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(57) ABSTRACT 

A Self-structuring antenna System that includes an antenna 
array defined by a plurality of antenna elements that are 
Selectively electrically connectable to each other by Series of 
Switches, So as to alter the physical shape of the antenna 
array. The antenna elements include antenna wires, where 
the wires of adjacent antenna elements are connected by a 
mechanical or Solid State Switch. One or more feed points are 
electrically connected to predetermined locations within the 
antenna array and to a receiver associated with the antenna 
array. A feedback Signal from the receiver provides an 
indication of Signal reception and antenna performance. The 
feedback Signal is applied to a computer that Selectively 
opens and closes the Switches. An algorithm is used to 
program the computer So that the opening and closing of the 
Switches attempts to achieve antenna optimization and per 
formance. 

25 Claims, 2 Drawing Sheets 
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SELF-STRUCTURING ANTENNASYSTEM 
WITH ASWITCHABLE ANTENNA ARRAY 
AND AN OPTIMIZING CONTROLLER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to a Self-Structuring 

antenna and, more particularly, to an antenna System that 
includes an array of antenna elements Selectively electrically 
connectable to each other to provide different antenna con 
figurations based on Signal reception to increase antenna 
performance for different electrical and/or environmental 
conditions. 

2. Discussion of the Related Art 

Communications Systems require antennas that detect 
electromagnetic radiation at certain frequencies to receive a 
transmitted Signal of interest. Thus, antenna Systems are 
Specifically designed to provide a Suitable performance for 
a particular communications System and to operate under 
Specific electrical and/or environmental conditions. 
Typically, the transmission and reception performance of the 
antenna System is provided by the configuration of the 
physical antenna Structure. An antenna System may be 
Specifically designed to operate within a specific frequency 
range, to have a particular radiation/reception pattern, and/or 
to operate in the vicinity of certain conductive Structures, 
Such as automobile bodies. The communications System 
may require that the antenna System be highly directive, 
cover a wide range of frequencies, and also provide good 
performance in particular environmental conditions. 

The design of an antenna System is generally a compro 
mise to accomplish all of these things. Highly directive 
antennas typically do not give good reception for wide 
frequency ranges, wide band frequency antennas must be 
physically pointed to provide Suitable directionality, and the 
performance of antennas designed to operate well in one 
environmental condition will typically degrade in perfor 
mance as the environment changes. For example, consider 
the Set of compromises represented by automobile antennas 
for a vehicle radio. The automobile antenna must be able to 
operate over the fairly wide FM radio frequency band, must 
be sensitive to its placement on a large conducting body, and 
must be able to maintain a strong received signal as the 
vehicle changes its orientation to the transmitting antenna. A 
typical vehicle antenna does not perform any of these 
requirements well, and is only marginally capable in each. 
This is because once the vehicle antenna is constructed, it is 
unable to adapt to the changing situation and environment 
that the vehicle is exposed to. 

There are currently many known wide band antennas, 
Such as log-periodic, discone, Spiral, etc. antennas, that are 
used for various applications and that must be physically 
moved to respond to a change in orientation. For example, 
a typical indoor TV antenna must be physically repositioned 
and electrically retuned when the TV channel is changed due 
to the change in operation frequency, the change in orien 
tation of the antenna with respect to the transmitter, and the 
differing interactions between the arriving Signals, the 
antenna, and the TV receiver. Other known antenna Systems 
also require that the antenna be physically moved for 
different reception criteria. 

