, providing reliable omnidirectional 

reception of transmitted light rays, as in the presence or 

absence of a direct line of sight between the transmitter and 

the receiver. 

The described circular configuration (Fig. 2) provides 

reliable communication in all possible directions, but 

requires large hardware costs. The actual transmitter and 

receiver grids configuration uses fewer components and 

modeling of UV channels when using such arrays.  

RESULTS OF MODELING 

As a result of modeling, the dependences of losses on the 

parameters of the channel geometry were obtained (Fig. 3). 

Were taken the following values of the UV channel 

parameters: communication range r = 100m, the elevation 

angles of transmitters and receivers grids centers θ1 =300 

and θ2 =500, width of DP transmitter and receiver φ1 =170 

and φ2 =300, radiation wavelength λ=260 nm, clear weather 

scattering and absorption coefficients, the receiver aperture 

area Ar=1,77 cm2. The location of the transmitters and 

receivers in the grids is two-row, the number of transmitters 

and receivers of the grids NT=3 and NR=3.  

 

 
Fig. 3 - Transmitters and receivers layout (flat grids) 

 

 
Fig. 4 – Channel loss using flat grids of transmitters and 

receivers 

 
Fig. 5 - Layout of transmitters and receivers (sector 

grids with aperture azimuth angles and elevation angle 

of 20 degrees) 
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Fig. 6 - Channel losses using sector grids of transmitters 

and receivers (grids azimuth opening and elevation 

angles of 20 degrees) 

 

 
Fig. 7 - Layout of transmitters and receivers (sector 

grids with aperture azimuth angles and elevation angle 

of 40 degrees) 

 

 
Fig. 8 - Channel losses using sector grids of transmitters 

and receivers (grids azimuth opening angle of 40 degrees 

and elevation angle of 20 degrees) 

 

As a result of the simulation, was established that the 

dependence of the attenuation value on the transmitter 

azimuths ψ1=ψТ and receiver ψ2=ψR is the strongest. When 

using flat grids of transmitters and receivers (Fig. 3, 4), the 

attenuation from ψ1 varies from the minimum value of 112 

dB at ψ1=00 to 160 dB already at ψ1=300. The variation 

range of loss with variation ψ2 is from 117 to 165 dB. In this 

case, the loss dependence on ψ2 is much less sharp than on 

ψ2: with an increase of ψ1 by 250 and ψ2 by 500 occurs 

increase in losses by 45 dB. This fact, as well as the 

attenuation decay at ψ2>1300 is caused by the greater width 

of the receiver's DP (φ2 =300) compared with the width of 

the transmitter's DP (φ1 =170). 

The use of sector grids of transmitters and receivers with 

angles of opening in azimuth and elevation angle of 20 

degrees (Fig. 5, 6) smooths the dependence of losses on 

azimuths, but leads to an increase in losses in the range of ψ1 

from 600 to 1200 (from 160 to 170 dB) compared to with the 

option of using flat arrays (less 160 dB). Increasing the 

aperture angle of the transmitter and receiver arrays in 

azimuth to 400 with the same aperture in elevation angle 200 

(Fig. 7, 8) makes it possible to even more smooth out the 

dependence of losses on ψ1 and ψ2, while the values of 

losses in the transmitter and receiver pointing perfectly at 

each other in the horizontal plane (118 dB with ψ1 = ψ2 = 

00), as well as changing the range and other angular 

parameters (θ1, θ2, φ1, φ2), increase not too significantly (by 

less than 10 dB).  
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The results show the promising application of sector grids 

with a small number of optical transmitters and receivers for  

building a MANET network with a UV channel. The grids 

geometry and the number of their elements should be 

selected based on the allowable costs, the required data 

transmission distance and the sensitivity of the existing 

receivers, as well as the risks of unavailability of individual 

nodes. The task of communicating with nodes that are 

directly inaccessible due to the high attenuation in the UV 

channel (for example, more than 150 dB in the range ψ1 

=450...1300, Fig. 6) can be solved by transferring data 

through intermediate nodes by routing protocols at the 

network level.  

