International Journal of Engineering Research and Technology. ISSN 0974-3154, Volume 13, Number 11 (2020), pp. 3830-3834
© International Research Publication House. https://dx.doi.org/10.37624/IJERT/13.11.2020.3830-3834

Hierarchical Model for Conditioning Information Signals at the MANET
Physical Level with Ultraviolet Channel

G.S. Vasilyev !, O.R. Kuzichkin %, D.I. Surzhik 2, 1.S. Konstantinov 3, S.A.Lazarev *

!Belgorod State University, Belgorod, 308015, Russia

2V/ladimir State University, Vladimir, 600000, Russia

3Russian Timiryazev State Agrarian University, Moscow, 127550, Russia

Abstract

The use of mobile ad hoc networks (MANET) with a non-
line-of-sight (NLOS) communication channel in the UV-C
spectral range from 200 to 280 nm is advisable in a number of

conditions when traditional radio communication is
ineffective (strong interference due the -electromagnetic
background interference, challenging terrain etc.). The

detailed development of a data transport physical layer model
is required to create reliable and efficient MANETS with a UV
channel; the model is determined by the operating conditions
of the networks. A hierarchical model for the conditioning of
information signals has been developed, and also an optical
transmitter and an optical receiver in order to provide their
analytical description and further analysis; the model allows
one to present various options for communication channels.
Analytical expressions are obtained for the transfer function
of the generalized hierarchical model for an arbitrary number
of open levels of the hierarchy. The energy characteristics of
the UV communication system are calculated at various noise
levels depending on the geometric parameters of the UV
channel: communication range and azimuthal deviation of the
transmitter and receiver.

Keywords: MANET, Physical layer, NLOS UV, Hierarchical
model.

1. INTRODUCTION

The effectiveness of mobile ad hoc networks (MANET) is
largely determined by the quality of solutions used in the
design of the physical layer of such networks. The use of
radio communication at the MANET physical level in the
presence of obstacles between the transmitter and receiver,
high electromagnetic background interference level, the
creation of deliberate interference by means of electronic
warfare, etc. is problematic. The use of optical communication
systems is advisable when the communication is exposed to
strong electromagnetic interference. However, infrared
communication and data and acquisition (IrDA) [1, 2] and
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visible light communication (VLC) [3-5] only function in line
of sight. The possibility of infrared communication due to
reflection from the walls is real only in closed indoor
conditions at extremely small distances of not more than 20 m
[2]. Communication systems of the solar-blind ultraviolet UV-
C range from 200 to 280 nm provide the ability to
communicate in the non-line-of-sight conditions (NLOS) due
to strong scattering of UV radiation in the atmosphere, the
communication range is up to 2-5 km [6, 7]. Thus, only this
communication method is effective in the above difficult
conditions.

To create a reliable MANET data transport architecture with a
UV channel, a detailed model representation of the physical
layer is required. Models of an optical transmitter,
communication channel, and optical receiver are considered at
this level. A large number of well-known models consider in
detail NLOS options for UV channels with different
geometries (different elevation angles and the pattern angle of
the transmitter and the receiver), different weather conditions,
medium turbulence, radiation polarization, etc. [8-13]. The
functioning of UV communication means under the influence
of various external and internal destabilizing factors (not only
external optical noise caused by radiation from the Sun and
other light sources, but also internal destabilizing factors
affecting the optical transmitter and receiver units) has not
been sufficiently studied. It is also problematic to carry out
modelling taking into account the transfer functions of
communication equipment, which cause distortion of
information signals due to various inertia and nonlinearities of
the constituent units.

The aim of the work is to develop a hierarchical model for the
information signals generation for the digital and analytical
modelling of MANET networks with a UV channel at the
physical level.

