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Numerical Model of Directional Radiation
Pattern Based on Primary Antenna Parameters

Piotr Jankowski-Mihutowicz, Wojciech Lichon, and Mariusz Weglarski

Abstract—The new numerical model of directional radiation
pattern, in which part of energy is emitted in side and back lobs,
has been presented in this paper. The model input values are
determined on the base of primary parameters that can be read
from the datasheet of used antennas. The special software tool
NmAnNtPat has been elaborated to carry out the described task.
The elaborated model, program and output files can be easily
implemented into an analysis of radio wave propagation
phenomenon in any algorithms and numerical calculations. The
comparison of the graphical plots that have been obtained on the
base of measurements, producers’ data specification notes and
modelling results confirms the model correctness.
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. INTRODUCTION

HE radiation pattern is the basic parameter of antennas. It

allows designers to compare different solutions and assess
their usefulness in wireless communication systems. The
problem of modelling the radiation patterns for commercially
available or own elaborated antennas is widely discussed in the
branch literature. A few typical synthesis methods can be
distinguished in this scope. The Schelkunoff polynomial
method is used for modelling patterns of a linear antenna array
[1], [2]. A complete description of the desired antenna pattern
can be determine on the base of Fourier transforms (method
known as beam shaping) [3]-[5]. The Woodward-Lawson
procedure is often used to synthesis pattern of antenna arrays
[6]-[8]. This is a popular method based on the Fourier-
transform relationship between the field in a planar aperture
and the far-field pattern. The binomial, Dolph-Tschebyscheff
or Taylor methods are used for synthesising patterns with
narrow main beams and low side lobes [9]-[11]. Also, methods
of converting the real 3D radiation patterns (e.g. measured)
into simple 2D models are elaborated in scientific
investigations [12].
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The mentioned methods lead to dependences that have to be
solved by using advanced mathematical calculations. First of
all, there is significant complexity with connecting the
numerical calculations elaborated in this way and the basic
parameters specified in antenna datasheets. It is the reason why
only simple models of antenna patterns are developed in the
branch literature, in the scope of practical implementation.
They are usually dedicated to radio wave propagation
calculations for a selected radio communication system [13],
[14].

On the base of available subject literature, it can be stated
that there is the need for developing simple tools by means of
which it would be possible to generate a numerical
representation of the radiation pattern for real antennas which
work in a radio communication system. For this reason, the
elaborated numerical model of directional radiation pattern, in
which part of energy emitted in side lobs and back lobs is
taken into consideration is discussed later in the article. The
input values are determined on the base of primary parameters
read from the antenna datasheets. On the base of model the
useful software tools were worked out. The software can be
used for both visualizing radiation pattern and also for
generating file with discreet values of the pattern plot. The
elaborated model, program and output file can be easily
implemented into an analysis of radio wave propagation
phenomenon in any algorithms and numerical calculations.

Il. MODELLING ANTENNA PATTERNS

The radiation pattern reflects capability of energy radiation

versus angles @ and ¢ of the spherical coordinate system [15]
(Fig. 1). Also primary information that is used in activity
characterization of a given radio communication system (such
as: GSM, UMTS, LTE, WiFi, RFID and many others) can be
derived on the base of this parameter.
The quantitative and qualitative estimation of radio
communication system operation characteristics is essential in
many contemporary research-development or design works.
The knowledge about radiation patterns of transmitter (TX)
and receiver (RX) antennas is always required for properly
executing primary analytical and numerical calculations or
advanced computer simulations of radio wave propagation
(e.g. in the Radio Mobile of Roger Coudé freeware software
[16], or the commercial — ICS Designer of ATDI [17]). These
device’s antennas and their radiation patterns have different
geometrical configurations in diverse stationary or mobile
radio communication systems (Fig. 1).
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Fig. 1. Antennas in radio communication system

In many cases, the only source of information about antenna
parameters is producers’ technical specification notes. Usually
they describe: radiation pattern diagrams in vertical G(¢) and
horizontal plane G(¢), maximum value of the gain
Go=G(0,¢)|max, half-power beam width HPBW of a main lobe,
front-to-back ratio FB, side lobes level SLL, polarization (axial
ratio), impedance parameters (standing wave ratio, return 1oss)
and others. From a practical point of view, the crucial problem
is the need of easy transformation from available plots of
radiation patterns (e.g. presented in an antenna datasheet) to
analytical dependences or discrete data required for numerical
calculations of radio waves propagation. Authors stumbled
across this problem in their research while the interrogation
zone of an anti-collision radio frequency identification (RFID)
system and also the maximum range of a base transceiver
station ware determining. The process of entering specific
points of the radiation pattern was extremely time-consuming
on the stage of numerical model preparation. So, it was
necessary to develop another means for accomplish this task.