CONCLUSIONS 

Based on the modified Monte Carlo algorithm, the 

characteristics of the UV channels are simulated using 

transmitter and receiver grids of various configurations for 

building MANET networks. In the models under study were 

used flat and sector gratings with a two-row arrangement of 

elements and three elements in each row. The results 

showed a promising application of sector-type arrays with a 

small number of optical transmitters and receivers for 

building a MANET network with a UV channel. Was 

established that increasing the opening angle of the 

transmitters and receivers gratings in azimuth to 20 or 40 

degrees makes it possible to significantly smooth the loss 

dependence on the azimuths of the network nodes, which is 

necessary for reliable communication with subscribers in all 

possible directions. In this case, the loss values when 

changing the range and other angular parameters of the 

channel do not increase much (by less than 10 dB). The 

obtained results will further allow choosing the grid 

geometry and the number of their elements based on the 

allowable costs, the required data transmission distance and 

sensitivity of the existing receivers, as well as the risks of 

unavailability of individual nodes. Another direction in the 

development of the conducted research is the development 

and adjustment of routing protocols parameters at the 

network level for data transmission through intermediate 

nodes when the required node is unavailable due to the high 

attenuation in the UV channel. 

ACKNOWLEDGMENTS 

This work was supported by the Ministry of Education 

and Science of the Russian Federation under Grant 

RFMEFI57518X0175 “Development of digital 

communication modules of mobile devices operating on the 

basis of UV data channels for establishing special purpose 

wireless self-organizing networks”. 

REFFERECES 

1. Xu Z. and Sadler B. M., “Ultraviolet communications: 

potential and state-of-the-art,” IEEE Commun. Mag., vol. 46, 

no. 5, pp. 67-73, May 2008. 

2. Shaw G A, Siegel A M, Nischan M L. Demonstration system 

and applications for compact wireless ultraviolet 

communications // AeroSense 2003. International Society for 

Optics and Photonics, 2003: 241-252. 

3. Siegel A M, Shaw G A, Model J. Short-range communication 

with ultraviolet LEDs // Optical Science and Technology, the 

SPIE 49th Annual Meeting. International Society for Optics 

and Photonics, 2004: 182-193.Hekmat R. Ad-hoc networks: 

fundamental properties and network topologies. – Springer, 

2006. – 154 p. ISBN-10 1-4020-5165-4 (HB). 

4. Polshykov K. A. Theoretical bases of packet data transmission 

in a wireless self-organizing network while providing 

communication at construction sites. – PhD thesis of 

speciality. 05.13.01 System analysis, management and 

information processing (construction and housing). – 

Belgorod, 2016. 

5. Konstantinov I.S., Vasilyev G.S., Kuzichkin O.R., Surzhik 

D.I., Lazarev S.A. Numerical and Analytical Modeling of 

Wireless UV Communication Channels for the Organization 

of Wireless Ad-Hoc Network // IJCSNS - International 

Journal of Computer Science and Network Security - 2018. - 

Vol. 18, No. 8,  pp. 98-104.  

6. Konstantinov I.S., Vasilyev G.S., Kuzichkin O.R., Kurilov 

I.A., Lazarev S.A.. Modeling and Analysis of the 

Characteristics of Ultraviolet Channels under Different 

Conditions of Radiation Propagation for the Organization of 

Wireless AD-HOC Network // JARDCS - Journal of 

Advanced Research in Dynamical and Control Systems - 

2018. - 07-Special Issue, pp. 1853-1859.  

7. Yang J., Yi L. et all (2014). An Algorithm of Channel Sharing 

for the Solar Blind NLOS Ultraviolet Ad-Hoc Network Based 

on the Hybrid Genetic Algorithm. Applied Mechanics and 

Materials. 543-547. 2850-2853. 

10.4028/www.scientific.net/AMM.543-547.2850. 

