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Mathematical Modeling, Analysis and
Optimization Using MMANA - Mathematical
Modeling and Antenna Analysis Software
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Abstract - Afeer usimg & modeling mathematical mode|
of the radis link in excel we have pot the measures of
strengthening the antennas (in this instance they amount io
1% dBi), spprosch to msthbematics] modeling of antennas.
Fur this purposs ves wse special sofltware for medeling and
am byxis off amtennas (VM4 - Mathematical Modeling and
Antemna Analysisl, The seftware wses exiremsely comples
mathematical fTormules  mere  inderdependent amd
conditinmal variables such as; - the imeraction between ihe
elements af the antenms; - Impsct of the country of the
characteristics of the antenna depending on the height of the
amlenna amd the Trequeney or waselongih; - lmpact of Bems
amd ghjrcls near the aptrana depending on the elecirical
condectivity that &, megnetic permeability of ahjects amd
buildings; - Hessnant (reqeescy of the amlensa; -
Impedance anienna amd adjusd 80 impesdency cable; -
Orrientation and & horigsatal, vertical asgle of radistion of
amlenna asd sibers,

Ench sntenma element of the software bresks down
bundreds  of  segmewmis s esch element making
calcalations, comparison with sther segmests of the same or
neighboriag clements and wllimately oplimidng. The sioe,
type of material asd b location of cach clomost of il
amlenna s defised in a separate part of the 30 coordinate
sy,

L INTRODUCTHON

With  the advemt of the Indemet, the
comimunbcation a8 one of the basic needs of people
gets completely new dimension, We ane witmessing
that the Intemet slowly but surely change our life.
The number of Intemet users is growing daily and
for many, the Internet is & growing need and in
television for example, Day by day the aumber and
quality of the content accessible vin the Infermet
(pctures, music, videos, movies, e-books and much
meere) is incressing. This in tam implies 0 need for
grater transmission speeds. Today, constant about
the Intemet is a daily necessity and modemn business
cannol do without aceess o fast and stable Intemer,

I urban areas, siable access to the Inicmet is not
difficult w provide. There are a number of cable

opcrators amd other 15Ps that offer plug at relatively
reasonable prices. Uinkike the cities, in rural arens
and outside major towns where there are no built
cable commumication networks 1o access quality and
stable Intemet is mot 5o simple, and opportunitics for
providing miemet conpection i lmited. Under such
conditions, most  commonly  wsed  wircless
microwave  racdw  links  that  ensure  qualily
transmission of Internet traffic over long distances
up 1o several lens ol kilometers, The main condition
iz that there is optical visibility between the place
where there is latermet access and a quality place
where to deliver Internet,

For each particular situabion and specific wse
antennas mathematically modeled depending on
severtl vanables, such as required renforcement
type and diameter of material, frequency attemeation
i terms of distance, the required arca should be
covered with signal level mount antenna from the
wireless radis link, cable and device recelver
sensitivity of the 'Wi-Fi router, power transmission
fram Wi-Fi router, the mlluence of :|1.m.r|'.'|:|.I nl'ljerl'a:
and obpects and the like. When constructing a
mathematical model of the radio link, the
mathematical model the necessary antennns and
modeling of the large number of variables which
affects the ultimate success; you nesd a sound
knowledge in the fickd of radio technology,
electromagnetic theory of radiation and rdio waves
stretching.

Il (MMANA - MATHEMATICAL MODELMNG

AND ANTENNA ANALYSIS SOFTWARE)

After using 8 modeling mathematical model of
the radis lmk in excel, we have got the measures of
sirengthening the antennas (in this instance they
amount w15 di), approach 10 mathematical
modeling of antennas. For this purpose wou use
special software for modeling and analysis of
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antennas (MMMNA - Mathematical Modeling and
Antenna Analysis). The software uses extremely
cimpbex mathematical formulas e
interdependent and conditional varinbles such as; -
thie interaction between the elements of the anbenna,
- Impact of the country of the chamactenistics of the
antenna depending on the height of the antenna and
the frequency or wavelength; - Impact of items and
objects near the antenna depending on the electrical
conductivity that s, magnetic permeability of
abjects and buildings; - Resonant frequency of the
i antemna and  adjust o
impedance cable; - Orientation and a horizontal,
vertical angle of radiation of antenna and others.