Phased array antennas, known in the art, offer an improve 
ment over other known antenna designs for providing wide 
bandwidth reception, good directionality and good perfor 
mance in changing environments. The known design for 
phased array antennas does not require the array to be 
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2 
physically repositioned by allowing electrical control of the 
antenna pattern, for example, to track radar targets. These 
phased array antennas are, however, extremely complicated 
and expensive to build due to the need to precisely control 
the phase of each array element. Because of this, phased 
array antennas are primarily used by the military. Adaptive 
antenna arrays use Similar design concepts as phased 
antenna arrayS, but have complicated optimization Schemes 
to provide desired antenna patterns in response to changing 
environmental conditions. Neither the phased array antenna 
Systems nor the adaptive antenna array Systems change the 
physical shape of the antenna Structure. 
A Significant improvement in overall antenna perfor 

mance could be achieved by an antenna that was capable of 
altering its physical shape in response to a changing elec 
trical and/or physical environment. These types of antenna 
systems will be generally referred to here as “self 
Structuring antenna Systems. An antenna System which 
physically moves to alter its Structure or shape would be, 
however, impractical to implement. 

It is an object of the present invention to provide a 
Self-structuring antenna System that alters its physical shape 
without actually moving, and is practical to implement, So 
that the overall antenna performance of the antenna System 
can be increased over a wide frequency range and in 
changing physical and/or environmental conditions. 

SUMMARY OF THE INVENTION 

In accordance with the teachings of the present invention, 
a Self-structuring antenna System is disclosed that includes 
an antenna array defined by a plurality of antenna elements 
that are Selectively electrically connectable to each other by 
a Series of Switches, So as to alter the physical shape of the 
antenna array. In one embodiment, the antenna elements 
include cross-wires, where the wires of adjacent antenna 
elements are connected by a mechanical or Solid State 
Switch. Other types of antenna elements can also be used. 
One or more feed points are electrically connected to pre 
determined locations within the antenna array and to a 
receiver associated with the antenna array. A Signal on a 
feedback line from the receiver provides an indication of 
Signal reception and antenna performance, and can be any 
Suitable Signal, Such as a signal representative of reception 
Strength. The antenna performance Signal is applied to a 
control device, Such as a microcomputer, that Selectively 
opens and closes the Switches. A Suitable algorithm is used 
to program the control device So that the opening and closing 
of the Switches attempts to achieve antenna optimization and 
performance. 

Alternately, the antenna System can be used to transmit a 
Signal, where the Self-structuring of the antenna array pro 
vides a desirable directionality, Signal Strength, etc. for 
Specific applications. In this alternate embodiment, external 
Sensors can be used that receive the transmitted Signal, and 
Send a signal to the control device indicative of the Signal 
performance. 

Additional objects, advantages, and features of the present 
invention will become apparent from the following descrip 
tion and appended claims, taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a croSS-Wire antenna Structure for 
use in a Self-structuring antenna System, according to an 
embodiment of the present invention; 

FIG. 2 is a block diagram of a basic Self-structuring 
receiving/transmitting antenna System, according to the 
invention; 
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FIG. 3 is a plan view of an antenna Structure for use in a 
Self-structuring antenna System, according to another 
embodiment of the present invention; and 

FIG. 4 is a plan view of an antenna Structure for use in a 
Self-structuring antenna System, according to another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The following discussion of the preferred embodiments 
directed to a Self-structuring antenna System is merely 
exemplary in nature, and is in no way intended to limit the 
invention or its applications or uses. 

FIG. 1 shows a plan view of an antenna array 10, 
according to an embodiment of the present invention. The 
antenna array 10 includes a Series of interconnected antenna 
elements 12 defining a rectangular array, where each antenna 
element 12 includes a pair of Orthogonal wire elements 14 
and 16 formed in a “croSS' configuration. In this example, 
the antenna array 10 includes twelve antenna elements 12 
for discussion purposes. However, as will be appreciated by 
those skilled in the art, the number of antenna elements 12 
in the array 10 would depend on the particular design and 
use for an antenna System that incorporated the antenna 
array 10. The wire elements 14 and 16 can be made of any 
Suitable conductive material, and have any Suitable wire 
gauge for a certain application. 

