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Abstract

This thesis investigation presents a unique incorporation of the Method of Mo-
ments with a Genetic Algorithm. The use of this tool can improve antennas whose
basis of designs are both the Yagi-Uda antenna and the Log Periodic Dipole Array
(LPDA) antenna. The applications for these two antennas are of particular use in
Passive Remote Sensing (PRS) and Over the Horizon Radar (OTHR). The designs
are reached in a low cost and effective manner, the implementation of which is simple

and expandable.

A Genetic Algorithm (GA) is used in concert with the Numerical Electromag-
netics Code, Version 4 (NEC4) to create and optimize typical wire antenna designs
including single elements and arrays, the result being antennas with impressive char-

acteristics.

Previous work in antenna optimization is documented and discussed as it re-
lates to the current research. Design parameters for the antenna are defined and
encoded into a chromosome composed of a series of numbers; the effects of changing
said chromosome are likened to that of natural selection. The cost function associated
with the specific antenna of interest is what quantifies improvement and, eventually,
optimization. This cost function is created and used by the GA to evaluate the per-
formance of a population of designs. The most successful designs of each generation
are kept and altered through crossover and mutation. Through the course of genera-
tions, convergence upon a best design is attained. As an example, two antennas have
been focused on and improved: a Yagi-Uda antenna and a Log Periodic Dipole Array

(LPDA) antenna.

The objectives for each antenna are to maximize the main power gain while
minimizing the Voltage Standing Wave Ratio (VSWR) and the antenna’s length. Re-

sults in the Yagi-Uda exceed previous designs by as much as 40 dB while maintaining

v



respectable length and VSWR values. The improvements made in the LPDA were
not as drastic, finding a nominal increase in power gain while truncating original
allowance in the length by more than half, along with nominal VSWR values that
were close to the ideal value of one. The percentage of bandwidth covered for the

frequencies of interest are 8.11% for the Yagi-Uda and 10.7% for the LPDA.

GA performance is evaluated and, based on previous results, implemented with
real-numbered chromosomes as opposed to the classic binary encoding. This method-
ology is very robust and is improved upon in this research, all while using a novel
approach with an optimization program platform called iSIGHT, developed by Engi-
neous Software. This platform is well documented and exampled to aid in its future

use for similar applications.
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A PLATFORM FOR ANTENNA OPTIMIZATION
WITH NUMERICAL ELECTROMAGNETICS CODE

INCORPORATED WITH GENETIC ALGORITHMS

I. Introduction

ptimization with genetic algorithms has not only become more widespread
Owithin the electromagnetic community, its realization has become more realis-
tic with the evolution of powerful computers and computer programs. In addition to
technical knowledge, intuition is required for an efficient and effective antenna design,
although, until recently, intuition has been difficult to apply in automated processes
due to the lack of available tools. In lieu of intuition, genetic algorithms can define
and search a large design space, resulting in an unintuitive and yet very effective an-
tenna product. Defining and approaching this problem may be done by focusing on
particular characteristics of the antenna, evaluating synthesized designs, and using

improvements to complement further antenna synthesis.
1.1 Problem Domain and Approach

Current Over the Horizon Radar (OTHR) and Passive Remote Sensing (PRS)
antennas have room for improvement in their main lobe gain, Voltage Standing Wave
Ratio (VSWR), and the size of the antenna structure. Improvements in these areas
lead to the greater rejection of unwanted signals as well as implementation of the
product in a smaller, more convenient space. For some applications, these antennas
need to fit in spaces much smaller than the largest wavelength associated with the
frequencies of interest. The desired frequency bandwidth here is 3 MHz to 30 MHz and
the wavelength of the lower frequency is approximately 100 meters. This great length
usually requires large antenna structures that are impractical for smaller areas. The
method for reducing the size of the antenna as well as the maintenance or improvement

of the antenna characteristics is explained.



Optimization with GAs has not only become more widespread within the elec-
tromagnetic community, its realization has become more realistic with the evolution
of powerful computers and computer programs. In addition to technical knowledge,
intuition is required for an efficient and effective antenna design. Until recently, intu-
ition has been difficult to apply in automated processes due to the lack of available
tools. In lieu of intuition, GAs can define and search a large design space, resulting

in an unintuitive and yet very effective antenna product.

The purpose of the Log Periodic Dipole Array (LPDA) and Yagi-Uda exper-
imental design is to both minimize antenna structure size and maximize the power
gain for that antenna, all while reducing the VSWR. In this study, a GA integrated
with the Numerical Electromagnetics Code, Version Four (NEC4), the result being
antennas with impressive characteristics. This code is the most current of the NEC
codes and includes more geometry and control commands than previously available in
versions two and three. It also provides ASCII output documents that are consistent,
an integral part of incorporating a program into a genetic algorithm. iSIGHT [16] is
the optimization program used which implements a Non-dominated Sorting Genetic
Algorithm - NSGA II. The use of iSIGHT makes this study a novel approach in an-
tenna modeling. It allows a unique interface to GAs and antenna design. Graphical
Numerical Electromagnetics Code (GNEC) [44] is the graphical interface program
from which NEC4 is called. GNEC is a natural choice in modeling antennas because
of its robustness and wide use in the electromagnetic community. Additionally, it
may be implemented with great ease with products such as NEC-Win Plus+ [44]
though this study creates all antenna designs with a DOS Batch script employing
dnec4dma.ezxe, the executable for NECA4.

Passive sensing is achieved through signals of opportunity such as the transmis-
sion of television or radio waves. The reflection of these signals off targets are collected
in a bistatic manner and the devices for this are implemented inexpensively. Research

is still underway for improving this technique. Reducing sidelobes and backlobes for



this application is particularly useful for focusing on the reflections from the target

instead of the source of the electromagnetic waves.

With a developed OTHR system, tracking uncooperative targets such as the
planes involved in the September 11th terrorist attack would be possible and accu-
rate to within 15 miles. The United States Air Force (USAF) Air Force Research
Laboratory (AFRL) Sensors Directorate (SNR) is actively researching OTHR sys-
tems and the antennas that would be implemented in such a system. Included in the
objectives of this research are both to decrease the size required for the LPDA array

as well as to increase its main lobe power gain performance.

1.2 Research Design

In this section, previous work in antenna optimization is documented and dis-
cussed as it relates to the current research. Design parameters for the antenna are
defined and encoded into a chromosome composed of a series of numbers; the effects
of changing said chromosome are likened to that of natural selection. The cost func-
tion associated with the specific antenna of interest is what quantifies improvement
and optimization. This cost function is created and used by the GA to evaluate the
performance of a population of designs. The most successful designs of each gener-
ation are kept and altered through crossover and mutation. Through the course of
generations, convergence upon a best design is attained. The objectives are to max-
imize the main power gain while minimizing the VSWR and the antenna’s length.
GA performance is evaluated and, based on previous results [41], implemented with

real-numbered chromosomes as opposed to the classic binary encoding.

In this research, it is assumed that better antennas can be designed for partic-
ular applications. It is also assumed that a design space for a specific antenna can be
defined and searched for the particular antennas whose characteristics are improve-
ments when compared to previous designs. Constraints on design are in the amount

of elements in each antenna, the length of those elements, and the overall length of



the antenna structure. These constraints vary for each antenna and are declared in

Chapter III.

This methodology is very robust and is improved upon in this research all while
using a novel approach with an optimization program platform called iSIGHT, devel-
oped by Engineous Software [16]. This platform is well documented and exampled to

aid in its future use for similar applications.

A diagram of the process implemented in this research for designing antennas is
shown in Figure 1.1. This flow chart must start with an antenna design created by the
user and then, by working within constraints and while improving upon objectives,
creates new antenna input files with the aid of the program iSIGHT. This new antenna
file is executed by NEC4, the results from that run are compared to previous antenna

performances, and the process repeats.

( Antenna Input W:
L File Generated in iSIGHT J

h

Meet Constraints?

Improvements Affect
New Antenna Input Files
and, Therefore, New Antennas

F Y

Successful Run?

Compare Results to
Previous Runs

Figure 1.1: A flow chart diagraming the process of antenna design with genetic
algorithms



1.3 Assumption of Readership

It is assumed in this research that the reader has a background in both elec-
tromagnetics and evolutionary algorithms. Specifically, how electromagnetics may
be used to describe antennas in the far-field and how algorithms may be developed
to synthesize structural designs based on defined objectives and the performance of

previous structural designs with regard to those objectives.

1.4 The Goals and Objectives of this Research

The primary goal in this research is to develop a computational process inside
a reproducible package that improves antenna design with the use of genetic algo-
rithms. The efforts towards this development are supported by the potential gain
in implementing the results. Antennas play a critical step in the Radio Detection
and Ranging (RADAR) chain of signal processing. As an important step in signal
processing, it is important that antennas are well designed for particular applications.
The particular applications focused on in this research are only a few of the many
applications where there is still much room for improvement. Any improvement in
antenna performance, even small improvements, can play crucial roles in detecting

targets with small Radar Cross Section (RCS) signals.

In this research the computational process and package is well-documented such
that applying the methodology herein to future antenna design projects may be done
with ease. The computational process is then validated by improving upon an existing
Yagi-Uda antenna design found in [41]. After improving upon this antenna design,

the method is applied to a LPDA and conclusions are drawn from the results.

1.5 Thesis Outline

This thesis presents a background on work done in antenna optimization through
the use of genetic algorithms. This is seen in Chapter II as well as the various antennas

considered for optimization in this research. Three algorithms are described and, in



Chapter I1I, one is chosen based on merit for and compatibility with the research. In
Chapter III, two antenna structures are chosen for antenna improvement, the Yagi-
Uda and the LPDA. This is done through the process of antenna design and synthesis
that is described in Chapter III. The results of using the computational package
with the Yagi-Uda and LPDA are documented in Chapter IV and conclusions are
made in Chapter V. Also in Chapter V are suggestions for future work in antenna

optimization.

The culmination of this research, reached through the studies documented in
Chapter 11, educates the reader on a reproducible approach to antenna synthesis and

analyses with GAs, an area whose surface is still only scratched.



II. Background in Antenna Design and Optimization with
Genetic Algorithms

esearch in antenna optimization with the use of GAs has progressed from the
Rtheoretical into implemented research in the early 1990s [40]. The discussion
in this chapter develops the background of both antennas and genetic algorithms and
explores the progress made both in optimizing basic antenna configurations and the
process of analyzing the results from these antenna designs. The USAF AFRL/SNR
is actively pursuing this area of research. Development of optimized antennas for
High Frequency OTHR and PRS are two applications that follow naturally from this
and are developed and further evaluated in Chapter III by building on the work in

antenna optimization and genetic algorithms documented in this chapter.

2.1 Ower the Horizon Radar

OTHR has progressed from its earliest use by military personnel only to tech-
niques available to the common hobbyist. It retains military application but still
has indefinite potential for improvement. OTHR has applications whose precision
depends on prediction of atmospheric bounce, prediction of holes created by these
bounces, and prediction of their nulls. Predictions of ionospheric conditions are vital
to predicting the scattering pattern. Future work in these areas and development of a
methodology for that ionospheric prediction would prove applicable to various radar

applications.

The frequency bandwidth associated with High Frequency (HF) OTHR is from
3 MHz to 30 MHz [50]. The electric fields at these frequencies can propagate over large
distances, over the horizon, due to their large wavelength and thus their ability to
reflect off both the ionosphere and the ground. Unlike higher frequencies whose fields
penetrate the ionosphere, HF frequencies propagate over extremely large distances
by scattering from objects upon incidence. The variance in both the density and the
altitude of the ionosphere prevents accurate prediction of how far the wave has traveled

once reception of scattered signals is received. These two variables have prevented



precise results from OTHR until the recent advances in ionospheric modeling but
there is still great room for improved accuracy. Prediction of ionospheric scattering
would be very helpful in optimizing OTH radars though, as stated earlier, the area is

still under-developed.

Dish arrangements as well as antenna array configurations are the most com-
mon in OTHR. Antenna array configurations are by far the most common and the
concentration of development in the past 20 years, though systems using the dish

arrangement developed prior are still in use.

2.2 Passive Remote Sensing

Passive Remote Sensing (PRS) is a bistatic form of radar detection whose prin-
cipal advantages are cost, functionality, and the ease with which the platform can
be relocated. The principal power cost of transmitting and receiving in radar is that
of producing a radio signal powerful enough to detect at twice the distance between
the radar and the target of interest. In PRS, instead of producing a powerful trans-
mitted signal, the application takes advantage of powerful signals that already exist.
Bistatic radar functions compared to monostatic radar functions have inherent capa-
bilities that are of extreme advantage. When considering the design of stealth aircraft,
which are largely shaped to reduce the RCS signature in a monostatic case, the abil-
ity to track the target via other than forward and back scatter greatly improves the
probability of detection. This design in stealth aircraft is more effective against the
monostatic detector which is not able to detect electric fields scattering off the side
of the aircraft. Since the signal is not transmitted from the point of detection in
bistatic radar, the effectiveness is increased and the size of the receiving platform can

be greatly decreased and made more feasible to relocate.

In [22], passive detection at ranges greater than 150 km in real time, using simple
computer hardware, a dipole antenna, and a single FM radio for signal transmission is
achieved. Earlier work in this area lays out the process through which bistatic radar

becomes possible with the use of television-based wave transmissions [23].



2.3 Genetic Algorithm Optimization

A genetic algorithm is a “robust stochastic search technique that mimics the
process of natural selection by operating on a population of possible solutions” [18].
There are two approaches to solutions in genetic algorithms: real value solutions, and
binary solutions. In real value solutions the GA iterates until a predefined numerical
precision is reached within the solution. Binary solutions turn parameters either on
or off. When applied to a grid space, the GA either adds or subtracts material in a
binary fashion. The end result is as precise as that of the grid size. An example of

this process is seen in Figures 2.1 and 2.2 [1].

Figure 2.1:  Patch antenna with grid structure [1]

Depending on the goals of the optimization, single objective or multi-objective
approaches can be used to attain the desired antenna characteristics. Single objective
optimization optimizes only one parameter. This approach is excellent for simple
problems where changing one parameter can produce the preferred results. Multi-
objective optimization is more rigorous in solution and covers more difficult problems
but the iteration time on a computer is greatly increased. In the example of a two
parameter optimization, each with N possible solutions, the run time will be much
longer since N? possible solutions must be considered as opposed to the former N

solutions.



