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1. Introduction

This paper presents a new antenna concept with potential for use in a variety of

difficult antenna situations. The term “self-structuring” implies that the antenna
changes its electrical shape in response to its environment. The shape change is
not made by altering the position or physical geometry of the antenna structure,
but rather by controlling the electrical connections between the components of a
skeletal antenna “template.” Using an appropriate feedback signal, the structure
is rearranged to optimize one or more performance criteria. For example, if the
received signal strength is used as the feedback signal, the structure can be opti-
mized for maximum signal strength, even as the antenna changes its aspect with
respect to the transmitter. The received signal can also be maximized as the fre-
guency of the signal is changed, giving the antenna system potential for very wide
bandwidth. The self-structuring antenna concept lends itself to a variety of appli-
cations, including mobile antennas, generic "off the shelf* antennas, EMC miti-
gating antennas, and randomly deployed antennas.

2. Self-Structuring Antenna Concept

A block diagram of a self-structuring antenna system is shown in Figure 1. A
typical self-structuring antenna skeleton, as shown in Figure 2, consists of a large
number of wire segments interconnected by controllable switches. The states of
these switches greatly influence the electrical characteristics of the antenna, such
as input impedance and pattern. The switch states are controlled by a microproc-
essor, which makes decisions based on a feedback signal from a receiver or exter-
nal sensors such as near field probes.

The success of a self-structuring antenna is highly dependent on microcomputer
search algorithms. A trade-off exists between the “diversity” of the antenna —i.e.,
the number of possible configurations allowed by its structure — and the complex-
ity of searching for the optimum structural arrangement. An antenna with a
higher level of structural diversity should provide a more optimum performance,
but will require a longer time to find the optimum configuration. For example,
many existing adaptable antenna systems have a discrete number of possible con-
figurations that can be utilized, but usually these antennas switch between a very



between a very few number of configurations [1]. However, a sdlf-structuring
antenna containing 50 junctions has 2 or over one trillion possible structures.
Obvioudly, even afast microcomputer cannot sort through this many possibilities

in any practical rea-time application. However, since the self-structuring
skeleton results in a binary problem — each junction is either on or off — many
recently developed algorithms can be used to optimize the structure without
exhaustively searching all possibilities. Two of the most promising are genetic
algorithms [2] and simulated annealing (Metropolis algorithm) [3], which have
already been widely applied in the design of specific-use antennas [4], [5].

The most appropriate shape of the skeleton and optimum feeding techniques are
dependent on each particular application of the antenna. However, it is doubtful
if the particular skeletal shape is crucial, as long as sufficient diversity is present.
Thus, malleable, plastic-based skeletal sheets would provide a flexible means of
applying self-structuring antennas to a wide variety of geometrical conditions.
The antenna skeletons could then be embedded in the plastic casing of a television
set, a laptop computer's monitor, or a cellular telephone.

3. Prototype Antenna

A prototype self-structuring antenna was designed and constructed at Michigan
State University. The skeleton of the prototype, similar to that shown in Figure 2,
uses 23 controllable switches for a total 6£8,388,608 configurations. An HP
8510C Network Analyzer is used as the receiver for the antenna system. Meas-
urements made by the network analyzer are used as feedback signals by a micro-
processor that controls the switches on the antenna skeleton.

4. Measured Results

Measurements were performed on the prototype self-structuring antenna to de-
termine the smallest standing wave ratio (SWR) that the antenna system could
locate during its search. The microprocessor used both a simulated annealing al-
gorithm and a genetic algorithm to search through the possible switch states at
each measurement frequency. SWR measurements were performed from 45 MHz
to 450 MHz with results shown in Figure 3. As seen from these results, the self-
structuring antenna is able to configure itself at each measurement frequency such
that its SWR is less than 1.04 for the frequency band from 50 MHz to 350 MHz
for both searching algorithms. The self-structuring antenna prototype had the
most trouble matching to the %D network analyzer test port cables in the band
from 375 MHz to 425 MHz. The simulated annealing algorithm was able to find

a minimum SWR of only 1.23 at 400 MHz, and the genetic algorithm found a
minimum SWR of 1.30. Even this worst case result demonstrates the potential
wideband capabilities of the self-structuring antenna prototype.



In a second test, the same antenna was used as a receiver with the fixed frequency
of 300 MHz. Its aspect angle to a transmitting antenna was varied from 0 to 90
degrees (as measured from the perpendicular to the plane of the antenna) and the
received signal optimized at each aspect angle. Thus as the antenna was rotated,
Its pattern was altered such that the main lobe was directed towards the receiving
antenna. The resulting signal amplitude, shown in Figure 4, demonstrates that a
strong signal can be obtained independent of antenna aspect.

