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The Research Program of Millimetric Radio Waves
Attenuation Characteristics on Perspective
Communication Lines of Ukraine

A 1 Tsopa!, V. K. Ivanov?, V. I Leonidov!, Yu.I. Maleshenko?, V. V. Pavlikov?,
N. V. Ruzhentsev!, A. A. Zarudniy’

Abziracr - The purpose of the project i determination of
typical for Uloraine full values of vertical and the specific
horizontal

parameters of its variations over the different regioms of
Ulrnine taldng into account the factors of seasonal and
weather variability. The lack of information on thiz Bsue
negatively affects for foture commupication sysiems
development and eptimization.

Eoywerds - stmospheric attenuation, millimetric band,
radio relay amd space-ground communication, TCSET
Pl TR

1. DESCRIPTION OF THE PROBLEM AND THE I55UE
STATUS

Perspectivity of large-scale use of a EHF band in
radio-relay and space-ground commmumications tasks 1s
caused by new capabiliies of wireless communications
of significantly high ransmission rate (to 10 Ghps) in
umm with the comventional conpmumication

channels dizpozed in more low frequency band. The
physical basis of such revolutionary capacity growth of
telecommumieation svstems 1s that for example only E-
band (the sub bands allocated for commumications: 71-
76, B1-83, 9293 GHz) enceed a spectrum a total
spectnum of all waditionally used for these purposes
micronwave sub bands.

In this regard, in the last 10 vears the world has the
aceelerated escalating of the efforts hoth addressing on
hardware solutions providing telecommumications tasks
as well as for research of the radio propagation in EHF
band in vertical and horizontal directions comsidermg
mucroclmatic and  seasomally-weather features of
various regions of the world. Moreover, the mstrumental
part of the problem can be solved to a large extent basad
on existing technological developments i the element
base EHF band of the most developed countries, This is
lustrated by millimetric band commumication systems,
which are produced for commercial purposes by well-

1 - Kharkiv Marional University of Radio Elecronics, Lenin
av, 14, Kharkiv, Ulraine 61166 <lovore, video@ermail conr>
2 - Dnsringee of Fadio Phyveicy and Elecrranics, National
Acadenty of Sciences, ul. ak Preaamry 12, Kharkiv,
Ulraine <jvasoy e

3 - Kharkiv Marional Aerospace Universiny (AL,

Swr. Chiaalov 17, Kharkov, Ulyaine 81070
<pavloov_kharkenFrail

lmowm companies like ADC Commpmmications, Samaumg,
LG Electromics, Matsushita Electnic (Panasome),

The decizion of the second part of the problem neads
mmxm:mmofhmumdm
waves npucrovwave band considermg the tervitorial
season and weather variabdity.

This iz primarily related to the significantly mereased
mfluence of meteorological parameters om  the
charactenstics of the signals microwave band on surface

Moreover, if countries such az the UK, Crach
Republic, Humgary, Germany, USA, Japan, the European
part of Fussia, these issues a great extent explored
thanlks to the carrving out of long-term experimental and
theoretical research m the rest of the world, thess
research areas ave either in primory phase, or not camed
out at all.

Relevance of these studies to provide mformation
about depth and frequency of fading m signal
mucrowave band for surface lmes and for sloping lines
of commumication is m addition to scientific, primarky
gconomic pnportance, The lmowladze and the adsquate
prediction of these characteristics allows fo estinate
reliably of created radio links, choose the optirmmm size
of the aperture, the output power and receiver
semaitivity, routes Ihd-nﬂlﬂl. thlu:lml-:llrlqwmm
necessary for ecomomic prowvision a predetermined
uninterrupted  level for mformotion tanswtted
communication systems of new genaration,

The special mportance of these tasks is related to the
expected in wide-area applymg of mucromave band
telecomrmmication svstems throughouwt the world. The
transition to the design and construction of such systems
m the US and the EUT can already be described as a new
wave of inmovation that is comparable vath the advent of
eellular standards and Wi-Fi [1].