1.1. Physical implementation of a UV-C communication
system for its use in MANET networks

The general diagram of a single-channel UV communication
system is shown in Fig. 1.
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Fig. 1: General diagram of a single-channel UV communication system

UV lasers, single LEDs or LED arrays are used as optical
emitters in UV communication systems. It is advisable to use
a photomultiplier tube (PMT) as a optical receiver, because it
is more sensitive than photodiodes. Considering the fragility
of conventional PMTs, it is advisable to consider the choice of
ruggedized PMTs for use in on-board mobile transport nodes
[14, 15]. A solar-blind absorption type filter with suppression
of the visible range in more than 12 orders of magnitude is
required at the output of the photomultiplier to effectively
suppress solar radiation [16]. A transimpedance amplifier is
used to amplify the optical receiver current [17]. The
automatic gain control system with a large adjustment depth
(up to 100 dB or more) as part of the receiver amplifier is
necessary for receiving a signal with different levels, because
attenuation in the NLOS UV channel varies from 60 dB to
160 dB or more, depending on the communication range of 1
m .. 4 km and other conditions [7]. The NLOS UV
communication system must register single photons, so the
analogue PMT mode is not applicable, and we need to use an
analogue-to-digital converter (ADC) and a photon counter.

1.2. The hierarchical model for the MANET information
signal conditioning with ultraviolet channel

The hierarchical model for the generation of information
signals should allow the presentation of various options for
communication channels and channel-forming equipment, to
provide their analytical description and further analysis. The
generalized model should provide the representation of UV
communication channels between mobile nodes, taking into
account the effects of attenuation, symbol-to-symbol
interference, and multipath propagation of signals. In addition,
the model should allow the study of network equipment
circuits with linear and nonlinear signal conversion; circuits
with feed-forward regulation (FFR), feedback regulation
(FBR) and combined regulation; circuits with multi-channel
signal conditioning and processing, as well as with cross-links
between channels.

3831

The generalized circuit of a transformer of signals (TS) (Fig.
1) contains similar SCs, a control unit (CU), control paths
(CPs) and a weight distributor (WD). The generalized
conditioner includes two control circuits: for disturbance
compensation — feed-forward regulation (FFR), and for
proportional or error-closing compensation feedback
regulation (FBR).

Each control path includes a detector and filter connected in
series. As a detector, the conditioner model can contain
various types of demodulators depending on the type of
modulation used at the physical level: on-off keying (OOK),
or pulse-position modulation (PPM); in addition, digital pulse
interval modulation (DPIM and dual-head DPIM, DH-DPIM),
which do not require external synchronization of the
transmitter and receiver [18-23] could be used. The units are
designated as SC*!y,, where x1 is the level number, x2 is the
unit number. The symbols U represent external main input
and output signals, u symbols are for auxiliary signals. The
upper and lower indices of the signals are designated as
UYY5y8, Where y1 is the level number, y2 is the number of the
unit to which the signal belongs; y3 is the signal identifier.
The identifier y3 can take the following alphabetic and
numerical designations: 1 - input signal of the unit, 2 - output,
y - control signal CU, f — CPs of FFR circuit, b - CPs of FBR
circuit.

The TS scheme can be expanded like a television raster by
"lines" (expansion by levels) and by "frame". Fig. 1a and 1b
show the second and o (a>1) levels of TS expansion,
respectively. Each expansion of the next level is carried out by
expanding the contracted TS contained at the previous level.
The level a = 0 corresponds to an unexpanded and contracted
TS.

Denote the transfer functions of the units: TS— 17, CU — K,
WD —n, CP—W. Function indices are fully consistent with
the indices of their units. In accordance with Fig. 1, the
transfer functions of the TS look like: level 0 Q°=/1% —
contracted TS; level 1 Q=/14KYWITY; level 2 Q%*=I71K* 1%
K11H23K22H24 , etc. For the level a
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Fig. 2: Hierarchical model for generating information signals

Taking into account the transfer functions. WD and CP for the
current number of the expanded layer
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Where fo%,= n%; W%p1 f%,= n%, W% - transfer functions
of the FFR and FBR circuits, respectively, K is the transfer
function of the control unit (for the signal u%s).

Equating the right-hand sides of (1) and (2), we obtain the
transfer function for the CU

<G = (185115 K5 ) Mpat 18515 K5 D) @

In the absence of feed-forward and feedback links, the
expression (3) is simplified: I7%s=IT%4l1%4..