Figure 2.2:  Optimized patch antenna using binary approach [1]

Iterations for GAs must be developed for each specific problem. This process
starts with a parent structure; child structures are then developed from the parent [26].
Figure 2.3 illustrates a combination which comes from two parents whose last five

values are alternated for each child’s development.

Parent 1 Parent 2
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Figure 2.3:  An example of cross-over with a length ¥=12 chromosomes [25]

Another variation of chromosome changes can be seen in Figure 2.4 where there

is a single parent whose structure is altered to give way to the child. This mutation
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operator has chosen the fourth value to alter. Combinations of these operations
produce the varied parameter set that develops each proposed antenna solution and

then analyzes for merit within the given problem.
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Figure 2.4:  An example of the action of the mutation operator [25]

GAs can be applied to a variety of antenna applications. Wire antennas in
particular have been the concentration of many literature compositions [12, 30, 38,
39,49,53]. Van Veldhuizen et. al. [53] improved the geometries of wire antennas
using GAs and NEC (Numerical Electromagnetics Code) under “user-defined adverse
conditions.” In that literature they specify that NEC was used to test “fitness of
promising designs” once they had been iterated by the GA.

GAs can also vary widely in applicability to particular problems. Two are
used and then compared in [12] by Caswell and Lamont wherein examination of the
relative advantages of each are evaluated using the experimental results. This variance
between different GAs is expected due to the wide variety of approaches along with

the GA’s ability to iteratively solve the given conditions.

This methodology may also be found in [12,40,53] and efforts to improve upon
a resulting antenna from [40] are found in [41]. That research focuses on Yagi-Uda

antenna design.
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Whereas a single objective approach eases computation time and simplifies the
cost function associated with the project, a multi-objective algorithm is used so as
to find the best combination where improving upon one facet is impossible without
diminishing the improvement of another facet. The specifics for that algorithm are

as follows.

2.4 Genetic Algorithms Inside 1SIGHT

Three genetic algorithms are considered in developing the methodology for syn-
thesizing new antennas. They are the three GAs that are incorporated into iSIGHT

and are as follows:

e Multi-Island Genetic Algorithm - (MIGA) [16]
e Neighborhood Cultivation Genetic Algorithm - (NCGA) [16]
e Non-dominated Sorting Genetic Algorithm - (NSGA-II) [16]

The common features for each of these genetic algorithms is that each design
point is perceived as an individual with a certain value of fitness based on the value
of objective function and constraint penalty. An individual with a better value of
objective function later has a higher fitness value. Each individual is represented by a
chromosome in which the values of design variables are converted into a binary string
of 0 and 1 characters. This conversion is called “encoding” of the individual. Each
population of individuals (a set of design points) is altered via the genetic operations

W

of “selection,” “crossover,” and “mutation.” In this population individuals may be
referred to as “parents” and from these “parents” come “children” through the genetic

operations. These “children” in turn become the “parents” of future “children.”

Each individual in a population is evaluated and its fitness value is determined.
A new population of designs is selected from the original set of designs: a process
based on a survival of the fittest scheme. New designs are created by the genetic
crossover operation: chromosomes of two individuals are crossed at two points and

the genes between those points are swapped in the two chromosomes resulting in
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two new individuals. Genetic operation of mutation changes a value of a randomly
selected gene in a chromosome to further increase the variability of the population

and avoid stagnation in the evolution process [16].

2.4.1 Multi-Island Genetic Algorithm.  The Multi-Island Genetic Algorithm
is an exploratory technique that is capable of using real, integer, and discrete param-
eters. It is well-suited for discontinuous design spaces though not well-suited for long
running simulations where each simulation takes several minutes or more. Parallel

processing is available for implementation [16]. Its features are:

Divides the population into several islands

Performs traditional genetic operations on each island separately

Migrates individuals between the islands

Searches many designs and multiple locations of the design space

Multi-Island Genetic Algorithm allows the preservation of the best individuals
from the previous generation without alteration. This operation is called elitism.
Elitism guarantees that the best genetic material is carried over to the child genera-

tion.

The selection operation in Multi-Island Genetic Algorithm employs the so-called
tournament selection scheme. In the tournament selection, the best individuals are
selected not from the whole population, but rather from a smaller subset of randomly
selected individuals. This scheme allows for duplicate individuals in the child popu-
lation. The size of the subset from which each best individual is selected is calculated
using the value of the relative tournament size. Reducing the relative tournament
size increases the randomness in the selection process. Increasing the tournament size

results in more duplicates of the best individuals in the child population.

The main feature of the Multi-Island Genetic Algorithm that distinguishes it
from the traditional genetic algorithm is the fact that each population of individuals is

divided into several sub-populations called islands. All traditional genetic operations
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are performed separately on each sub-population. Some individuals are then selected
from each island and migrated to different islands periodically. This operations is

called maigration. Two parameters control the migrations process:

e Migration interval - which is the number of generations between each migration

e Migration rate - which is the percentage of individuals migrated from each island

at the time of migration [16]

2.4.2  Neighborhood Cultivation Genetic Algorithm.  The Neighborhood Cul-
tivation Genetic Algorithm (NCGA) is multi-objective exploratory technique that
is capable of using real, integer, and discrete parameters. It is well-suited for dis-
continuous design spaces though not well-suited for long running simulations where
each simulation takes several minutes or more. Parallel processing is available for

implementation [16]. Its features are:

e Each objective is treated separately
e A pareto front is constructed by selecting feasible non-dominated designs

In the Neighborhood Cultivation Genetic Algorithm, each objective is treated
separately. The crossover process is based on the neighborhood cultivation mechanism
where the crossover is performed mostly between individuals whose values are close to
one of the objectives. By the end of the optimization run, a pareto set is constructed
where each design has the best combination of objective values and improving one

objective is impossible without sacrificing one or more of other objectives [16].

2.4.8 Non-dominated Sorting Genetic Algorithm.  The Non-dominated Sort-
ing Genetic Algorithm (NSGA-II) is multi-objective exploratory technique that is
capable of using real, integer, and discrete parameters. It is well-suited for discon-
tinuous design spaces though not well-suited for long running simulations where each
simulation takes several minutes or more. Parallel processing is available for imple-

mentation [16]. Its features are:
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e Each objective is treated separately
e A pareto front is constructed by selecting feasible non-dominated designs

In the Non-dominated Sorting Genetic Algorithm (NSGA-II) the selection pro-
cess is based on two main mechanisms, non-dominated sorting and crowding distance
sorting. By the end of the optimization run a pareto front set is constructed where
each design has the best combination of objective values and improving one objective

is impossible without sacrificing one or more of other objectives [16].

2.5 A History of Antenna Optimization with Genetic Algorithms

In [48], the authors use a three-objective pareto genetic algorithm to optimize
Log-Periodic Monopole Arrays (LPMA). Their design, though it does not place a
stringent demand on the array for remaining Log-Periodic, does reward the design
if it is LPMA. Compared in the research are three genetic algorithms. Simplex and
Newton-based methods were initially used and led to satisfactory results, but results
with these local-search algorithms produced local minima in very different areas of the
search space, even between runs for the same algorithm. Upon using a multi-objective
search algorithm, results were not only exceeded but remained consistent from run to

run.

Villegas et al detail in their paper, [54], the design of low-cost antennas that ad-
here to strict requirements of size while retaining remarkable characteristics in band-
width, gain, and mulitband operation. The specific application is for patch antennas
in cellular phones. To achieve their results, they turn to electromagnetic genetic al-
gorithm optimization (EGO). Their results are as good as 10 dB improvements for

particular frequencies in the application specific bandwidth.

Rahmat-Samii advocates the use of Particle Swarm Optimization (PSO) in En-
gineering Electromagnetics [46]. In the paper, PSO is said to have the versatility
and ability to optimize in complex multimodal search spaces for applications in non-

differentiable cost functions. PSO is a robust stochastic evolutionary computation
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technique whose basis comes from the social behavior of a swarm of bees, fish, and
other animals. It mimics their ability to search a landscape for the most fertile feeding

location.

The design of automobile antennas is augmented with different GAs in Kim’s pa-
per, [33]. Kim ultimately uses the Non-dominated Sorting Genetic Algorithm (NSGA)
to optimize the automobile antennas because of its ability to find a set of pareto-
optimal solutions instead of finding a single optimal solution. The multi-objective
algorithms produces considerably better results for the specific applications of FM ra-

dio, Global Positioning System (GPS), and Satellite Digital Radio Service (SDARS).

The Air Force Research Laboratory’s Space Vehicles and Sensors Directorates
attained a low-cost improvement to an existing antenna platform using evolutionary
genetic algorithms [10]. Their goal for improving the accuracy and reliability of the
Digital Ionospheric Sounding System (DISS) network was met through the use of
both NEC4 and a proprietary genetic algorithm. After implementing the improved
design, errors associated with measuring the frequencies of interest in the ionosphere
decreased from 16% error to 1.6% error. This improvement met their required spec-
ification of 5% or better error. Implementation of the new design also saved the Air
Force thousands of dollars by manipulating an existing platform and increasing its

performance rather than buying an entirely new antenna and having it installed.

2.6 OQver-the-Horizon Radar Optimization With Genetic Algorithms

The “No Free Lunch” Theorem [56] maintains that costs are allowed for potential
benefits. This theorem states that a GA incorporating problem domain knowledge is
most effective. Thus a GA that actively searches for antenna designs while running
those results through code which evaluates the design’s viability is an effective problem
solving algorithm [53]. Antenna optimization is applicable to all areas of wireless
communication where the components’ associated antenna is such a vital part. Some

are easy to build for their given use, others prove difficult to design and maintain a
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yield of most favorable results. To the end of optimization, we see several techniques

in implementing GAs.

The Method of Moments (MOM) is considered an exact solution to electro-
magnetic problems. The full-wave MOM simulation can be used in conjunction with
optimization applications. MOM is quite costly in computation time; its product,
however, is superb [54], [24]. Parallel computing in this method allows for speed but
requires super-computing (processor nodes). Though the requirement for a powerful
computer is stringent, it is a worthwhile expense if the researcher can afford it, for
the robust product and accuracy of the results are achieved in a much quicker fash-
ion. The use of direct Z-matrix manipulation (DMM) proves to be integral to the
GA/MOM integration [26]. Along with only needing to be filled once prior to the GA
optimization process, the Z-matrix uses matrix portioning and pre-solving to reduce

the time for optimization even further.

GAs can be applied on a variety of different antennas. They have been demon-
strated useful on linear arrays and planar arrays as well as linear and planar array
combinations [7]. Ares-Pena et. al. [7] validate the GA useful for escaping local
minima and maxima solutions. They combine the power of GAs with Simulated An-
nealing (SA) to produce a hybrid GA capable of solving the problem of array thinning.
This solution starts with an aperture distribution accomplished by procedures found

n [11], but results in [19] indicate that SA is a poor approach for LPDA antennas.

Correia et al have very useful results for Yagi-Uda antennas in [14]. They find
that optimization of gain and impedance is not always enough for applications and
that the bandwidth must also be optimized. They do this through three techniques:
the use of GAs, the use of conjugate-gradient, and the use of random search. Their
studies find that GAs surpass the other two methods in every aspect except the
convergence rate of the conjugate-gradient method. The iterative nature of GAs is
particularly useful when variable and parameter numbers are large. Even then the

GA will produce a marvellous result, optimized for the given constraints and even
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suited for designing banded Yagi-Uda antennas. In [29], Jones et. al. produce a
method for optimizing the element spacings in a Yagi-Uda antenna by using NEC2.
They show that though slower than local optimizers, GAs’ ability to solve problems

with no clear starting point is invaluable and without rival.

2.7 Antenna Models

2.7.1 Dipole Antenna. Dipole antennas are very common. The theoretical
work for the thin antennas has been confirmed primarily for length-to-diameter ratios
greater than 15 [27]. The formula describing this antenna is very simple and is valid
only when the half length of a center-driven antenna is not much longer than a quarter

wavelength. The reduced form of this equation is

Z; = R(kl) — j [120 (mé - 1) cot kl — X(kl)] (2.1)

where Z; = input impedance, €2, of a center-driven cylindrical antenna of total length
20 and of radius a. kl = 2m(!,) = electrical length, corresponding to [ and measured
in radians. For calculating the functions R(kl) and X (kl), the following simple third-
order polynomials approximate to within 0.5 £ [27]

R(kl) = —0.4787 + 7.3246kl + 0.3963(kl)* + 15.6131(kl)? (2.2)

X (kl) = —0.4456 + 17.0082kl — 8.6793(kl)* + 9.6031(kl)>. (2.3)

An example of the dipole can be seen in Figure 2.5. The current induced or

excited on the antenna structure can be seen in Figures 2.6 and 2.7

An example of using two dipoles on the roof is also helpful in this study. This
example is pictured in Figure 2.8. Their respective currents as well as phase and

magnitude may be seen in Figures 2.9 and 2.10.
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Figure 2.5: A typical dipole antenna

Figure 2.6:  The current on a typical dipole antenna
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Figure 2.7:  The phase and magnitude of the current on a typical dipole antenna

2.7.2  Rhombic Antenna.  The rhombic antenna is constructed as an elevated
diamond whose sides are from two to several wavelengths long. It is used in the trans-
mission and reception of high-frequency waves propagating through the ionosphere.
If it is terminated at its apex with a resistance equal to its characteristic impedance,

it can act as a directional antenna.

When compared to the half-wave dipole antenna with equal power input, the

relative advantage in power gain is given by Equation 2.4 found in [27]

E,
GdB =20 10g e (24)
Eq

where FE, is the field strength produced by the rhombic antenna and E;, is the field
strength produced by the dipole antenna.