It iz appropriate to note that for justified and rational
choice of hardware ensuring of such systems, or for their
design and production m Uloame at the moment there
are obstructions, For the temitory of Uloame s
characterized by the absence of direct experimental
mformation on monthly averages of atmospheric
attenuation and statistical disributions of instantanecus
values, 8o, there are no original researches attenuation
of radio waves microwave band and, thus, remain open
questions about the applicability of the results of
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Fuszian, European or American suthors to the territory
of Uloame as 2 whole, and especially to its particular
regions, Thera is no meteorological mfermation on the
water content of the eloud layer, and iy varability from
region to region, as well as data on ramfall intensities
ubum-dm’nhhllhtm:poﬂl resolution (less than a
minute). Also requires a physical explanation and
clarification of anomalous nature of radio-phvsical
characteristics in the aftemuation and fadmg of
millimater radio waves on the swfice and slopng
tracks, The possibility to use of the avalable
meteorological data on the distmbution of the different
tvpes of clowds i combination with the characteristic
values of their water content, or similar data on the
intensity of the rams fo solve this imperative problems
of radiophysies is not obwious and needs to research,

I[I. PURPOSE AND PREREQUISITES NECESSARY
FOR THE IMPLEMENTATION OF THE PROJECT IN
UKRAINE,

Increasing interest m the use of microwave radio relay
and ground gpace commumication caused the observed
dnublmnﬁl!}mmhmhm:hm

to our estimations [2-4], m all ansparency
windows of microwave band average values, for
mmpli,;mmplth'.miul:ﬁnmﬁmﬁrwinﬂ
meteorological situations in muddle and high latrudes
does not excesd 10 - 15 dB. Moreover, such valuss are
tvpical for both clear and cloudy atmosphere, and i the
rain (Fig. 1-2). In the nullonetric band, for sxampls, up
to 100 GHz, the average iom, 35 2 rule, do not
excetd valoes of 3 - 5 dB (4], These values can be
considered acceptable for most of telecormmmication
lpplinmm

It s worth moting that the amalysis of average
attermation values in atmorphers at 3 given operating
frequency allows vou to make useful conclusions about
the temtonial, seasomal, weather  mucroclmate
variability of the signal passing, Hm"lr,
important m telecormmmication lp:phuh.m is
Immiidnnfmmmmmmhmmhwmnhl vertical

and sloping paths measured (estimated) for the one-year
peniod of observation, but with a gmall (fom fractions to
several muinutes) intervals averaging The importance of
this question related to the fact that the design, and thea
for the certification of commumicabion lmk must be
adequately predict its reliability and the comtinuous
operation, The requirements for this parameter are very
sirict, because the allowable value of the loss operation
in data tranmmission must not more than few to tens of
minutes for 3 one-year work perioad.
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Fig. |, Frequency dependence of the averaged vahses of
vertical arenustion of radio waves for Ninsbostranes (14s)
type clouds over Ulraine;
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become more active research of microclimatic
characteristics of ammospheric radio wave attenuation of
mullimetric band specific to different countries,

Additional impetus to these radiophysical studies gave
mmportant  decizions of the United States Federal
Commumications  Commussion  and  respective
Commission m the EU adopted in 2005 and 2008, which
regulate usage of mullimetric band m these vast regions
of the world, as well as penodically updated
recommendations of ITU, which are focused on
providing approccmate estimates of parameters model
radio p:upqm It should be moted that by

extimation models, [TT privanky st
t:tu:pmmmhlumﬂmufmllnmw
physical data i each country [3]. This is
to the fact that the attemuation in mullimetne
particularly  semsitive  to  mucroclimofic
characteristics 3 particular area that couses the
differences (often substantial) of attemuation in the
commmnication channels aspecially in clovdy and raimy
weather,

For exumpls, sven located in the middle latitudes of
the territories of Ulkrame and many EU countries it can
hnmﬂhhﬁmrmﬂd:‘hﬂﬂbﬂlﬂu[i]
which require consideration when designing

on the

band radic
related
band
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commumication lmks in mullimetrnie band Lack of
attention to these 1ssues through the experimental data
accunmlation will often lead either to unnecessary
gconomuc losses dus to remsurance in the design (the
useé of excessive size of the aperture, sensitivity of the
receiver, transmitter power) or conversely, to a lack of
reliability operated communication links and natworks,
As an example, soluticns to the problem of obtaming
these data gaps for the tasks of design and operation
millinsetric band commmmication networks m the werld,
is possible show research of Czech, English, [talian and
others colleagues [6-10 and others].