5. Conclusion

A new type of adaptive antenna system, the self-structuring antenna, has been
presented in this paper. The self-structuring antenna is capable of adapting to a
changing electromagnetic environment by altering its electrical characteristics in
response to a feedback signal from the system’s receiver. Measurements were
performed on a prototype self-structuring antenna system to demonstrate its capa-
bilities for wideband use and for adapting to changing aspect angle.
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® Conventional antennas - Electromagnetic properties

such asimpedance, pattern, bandwidth aretypically analyzed
for a single configuration

® Adaptive antennas

O Adaptive phased array systems — Genetic algorithms
sometimes used to select the amplitudes and phases of
array elements to manipulate the array’s properties

O Reconfigurable antennas — Relatively few number of

discrete configurations, each of whose properties are often
known

® Self-Structuring Antenna —Vvery Large number of

discrete states or configurations, each of whose propertiesare
possibly unknown prior to the antenna’s operation.
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® A ‘self-structuring antenna’ system:

O Iscapable of arranging itself into a large number of
different possible configurations

O Usesinformation that it obtainsfrom areceiver or sensor
that measuresthe fithess of each configuration to make
decisions on the future configurations of the antenna

O Uses a binary sear ch routine such as simulated annealing or
genetic algorithmsto quickly search through the possible
configurations

O Iscapable of re-optimization when its electromagnetic
environment changesto provide an antenna configuration
with desired properties
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Self-Structuring Antenna o
—
EMLAB Skeleton RN
® A sdf-structuring antenna skeleton is
comprised of alarge number of wire [ (1
segments inter connected by Wire t / Switches——— |
controllable switches. Segments Ay
® For each configuration, the states of []
the switches deter mine the electrical (] ]
characteristics of the antenna. [] [] []
® For a skeleton with n switches, there [] e gl
are 2" possible configurations. [] #]\:&
® Anasymmetric topology provides "1
mor e diversity and lessrepeated Eoeﬁ‘i

statesthan a symmetric topology.

Example Self-Structuring
Antenna Skeleton
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® A working prototype
self-structuring
antenna has been
built at Michigan
State University.

The prototype has 23
controllable switches.
Thisallowsfor 223 or
8,388,608 possible
configurations.

® Theskeeton

measures 13.7” by
10.25”
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® Therearemany long
control and power lines
that are connected to the
prototype antenna.

® Theback of the perfboard
shows the control wiring
to the switches.

Couplingto these
conductorswas not
suppressed for some of the
measur ements.
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® Measurements wer e also performed to find
the lowest SWR over a band of frequencies
for a single configuration.

® Using a simulated annealing algorithm, the
prototype system was ableto find single
configurations with minimum aver age SWRs
over thefollowing bands:
O 100 MHzto 200 MHz: 1.41 average SWR
0 200 MHzto 300 MHz: 2.07 average SWR
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® Theprototype antenna
was optimized at every
aspect anglefrom 0 to
90 degreesat 300 MHz.
The prototype was able
to find a configuration
that recelved a strong
signal at each angle.
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® Morereception measurements
were performed at 275 MHz for a
different axisof rotation. The
prototypewasableto find a
configuration with a strong signal
at every angle.

Asa comparison, the patter ns of
two dipole antennaswere
measur ed with lengths equal to the
width and height of the prototype
antenna.

—— 13.7" dipole
10.25" dipole
—e— SSA
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® SWR and reception measurements have
been made on the self-structuring antenna
prototype.

® The prototype antenna was ableto find
configurationswith alow SWR for many
freqguencies over a broad frequency band.

® Theprototype antenna was able to obtain a
strong signal at every aspect angle wherethe
antenna was optimized.
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® Numerical modeling of the self-structuring antenna
has been performed to show proof of principle of the
self-structuring concept.

® Theresultsof thiswork were presented M onday
morning: “Numerical Simulation of Self-Structuring
Antennas Based on a Genetic Algorithm
Optimization Scheme” by J. E. Ross, E. J. Rothwell,
C. M. Coleman, and L. Nagy.

® Thenumerical smulation focused on a self-
structuring antenna skeleton with no control or
power lines.
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® A genetic algorithm was used
to optimize the skeleton’s
Input impedance from 50 to
800 MHz. The target
Impedance was 200 Ohms.

® NEC was used to calculate the i H] )
Input impedanceto the
skeleton. min [:] il

]

]

[]
—

The sdlf-structuring antenna
skeleton was ableto find u i i I
configurationswith [:]

acceptable input impedances
from about 200 to 800 M Hz. Feed

]
_
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® The sdf-structuring antenna lends itself for
usein avariety of applicationswherethe
electromagnetic environment of the antenna
IS possibly changing:
O Mobile antennas
O Randomly deployed antennas
O Partially disabled antennas
O Generic “off the shelf” antennas
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® Constructing improved prototype antennas

® Morereceived signal and SWR
measur ements

® Geometriesfor antenna skeletons

® Extended numerical modeling

® Study of efficient searching algorithms
® Statistical analysis
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® A new type of adaptive antenna has been presented. The

self-structuring antenna system has possible applicationsin
sever al difficult changing antenna environments.

A working prototype antenna has been constructed and
tested.

SWR and received signal measurements have been
performed on the prototype antenna.

Numerical modeling performed on the self-structuring
antenna has provided promising results.

Futureresearch on the self-structuring antenna is planned
for Michigan State University and John Ross & Associates.
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