The proposed approach makes it possible to reduce the models
of a specific channel or data transmission device in the
MANET network to setting the transfer characteristics in the
corresponding element of the “frame” of the generalized
hierarchical model.

1.3. Modelling the energy characteristics of the NLOS UV
communication system based on a hierarchical signal
conditioning model

The energy characteristics of the on-of keying modulation
with non-return to zero (NRZ-OOK) are given by [24]:

L «/SNRJ- 1)

2\2

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

BERrz_ook (SNR) = ;erfc(
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as the ratio of the number of detected signal photons Nd to the
number of noise photons Ny:

SNR =N, /N, , @)

Where Ny =7,7,N, =7,,,N,/Loss =n,n,PA/(hcR - Loss).

Here, Pr is the transmitter radiation power, #: is the
transmission coefficient of the sun-blind filter, #, is the
quantum efficiency of the detector (receiver), # is the number
of received photons, A is the radiation wavelength, Loss is the
channel loss, R is the bitrate, 4 = 6.626 - 10-34 J - s is Planck’s
constant, ¢ =3 - 108 m/ s is the speed of light in vacuum. The
measurement results showed that in the worst case, when the
optical receiver is directed towards the sun in clear weather,
the detection frequency of noise photons is about 15000 Hz
(when wusing a high-quality solar-blind filter and a
photomultiplier tube with an aperture of 1.92 cm2) [25].
Typical frequencies for detecting noise photons at low,
medium and high noise levels are around 1000; 5000; 15000
Hz, respectively [25].

When moving the MANET network nodes or changing the
characteristics of the UV channel, an adaptive change in the
transmitter power is necessary depending on specific
conditions. According to (2), the radiation power sufficient to
achieve a given SNR value is determined by the expression:

SNR-N, -hcR-Loss(r, 6,6, v,.05) . (3)
nnA

P (r,0,60,y..v,) =

The energy characteristics of the UV communication system
calculated by expression (3) are shown in Fig. 2. Modelling
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the values of losses in the UV channel is based on the Monte
Carlo method. The following UV channel parameters were
adopted: communication range r = 100 m, elevation angles of
the transmitter and receiver 01 = 30° and 02 = 30°, widths of
radiation patterns of the transmitter and receiver ¢; = 10° and
¢2 = 30°, radiation wavelength A = 260 nm, scattering and
absorption coefficients for clear weather, receiver aperture
area Ar = 1.92 cm?). Also the values of SNR = 10 dB, R = 100
kbit / s are accepted.
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Fig. 3: Energy characteristics of the UV communication
system at different noise levels: a) depending on the range r;

b) depending on the azimuthal deviation Ay =|y,|+ |y,

The maximum power of UV-C LEDs is 130 mW (SMD 6060
UVC LED High-Power) versus 1 W for UV-C lasers. To
increase the radiation power, it is advisable to use LED arrays
with an emitted power of up to 2 W (FLS 6060 UVC SMD
LED 5x5 Array). According to fig. 2a, at Prmax = 2 W and the
selected characteristics of the channel and transmission mode,
the limiting range is 1250 m, 1720 m, and 2490 m at high,
medium, and low noise levels, respectively. According to fig.
2b, at Ptmax = 2 W, communication at a distance of r = 100 m
is ensured with an azimuthal deviation of not more than 30°,
34°, and 38° at high, medium, and low noise levels,
respectively. The studies carried out make it possible to
determine the energy characteristics of the UV
communication system under various operating conditions
(when changing the state of the channel, transmission mode,
rotations or movements of communication nodes).

2. CONCLUSION

A hierarchical model for the conditioning of information
signals MANET with an NLOS UV channel has been
developed; it allows one to present various options for
communication channels. An optical transmitter and an
optical receiver have been also developed to provide their
analytical description and further analysis. Analytical
expressions are obtained for the transfer function of the
generalized hierarchical model for an arbitrary number of
open levels of the hierarchy. On the basis of the proposed
hierarchical signal conditioning model, the energy
characteristics of the UV communication system are
calculated at various noise levels depending on the geometric
parameters of the UV channel: communication range and
azimuthal deviation of the transmitter and the receiver.
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