2.7.8  Panel Antenna. The panel antenna is made from simple radiating
elements mounted over a reflecting screen. They typically use full-wavelength dipoles,
half-wave dipoles, or slots at radiating elements. Common advantages for the Panel

antenna over the Yagi-Uda antenna are [27]:

e More constant gain, radiation patterns, and VSWR over a wide bandwidth
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Example of two dipoles displayed on top of a roof
21

Figure 2.8:



Figure 2.9:  The currents associated with two dipoles on a roof

e A more compact structure. The phase center is therefore maintained closer to
the axis of the supporting structure. This provides better control in the azimuth

radiation pattern.
e Very low coupling to the mounting structure
e Low side and back lobes.

An example of a panel antenna is shown in Figure 2.14 and its antenna pattern
is seen in Figure 2.15. The phase and magnitude for the antenna are shown in Figure

2.16 and the polar pattern is shown in Figure 2.17

2.7.4 Helical Antennas. A helical antenna consists of either a single or
multiple conductors wound into a helical shape. An example of one is seen in Figure
2.18. The helical antenna can radiate in many modes but normal and axial modes
are the most common. In the normal mode, radiation is received or transmitted from

the broadside of the antenna. In the axial mode, the radiation is maximum along
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Figure 2.10:  The phase and magnitude for two dipoles on a roof
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Figure 2.11: A typical rhombic antenna
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Figure 2.12:  The antenna pattern for the typical rhombic antenna

25



Figure 2.13:  The phase and magnitude associated with the typical rhombic antenna
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Figure 2.14: A typical panel antenna
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Figure 2.15:  The antenn pattern for a typical panel antenna
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Figure 2.16:  The phase and magnitude for a typical panel antenna

29



Tot-gain [dBi] Yertical plane

A5 __4s0Z 4§

2442 Mhz A0

-45 45

-5

-0

-10 105

135

150

999 < dBi< 14.2
Max gain The: 90

panel. oLt
Phi= 360

-165

qgp 189

Figure 2.17:  The polar pattern associated with the typical panel antenna
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the helix axis if the helix circumference is of the order of one wavelength [27]. The
basic concepts for this antenna were first described by Kraus in [34] and [35]. One
advantage for the backfire helix antenna is that it does not usually require a ground

plane.

The current for the antenna may be seen in Figure 2.19 and both the phase and

magnitude for the example antenna may be seen in Figure 2.20

2.7.5  Yagi-Uda Antenna. The typical Yagi-Uda array is made of many
parallel dipoles, with various lengths and spacings (see Figure 2.21). In the structure,
only one of the elements is driven. The other elements act either as directors or
reflectors. This was first described in 1926 by S. Uda [52] in Japanese and then by
H. Yagi [57] in English. Generally, the longest element is the reflector, of the order
Mo, where ) is the wavelength associated with the frequency of interest. The director
elements are always shorter in length than the driven element. One reflector is typical
although many are allowed. It is usually spaced */s from the driven element. Gain
may be achieved by adding these numerous directors. The overall array pattern, F(6),

may be written as

ijl (]kdl 1 cos0) (25)

where n is the total number of dipoles in the array, dy = 0, and [; is the maximum

current amplitude of the ith dipole. f;(0) is defined as

cos(kh; sin @) — cos kh;
cos 0

fi(e) =

(2.6)

where h; is the half length of the ith dipole.

In this study, [; is determined through the Method of Moments. The power

gain, G(0, ¢), may then be computed for the array by

31



Figure 2.18: A typical helical antenna
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Figure 2.19:  The current associated with a typical helical antenna
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Figure 2.20:  The phase and magnitude for a typical helical antenna
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Figure 2.21:  An example Yagi-Uda antenna

G(6,6) = 60|E(O) /Py, (2.7)

where

Py, =1 |Ib2|2Rm (2.8)

represents the input power (P;,) and R;, is the input resistance while I, is the base

current of the second driven element [27].

Though similar to the Yagi-Uda, the Log Periodic Dipole Array antenna differs
in that its elements progressively differ in size along its main axis. The elements in
the Yagi-Uda are typically uniform in size except for the reflecting element. Following

is a detailing of the LPDA

2.7.6 Log Periodic Dipole Array Antenna. Since their introduction in the

1960s, LPDAs have been used for applications needing directional gain and a very
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wide range of frequencies. Like the Yagi-Uda, the LPDA uses linear elements and may
be pointed in the desired location for higher gain (see Figure 2.22). The application
we focus on is passive RF sensing. For this application, it is helpful to have an antenna
pattern with a focused beamwidth that is also wideband. The sources, television and
radio towers, are non-cooperative and may be eliminated while reflections from targets

can be detected well through proper antenna orientation.
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Figure 2.22: A typical LPDA antenna

7 is defined as

Ry Ly,
T = = , 2.9
Ryt1 Lo (2.9)

where R,, Rn.+1, Ly, Lyi1, and « are defined in Figure 2.22. The parameters o and
7 determine the gain, the impedance level, and the maximum VSWR of the antenna.
It becomes important to choose 7 and « wisely because of the chance for unwanted
resonant effects. Constructive, and more importantly destructive, interference is a

direct effect of spacing which is governed by 7 [27].

Success has been seen by other authors who have used GAs to evolve antennas
that outperform LPDAs [12,30,48,49,53,55]. The freedom that the genetic algo-

rithm is given in the design space allows it to change the length of the element, the
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spacing between elements, and the diameter of the element; the antenna ceases to be
a traditional LPDA [19]. However, the freedom in the design space must be given
insightfully. For example, to allow wire lengths varying from 0 m to 1000 m for the
frequency of 3 GHz would largely be a wasted search since at 3 GHz the wavelength
is 10 cm. Similarly using a wire with only 10 cm of variance from 0 m for 3 MHz is
not wise and does not allow for proper excitation on the wire of interest due to the

large wavelength associated with the frequency.

2.8 The Method of Moments and Voltage Standing Wave Ratio inside
GNEC

Initially considered was a MOM code developed at the Air Force Institute of
Technology (AFIT). After evaluating the versatility of GNEC versus the in-house
MOM code, the conclusion that using GNEC would ease post-simulation processing
as well as interface very nicely with our genetic algorithm program, iSIGHT, was

clear.

2.8.1 The Method of Moments. The following is a summary of how the
method of moments can be used to solve for the current on a wire. This summary is

taken from [51] and [19].

Given a wire whose dimension stretches in the z-axis, the current is defined as
I(Z') and may be calculated as follows. First, the electric field £*(z) on the wire is

defined as

—/J(z’) K(z,2)dz = E'(z). (2.10)

The kernel function, K (z, z'), can vary depending on formulation of the integral

equation. Here K (z,2’) is closely related to an underlying Green’s function.

Several assumptions about the wire must be made:

e The wire is sufficiently narrow that it can be treated as a one-dimensional strand.
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e All current flows in a strand at the center of the wire.
e A one-dimensional evaluation is not only sufficient but accurate.

Pocklington’s equation [51] is one form of Equation 2.10 for a dipole

-1
jwe,

1) (P25 4 ot ) a2 = B 2.11)

w|‘“\wlh

R is the distance between the

where ¢(z, ) is the free-space Green’s function R ,

point of observation and the origin, 3 is the wavenumber, and L is the length of the

wire. Equation 2.11 has an integrable point of singularity at z = 2’.

With a series of weighting functions named F),, we can approximate [(z’) by

using one weighting function per wire segment.

= LF,(2) (2.12)

where F}, could be many things to include a square wave, a series of pulses, or a simple

sinusoidal wave.

Using Equation 2.12, Equation 2.11 becomes

N
> LFW(2)K (2, 2)dZ & El(z) (2.13)

n=1

\
“'“\..wlh

If F,(2') = 1 for 2/ in Az, and 0 otherwise, then Equation 2.13 can be trans-

formed into

N
—Zg/m%mwmw%) (2.14)
n=1 ’
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simply by taking the integral outside of the equation.

Here we can say that

f2m,2,) = — / K(zm, 2")dz". (2.15)
Azp

From this, Equation 2.14 becomes

Lif(Zos 2y) 4 Iof (2ms 29) + -+ 4 Inf(zZm, 2y) = El(2m). (2.16)

with the wire divided into N segments, each having the length of Az). The current,

which we are solving for is the unknown constant I,,.

Equation 2.16 is now in a useful form once the structure is broken into segments.
The accuracy of the equation grows as the amount of segmentation increases. This
segmentation may be defined in the NEC4 code which is part of the methodology in

experimental design.

2.8.2  Voltage Standing Wave Ratio (VSWR). The VSWR quantifies the
interference from reflected waves. This is directly related to impedance mismatching
and is lowest when the highest voltage and the lowest voltage induced or excited on

the antenna are close in value.

The reflection coefficient, I', is calculated by

Zi _Zo

= — 2.17
Zm + Zo ( )

where Z;, is the transmission line impedance and Z, is the complex antenna impedance
for specific frequencies. The VSWR may then be calculated, using Equation 2.17, as

follows:
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(2.18)

The Front to Back Ratio (FBR) is also an important parameter for directional
antennas though not considered in this study. Knowing that to increase gain often
means to increase size, another focus of this study is to increase the main lobe power
gain while retaining the antenna’s original size and a low VSWR value [9]. The theory

behind GNEC and its executables is next summarized and explained.

The purpose of the LPDA experimental design is to both minimize antenna

structure size and maximize the power gain for that antenna, all while reducing the

VSWR.

2.9 Justification

By using the MOM code, precision is ensured to the degree that the structure
is segmented. This precision comes from the correlation of each segment to the far-
field. By using MOM in analyzing each possible antenna design, accurate assessments
can be made about the validity and improvement of each design without having to

implement each design and test it in a real-world setting.

OTHR may be developed under several configurations. These include array
configurations and dish arrangements. The most widely used of these are antenna
arrays. Excellent progress has been made on this approach in Australia. In [31],
Junker et al explain the optimization of antenna arrays with variable interelement
spacing. However, they do not consider the mutual coupling that is crucial to the
understanding of large arrays such as OTH arrays. Work in the area of mutual
coupling has been accomplished in [37] by Lee and provides an excellent basis for

application to OTHR.

Contrary to past performances by OTH radars and their adaptations to differ-
ing tasks such as quick changes in directional searches, antenna optimization provides

a reasoned solution that is possible to implement. The efficiency that its implemen-
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tation provides must first be evaluated through simulation and then in a real-world

application.

PRS radar may be implemented in either a directional or an omni-directional
manner. In either case, the ability to focus on reflected transmission and not the
direct transmission of the signal from its source is crucial. This may be approached
with several different antenna structures, the most popular being Yagi-Uda, dipole,
disk cone, and LPDA structures (see Appendix A). The consideration of mutual
coupling in the design of either one of these structures remains crucial to the successful
designing and implementation of PRS platforms. This also begins through simulation
and with the chosen best antenna from the simulations comes validation. Validation
may be done through real-world implementation of that antenna. Comparison of
the simulated antenna with the implemented antenna provides the validation of the

process.
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III. Methodology for Designing, Testing, and Analyzing
Antennas

his chapter focuses on both the high and low levels of designing antennas with
Tthe use of GAs. Yagi-Udas and LPDAs were used as the starting point in
antenna design and optimization and the justification for this is detailed. The ex-
periment’s techniques for iterating on as well as processing the computational results

from each antenna are also characterized.

Whereas the typical approach in designing antennas is to lean heavily on theory
and understanding of the operational characteristics of a given antenna, the method
presented here is largely based on computational iteration. The genetic algorithm
used alters an initial antenna, evaluates its performance, compares it to the results of

previous designs, and progresses by building upon improvements.

3.1 High Level Design of Antennas

Approaching automated antenna design and production with GAs requires the
definition of both an initial antenna as well as the freedom that the modeling soft-
ware is given in order to change and eventually improve upon that initial design. The
defining of an initial antenna is the defining of a starting point. That starting point
is the designer’s decision about what a viable solution might look like. The degrees
of freedom given in the variables defining the antenna and thus the antenna charac-
teristics are the degrees of uncertainty in original design. They also define the search
landscape that is to be covered by the GA. The accuracy of this definition and the

extent of its search are the only limiting factors in finding the best antenna possible.

Finding the best antenna is an infinite search. It is a search that perhaps never
ends because of the infinite amount of variations on a single starting point. But the
convergence upon a better antenna can certainly be realized as well as proved to be
an improved version of the original antenna. These better antennas hold great value
in applications where signal processing constraints may be relieved simply through

the gathering of better data.
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Following are examples of the antennas chosen as starting points for the two
applications of PRS and OTHR. Once chosen, these examples are used in the genetic
algorithm as a basis to build upon and vary, synthesizing new antennas that are

evaluated and compared to the previous designs.

3.1.1 Yagi-Uda.  Yagi-Uda antennas, as discussed in Chapter II, are useful
for directivity at particular frequencies. They are made of several elements. The
rear element is a reflective element and right next to it is the driven element. The
remaining elements are directive in nature and whose number can be as small as one
or as many as is feasible. An example of this is shown in Figure 3.1 and the directivity

related to the antenna pattern is seen in Figures 3.2 and 3.3.

Figure 3.1:  The Yagi-Uda example

This antenna, upon inspection of its characteristics and performance, is deemed

viable and chosen as the starting antenna for the application of PRS radar.

3.1.2 LPDA. Log Periodic Dipole Arrays, as discussed in Chapter II, are

particularly useful for a broad range of frequencies while still maintaining directivity.
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Figure 3.2:  The antenna pattern for the Yagi-Uda example
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Figure 3.3:  The polar pattern for the Yagi-Uda example
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The example structure, depicted in Figure 3.4, has pattern characteristics that are

directional as seen in Figures 3.5 and 3.6

Figure 3.4:  The LPDA example

Figure 3.5:  The antenna pattern for the LPDA example

Upon inspection of its characteristics and performance, this antenna is deemed

viable and chosen as the starting antenna for the application of OTHR.
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Figure 3.6:  The polar pattern for the LPDA example
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3.2 High Level Design and Implementation of Genetic Algorithms in
tSIGHT

The three GAs considered, listed in Chapter II Section 2.4, are each suitable for
antenna optimization and each with their own techniques as just listed, but the Non-
dominated Sorting Genetic Algorithm (NSGA-II) is used in this study. The NSGA-IT
has the multi-objective ability that the Multi-Island Genetic Algorithm lacks. It
develops an equally weighted aggregated fitness function by selecting feasible and
non-dominated designs. This produces a well rounded antenna and maximizes each
objective as best it can without diminishing the performance of other objectives.
These characteristics are similar to the Neighborhood Cultivation Genetic Algorithm

but only the NSGA-II is used in this study.