The example of rough radiation pattern approximation can be
illustrated on the base of simple 3GPP (3rd Generation
Partnership Project) model [13]. The basic antenna parameters
are used as input data for the calculations. The diagram of this
pattern can be determined in the vertical plane by using the
dependence [14]:

G(H)—max[—lz-(g_T'LTj ,SLL] 1)
HPBW, v
whereas in the horizontal plane by:
2
G(¢)——min[12~[ 4 J , FB]+GO (2)
HPBW,

-180° <¢<180°

where: HPBW,, HPBW,; mean half power beam width in
adequately vertical and horizontal planes whereas TILT
denotes tilting of the main beam.

The visualization of the dependences (1) and (2) is presented
in the Fig. 2 for hypothetical data of a given antenna solution
considered in practical tests (HPBW; =60°, HPBW,=15°,
Go=6 dBi, FB=22 dB, SLL=-30 dB, TILT=30°).

Only the main lobe of antenna radiation pattern can be
usually approximated by using such a model. There is no
possibility to take into consideration exact characteristics of
scattering for emitted energy in side and back lobs. It limits
model usefulness to simple schemes of radio wave propagation
such as in [18].
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Fig. 2. Example of antenna patterns for a simple model based on 3GPP

I1l. NUMERICAL MODEL

The elaboration of numerical model of directional radiation
pattern has been the main goal of the work. The utility
program called NmAntPat has been elaborated on the base of
this model. It may be used to determine all points of
considered plots. The investigations were dedicated to any
radio communication system. The essence of the method
consists in the power gain diagram G calculation conducted in
vertical (6) or horizontal (¢) plane. It is represented by the
function NmAntPat:

n @)

rest ! nside' back

G,, HPBW, HPBW, .,
G(6,¢) = NmAntPat| FS,FB, FB
ANG, TILT

Arguments of the function NmAntPat are basic parameters of
the modelled antenna: Go — maximum value of the gain (dBi),
HPBW - half-power beam width of the main lobe (9,
HPBW,ack — half-power beam width of the main back lobe (°),
FS — front-to-side ratio (dB), FB — front-to-back ratio (dB),
FBrest — front-to-back ratio of the back lobes (dB), nsige —
number of the side lobes (equal distribution in the range from
0° to 180°), npack — Number of the back lobes (equal distribution
in the range from 180° to 360°), ANG — variable @ in vertical or
¢ in horizontal plane (from 0° to 360°), TILT — tilting of the
pattern (°). The model parameters are illustrated in Fig. 3. The
model synthesis is discussed only for the angle 0 as an
example. The calculations are similar for orthogonal planes.

The normalized power pattern in the plane of angle 6 can be
shown in a linear Pn(8) or logarithmic scale Py.qs(d) where:

P4 (60) =10-log (P, (9)) (4)

The pattern is modelled as a superposition of the lobs. The
main and side lobs are estimated at an angle in the range of
[0°,180°), whereas the back lobes — in the range of
[180°,360°). The main lobe of directional pattern is determined
from the expression:

P (6) = (5IN(@)) (5)

where N means a variable, that is used for estimating a width
of the modelled lobe (Fig. 4).
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Gy Gy3dB The modification of the expression (5) is necessary because of
‘ less energy in considered lobe:
Nhack
«fsin -0
Pn‘back ) = (;)) (6)
Iback

where Npack Mmeans the variable that is used in the procedure of
searching the proper width of modelled back lobe on the base
of half power beam width HPBWpac.
s Side lobes The gvack Model parameter is obtained directly on the base of
front-to-back ratio (dB):
FB
qback :105 (7)

The impact of geack Value change on the level of main back

lobe is presented on directional pattern in Fig. 6.

The side lobes Py sige(6) and the rest of back lobes Ppack rest(6)
are calculated by analogy to previously described rules,
wherein:

Pn side (0) = ‘Sm(nsidee)‘ (8)
) qside
260 280 )
sin(n,,q0)
Fig. 3. Modelled radiation pattern P pack.rest (0) = (e, O) ©)

qback .rest

where Qside and Qbackrest Model parameters result from front-to-
side ratio (dB) and front-to-back ratio of the back lobes (dB)
correspondingly:
Fs
qside :1OE (10)
FByegt

qback.rest =10 1 (11)

Get HPEIW

260 27 280

Fig. 4. The influence of variable N on a width of the main lobe

The primary parameters of the real antenna (measured or
gathered from datasheets) have been taken into consideration
as the arguments of function NmAntPat, instead of
hypothetical data usually assumed in numerical models.
Therefore, it was necessary to elaborate own algorithm for
determining N coefficient. The algorithm was dedicated for a
given half power width HPBW of the main lobe (Fig. 5).

Calculations with the accuracy (0.01) assumed for N variable
provide results with acceptable rate and precision. It leads to
accurate approximation of the radiation pattern for a real
antenna.

The main back lobe is simulated in the similar manner. The  Fig 5 The algorithm of N variable determination on the base of half power
level of the back lobe may be adjusted by using variable Qpack.  beam width
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The number of the side lobes (nsige) and number of the back
lobes (nvack) are included in dependences (8) and (9). Such a
conception allows for accurately mapping of energy radiated in
the side lobes. It significantly increases the approximation
accuracy in the process of determining the real antenna
radiation pattern.

