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1. ABSTRACT

Short-Wave or High Frequency (HF) that encompasses radio frequencies between
1.6 -30MHz, is known for its complicated and specific modes of propagation.
Two transmission mechanisms are distinguishable: ground-wave and sky-wave.
Based on the communication requirements and the scenario, the choice of
propagation mode would be either ground-wave or sky-wave. HF radio enables
the only fully military controlled system used for Beyond-Line-of-Sight (BLOS)
and Extended-Line-of-Sight (ELOS) secure transmissions without the need
sophisticated infrastructure for support (such as this is required by a satellite
communications).

Present thesis depicts the first systematic research on short-wave spectrum
range in Estonia. The paper brings together the theory and subsequent analysis of
empirical data considering peculiarities of Short-Wave propagation environment
in Estonia its electromagnetic parameters and the level of man-made noise.
The empirical data was collected during observations in 2004-2010. There
was no earlier data available. Thus, the research was initiated by Estonian
Ministry of Defence to develop practical guidelines for HF communication system
implementation for military and paramilitary users.

Main impairments of HF channel are fading and external noise. The
typical communication distances (65-500km) in Estonia are problematic ones
in terms of Short-Wave coverage because the interaction between sky-wave
and ground-wave propagation mode which defines specific receiving condition.
In addition, local unintended electromagnetic emissions of man-made sources
contribute considerably to the highly impulsive pattern of the radio frequency
noise. Interfering signals from remote sources reach a receiver via the sky-wave
channel. The objective of the observations was to acquire information about HF
band spectral occupancy, the EMI environment, its characteristics but also the
geographical distribution and origin of the man-made noise.

Interferences and multipath propagation are the main courses of fading of the
RF signal. The fading envelope of the HF radio channel has been studied using
two scenarios: reception of broadcast signals and communication over medium-
range tactical radio links. On the basis of received signal strength variations, the
statistical models of the fading channel were formed. Corresponding propagation
predictions have been made by using various software tools such as GRWAVE,
ICEPAC, PROPWIZ.

The performance analysis of communication system with fading channel
requires the knowledge of the measured field strength statistics. The histograms



of the fading envelope of assigned channels were approximated by several
distribution functions. For evaluation of short and medium range tactical radio
links the Rice distribution was used. The parameter K associated with the Rician
fading depicts the power ratio of the stochastic component of the radio signal
to the stable component. Thus, the parameter K provides reasonably simple and
intuitive way to assess a goodness or expected quality of the radio channel.

The monitoring results and methods presented in current thesis are of great
practical value providing important background data to refine and to optimise
the planning of HF communications systems in conformity to the existing and
future HF standards considering peculiarities of Electromagnetic Environment
and propagation factors in Estonia .



KOKKUVOTE

Liihilaine (LL) raadiosagedused, mis hdlmavad spektriala 1,6-30 MHz , on tuntud
oma keeruka ja isedraliku levi poolest. Selgelt eristuvad kaks levimehhanismi:
pinna- ja ruumilaine (ehk ionosfadriline laine). Soltuvalt kasutaja poolsetest
vajadustest, defineeritud spetsifikatsioonidest ja nduetest sideteenuse kvaliteedile
on eelistatud kas pinnalaineline voi siis ionosfaériline edastusviis. Ruumilaine
vOimaldab kaugsidet ehk iihendusi silmapiiri taha (Beyond-Line-of-Sight) ilma
teenust pakkuva kolmanda osapoole voi keeruka infrastruktuurita raadiojaamade
vahel, nagu see on iseloomulik satelliitsidele. Viimati nimetatud omadus muudab
lithilaine raadio oluliseks eelkodige sojalise juhtimise siisteemide seisukohalt, mis
leiab rakendust militaarsides koigil litkuvatel platvormidel nii merel, 6hus kui ka
maismaal.

Antud dissertatsioon annab iilevaate liihilaine spektrialas ldbiviidud
uurimuslikest monitooringutest, metoodikast ja jareldustest. Monitooringud
algatati Eesti Kaitseministeeriumi initsiatiivil, kuna varasemad andmed puudusid.
Uuringute eesmargiks oli vilja tootada praktilised suunised LL sidesiisteemide
implementeerimiseks ja nende eeldatava tookindluse hindamiseks nii mereside
kui taktikalise raadioside kontekstis. Praktilisi mddtmisi korraldati 14bi mitme
aasta ajavahemikul 2004 - 2010. Kogutud empiirilisi mddtetulemusi analiiiisiti
vottes arvesse Eesti territoriaalsest eripéra, kohaliku keskkonna elektromagnetilisi
nditajaid ja mitmeid teisi LL raadiosidet mojutavaid faktoreid.

LL side kvaliteeti ja tookindlust piiravad tegurid on valdavalt
raadiosageduslikud hiired ja signaali hddbumised, kusjuures raadiolingi pikkus
madrab suuresti ka spetsiifilised vastuvotutingimused. Eesti jaoks tiiiipilised
keskmised sidekaugused (65-500 km) muudab LL katmikala moodustamise
seisukohalt problemaatiliseks pinnalaine ja ruumilaine levimehhanismide
koostoime. Lisaks on inimtegevuslik lokaalse iseloomuga elektromagnetiline
emissioon nimetatud sagedusalas peamiseks impulssmiira ja korge héirete nivoo
allikaks. Monitooringute kdigus uuriti elektromagnetilise keskkonna miirafooni,
inimtekkeliste hiirete iseloomu, allikaid ning nende geograafilist jaotust.
Léabiviidud uuringute pohjal voib viita, et tihtilugu on kohalik tugev miirafoon
pOhjustatud elektromagnetilise tihildatavuse (EMC) reeglite rikkumisest ja
eelkdige elektrisiisteemide puudulikust maandusest.

Haidbumiste iseloomu raadiokanalites uuriti kahe stsenaariumi Ioikes:
hddbumised mereside broadcast-signaalide vastuvotul ja  hddbumised
keskmise ulatusega raadiokanalites iile maismaa. Vastavate fiilisikaliste
levitingimuste prognoosimiseks ja Eesti eripdra selgitamiseks on t60s
kasutatud mitmeid tarkavarapakette nagu GRWAVE, ICEPAC, PROPWIZ.
Moddetud elektromagnetvilja tugevuse muutuste alusel moodustati edastuskanali



statistilised mudelid. Liihilaine raadiokanali statistilised mudelid vdimaldavad
hinnata sidesiisteemide eeldatavat hdirekindlust. Elektromagnetvilja tugevuse
mootmistest saadud empiiriliste tulemuste histogramme aproksimeeriti mitmete
statistiliste jaotusseadustega. Keskmise ulatusega taktikaliste raadiolinkide puhul
andis parimaid tulemusi Rice’i jaotus. Rice’i jaotusega seotud parameeter K
iseloomustab raadiosignaalis sisalduva stabiilse komponendi ja stohhastilise
komponendi vdimsuste suhet. Seetottu voimaldab parameeter K anda lihtsa ja
intuitiivselt mdistetava hinnangu raadiokanali kvaliteedile.

Dissertatsioonis  kasitlust leidnud uuringutel on oluline praktiline
védrtus, koondades vajalikku eelinformatsiooni nii olemasolevate siisteemide
optimeerimiseks ja igapdevase side korraldamises kui ka tuleviku silisteemide
implementeerimiseks arvestades sealjuures Eesti geograafilist asendit ning
levikeskkonna eriparasid.