3.3 High Level Design and Integration of GNEC Inside of :SIGHT

When committing a program to be the slave of another master program, it
is important to have a realizable framework formed inside the slave program. This
framework may then be accessed and changed by the master program according to
specifications laid down by the programmer. In doing this, the creator has fashioned
together a tool that will produce, analyze, and rate thousands upon thousands of
designs that would be unreasonable for a human to sort through. This process is very

useful when using GAs to synthesize new antenna designs

3.3.1 High Level Design and Integration of GNEC. The slave program
used in this thesis, as stated in Chapter I, is NEC4. The graphical interface used to
illustrate results from NEC4 is GNEC. In creating a structure and the excitation on
that structure, there are a myriad of commands but a few are of resounding importance

in getting started and are illustrated in Figure 3.7, taken from [40].

These commands, among others, may be used to setup a framework that the
master program uses to create a new antenna with each iteration. Because thousands

of antennas are being created, it is important to minimize the run time of each an-
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\CE # of segments ) ‘X.Y.Z end point (m) ‘ ‘Wire radius (m) ‘
GWJ1 0.0000, 0.0000, 0.6000, 10.0166, 0.0045, 0.0714,0.001
GW 2, §5,-0.0166, 0.0045, 0.0714,-0.0318, -0.0166, 0.0170,0.001
GW 3, §5,-0.0318,-0.0166, 0.0170, -0.0318, -0.0287, 0.0775,0.001
GW 4, 8,-0.0318, -0.0287, 0.0775, -0.0318, 0.0439, 0.0140,0.001
GWS5, §5,-0.0318, 0.0439, 0.0140,-0.0318, 0.0045, 0.0624,0.001
GW 6, 4,-0.0318, 0.0045, 0.0624,-0.0106, 0.0378, 0.0866,0.001
GW 7, 6,-0.0106, 0.0378, 0.0866,-0.0106, 0.0257, 0.0230,0.001
GE 1 _——————‘End of Geometry information—the 1 indicates the presence of a ground plane
‘ EX 0,1,13031,09090‘ __---——--h-{eaus of excitation |

FR 0,1,0,0/1600.0000,0.0  |Frequency (MHz)
itype of thin wire approximation (the simplest is specified here)
‘Ground Plane (perfect, infinite)

'RP|0,33,36,1011,-81.0,0.0,5.0,5.0 {_Jo, 4.6 step. gstep
EN Radiation Pattern ‘

Figure 3.7:  Ilustration of commands used in NEC4 and their descriptions [40)]

X.Y.Z start point (m) ‘
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tenna’s simulation. One lengthy part in simulation is evaluating the total power gain
and phase characteristics at several ¢ and 6 points. When the goal is only to evaluate
the total power gain at particular points, the NEC command may be configured so
that only those points are calculated and the other information, being inconsequential

to the GA, is bypassed. This will decrease total simulation time drastically.

To calculate 360 points in a single simulation in NEC4 takes approximately
3 seconds. If only 3 of those points are of interest, the total run time can be cut
down to as little as 0.15 seconds. When running an optimization plan that will cover
100,000 antenna designs, this saves more than 79 hours! This is evidence that great
amounts of effort and time can be saved by using a critical and thought-out approach

in optimization planning and implementation.

3.3.2  High Level Integration of iSIGHT.  The master program used in this
thesis, as stated in Chapter I, is iSIGHT. The three GAs detailed in Section 3.2 are
all included in iSIGHT 9.0. As a master program, iSIGHT is intuitive in setting up
optimization plans. After tagging input variables and the outputs in the output file,
the user has many options that get as detailed as desired. For example, a window can
be set on each parameter that defines the minimum and maximum values allowed.
An objective may be defined for both inputs and outputs. Weights may be set for
objectives. Output values may be restricted to minimum or maximum values and, if
violated, marked as either infeasible or not preferable in the output database created

for each task.

In iSIGHT it is also possible to either define the method of optimization or to
execute the default optimization plan. The default plan is a combination of techniques
that the user has no control over, but the user can implement a customized technique

whose details are all user controlled.

Run time can also be considerably truncated by allowing iSIGHT to run with-
out turning on the solution monitor. The solution monitor severely slows down the

computation time as graphs and data are streamed live to the window. Viewing this
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window is reasonable at the beginning of runs when the validity of the task is still
being evaluated but once a task is final, the solution monitor is better left off. The
monitor will increase computation time by as much as 1000%. In addition to this,
any information gathered in post-analysis of the solution monitor may easily be cre-
ated using the text file output in “Taskl.db.” Taskl.db is the database that holds
all numerical values for the variables as well as the resulting outputs and ranks for
each iteration. Graphs may be constructed from the database file as well as antenna

designs pertaining to a specific number in the run counter.

When implementing NEC4 inside of iSIGHT, it is important to have the simcode
setup so that it points correctly to NEC4’s executable. It is easiest to do this in
iSIGHT from the DOS command line. Executables associated with programs like
MATLAB® are easier to implement without having to go to the DOS command line.
NEC4 however is best used as though it were a script while a slave to iSIGHT. Further
detailing of this and a thorough example is found in Appendix A.

3.4 Low Level Design of Antennas with 1SIGHT

The examples for both the Yagi-Uda and the LPDA given earlier in this chapter
are used as the basis for starting antennas in this thesis. These two antennas are

improved upon and the Yagi-Uda is compared to previous work.

3.4.1 Yagi-Uda. To validate the procedure created by the integration of
NEC4 into iSIGHT, the work found in [41] is reproduced and then the results of this
research are compared to the research found in their document. Lohn et al’s winning
antenna from [41] is used as the starting point for Yagi-Uda antenna synthesis in this

research. This antenna may be seen in Figure 3.8.

After placing this antenna into NEC4 and creating a template that iSIGHT may

iterate upon, the constraints were placed on the Yagi-Uda antenna such that:

e 14 elements comprise the antenna
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Distance above

Length Ground Plane
(meters) (meters)

— 0.59 575
— 0.45 5.08
— 0.37 4.58
— 0.27 410
— 0.54 3.24
— 046 290
— 054 2.08
— 0.40 1.60
— 0.34 111
T— 0.54 0.70
— 0.53 0.46
0.59 0.31
— 0.66 0.00

Figure 3.8:  The winning antenna found in Lohn et al [41]
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e The parameter y, the length of the antenna, is allowed to vary from 0 to 6

meters.

e The parameter x, which is half the length of each element, is allowed to vary

from 0 to 0.5 meters.

e Less than 14 elements are allowed if the length of a given element is equal to

Z€ro
e The wire diameter varies from 1 mm to 2.5 mm.

e All elements within a given design are assigned the same radius value

e Gain at each frequency is calculated from ¢ = 0° to 180° at 45° increments.

e Elements are spaced no closer than 0.05)\, where \ is defined as 1.195 meters
(associated with 235 MHz). This middle frequency choice resembles the methods
used in [41].

e Gain at ¢ = 0° is maximized
e Gain at both ¢ = 135° and 180° is minimized.
e VSWR is minimized at the three frequencies of interest.

This antenna is then optimized for three frequencies: 219 MHz, 235 MHz, and
251 MHz.

3.4.2 LPDA. With the success of the Yagi-Uda antenna implementation,
the LPDA is designed and iterated upon inside iSIGHT. The antenna seen in Figure
3.9 is used as a starting point. This antenna is allowed freedom in design parameters

as follows:

e 12 elements comprise the antenna

e The parameter z, the length of the antenna, is allowed to vary from 0 to 85

meters.

e The parameter y, which is half the length of each element, is allowed to vary

from 0 to 12 meters.
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Figure 3.9: The LPDA antenna used as a starting point for antenna synthesis
e Less than 12 elements are allowed if the length of a given element is equal to
Zero
e The wire diameter varies from 1 cm to 4 cm.
e Gain at each frequency is calculated from ¢ = 0° to 180° at 45° increments.

e Elements were spaced no closer than 0.0015), where A is 99.957 meters (associ-

ated with 3 MHz)
e Gain at ¢ = 0° is maximized
e Gain at both ¢ = 135° and 135° is minimized.
e VSWR is minimized at the three frequencies of interest.

e The length of the antenna is minimized.

3.5 Low Level Design and Implementation of Genetic Algorithm

Required for using the Non-dominated Sorting Genetic Algorithm (NSGA-II) is

the definition of key parameters:

e Population Size
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Number of Generations

Crossover Probability

Crossover Distribution Index

Mutation Distribution Index

Defining these parameters is the integral part in both finding an improved an-
tenna and minimizing the time to search for that antenna. In finding the best antenna,
a certain amount of iterations have to be performed, comparison of the bad antennas
with the good and how much they vary shows a good indication of convergence to
an appropriate solution. If this search continues too long after convergence has been
achieved then wasted search time has been committed to an already “solved” task.
The following information in Table 3.1, taken from [40], is useful in designing a genetic

algorithm and specifying its parameters.

For items of interest in this thesis, the number of generations is 100 for the
Yagi-Uda and 200 for the LPDA. The maximum population size in iSIGHT for the
Non-dominated Sorting Genetic Algorithm (NSGA-II) is 500 for both the Yagi-Uda
and the LPDA. For both antennas, the crossover probability is 0.90, the crossover
distribution index is 20.0, and the mutation distribution index is 100.0. These values
are also depicted in Table 3.2, where v is the number of genes which refer to the

number of random variables.

The number of genes, v, for the two antenna cases is 29 random variables for the
Yagi-Uda antenna and 25 random variables for the Log Periodic Dipole. In relation to
the mutation distribution index, 100% of the chromosomes are subjected to mutation
where one out of every v is mutated. The crossover distribution index of 20.0 indicates
that 20% of the chromosome may be switched with 20% of another chromosome; the

probability of that happening being 90%.

These parameters construct a search that is fitting for both the Yagi-Uda and
LPDA. In each run, 50,500 iterations were evaluated for the LPDA and 100,500 iter-
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Table 3.1:

Common genetic algorithm problems and possible solutions [40]

I..

Try...

It converges before getting to a good
solution

Increasing exploration: increase the population. steady-
state GA—increase percentage overlap (simple GA—lower
Crossover percentage), increase mutation.

It takes too long to converge

Decreasing exploration: do the opposite of above.

It goes to very different answers each time

Using speciation and niching to increase exploration of
different hills. (discussed in next section)

The answer is somewhat poorer than you
anticipated. especially from previous related
GA runs

Looking for bugs! Check that you have changed over all
constants and parameters if optimizing a new problem with
a previously-functioning GA.

The following rows further breakdown the on

e above. ..

If the fossil record shows abnormal
improvement curves—e.g., improvement is
constant and slow, even at first

Looking for bugs in the mating and mutation procedure.
Insure the constants used are reasonable. Try using
different population sizes, overlaps, and even
crossover/mutation operators.

If the best individual shows some good
characteristics and some poor ones

Checking the objective function—ensure proper scoring.
Adjust constants, or adjust linearity of the measure of
quality (e.g.. change a linear function to an exponential).

The fossil record shows many individuals
that are violating constraints

Remapping the chromosome to allow most, if not all,
possible individuals to meet constraints.

If all the above has been tried and the
answer is still not optimal

Reorder the genes in the chromosome. Try using different
variables or expressions for variables, e.g.. instead of using
X. use log X or 1/X. Combine variables in natural ways.
e.g.. if a problem is sensitive to a ratio X/Y. use X/Yand Y
as a variables instead of X and Y. Try to make variables as
robust as possible, with large valid ranges for the GA to

work with.

Table 3.2:  Parameter values for

the Non-dominated Sorting Genetic Algorithm

NSGA-II

Crossover

0.9

Mutation

1/

Crossover Distribution Index

20.0

Mutation Distribution Index

100.0
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ations are evaluated for the Yagi-Uda. In Chapter IV, the results from these runs are

shown. These results are attained using the methods described in this chapter.
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IV. Experimental Results and Analysis of Synthesized
Antennas

Using the methodology found in Chapter III, antennas may be synthesized in an
optimizing fashion that follows the principles of genetic operations and of antenna
design explained in Chapter II. These resulting antennas may then be characterized
and scrutinized for merit based upon their performance in the three areas of interest:

mainlobe power gain, VSWR, and length along the antenna’s main axis.

4.1 Exzperimental Design and Results

4.1.1  Experimental Design.  The purpose of the LPDA and Yagi-Uda exper-
imental design is to both minimize antenna structure size and maximize the power

gain for that antenna, all while reducing the VSWR.

All runs in this study are executed with NEC4. This executable is unique and
appropriate for more complicated antennas since there are more geometry and control
commands available for NEC4, compared to NEC2 and NEC3. NEC4 is used to
evaluate all antenna designs produced by the genetic algorithm. GNEC and 4NEC2,
two graphical programs using NEC4 code, are enlisted for producing the diagrams
in this research document. Runs are executed on a Pentium M processor 2.13 GHz
with 2.00 GB of RAM. Run times range from two to six hours depending on the
total amount of iterations. Frequencies of interest lie from 3 to 30 MHz. GNEC was
instructed to evaluate performance at 3, 15, and 27 MHz, representing 10.7% of the
frequency bandwidth when considering 1 MHz increments. Due to time limitations,
nine runs were executed for the LPDA and four for the Yagi-Uda. A successful run
is defined as the completion of the amount of antenna iterations, generations, and

overall population associated with the particular task.