Griven in [4] the probability of observing the averaged
values of vertical attenuation Se, Ac Ms types of elouds
and demonstrate the existence of significant regional and
seasonal differences in this parameter, and for Ulraine,
Even more significant regional differences are observed
whin comparing the histograms of probability values of
rain amtenoation (Figure 3) constructed on tha basis of
metearological data with low temporal resolution [4].

i
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Fig. 3. Example of probability diseribution (% of the total tme
of the event of rain) for the values of specific arenuation of
rain in August in various reglons of Ukzaine

Euistence of differences m theoretical estimated
values at times, can be regarded as an indirect mdication
of the presence of sgnificant differences in the
cumulative fusction of the atmosphenic attenuation in
the cloud and rain layer obtained with high temporal
resolution. These factors also point to the need for and
wgency of the mplementation of Uloaine, described
here the research program. The mam objective of this
project 1s exactly be composed in a definrtion for
Ulraing's cumulative fimetions of full vertical and
specific horizontal atmospheric attenuation of mullimeter
hmdr:dluummumlluh;tmmﬂpumnf
ity vanations over the different regions
seasonal and weather variability factors.,

III. THE METHODOLOGY AMD TASKS OF THE
DEVELOPED RESEAR.CH PROGRAM
In accordance with the recommendations of the ITU

[5], in each country should be held the data collection of
excassive durations of attemuation caused by weather

= 5 i sl

events with time resolution of a few to tens of seconds.
This information matching the parmutm of typical
climatic conditions of each nlmn, requires the
development of commumication petworks and
conmunication lines squipment. For Ulcame, these data
are not available.

The main idea of this research program is:

- axperimental stodies of statistic data stmospharic
attenuations i one of the regions of Uloaine (Kharksy)
at various pomfts millimetric band; - estimation the
accurscy of the following model deseription of thesa
parameters from the available mamy vears of
matecrological data; and the transfer of the design
approach to the whole territory of Ulmame and on tha
diffarant sub-bands millimestrie naves,

In the ecperimental part of the discussion project data
about the cuwrmlative distribution finction of signals
reducing and fiding and parzmeters necessary for the
design of micrewave commmumication lines, wall be
obtained through a yewr-round observations at three
points mullimetre band (37 GHz, 60 GHz and 93 GHz)
on horizomtal fracks., Mecessary for the design of
tervestrial line space communication imformation about
similar parameters will be obtained by treatment and
recovery results of radiometric sensing  of the
atmosphere in the vertical direction at 35 GHz and
84 GHz, Data observed i pullonetic band about
abnormal or excessive atmospheric attenuation events
will be accompamed by contact and remote
measurements accompanying phyvsical parameters and
processes in the atmosphere. To solve these problems
will be used lidar techwiques and fire monitoring
atmospheric  parameters such a5 ifs  temperature
mhomogeneities, the height of the clowd cover and
altitude distributions of asrosols, as well as special high-
mﬂdﬂmhmﬂdmdmﬂ
prn:pmum, droplet size distribution, I.nd nmdud

subsequent modeling and forecasting of the attenuation,

To carry out of theoretical research this issue will be
wsed by the methods of mathematical propagation
modeling millimetric and subrillimeter radio waves ina
clear atmosphere, cloud enviromment and ram. Reguired
for thess calenlations meteorological mformation will be
obtained by attracting the most statistically affluent
databases [11, ate.], ITU recommended models [3, ste.]
and by comparing the model results with the results of
our experiments, Special attention will be paid to the
physical ecplanation and modal deseription super strong
and ancmalous values and processes m atmospharic
attenuation. First of all it refers to the events of
mismatch to genarally accepted theoretical concepts of
high atmospheric attenuation wvalues m a3 clear
atmosphere and clouds in millimetric band, as well as in
rain in submillimetric band [12]. It is also ressarch of
possibilities to improva the reliability of commmication
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Imes by integrafing optical and millmetric band
charnels.

To solve putlined abeove problems in the work plans to
provide the following tasks:

- upgrade of the tansmiting and radiometric
meamurement systems of 37 GHz, 80 GHz, %4 GHz
bands, and to hold 2 series of amnnal observations of
stmospheric attenuation in various synoptic sitoations;

- experimentally and theoretically investizate the
nators and mechanizm: of sboomal manifestations in
the propazation of millimenic band signals in terms of
clear and cloudy atmozphere;

- gelect metsorological and radie physiczl models to
enzure  the adeguacy calculations of stmospheric
sttenuation at different points i the KL range;

- to carry out caloulations and their comparizon with
the axperimentally derived datz on the characteristics of
& fall vertical and horizontal atteruation of radio waves
per wnit lensth MM range taldng into accoumnt seasoenal
and repional characteristics of condition the atnosphers
in the Ukraina;

- perform 2 stetistical assessrpent of stmospheric
sttenuation on the territory of Ubrame, with respact to
itz analysis of seasonsl weather, Seguency, territorizl
microclimatic variability;