8. Patent CN103647603A. Method for optimizing blind 

ultraviolet non line-of-sight Ad-hoc. – Priority date: 

December 30, 2013.  

9. Tang Y, Wu Z, Ni G, et al. NLOS single scattering model in 

digital UV communication/ Asia Pacific Optical 

Communications. International Society for Optics and 

Photonics, 2008: 713615-713615-10. 

10. Yin H, Yang J, Chang S, et al. Analysis of several factors 

influencing range of non-line-of-sight UV transmission // 

Asia-Pacific Optical Communications. International Society 

for Optics and Photonics, 2007: 67833E-67833E-6. 

11. Zhang H. Study on the characteristics of propagation of 

ultraviolet communication system, National University of 

Defense Technology, 2012. 

12. Zuo Y, Xiao H, Wu J, et al. A single-scatter path loss model 

for non-line-of-sight ultraviolet channels. Optics express, 

2012, 20(9): 10359-10369. 

13. Zuo Y, Xiao H, Wu J, et al. Closed-form path loss model of 

non-line-of-sight ultraviolet single-scatter propagation[J]. 

Optics letters, 2013, 38(12): 2116-2118. 

14. Xu Z, Ding H, Sadler B M, et al. Analytical performance 

study of solar blind non-line-of-sight ultraviolet short-range 

communication links. Optics letters, 2008, 33(16): 1860-1862. 

15. Drost R J, Moore T J, Sadler B M. Ultraviolet scattering 

propagation modeling: analysis of path loss versus range. 

JOSA A, 2013, 30(11): 2259-2265. 

16. Wang L, Li Y, Xu Z, et al. Wireless ultraviolet network 

models and performance in noncoplanar geometry // 

GLOBECOM Workshops (GC Wkshps), 2010 IEEE. IEEE, 

2010: 1037-1041. 

17. Drost R. J., Moore T. J. and Sadler B. M. UV communications 

channel modeling incorporating multiple scattering 

interactions, J. Opt. Soc. Am.A28686–95, 2011. 

18. Zachor A. S., “Aureole radiance field about a source in a 

scattering-absorbing medium,” Applied Optics, vol. 17, no. 

12, pp. 1911-1922, June 1978. 

19. Gagliardi R. M. and Karp S. Optical Communications (New 

York: Wiley), 1995. – Chap. 6. 

20. Bohren G. F. and D. R. Huffman, Absorption and scattering 

by a sphere, Absorption and 

scattering of light by small 

particles (Wiley, 1983). 

 



 

Modeling and Analyzing of UV Channels Characteristics in Various Configuration of Transmitters And Receivers 

for Building Manet 
 

581 

Published By: 
Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: F11130486S319/19©BEIESP 

 

 

21. Kneisys F. X., “The MODTRAN 2/3 and LOWTRAN 7 

model,” Rep. (MODTRAN, 1995).  

22. Hou W., Liu C., Lu F., Kang J., Mao Z., Li B. Non-line-of-

sight ultraviolet single-scatter path loss model. – Phonon 

Network Communications, Oct 05, 2017. - DOI 

10.1007/s11107-017-0737-5.  

23. Elshimy M A. Communications Through Non-Line-of-Sight 

Solar-Blind Ultraviolet Scattering Channels, Ph.d. thesis, 

McMaster University, 2015. 

24. Ding H, Chen G, Majumdar A K, et al. Modeling of non-line-

of-sight ultraviolet scattering channels for communication. 

Selected Areas in Communications, IEEE Journal on, 2009, 

27(9): 1535-1544. 

25. Ding H, Xu Z, Sadler B M. A path loss model for non-line-of-

sight ultraviolet multiple scattering channels. EURASIP 

Journal on Wireless Communications and Networking, 2010, 

2010: 63. 

26. Drost R J, Moore T J, Sadler B M. Monte-Carlo-based 

multiple-scattering channel modeling for non-line-of-sight 

ultraviolet communications[C]//SPIE Defense, Security, and 

Sensing. International Society for Optics and Photonics, 2011: 

803802-803802-9. 