Each radiation pattern was evaluated by varying ¢ from 0° to 359° at 1° incre-
ments and 6 was set to 90°. Equal weight was given to main lobe power gain, VSWR,
and vertical length of antenna. Optimal, or at least improved, meant to increase the

main lobe power gain at ¢ = 0 while minimizing VSWR and antenna length.
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Table 4.1:

et al [41] (dB is measured at ¢ = 90°, 6 = 0°)

Results for Yagi-Uda antenna optimization compared to those of Lohn

219 MHz 235 MHz 251 MHz
Run dB WEWH dB WEWYH dB WEWH
Lohnetall 10354 257 10.55 202 10.51 1.70
1 5524 10.06 50.71 299 44 ki 2.31
2 16.70 1.44 17.95 1.19 158.81 171
3 3640 4.29 35.684 3.77 34.79 3.83
4 4577 /.97 49.55 151 53.00 1.20
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Figure 4.1:  Design and simulation progress of Yagi-Uda antennas in run 4 (Best and

worst results from each generation are taken and their Gain and VSWR are averaged)
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Figure 4.2:

90

219 MHz

0

330

300

120

Radiation pattern at 219 MHz resulting from run 4 in evolving the

Yagi-Uda antenna

180

180

Table 4.2:  Results for LPDA antenna optimization while trying to minimize z, the
vertical length (dB is measured at ¢ = 0°, § = 0°)
3 MHz 15 MHz 27 MHz
Fu dB Ve db WEWYH dB WEWWR
1 0.00 275 0.00 214 0.00 183
2 0.00 225 0.00 2.30 0.00 5.08
3 0.00 1.80 0.00 3.44 0.00 122
4 -23.88 575 0.00 1.06 0.00 3.47
5 -26.28 202 0.00 1.37 0.00 1.39
B 2.39 14.75 0.49 869 -2.75 1.88
7 0.00 250 0.00 417 0.00 g8.27
g 0.00 7 BB -1.38 1.60 216 B.77
9 0.00 1.17 0.00 1.1 0.00 1.11

60




Figure 4.3:  Radiation pattern at 235 MHz resulting from run 4 in evolving the
Yagi-Uda antenna
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251 MHz
0

20

Figure 4.4:  Radiation pattern at 251 MHz resulting from run 4 in evolving the
Yagi-Uda antenna

4.1.2  Experimental Results.

4.1.2.1  Yagi-Uda. Results for Yagi-Uda antennas, following proce-
dures in [41] (noted in section 4.1.1) indeed validate this antenna design process and
are promising since better results are found. Reference Table 4.1 to compare this
study’s results with those of [41] by noting “Lohn et al”. The convergence upon the
objectives for the Yagi-Uda in run 4 is seen in Figure 4.1. This run was chosen as
the best out of the four runs because of the average gain and average VSWR for all
three frequencies. The associated radiation patterns for this run are in Figures 4.2,
4.3, and 4.4. The ending antenna and its specifications can be seen in Figure 4.5. The
3-D versions of the polar plots are seen in Figures 4.6, 4.7, and 4.8. A unique look
at the interaction of an incoming electromagnetic wave with the antenna structure

is portrayed through a visualization of both the phase and magnitude in Figure 4.9.
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Distance From

Ground Whdth
{meters) (meters)
1.63 0.36
0.4 0.05
-
067 0.57
0.62 0.25
—— 0.s7 0.2%
—_— 0.5z 0.24
047 0.54
= 0.4z 0.05
—_——eeee—
— 037 0.67
— 0.32 n.zo
= 022 0.11
017 0.04
——
n 0.10

Figure 4.5:  The Yagi-Uda structure from the best antenna in run 4. The radius of
all elements is 1.5 mm.
Both the orientation and scale allow a unique look at the interactions for specific

frequencies with the structure, in this case, 219 MHz.

4.1.2.2 LPDA. The results for iterating on the LPDA antenna are
shown in Table 4.2. The results for the best run, run 9, are shown in the following
figures. Figure 4.10 shows the convergence to the resulting antenna in run 9. The
polar plots for this run are shown in Figures 4.11, 4.12, and 4.13 along with the 3-D
plot for 15 MHz in Figure 4.14. The phase and magnitude interaction as it relates
spatially to the antenna are depicted in Figure 4.15. The resulting structure and

corresponding coordinates for run 9 are shown in Figure 4.16.
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Figure 4.6:  3-D logarithmic power gain plot for 219 MHz resulting from run 4 in
Yagi-Uda optimization.

4.2 Analysis of Antenna Design and 1SIGHT Process

In this research, the overall objective is to design, analyze, and discover a best
run out of several variations both for the Yagi-Uda and LPDA. This is based upon the
antenna’s main lobe power gain, VSWR, and length where both VSWR and length

are minimized while maximizing the antenna’s main lobe power gain at the angles of

=0 and ¢ =0.

The resulting structure from the Yagi-Uda runs is only 1.68 meters in length.
That is less than 1/3 of the allowed space. The resulting LPDA structure is less than
half the allowed length at 29.57 meters. In run 4 for the Yagi-Uda, the power gain at
251 MHz is 53.00 dB with a VSWR of 1.20; this is more than 500% of the reported
10.51 dB gain noted in [41] for the same frequency and has a 0.50 decrease in VSWR.

The results for the LPDA are not as promising once antenna patterns are looked
at for all azimuth angles, ¢. At 27 MHz in particular, it is obvious that sidelobes

were not minimized at 135° and 180°. Though this was an objective, it is clear that
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Figure 4.7:  3-D logarithmic power gain plot for 235 MHz resulting from run 4 in
Yagi-Uda optimization.

the algorithm saw the trade-off for the amount of gain as favorable. The VSWR is
certainly a remarkable improvement as it nears the nominal value of 1.0 for all three
frequencies. This, combined with the power gain for all frequencies combine to a

well-rounded, broad-band antenna.

The inclusion of requirements for sidelobes and backlobes did not facilitate
improvement in the main lobe as much as anticipated for 27 MHz. This is seen
clearly in 4.13. The increased computation time is unknown; however, the addition
of a ground plane and its variations would be a unique addition to this study. In
addition to adding improved main lobe gain and reduced backlobe and sidelobe gain,
the ground plane would allow the GA more design space and would be suited for much
larger populations and generations and, though it would increase the computation
time, it would be beneficial for producing a directional LPDA. The discussion on
why to exclude backlobe and sidelobe criteria in the cost function, cited in [41],

assumes minimization of power gain at desired angles (because of maximization in
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Figure 4.8:  3-D logarithmic power gain plot for 251 MHz resulting from run 4 in
Yagi-Uda optimization.

the main lobe) but may be presumptuous when designing LPDAs as results in this

study suggest.
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Figure 4.9:  Phase and magnitude of received/transmitted electromagnetic signal
with relation to spatial location.
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Figure 4.10:  Design and simulation progress of LPDA antennas in run 9 (Best and
worst results from each generation are taken and, separately, their Gain and VSWR
are averaged).
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Figure 4.11:  Radiation pattern at 3 MHz resulting from run 9 in evolving the LPDA
antenna showing a backlobe of the same size as the mainlobe
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Figure 4.12: Radiation pattern at 15 MHz resulting from run 9 in evolving the
LPDA antenna showing reduced backlobe compared to the 3 MHz pattern
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LPDA optimization

Figure 4.14:



Figure 4.15:  Phase and magnitude of received/transmitted electromagnetic signal
with relation to spatial location
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Distance From
Ground Width
(meters) (meters)

—_— 0 3.13
10.97 19.69
11.22 6.60
27.60 2.90
27.85 291
28.10 13.05
28.32 15.66
28.57 9.18

28.82 17.03
29.07 2.62

29.32 22.23
29.57 7.32

Figure 4.16:  The LPDA structure from the winning antenna in run 9. The radius
of all elements is 3.5 cm.



V. Conclusions

his thesis presents a computational process for antenna optimization and de-
Tseribes how to reproduce that computing package with detail. The process is
validated by the reproduction of and improvement upon previous work in Yagi-Uda
antennas found in [41]. The process is then extended to LPDA antennas and the

results documented.

The major achievement in this research is the contribution of the computational
process and package of GNEC and iSIGHT that is both valid and reproducible. The
combination of these two software packages is invaluable because of how they may be
used to produce improvements on existing antenna structures that are not covered
in this research document. This may be accomplished with ease through the aid of
Appendix A. This tool may prove useful for future work in many applications. Some
of the particular areas that are of interest to the AFRL are in satellite antennas,
simple signal reconnaissance, both overt and covert, and signal transmission in land
and air applications. It may also be used for conformal array antennas which greatly

aid the implementation of both aeronautical and low observable technologies.

The improvements made in the Yagi-Uda antenna validate this computational
process and package. With regards to the LPDA results, even small improvements
can lead to significant changes in abilities for various antenna applications. These tri-
als developed several interesting antennas in a time-efficient manner. Placing larger
constraints and more objectives for particular applications could extend computation
time but would yield a realizable antenna that could ease signal processing require-
ments. With the addition of a ground plane behind the antenna, the gain could

improve and these antennas could be more suited for detecting low power signals.

The applied GA worked well but the use of other models of evolutionary algo-
rithms (such as those listed in Section 2.4) could be employed to search for different
results. The use of a single objective algorithm could be equally viable and perhaps
decrease computation time. This could lead to a newer approach that might exceed

the performance of this implementation.
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Constraining designs in the LPDA optimization runs to remain either exclusively
log periodic or very close to LPDA design would be an area where further work would
be viable. This constraint could lead to greater directivity while keeping a very
broadband antenna since LPDA are naturally directive. This could be accomplished
by varying two elements, defining 7 and « as seen in Subsection 2.7.6 based upon
those two elements, and then building an antenna with a varying amount of other
elements, all of which are conformal to the constraints imposed by the variables 7 and
a. Leniency could be allowed in the degree to which the remaining elements conform

to the constraints allowing the model to not remain strictly log periodic.

Imaginary numbers in this research were impossible to calculate and use in
iSIGHT. There is a toolbox that can be added to iSIGHT 9.0 which handles imag-
inary numbers. This toolbox, though more expensive, would greatly complement
antenna optimization and the calculation of VSWR as well as phase and overall an-

tenna characterization. It may be procured through [16].

Finally, it is encouraging to continue pursuing optimized antennas as more is
required from the design and simulations, adding to the new and already robust

techniques of antenna optimizations through the use of GAs.
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Appendiz A. How to Use GNEC inside of iSIGHT

hese are the steps needed for creating an optimization run inside iSIGHT. They
Tare presented in rudimentary form so that common mistakes may be avoided in
setting up a Task inside iSIGHT. The goal here explain thoroughly the capabilities
of iSIGHT; that would only repeat information in many manuals available for such

tasks. Here is presented a most easy, though not intuitive, approach for incorporating

GNEC inside of iSIGHT.

The support staff at Engineous Software is most helpful and, though incorpo-
rating GNEC as the slave of iSIGHT involved weeks of work, the eventual success
attained may be largely attributed to that support staff. Thus, this step-by-step pro-
cedure is presented here to both complement future work in antenna optimization and

other optimization studies as well as save frustrations whose roots are quite simple.

I | When creating the parent directory in which folders and files associated
with iSIGHT runs it is best to place it on as its own parent folder in your
data drive (e.g. C: or D:). The reason is that if any file, folder, or directory
directory contains spaces or special characters (e.g. “#, $, %" etc), then
iSIGHT will return an error. This is further addressed later in this appendix
but useful knowledge when trying to avoid an early mistake.

e Open iSIGHT
e Go to File/New

e Click on Simcode in the icon bar (see Figure A.1)

e Double click on the box that pops up labelled Simcode0

e For Input0, click on the Input Properties (pink box next to Input0) as shown
in Figure A.2

e Click on File and navigate to the .nec file that you wish to run in GNEC

o [f it asks you if you wish to place the description file in this same directory and

that is satisfactory for you, then go ahead and do so. You may wish to create a
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% iSIGHT: Process Integration - (UNTITLED)
6 Eile Edit View |Insert Tools Help

=] x A & )] = % A & (0 & o
Save Parameters Input Output Simcode  Calculstion  Task It Case While Paraliz| Component
Insert Simcode
- -
.Taak Process —] —
= 8y Taski
& simcoded
[ Inputn
Program@
Outputt

-
L | "—T' il [
Insert a new Simulation Code -_

Figure A.1:  Starting a Simcode in iSIGHT

3 iSIGHT: Process Integration - (UNTITLED)
& FEile Edit View Insett Tools Help

=] % e & # % & & 4 < s
Save Parameters Input Output Simcode  Caleulation Task If Case While Paraliel Compenent
= I
@ TaskProcess £ S
E% Taskt
= g simeode0
(&I Inputo
B Programo
B outputt
iSIGHT: Process Integration - Input Properties
&l
File Parser: Fast Parser = File type: ASCH (ler)  —t J
Input File: [inputa File ..
Template File: | File .
oK | Cancel Help |

4 |>l-vJ.H<| [
|

Figure A.2:  Setting the Input parameters as well as pointing to the appropriate
files for Process Integration
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folder that holds all files for this iSIGHT run and name it and all associated file
uniformly and uniquely. This may prove helpful when processing the results of

several different optimization runs

e [f you have not already created a template file, iSIGHT will ask you if it can

create one for you, click yes.
e (Click “OK” and you will be returned to iSIGHT’s Process Integration window

e For Output0, click on the Output Properties (pink box next to Output0) as

shown in Figure A.3

44 iSIGHT: Process Integration - (UNTITLED)
& File Edit View Insett Tools Help

=] x = & & & S ] & & L < o
wnile  Pamaisl  Gomponsnt

Save Parameters Input Output Simeoge  Galoulation  Tas I Case

& Task Procy

IGHT: Process Integration - Output Propertics
rod File Parser Fast Parzer —

[ & ouy

File type: ASCII (text) =

OutputFile:  [outputt

Template File: |

oK | Cancel | Help

4 ]»’ﬂ+< 1 ]»f'—
I

Figure A.3:  Setting the Output parameters as well as pointing to the appropriate
files for Process Integration

e Go through a similar procedure only this time you are looking for the .nou
output file associated with the .nec input file sited in Input0. (Note: If you
have not run the .nec file inside of GNEC then this would be an appropriate
time to do so that GNEC will create the associated output file)

e When prompted about the creation of a template, click “Yes” and then “OK”

so as to return to the Process Integration Window

e Note that both Input and Output Properties boxes are no longer pink
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e Now it is time to define input and output parameters:

e You will note that Input0 has now been renamed the first part of your .nec and

.nou file

e Click on Input Contents for the first box, the input box. This also is pink (See
Figure A .4)

4 iSIGHT: Fast Parser - (input) 13Jan2006L PDA3to30.nec.template
File Tools Help

% & X 2 .