Each antenna clement of the software breaks
down hundreds of segments and each element
making calculations, comparison with other
segments of the same or neighboring elements and
ultimately eptimizing. The size, type of material and
the location of esch element of the antenna is
defined in & separate part of the 3D coordinate
system. In the past few vears, this softwane wpsdated
successfully used for modeling, analysis  and
ll.ilimi:mlinn al anbenmas wnel anbenna syslems Tar
various purposes such as: - Aerials for radio
communications, radio  and  radio  amateurs
telecommands; - Antennas for professional FM
radio stationa; - Acrials for fadio taxi companies; -
Antennas for professional use in functional systems
for radio links in the army and police; - Anbenns
for Wi-Fi radio links for domestic and profiessional
needs - Anternnas for GSM (mobile phones) and w0
.

Im this particular case, the anienna s
dimensiomed with the required amplification amsd
suitable angle of mdistion to achieve the regquined
covernge aren with quality mdio signal. Below are
pictures  of the sieps of modeling in antenna
software, In this particular case, the antenna is
dimensioned with the required amplification ansd
suitable angle of mdiation to achieve the regquired
coverage arca with quality radio signal. Below are
pictures of the steps of modeling in antenna
sofbware,

— =

=) —|

Figure 1. S1ep | of modeling in antenna softeans

I LI I R RN

= s H = = 3
arer  =m T = wr n

f g .

‘ |
1
Figers 2. Step 2 of modeling in antenna software
According to the chamctenistics required of
antennas, deciding on which type of antenna you are
doing search engine optimization. In this case it
requires a dinectional antenna with a relatively high
amplificatson n order to achieve desired distance,
One such type of antenna is "Double Sgquare with
Projector area”™ which gives directed mdiation of
ENTEL. Then manually entered all the elements of
the antenna: I you need io edit each of the elements,
Then do mitial testng of the antenna depending on
the frequency amd gives a rough estimale that the
antensa has  approximaiely  the  desired
characteristics.  After  make “fine-tuning® or
aptimtization of the astenna clements. This makes
software and requites considerable processing
power of the compuater.
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Figu 5. El:l'u:m: of Madel ml;l radiation angle

Then check diagram of focus, ie.. the horzontal
and vertical angle of radiation, Define the opemting
frequency and maximom  limit standing  waves
(ndjustment antennn to cable or ete, SWR), Then
examing and optimize the amplification ratio and
forward ! back, then checked customimbion of the
antenna depending on the frequency, 1o impedance
cable and the device (or Wi-Fi routers], which is 50
ohms. Checkmg the real ohmic ressstance  and
complex capacitive and mnductive resistance of the
antenna in relation 1o the working frequency, control
s made high frequency RF currents through the
abenng elements. Model and radiation angle of
elevation of the main radisbon beam anlenna in
relation o the height of the antenma is sel above the
ground (previously m the soltware defines the type
of land and §s  elecincal  comduciivity  and
permeability). Finally check radiation and anienna
ornentation in 30 space,

|

Figure & Scheme of Fm:l]z.I chu:k radiation and
AnEnma orientation

ML CoRCLUSION

Once MMAMA-software  for  mathematical
modeling and analysis of antennas, construct and
optimize the appropriaic model for antennas o be
meet criteria necessary for achieving quality radio
link is done making antennas with dimensions
optimized in software. OF great importance is the
precision, because the frequency is relatively high
(2440 MHz), the wavelength = 112 mm, s cane
must be taken elements of the anfenna to be most
pocurate 1o 4 0,5 mm i relation to the dimensions
obtained from the model in software,
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