- outling the prospects for additional research of the
current actual sciemtific field, incloding by mtegrating
with the organizations of the countries of Eastern
Europe and the ETT;

- upgrade the lidar comnplex of EXNUFRE to expand the
dymamic range of the received zignal and to reduce the
minimum  height  sensingand  hold  cycles  lidar
meamurements of atmospheric aerosol and stmospheric
rain attenuation;

- to hold a series of acoustic sensing of the abtmosphars
in it different thermodymamic states, and explore the
possibility  of  describing the  scattering of
elacromasnetic millimeter waves i 3 boundary laver of
the atrnosphare on the baziz of 2 joint anakyzis;

- carry out pilot studies of attermation and interferance
irnmuanity of local conwnunications channels in the TZRI
band (§0GHz), m relation to tasks of development local
(W1-Fi}) and uwrban convnunication systems (kLA

The obtained result: will zllow to fix the main
negative eavirommental factors affecting the signal of
millimeter-wave space-groumd and radio relay svstams,
to identify and estimate their impact on the propagation
characteristics for differemt regions of the territory of
Ukraine to ansure the fransfer of the received dzta and
regularifies in ralation to the hizher frequency waveband
incloding subrnillimetric band [4, 13].

I'V. EQUIPMENT COMPLEX AND PARTICIPANTS
In the study of thiz problam it is expected o use 2
comprehensive approach mevolving hoth  theoretical

methods for research of astmospheric attenuation in
different atmospheric Tanzparsncy  windows, and

641

experimental methods for remote montoring  of
simospheric parameters uwsing the Taneceiver and
radiconetric egquipment millimetric band, lidar equipmment
and acoustic sensing of the atmosphere.
On the hasis of in KHIMNUBE, IEE MASY and HAT
hardware backlog m the experimentz] part of the
research will be used:
- Two horizontsl messuring path (length 00 m) with the
mansceiver equipment for bands 93 GHz and 37 GHz In
combination with fast disdromer (meanure of the droplst
size distribotion) and 2 set of standard metearological
eguipment (IEE MASTT) 2= wall 2= horizomtal measurme
path (up to 100m) 2 transceiver eguipment §0 GHz [14-
15] (EWNURE, dep. ETICE).
Designed for contimpus monitoring of the dynamics of
changes in the vahees of stmospheric sttenuation per unit
lenzth m compmction with the accompanying
meazurements of meteorological parametars of the
stmosphera and physical paramsters of precipitation;
- 3 mm band radiometer [16] (HAI, dep. PEESLA) and
8 mm band radiometar (ENURE, dap. RTICE).
Desizned for confinoous remots monitoring  the
dvnamics of change the valwes of complate vertical
stmospheric  attepuation, mcheding the pressnce of
clauds and other hydrometeor components;
- Portable handheld sedar (EWURE, HCA).
Degigned for coatiteous remote  monftormg  of
thermodynamic proceszes in the atmosphere, incloding
the dynamics of changs in the temperature profile and itz
nurbulent fluctuations [17];
- Lidar of near-infrared band (E2NURE, dap. RTICE).
Intendad for remote monitoring of  high-altituds
distributions of the ztmosphere serosol companent
height of cloud cover and other parameters sttendant to
study of abnormsl attermation events in the atmosphere
18];
Enﬂeasmiug stamds of millimetric band that provide a
sobve confizuration tasks improved circuit soloticos
nsed m the modemization of the receiving and
ranamitting  equiprment and radiometric measuring
complex

Taken together, thiz equipment complex will not anby
provides @ sohition to the shove experimental part of the
rezearch program, but alzo serve 3= a basiz for the
formation of and participation in promizing programs of
imtarmational sciemtific cooperation to address similar
problems of radio wave propagztion millimetric and
submillimeter bands.

V. ConcLusion

The resulting resesrch data, model: and technical
solutions, as well as an upgraded complex of equiptment
will represent the scieatific and practiczl interest for
Ukramian and smme foreign conunarcial organizations,
which im the lomg term plan to participates in the
licensing implamantation in Ukraine of radio relay and
satellite comumumication zystems in millimetric band.
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Emploving of planned results will coamibute to building
on the territory of Ulkozine, sz part of a pan-Eurapean
teleconmuunication space, i form modem high-zpead
networks based on European standards. The resulis of
research related to the stedy of influence of smospheric
parameters i differsrt zeasons and weather conditions
on the propagation characteristics of signalz of
miillimetric hand will zlso be usefol for ramote sensing
tasks and fimdarmental research environment
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