Tea Miader Simulation-Fiot Daleiz Indude:

cooooooooooo
cooooODOOO 0T
bbbobbbbbbob

e

4 [+

Figure A.4:  Setting the input parameters in Process Integration

e This process is called tagging and is done in several ways:

e Double click on the value you wish to define as a variable and click the Tag icon

in the icon bar. This can be seen in Figure A.5

e Name the variable

e Define the substitution type (choices are: scalar, array element, array column,

or multiple values)
e Scalar is useful for single value non-array variables

e Array Element is useful for arrays that do not fall in order in the output file
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",i— iSIGHT: Fast Parser - (input) 13Jan2006LPDA3to30.nec1.template

% & d x 2| .
Te Matsr  Smulstonelet Delste Incluse =

(@ Log Periodic: 3 - 30 Mz N
e

o .

o ISIGHT: Fast Parser - Define Tag

ez

e 1 21 -37.2252 o

e A I
e s 19 15 -30.152¢ o

o B 19 225 -27.1372 o Substiton Type:

e s e 30 24,4235 ]

& 5 17 37.5  -20.89753 [} & scalar

& 7 17 45 -17.70064 0

& ] 17 52.5  -14.50375 [ © AmayElement

& B 17 &0 -11.30686 0

o 10 15 &7.5  -8.10097 0 € pray conrmn

o 11 15 75 -a.01308 0

ew 12 15 82.5  -1.71819 o e vaes

s 001

mxoswo010 ‘Substiution Format (optional:

1D s 1121 2.4038m7

tp 5 2 1 21 2.48387 " Integer Win Field Width
D s s 112 2.4038m7

D 5 4 1 19 2.4938E7  Double

D s s 112 2.4038m7

D s & 112 2.4038m7 © Exponential Eracsion:
D s 7112 2.4038m7

iD 5 = 1 12 2.4938E7 & PestFit 15

D s e 112 2.4038m7

1D 5 10 1 19 2.4%38E7 z
o 5 11 1 19 2,4938E7 ™ Leading Plus ™ LemtJustify
LD 5 12 1 19 2.4338E7

n 111211 -5000000

T 2113 10 -50 00000

T 310 ¢ 10 -50 0000 0

T ¢ 10510 5000000

i 5 10 ¢ 55000000 o | o Helo
L 69795000000

L7988 5000000
mso02 5000000

lt2 2108 5000000

lt 108118 5000000

I’ 118128 5000000
Fmos0053 12

Re 0 1 5 1000 %0 0 1.00000 45.00000
jex

<

Figure A.5:  Tagging a specific variable as an input parameter

e Array Column is a quick way to define many Elements to an Array when they

are in column fashion in the output file

e Multiple Values may be used when you would like to substitute the same number

into many Variables

e Define the Substitution Format (self explanatory) and Width and/or the preci-

sion associated with it.

e (Click “OK” o Repeat this process as many times as needed for your different

variables
e Click on Output Contents for the Output box. This also is pink

e Similarly, Tag any output parameters that are of interest as shown in Figure A.6.

These outputs will become the focus for iSIGHT in its endeavor to optimize your

model.

e Lastly for Process Integration, click on the last pink box, the one next to Pro-

gram( as seen in Figure A.7
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SIGHT: Fast Parser - (output) 13Jan2006LPDA3to3!
T

% & x % 1

g Masr  Simulstonflot  Delete indisia)DemiE

- - - EowER
INPUT POWS  Parameter Name: [Gainzat180 |
RADIATED §
WIRE L0SS
NETHORE £  Substiution Type:
seFrcTENcy
© scalar
€ Array Element
€ Array Column
- - merEs - - ~ POWER GAINS - e - E(ern) - - -
THETA  aD VERT. HOR.  TOTAL axg O MuitpleValues NITUDE  pmASE
DEGREES DEGREES 5 s 05 2T OLTS  DEGREES
90.00  0.00 -999.99  2.92 NEEESE]  0.000  gypctitiion Format (optional se2E-02  -98.59
90.00  ¢5.00 -160.83  -2.5¢ -2.855  0.00 880E-02 -114.02
90.00  90.00 -162.40 -162.49 -15.482  0.00 g 4seE10 176.10
20,00 135.00 -160.78 o pE2igs] 0.0 Meacid ol Wity £36E02 89,51
20.00 180.00 -985.38 287 .00 o 233m02 2470
€ Exponential |
© BestFit

,,,,,, FREQUENG  Failed Parse Value (optional)
FREQUENCY= 1.5000{ Multiple Extractions: ll

WAVELENGTZ= 1.998

- - - ANTENNA ENVI

FREE SEA
oK | Cancel | Help |

~ - - STRUCTURE IMPEDANCE LOADING - - -

RESISTANCE  INDUCTANCE CAPACITANCE TMPEDANCE (OHMS) CONDUCTIVITY  TYPE
o HENRY: FARAD: REAL

LOCATION
ITAG FROM THRU TMAGINARY  MHOS/METER

]~

Figure A.6: Opening the output file and tagging output parameters in Process
Integration

1 i5IGHT: Process Integration
& Flle Edit View Inseit Tools Help

=] x & & A 3

Save Pasmelsn  lnput  Ouiput it hile

@ TaskProcess it |
[y Task1

=» [ simcoden
|51 13.J2n2006LPDA3t030.nec
BElrroaramo
[ & 13Jan2008LPDA3t030.n0u1 template

Program Properties

e
e

« |» 4t | »
View Properties of Program —

Figure A.7:  Opening the program execution interface inside Process Integration
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e For GNEC, we want to run the executable from the Command Line. To do
this we need to change the “Type:” from Executable to Script as shown in

Figure A.8 and then proceed to write that script described in Figure A.9.

ISIGHT: Process Integration - Program Properties

Type: Script = |

Program

Scripttool - (path and) name:

Language: Perl

R v |
Boume Shell
C Shell

]

Kom Shell
cmd.exe isual Basic

DOSBaich | B

Script tool - optional arguments

Optional command arguments:

Elapsed time limit (seconds): ESUU

oK | Cancel Help |

Figure A.8:  Setting the executable needed for program execution inside the DOS
Batch Program for Process Integration

e Once Script has been chosen, another box pops up that says “Language,” choose

DOS Batch

e Go to the Program Tab and ensure that “cmd.exe” is in the Script tool - (path

and) name bar.

e Taylor the Elapsed time limit (seconds) bar to what you wish (default is 5

minutes or 300 seconds)

e Click the Script Tab and input a variation of the following example seen in
Figure A.9 according to your own file structure. Here it shows the commands
that point to items in the C: drive such as the the “.nec” “Ipda19to29.nec ” in
“isightfiles \ Ipda19to29" or the GNEC executables in “GNEC16 \ bin”. Ensure
that there is a “hard return” after “exit” as depicted by the cursor in the Figure.

If this is absent then the command “exit” will not be executed.
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ISIGHT: Process Integration - Program Properties E|

i Ll Language DOSBatch  —i
R oo T, [T, T — \

Lol o
cd c:\gneclé\bin 7
dnec4dma.exe "c:\isightfiles\lpdal9to29\1lpdal9to2%.nec”

cd c:\isightfiles\lpdal9to2g

exit

< [ »]

& Save scriptinside of the description file

© Save scriptin file: | e l
QK | Cancel Help |

Figure A.9:  Writing the script needed for program execution inside the DOS Batch
Program for Process Integration

e iSIGHT requires that no spaces are in any of the folers or file names and, in
this example, I have placed my important files in a folder called isightfiles, right
inside of the c¢:. This ensures that I have control over the names of all the parent

folders to my specified input file.

e dnecjdma.exe is the executable for NEC4, inside of GNEC. If you choose to use
NEC2, the executable associated with it is also in the same directory. It’s file
name is NEC32.eze

e Once this has been done, you may click “OK” and iSIGHT will return you to

the Process Integration Window

e Go to File and click Save(needed). If you have not yet named the description file,
iSIGHT will prompt you inside the folder containing the input and output files

from GNEC. Keep the description file in this same folder to avoid complications

e iSIGHT will then ask to rescan the file before saving. Click “Yes,” as this is a

way to detect mistakes in the setup just implemented

e Assuming no errors are detected, go to File and click Close
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e You are taken back to the Task Manager Window. In here we will need to define
the boundary conditions for the Parameters and the objectives for the output(s)

as well as create a Task Plan that iSIGHT will follow
e [irst we look at the Parameters.

e Click on the Parameters icon in the icon bar. Define the boundary conditions
for the all inputs. Define the objective for the outputs (nothing, minimize,

maximize) by clicking on the box two columns away from the name as seen in

Figure A.10.
4 iSIGHT: Parameters - Task1 =3
RunCounter[ 4] ShowGroups.. | Show Catumns.. | sartay.. | seareh., | seating.. | Legena. |
Parameter | Var | Obj | Objwgt |  ObjSd Factor Tipe rl MaxWgt

| 19 |yii6] ] REAL -40.0 < -17.70084 <o

| 20 |y171 REAL -400 =/ -1450375 =)

| 21 y1i81 REAL 400 < 1130885 <w

| 22 ytigl REAL -40.0 < -8.10997 Sw

23 |y10) REAL 400 < -491308 =)

24 |y1a1 REAL -400 < 171819 =

25 |y2001 REAL 0.0 < w2 <00

26 |y21) REAL 00 <[335027 < w00

| 27 221 REAL 0o <301524 <00

| 28 |23 REAL 00 < 211372 <400

| 20 |y214] REAL 0.0 < 244235 < w00

B REAL 0.0 < 2089753 < w0

31 |y218 REAL 00 < 1770084 < w0

| 22 |y REAL 00 < 1450375 <[40

| 33 |28 REAL 0.0 < 1130888 <00

34 |y219) REAL [ <[ s10097 < w00

ESEDE REAL 0.0 <& 491308 <400

36 211 REAL 0.0 < 171618 <00

| 37| wirediameterio] REAL 001 <o Zlooa

| 38 |real3. REAL 00

39 |imag3 REAL 0.0

40 | Gain3ato. 10 10 REAL 00

41| Gain3at13s REAL 00

42 |Gain3at1n REAL 00

| 43 |real1s. REAL 00

| 44 |imag15 REAL 0.0

| 45 |Gain15at0. @ 10 10 REAL 00

| 46 | Gain15at135 REAL 00

47 |Gain15at180 REAL 0.0

| 48 |reaizr REAL 00

49 |mag2r REAL 00

| 50 | Gainz7at0 10 10 REAL 00

| 51| Gain27attas REAL 00

| 52 | Gain27atizo REAL 00

53 |Obective REAL 00

54 | Feasivilly INTEGER 0

= e = |
il ]

oK Apply Cancel Help

Figure A.10:  Defining boundary conditions and objectives for inputs and outputs
inside the Parameters window

e Ensure that no boxes are highlighted pink. This would indicate that an infeasible

condition has been requested
e Click “Apply” and then “OK”

e Now we'll look at Task Plan
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e Click on the Task Plan icon in the icon bar. You may use the default (Opti-
mization: *Advisor® PriorityRankedPlan) or you may create a new Task Plan

as shown in Figure A.11.

i iSIGHT: Task Plan - Task1 & Optimization Plan
@TaskPlan 9 Optimization Plan: [DemeOptPlan | Mz‘,
Optimization: Demo0ptPlan
I~ Steps to Execute I~ Available jon Techniques |
Step?. Neighborhood Cullivation Genslic Algerithm -NCGA | || [~ VERIFY ADVISOR CRITERIA— -

| Adaptive Simulated Annealing
Directed Heuristic Search

Downhill Simplex Optimizer

Exterior Penalty

Generalized Reduced Gradient- LSGRG2
Hooke-Jeeves Direct Search Method

WMethod of Feasible Directions - CONMIN

Wixed Integer Optimization - NOST

Wadified Method of Feasible Directions

Wult-Island Genetic Algorithm

Heighborhood Cultivation Genetic Algarithrm - NCGA

No.rinminzter Sartinn Ranstie Sinnrithm - NSEA i
Delste Up Down Addas aStep | Description
oK | Apply Cancel Help |

=
Aod Tel

=

‘ New ... | Edit... | Copy | Delete ‘

t |2

Wove Up iove Down

Add Plan Ramove Plan

I™ Stop Task Plan on Error

oK | Apply | Cancel

Figure A.11:  Defining an optimization method inside the Task Plan

Help |

e To create a new Task Plan, click the “New” box located in List of Existing

Plans.

e From here you may choose from a myriad of techniques, the scope of which
surpasses this tutorial. Note that a description for each technique is available

under the scroll menu in the technique box

e Once the technique is chosen, select “Add as Step”, click “Apply” and then
“OK’?

e Once back in the Task Plan window, select the newly made Plan and click
“Add Tecl” in the adjacent box. After this has been done the “Remove Plan”
icon becomes available. Select any unwanted technique plans and use this icon

to remove them.

e Once all is appropriately setup, click “Apply” and then “OK”
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e Once you are at this point, there is a good number of ways to continue. If
everything is setup properly, you execute the run, but in order to monitor it I'll

suggest these few things.

e First change the Run Mode to “Single” instead of “Task Plan” as seen in Fig-
ure A.12. Click the green ball icon which is the Execute button. If you're
description file is setup correctly, this will execute in a few seconds. If it is not
setup correctly then you will have to wait for that (300 second default) time
limit to be reached and the run will fail but still give you the results that it
tried to come up with. Either way, this is a good way to ensure that everything
is working properly. Once success is reached, put Run Mode back into the Task

Plan mode.

|4 iSIGHT: Task Manager - DEMO.desc

Figure A.12:  Before running the Task Plan, set the execution method to Single for
evaluating the execution’s viability

e Click the Monitor icon in the icon bar. This will setup a visual monitoring
window that you can tailor to your monitoring needs. Common is the Table
icon from which you can create a Custom table after clicking “OK.” If you
right-click on this you can select “Fit to Window,” allowing the table to be

much more easily read.
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e This and other graphs could prove useful in watching the results as they unfold.

e Last thing to do before you click on execute is to ensure the Log is showing
by clicking on the “Log” icon in the icon bar. This will come up automatically
but experience has taught that viewing this and paying close attention to the
errors or warnings generated are key to finding a bug early. This will alert you
to timed-out executions as well as give you additional information concerning

the progress of the run.

e Don’t leave the solution monitor on during the execution of the optimization
plan. Although it helpful at first to ensure that the program is running correctly
as it progresses, it severely increases run times. A run that can be accomplished
in four hours would complete only after 48 hours, if then. Any need for graphs
or data can be constructed post-execution by going to the Taskil.db text file
that is created during each run and drawing from it the columns or rows of data

that is needed.

e Now you're ready to run your optimization plan!
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Appendiz B. GNEC Code

In this appendix, examples of GNEC code are given for a Dipole, a Disc Cone, a
Yagi-Uda, and Log Periodic Dipole Arrays. Some of the included examples are

from [19]. These antennas are viable starting points for optimization within iSIGHT.