The NmAntPat program implemented in Mathcad
environment not only visualizes the radiation patterns but also
generates files for subsequent data processing (Fig. 7). A user
may select any format that is typical for data of this kind. It is
useful during further analysis of radio wave propagation
phenomena. So, it can be utilized in any user algorithm,
freeware or commercial platform. The file has been utilized
during preparation of graph visualisation in graphing and data
analysis software package Origin.

The main software procedure NmAntPat (Fig. 8) comprises
the derived dependences (3)-(11). An additional procedure is
used for calculating and visualising values of every lobe levels
(Fig. 7). It simplifies the approximation of modelled radiation
pattern.

IV. EXPERIMENT

The problem of radiation pattern synthesis is presented on
the base of practical case. A real antenna of read/write device
(Feig ID ISC.ANTU250/250 in EU version [19]) working in
the UHF band of radio-frequency identification RFID system
has been selected. It should be emphasised that the precision in
model synthesis is especially crucial in the selected range of
frequency. Since, both data and energy are conveyed between
transmitter and receiver (RWD and transponders in which
chips are powered by electromagnetic field generated by
RWD’s antenna) small discrepancies can lead to lack of
identification. The interrogation zone (1Z) is the most useful
parameter on the stage of designing the RFID systems [20],
[21] and it is used as the factor of proper synthesis process.
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Fig. 7. NmAntPat program

The critical step is to select adequate input data. Firstly, it
should be done on the base of producer datasheets [19].
Unfortunately, these technical specifications are often
incomplete or not precise. So, same parameters have to be
measured by designers. In the prescribed experiment, the
missing data have been determined in the laboratory stand of
RFID system that had been especially prepared for this aim at
the Department of Electronic and Communications Systems at
Rzeszoéw University of Technology (Fig. 9).

The measurements were done in the TDK (18 GHz) anechoic
chamber with using the MI Technologies antenna system:
Sunol Sciences elevation over azimuth positioner ELAZ75 and
system controller SC110V, vector network analyser Agilent
PNA-X N5242A, MI 3003 workstation with MI Arena
software, tuned dipole antenna set A.H. Systems TDS-535 (25-
1000 MHz) and others equipment (INNCO Systems, R&S).

The comprising chart of directional radiation patterns is
presented in Fig. 10. The first diagram has been gathered from
producer specification note, the second one — on the base of
measured data. It can be noticed that the convergence of
characteristics is high for the main lobe and satisfactory for the
rest of directions. The minor discrepancies in back lobes may
arise from the lack of precise information about the frequency
used in a test procedure described in datasheets. The frequency
of the measuring procedure has been established on 868 MHz
in the carried out experiment.
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The comparison of main parameters of radiation pattern is
presented in Table I. These values are used as input data for
the numerical model of synthesis process applied to antenna
under test. The elaborated program NmAntPat has been
utilized in the experiment. So, the involved model has been
evaluated on the base of both measured and gathered values of
parameters. Its visualization is presented separately in Fig. 11
and Fig. 12 correspondingly.

The comparison of main parameters of radiation pattern is
presented in Table 1. These values are used as input data for
the numerical model of synthesis process applied to antenna
under test. The elaborated program NmAntPat has been
utilized in the experiment. So, the involved model has been
evaluated on the base of both measured and gathered values of
parameters. Its visualization is presented separately in Fig. 11
and Fig. 12 correspondingly.

The both presented cases give satisfactory results and
convergence of determined radiation pattern. It shows the
practical utility of the developed model and software tools.
The preparatory studies revealed vagueness of data
specification notes published by manufacturers for their
products. The lack of important parameter values makes a
radio communication system synthesis (e.g. interrogation zone
in RFID system) very difficult and shared information is not
sufficient to reproduce the characteristics of the antenna. But,
an accurate analysis of the specified radiation pattern can lead
to determine missing input data for proper implementation of
antennas in real environment.

V. CONCLUSION

The developed algorithm and software tools greatly facilitate
the efficient use of radiation pattern for designing any kind of
radio communication systems. The values of parameters
calculated by using elaborated method can be quickly adopted
in sophisticated research on problems connected with
synthesising radio propagation systems. The output files can be
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easily visualised in graphing and data analysis software or can
be implemented into any analysis of radio wave propagation
phenomenon in any algorithms and numerical calculation.

The comparison of radiation patterns that have been obtained
on the base of measurements, producers’ data specification
notes and modelling results confirms the model correctness.
From a practical point of view, the elaborated model has been
presented on the example of real antenna applied in read/write
devices working in UHF band of RFID system. Authors
encountered the necessity to solve presented problems while
they were synthesizing the interrogation zone in RFID
systems. The process of entering specific points of the
radiation pattern was extremely time-consuming, so the
possibility to determine important parameters by computer-
aided analysis was very useful.
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