B.1 Dzipole

Listing B.1:  An example of a Fat Dipole.(appendix2/fatdipole.nec)

CM fat_dipole

CM TITLE A Fat Dipole TITLE

CM a fat half-wave dipole at 98MHz, 8" thick, shortened by .2
CE

GWw 1 9 0.0 -.665 0.0 0.0 .665 0.0 0.1
GE

EX 0150 1.0

FR 0 41 0 0 80.0 1.0

RP 0 91 91 1110 90.0 0.0 4.0 4.0

XQ

EN

B.2 Two Dipoles on a Roof

Listing B.2:  An example two dipoles on a roof.(appendix2/2dipoleonroof.nec)
CM Example file by Dimitry Fedorov, UA3AVR

CE

GWw 1 39 0 -2.55803 7.1 0 2.55803 7.1 0.008
GW 2 39 0 -2.55803 0 0 2.55803 0 0.008

GM 0 000 90 0 0 1.5 0

GWw 3 20 -10 -7 -3 10 -7 -3 0.001

GWw 4 20 -10 -6 -2.57143 10 -6 -2.57143 0.001
GW 5 20 -10 -5 -2.14286 10 -5 -2.14286 0.001
GW 6 20 -10 -4 -1.71429 10 -4 -1.71429 0.001
GWw 7 20 -10 -3 -1.28571 10 -3 -1.28571 0.001
GWw 8 20 -10 -2 -0.85714 10 -2 -0.85714 0.001
GWw 9 20 -10 -1 -0.42857 10 -1 -0.42857 0.001
GWw 10 20 -10 0 0 10 O O 0.001

GW 11 20 -10 1 -0.42857 10 1 -0.42857 0.001
GWw 12 20 -10 2 -0.85714 10 2 -0.85714 0.001
GWw 13 20 -10 3 -1.28571 10 3 -1.28571 0.001
GW 14 20 -10 4 -1.71429 10 4 -1.71429 0.001
GW 15 20 -10 5 -2.14286 10 5 -2.14286 0.001
GW 16 20 -10 6 -2.57143 10 6 -2.57143 0.001
Gw 17 20 -10 7 -3 10 7 -3 0.001

Gw 18 7 -10 -7 -3 -10 0 0 0.001

GWw 19 7 -9 -7 -3 -9 0 0 0.001

GW 20 7 -8 -7 -3 -8 0 0 0.001

Gw 21 7 -7 -7 -3 -7 0 0 0.001

GWw 22 7 -6 -7 -3 -6 0 0 0.001
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29

34

39

44

49

54

59

64

69

GW 23 7 -5 -7 -3 -5 0 0 0.001
GW 24 7 -4 -7 -3 -4 0 0 0.001
GWw 25 7 -3 -7 -3 -3 0 0 0.001
GW 26 7 -2 -7 -3 -2 0 0 0.001
GwWw 27 7 -1 -7 -3 -1 0 0 0.001
GWw 28 7 0 -7 -3 0 0 0 0.001
GWw 29 71 -7 -3 1 0 0 0.001
GW 30 7 2 -7 -3 2 0 0 0.001
GW 31 7 3 -7 -3 3 0 0 0.001
GW 32 7 4 -7 -3 4 0 0 0.001
GW 33 7 5 -7 -3 5 0 0 0.001
GW 34 7 6 -7 -3 6 0 0 0.001
GWw 35 7 7 -7 -3 7 0 0 0.001
GW 36 7 8 -7 -3 8 0 0 0.001
GW 37 7 9 -7 -3 9 0 0 0.001
GWw 38 7 10 -7 -3 10 0 O 0.001
GWw 39 7 -10 0 O -10 7 -3 0.001
GW 40 7 -9 0 0 -9 7 -3 0.001
GW 41 7 -8 0 0 -8 7 -3 0.001
GW 42 7 -7 0 0 -7 7 -3 0.001
GW 43 7 -6 0 0 -6 7 -3 0.001
GW 44 7 -5 0 0 -6 7 -3 0.001
GW 45 7 -4 0 0 -4 7 -3 0.001
GW 46 7 -3 0 0 -3 7 -3 0.001
GW 47 7 -2 0 0 -2 7 -3 0.001
GW 48 7 -1 0 0 -1 7 -3 0.001
GW 49 7 0 0O 0O O 7 -3 0.001

GW 50 71 0 01 7 -3 0.001

GW 51 7 2 0 0 2 7 -3 0.001

GW 52 7 3 0 0 3 7 -3 0.001

GW 53 7 4 0 0 4 7 -3 0.001

GW 54 7 5 0 0 56 7 -3 0.001

GW 55 7 6 0 0 6 7 -3 0.001

GW 56 7 7 0 O 7 7 -3 0.001

GW 57 7 8 0 0 8 7 -3 0.001

GW 58 7 9 0 0 9 7 -3 0.001

GW 59 7 10 0 0 10 7 -3 0.001
GM 0 0 OO -90 0 0 28 O

GS 0 0 1.0

GE 1

GN 2 0 0 0 30 0.001

FR 01 0 0 28.05 1

TL 1 20 2 20 50 10.69518717
EX 0 2 20 0 0.5000 0.0000

RP 0 1 360 1000 85 0 0 1

RP 0 181 1 1000 90 0 -1 O

EN

B.3 Panel

Listing B.3:  An example of a panel antenna.(appendix2/panel.nec)
CM NEC Input File Panel_2x2 for 2442 MHz, Pow 20020706 |
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13

18

23

28

CM
CM
CM
CM
CM
CM
CE
SY
SY
SY
SY
SY
SY
SY

GW
GW
GW
GW
GW
SM
SC
GS
GE
TL
TL
TL
TL
EX
FR
RP
EN

Frequency range 2412..2472 MHz |
+ 14 dBi gain, f/b ratio 18 dB |
+ 40 deg horiz, 30 deg vertical 3 dB beamwidth |
+ SWR < 1.3 |
data in wavelengths. Scaled to meters with GS |
———————————————————————————— [ http://pow.za.net/ ]--"

Wire radius

Reflector width / 2

Reflector height / 2

Dipole arm length

Dipole height over reflector

Distance between left and right dipole
Distance between top and bottom dipole

W=.006 ’
Rx=1.5/2, Rnx=5
Ry=1.5/2, Rny=5
D1=.25 ’
Dh=.22 ’
Dx=.38 ’
Dy=.38 )
centers / 2
1 1 Dh O. W Dh 0. -W W
31 Dh Dx -D1-Dy Dh Dx D1-Dy W
31 Dh -Dx -D1-Dy Dh -Dx D1-Dy W
31 Dh Dx -D1+Dy Dh Dx D1+Dy W
31 Dh -Dx -D1+Dy Dh -Dx D1+Dy W
Rnx*2 Rny*2 0. -Rx -Ry 0. Rx -Ry
0 0 0. Rx Ry
0 0 300.0/2442.0

g w N

16
16

50.
50.
16 50.
16 50.
101. 0
0 0 2442. O

73 73 1001 -90.

ceee
ceee
°eeee
ceee
°eeee

O OOk, KB, =, O
e
gD W N

90. 5. 5. 10000.

B.}, Rhombic

CM
CM

CE
GW

GW

GW

GW

GE
GN

Listing B.4:
NEC Input File for Rhombic
RP 0 31 73 1001 O0.00E+00

0.00E+00 3.00E+00

0.00E+00

1 20

.00000
2 20

.00000
3 20 1
.00000
4 20 1
.00000

1 0
+00

0.00E+00

0.00000
0.01000
0.00000
0.01000
7.30000 10.00000
0.01000
7.30000 -10.00000
0.01000

0.00000

0.00000

0 0 O0.00E+00

0.00E+00

91

10.00000

10.00000

10.00000

10.00000

0.00E+00

17.30000

17.30000

34.60000

34.60000

0.00E+00

10.00000

-10.00000

0.00000

0.00000

0.00E+00

/ 2

An example of a Rhombic.(appendix2/Rhombic.nec)

5.00E+00

0.00E...



12

14

19

.00E+01

.00E+00

.00E+00

.90E+02

.90E+02

2.5 5

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

An example of a Helix.(appendix2/helix.nec)

by K6STI

Converted with 4nec2 on 22-apr-02

(model contains geometry violations...

FR O 0 0o 3
+00 0.00E+00

EX O 1 0o 1
+00 0.00E+00

EX O 1 0 -1
+00 0.00E+00

LD O 20 0o 2
+00 0.00E+00

LD O 20 0o 2
+00 0.00E+00

RP 0 72 72 1000 -90 O

EN

B.5 Helix

Listing B.5:

CM Helical Antenna,

CM

CM

CE

SY D = .125

GW 1 1
0.50 D

GW 2 3
0.67 D

GW 3 3
0.83 D

GW 4 3
1.00 D

GW 5 3
1.17 D

GW 6 3
1.33 D

GW 7 3
1.50 D

GW 8 3
1.67 D

GW 9 3
1.83 D

GW 10 3
2.00 D

GW 11 3
2.17 D

GW 12 3
2.33 D

GW 13 3
2.50 D

GW 14 3
2.67 D

GW 15 3
2.83 D

4.14

-0.00

-1.35

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-2.56

4.14
4.35

4.14

-0.00
-1.35
-2.56

-3.52

92

.00

.50

.67

.83

.00

17

.33

.50

.67

.83

.00

.17

.33

.50

.67

0.00E+00 O
0.00E+00 O
0.00E+00 O
0.00E+00 O
0.00E+00 O
.35 0.00
.14 1.35
.52 2.56
.56 3.52
.35 4.14
.00 4.35
.35 4.14
.56 3.52
.52 2.56
.14 1.35
.35 -0.00
.14 -1.35
.52 -2.56
.56 -3.52
.35 -4.14

.00E...

.00E. ..

.00E...

.00E. ..

.00E...



24

29

34

39

44

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

.00

.17

.33

.50

.67

.83

.00

.16

.33

.50

.66

.83

.00

.16

.33

.50

.66

.83

.00

.16

.33

.50

.66

.83

.00

.16

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

-1

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

-4.14
-4.35
-4.14

-3.52

-1.35

4.14
4.35

4.14

-0.00

-2.56
-3.52
-4.14
-4.35
-4.14
-3.52
-2.56

-1.35

93

.83

.00

.17

.33

.50

.67

.83

.00

.16

.33

.50

.66

.83

.00

.16

.33

.50

.66

.83

.00

.16

.33

.50

.66

.83

.00

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

-4.35

-4.14

-3.52

-2.56

-1.35

4.14

4.35

4.14

-0.00

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-1.35



49

54

59

64

69

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

10

10.

10.

10.

10.

10.

10.

11.

11

11

42

.33

43

.50

44

.66

45

.83

46

.00

a7

.16

48

.33

49

.50

50

.66

51

.83

52

.00

53

.16

54

.33

55

.50

56

.66

57

.83

58
.00
59
16
60
33
61
49
62
66
63
83
64
99
65
16
66
.33
67
.49

1.35

-0.00

-1.35

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-2.56

-1.35

4.14

4.35

4.14

-0.00

4.14
4.35

4.14

-0.00

-2.56
-3.52
-4.14
-4.35
-4.14

-3.52

-1.35
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10

10.

10.

10.

10.

10.

10.

11.

11

.16

.33

.50

.66

.83

.00

.16

.33

.50

.66

.83

.00

.16

.33

.50

.66

.83

.00

16

33

49

66

83

99

16

.33

-0.00

-1.35

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-2.56

-1.35

0.00

4.14

4.35

4.14

-0.00

-1.35

4.14

4.35

4.14

-0.00

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-1.35

4.14



74

79

84

89

94

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

11

11

11

12.

12.

12.

12.

12.

12.

13.

13.

13.

13.

13.

13.

14.

14.

14.

14.

14.

14.

15.

15.

15.

15.

15.

68

.66

69

.83

70

.99

71
16
72
33
73
49
74
66
75
83
76
99
77
16
78
33
79
49
80
66
81
83
82
99
83
16
84
33
85
49
86
66
87
83
88
99
89
16
90
33
91
49
92
66
93
83

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

-0.00

-2.56
-3.52
-4.14
-4.35
-4.14

-3.52

-1.35

4.14
4.35

4.14

-0.00

-1.35

95

11

11

11

11

12.

12.

12.

12.

12.

12.

13.

13.

13.

13.

13.

13.

14.

14.

14.

14.

14.

14.

15.

15.

15.

15.

.49

.66

.83

.99

16

33

49

66

83

99

16

33

49

66

83

99

16

33

49

66

83

99

16

33

49

66

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

-0.00

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-1.35

4.14

4.35

4.14

-0.00

-1.35

-2.56



99 GW

GW

GW

GW

GW

104 GW

GW

GW

GW

GW

109 GwW

GW

GW

GW

GW

114 GW

GW

GW

GW

GW

119 GwW

GW

GW

GW

GW

124 GW

15.

16.

16.

16.

16.

16.

16.

17.

17.

17.

17.

17.

17.

18.

18.

18.

18.

18.

18.

19.

19.

19.

19.

19.

19.

20.

94
99
95
16
96
33
97
49
98
66
99
82
100
99
101
16
102
32
103
49
104
66
105
82
106
99
107
16
108
32
109
49
110
66
111
82
112
99
113
16
114
32
115
49
116
66
117
82
118
99
119
16

-3

-2

-1

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

-2.56
-3.52
-4.14
-4.35
-4.14

-3.52

-1.35

4.14
4.35

4.14

-0.00

-2.56
-3.52
-4.14
-4.35
-4.14

-3.52

96

15.

15.

16.

16.

16.

16.

16.

16.

17.

17.

17.

17.

17.

17.

18.

18.

18.

18.

18.

18.

19.

19.

19.

19.

19.

19.

83

99

16

33

49

66

82

99

16

32

49

66

82

99

16

32

49

66

82

99

16

32

49

66

82

99

-2.56

-1.35

4.14

4.35

4.14

-0.00

-1.35

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-2.56

-1.35

-3.52

-4.14

-4.35

-4.14

-3.52

-1.35

4.14

4.35

4.14

-0.00

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-2.56



129

134

139

144

149

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

20.

20.

20.

20.

20.

21.

21

21

21

21

21

22.

22.

22.

22.

22.

22.

23.

23.

23.

23.

23.

23.

24.

24.

24.

120
32
121
49
122
66
123
82
124
99
125
16
126

.32

127

.49

128

.66

129

.82

130

.99

131
16
132
32
133
49
134
66
135
82
136
99
137
15
138
32
139
49
140
65
141
82
142
99
143
15
144
32
145
49

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

-2.56

-1.35

4.14
4.35

4.14

-0.00

-2.56
-3.52
-4.14
-4.35
-4.14

-3.52

-1.35
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20.

20.

20.

20.

20.

20.

21.

21

21

21

21

21

22.

22.

22.

22.

22.

22.

23.

23.

23.

23.

23.

23.

24.

24.

16

32

49

66

82

99

16

.32

.49

.66

.82

.99

16

32

49

66

82

99

15

32

49

65

82

99

15

32

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

-1.35

4.14

4.35

4.14

-0.00

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-1.35
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159

164

169

174

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW
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24.

24.

25.

25.

25.

25.

25.
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26.

26.
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26.
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26.

27.

27.

27.

27.

27.

27.

28.

28.

28.

28.

28.

65

82

99

15

32

49

65

82

99

15

32

49

65

82

99

15

32

49

65

82

99

15

32

49

65

82

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

-0

1

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

4.14

-0.00

-2.56
-3.52
-4.14
-4.35
-4.14

-3.52

-1.35

4.14
4.35

4.14
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24.

24.

24.

24.

25.

25.

25.

25.

25.

25.

26.

26.

26.

26.

26.

26.

27.

27.

27.

27.

27.

27.

28.

28.

28.

28.

49

65

82

99

15

32

49

65

82

99

15

32

49

65

82

99

15

32

49

65

82

99

15

32

49

65

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

-0.00

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-1.35

4.14

4.35

4.14

-0.00
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GW

GW

GW

GW
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GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW
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28.

29.

29.

29.
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29.

30.

30.

30.

30.

30.

30.

31.
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31

31
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32.

32.

32.
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32.

32.

33.

99

15

32

48

65

82

98

15
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48

65

82

98

15

.32

.48

.65

.82

.98

15

32

48

65

82

98

15
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174
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189
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194

195
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.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

.35

.56

.52

.14

.35

.14

.52

.56

.35

.00

-0.00
-1.35
-2.56
-3.52
-4.14
-4.35
-4.14

-3.52

-1.35
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4.35
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-0.00

-2.56
-3.52
-4.14

-4.35
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29.
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32.

32.

32.

32.

32.

32.

82

99

15

32

48

65

82

98

15

32

48

65

82

98

15

.32

.48

.65

.82

.98

15

32

48

65

82

98

-4.14

-3.52

-2.56

-1.35

4.14

4.35

4.14

-0.00

-1.35

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-2.56

-1.35

-1.35

-2.56

-3.52

-4.14

-4.35

-4.14

-3.52

-1.35

4.14

4.35

4.14

-0.00

-2.56

-3.52

-4.14

-4.35

-4.14



GW 198 3 1.35 -4.14 33.15 2.56 -3.52

33.32 D
204 GwW 199 3 2.56 -3.52 33.32 3.52 -2.56
33.48 D
GW 200 3 3.52 -2.56 33.48 4.14 -1.35
33.65 D
GW 201 3 4.14 -1.35 33.65 4.35 0.00
33.82 D
GS 0 0 in
GE 1
209 EX 0 1 1 00 1.0 0.0
J
GN 0 0 0 0 13 .005
FR 0 1 0 0 435
EN

214 ’This 10-turn, monofilar, axial-mode helix with 7-degree pitch
yields right-
’circular polarization. Each turn has 20 segments. The pitch
angle was varied
’for maximum gain.

B.6 Disc Cone

Listing B.6:  An example of a fat Disc Cone.(appendix2/discone.nec)
CM Biconical antenna
CM Cone angle 30 deg.

CE
4 GWw 1 1 0.0000 -0.0250 0.0000 0.0000 0.0250
0.0000 .00300000
GWw O 20 0.0000 0.0250 0.0000 0.3000 0.5446
0.0000 .00300000
GW O 20 0.0000 0.0250 0.0000 -0.3000 0.5446
0.0000 .00300000
GW O 20 0.0000 0.0250 0.0000 0.0000 0.5446
-0.3000 .00300000
GW O 20 0.0000 0.0250 0.0000 0.0000 0.5446
0.3000 .00300000
9 GWw O 20 0.0000 0.0250 0.0000 0.2121 0.5446
0.2121 .00300000
GWw O 20 0.0000 0.0250 0.0000 -0.2121 0.5446
-0.2121 .00300000
GW O 20 0.0000 0.0250 0.0000 0.2121 0.5446
-0.2121 .00300000
GW 9 20 0.0000 0.0250 0.0000 -0.2121 0.5446
0.2121 .00300000
GW 10 20 -0.3000 -0.5446 0.0000 0.0000 -0.0250
0.0000 .00300000
14 GW 11 20 0.3000 -0.5446 0.0000 0.0000 -0.0250
0.0000 .00300000
GW 12 20 0.0000 -0.5446 0.3000 0.0000 -0.0250

0.0000 .00300000
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19

24

11

16

GW

GW

GW

GW

GW

GE

EX

FR
EN

13 20
0.0000
14 20
0.0000
15 20
0.0000
16 20
0.0000
17 20
0.0000
0

0

0

0.0000

.00300000

-0.2121

.00300000

0.2121

.00300000

-0.2121

.00300000

0.2121

.00300000

B.7 Yagi-Uda

CM
cm

CE
GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

GW

Listing B.T:

NEC Input File of a
73 1001

RP 0 31
1.00E+04

15 7
0.00000
16 7
0.00000
1 7
0.00000
27
0.00000
3 7
0.00000
4 7
0.00000
5 7
0.00000
6 7
0.00000
T 7
0.00000
8 7
0.00000
9 7
0.00000
10 7
0.00000
11 7
0.00000
12 7
0.00000
13 7
0.00000

0.00E+0

0.00000

0.00250

0.27300

0.00250

0.69300

0.00250

1.11300

0.00250

1.53300

0.00250

1.95300

0.00250

2.37300

0.00250

2.79300

0.00250

3.21300

0.00250

3.63300

0.00250

4.05300

0.00250

4.47300

0.00250

4.89300

0.00250

5.31300

0.00250

5.73300

0.00250

0

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.5446

-0.5446

-0.5446

-0.5446

-0.5446

-0.3000

-0.2121

0.2121

0.2121

-0.2121

00

16 element Yagi

0.00E+00

34000

31750

30500

30500

30500

30500

30500

30500

30500

30500

30500

30500

30500

30500

30500

0.00E+00

.00000 0
.00000 0
.00000 0
.00000 1
.00000 1
.00000 1
.00000 2
.00000 2
.00000 3
.00000 3
.00000 4
.00000 4
.00000 4
.00000 5
.00000 5

101

0.0000 -0.0250
0.0000 -0.0250
0.0000 -0.0250
0.0000 -0.0250
0.0000 -0.0250
1.0000 0.0000
50

An example of a Yagi-Uda.(appendix2/Yagil6.nec)

3.00E+00 ©5.00E+00
.00000 0.34000
.27300 0.31750
.69300 0.30500
.11300 0.30500
.53300 0.30500
.95300 0.30500
.37300 0.30500
.79300 0.30500
.21300 0.30500
.63300 0.30500
.05300 0.30500
.47300 0.30500
.89300 0.30500
.31300 0.30500
.73300 0.30500



21

12

17

22

GE
FR

EX

RP
EN

0

0 1
+00

0 16
+00

0 73 37 1000

B.8 LPDA I

CM

CM

CM

CM

CM

CE

GW

GW

GW

GW

GW

GW

GW

GW

GW

GE
TL

TL

TL

TL

TL

TL

TL

0 0 2.20E+02
0.00E+00
4 0 1.00E+00
0.00E+00
-90 0 2.5 b5
Listing B.8:

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E...

0.00E...

First example of a LPDA.(appendix2/Logper.nec)

NEC Input File for log-periodic
PT control card supresses printing of element currents
TL control card specs transmission line in terms of Z,length,...
and shunt Y

<- RP 0 37 37 1001 O0.00E+00 O0.00E+00 b5.00E+00 1.00E+01
0.00E+00 0.00E+00

<- PT -1

3 7 -9.66700 -2.14200 0.00000 -9.66700 2.14200

0.00000 0.00429

4 7 -11.10700 -2.46300 0.00000 -11.10700 2.46300

0.00000 0.00493

5 7 -12.76800 -2.83200 0.00000 -12.76800 2.83200

0.00000 0.00566

6 9 -14.67500 -3.25500 0.00000 -14.67500 3.25500

0.00000 0.00651

7 9 -16.86500 -3.74100 0.00000 -16.86500 3.74100

0.00000 0.00750

8 9 -19.38300 -4.29900 0.00000 -19.38300 4.29900

0.00000 0.00860

9 11 -22.27700 -4.94400 0.00000 -22.27700 4.94400

0.00000 0.00988

10 11 -25.60300 -5.68200 0.00000 -25.60300 5.68200

0.00000 0.01136

11 11 -29.42500 -6.53100 0.00000 -29.42500 6.53100

0.00000 0.01305

0

3 4 4 4 -4.50E+02 0.00E+00 O0.00E+00 O0.00E+00 0.00E...
+00 0.00E+00

4 4 5 4 -4.50E+02 O0.00E+00 O0.00E+00 O0.00E+00 O0.00E...
+00 0.00E+00

5 4 6 5 -4.50E+02 O0.00E+00 O0.00E+00 O0.00E+00 O0.00E...
+00 0.00E+00

6 b 7 5 -4.50E+02 O0.00E+00 O0.00E+00 O0.00E+00 O0.00E...
+00 0.00E+00

7 b 8 5 -4.50E+02 O0.00E+00 O0.00E+00 O0.00E+00 O0.00E...
+00 0.00E+00

8 b5 9 6 -4.50E+02 O0.00E+00 O0.00E+00 O0.00E+00 O0.00E...
+00 0.00E+00

9 6 10 6 -4.50E+02 O0.00E+00 O0.00E+00 O0.00E+00 O0.00E...
+00 0.00E+00
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27

12

17

22

27

TL

EX

FR

RP
EN

10 6 11 6 -4.50E+02 O0.00E+00
+00 -2.20E-03

0 3 4 0 1.00E+00 O0.00E+00
+00 0.00E+00

0o 1 0 0 1.20E+01 4.00E+00
+00 0.00E+00

0 37 37 1000 -90 0 5 10

B.9 LPDA I1

CM
CM
CM
CM
CM
CM
CM
CE
SY
SY

SY

SY

GW
GW
GW
GW
GW
GW
GW
GS
GE
TL
TL
TL
TL
TL
TL
FR
EX
RP
EN

Listing B.9:
NEC Input File LPDA 2412..2472 MHz,
Log periodic dipole array feed
+ 7 elements
+ 10.7 dBi gain, f/b ratio 27 dB
+ 50 deg vertical, 70 horizontal
+ SWR < 1.3
A1l data in wavelengths. Scaled to
R= .006
L1= .166 ,L2= .176 ,L3= .187 ,L4=
.240
Di= .000 ,D2= .125 ,D3= .133 ,D4=
.170
X1=D1, X2=X1-D2, X3=X2-D3, X4=X3-D4
D7
1 21 X1 0. L1 X1 0. -L1 R
2 21 X2 0. L2 X2 0. -L2 R
3 21 X3 0. L3 X3 0. -L3 R
4 21 X4 0. L4 X4 0. -L4 R
5 21 X5 0. L5 X5 0. -L5 R
6 21 X6 0. L6 X6 0. -L6 R
7 21 X7 0. L7 X7 0. -L7 R
0 0 300.0/2442.0
0
111 2 11 -50. 0. 0. 0. 0. O
2 11 3 11 -50. 0. 0. 0. 0. O
3 11 4 11 -50. 0. 0. 0. 0. O
4 11 5 11 -50. 0. 0. 0. 0. O
5 11 6 11 -50. 0. 0. 0. 0. O
6 11 7 11 -50. 0. 0. 0. 0. O
01 0 0 2442. 0
0111 01. O
0 73 73 1001 -90. 90. 5. 5. 10000.

103

0.00E+00 O0.00E+0O0
0.00E+00 0.00E+00
0.00E+00 0.00E+00

Pow 20020609

3 dB beamwidth

|
|
|
|
|
|
meters with GS |

0.00E...

0.00E...

0.00E...

Second example of a LPDA.(appendix2/Ipda.nec)

.199 ,L5= .212 ,L6= .226 ,L7=...
.141 ,D5= .1561 ,D6= .160 ,D7=...
, Xb=X4-D5, X6=X5-D6, X7=X6-...
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successful designs of each generation are kept and altered through crossover and mutation. Convergence upon a best
design is attained. The Yagi-Uda and the Log Periodic Dipole Array (LPDA) antenna are the focus for this study. The
objectives for each are to maximize the main power gain while minimizing the Voltage Standing Wave Ratio (VSWR)
and the antenna’s length. The Yagi-Uda improves by as much as 40 dB in the main lobe compared to previous studies.
LPDA improvements are nominal power gain while truncating original allowance in the length by more than half along
with nominal VSWR values that were close to ideal value of one. This methodology is very robust and is improved upon
in this research all while using a novel approach with an optimization program platform called iSIGHT.
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