The array of antenna elements 12 is configured Such that 
each wire element 14 is electrically connected to an adjacent 
wire element 14, and each wire element 16 is electrically 
connected to an adjacent wire element 16 by a controllable 
Switch junction 18, except at the Outer perimeter of the array 
10, as shown. The Switch junctions 18 represent any suitable 
Switch device, for example, a mechanical device Such as a 
relay, or an electrical device, Such as Solid-State relay or 
solid-state Switch. Each switch junction 18 is controllable 
Such that it can be short-circuited (closed) or open-circuited 
(opened) by a predetermined control signal, for example 
from an embedded microcomputer, to Selectively electri 
cally connect various antenna elements 12 into different 
configurations. In other words, by electrically short 
circuiting certain of the controllable junctions 18 and open 
circuiting other junctions 18, the active configuration of the 
antenna array 10 can be changed accordingly to form 
different conducting paths within the array 10. This provides 
the self-structuring feature of the antenna array 10 that 
allows the array 10 to change its physical shape. By choos 
ing which junctions 18 are closed, a wide variety of different 
physical antenna shapes can be provided, including loops, 
dipoles, stubs, etc. Note that the elements 12 need not be 
physically connected to other elements 12 to affect the 
performance of the antenna array 10. Each element 12 forms 
part of the array 10, whether it is actually electrically 
connected to adjacent elements 12 or not. Thus, parasitic 
arrays and parasitic tuning Stubs are provided, and possible 
configurations include classic Yagi-Uda arrayS. 
An antenna feed Structure 20, including two feed lines 22 

and 24, forms part of the array 10, as shown, to connect the 
array 10 to receiving circuitry to process the received signal. 
The feed structure 20 can be attached to the antenna array 10 
at any convenient or desirable location in accordance with 
the design of the antenna System. Multiple feed points are 
possible, and can be used to control multi-path ghosting and 
fading. This allows the antenna receiver to distinguish 
Several versions of the same Signal arriving from Several 
different directions. The size of the elements 12, and the 
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4 
length of the conductive paths in the array 10 would depend 
on the particular design of the antenna System, and the 
frequency band of interest being received. The particular 
design shown has a specific application for frequencies 
within the range of 30-500 MHz. As would be appreciated 
by those skilled in the art, the Specific configuration of the 
array 10 would be based on the particular application. 

Control lines used to control the Switching of the junc 
tions 18 may be embedded within a skeletal support 
Structure, Such as a plastic Structure or a simple wire harness. 
Ordinarily, the interaction of the antenna Support Structure 
holding the control lines would be a Serious design consid 
eration for an existing antenna Structure, but the nature of the 
Self-structuring antenna System of the invention would allow 
it to automatically compensate for Such interactions. 
However, if these interactions proved to be too Severe, a 
fiber optic cable, or an embedded fiber optic channel, could 
be used to carry the control Signals to opto-electronic 
Switches at the junctions 18. 

FIG. 2 shows a block diagram of a basic Self-structuring 
receiving/transmitting antenna System 30, according to the 
invention. The antenna System 30 includes an antenna array 
32 of the type described above with reference to FIG.1. The 
antenna array 32 includes a plurality of antenna elements 34 
including orthogonal croSS wire elements, that are Selec 
tively electrically connectable in the manner as discussed 
above. A microcomputer 36 provides electrical control Sig 
nals on control lines 38 that selectively open and close the 
Switch junctions between the elements 34 in accordance 
with the performance of the antenna system 10. The micro 
computer 36 can be any Suitable microcomputer known in 
the art that provides the necessary control function for the 
antenna System 30, and is unobtrusive to the antenna design. 
The microcomputer 36 is programmed with a Suitable algo 
rithm to control the Switch junctions between the elements 
34 in accordance with a particular antenna performance 
optimization Scheme. 
The electromagnetic Signals received by the antenna array 

32 are collected by feed lines 40 connected to the array 32 
at a Suitable location. Each feed line 40 represents a pair of 
feed lines connected to a particular location in the array 32 
to collect the received signal. The Signals on the feed lines 
40 are Sent to a receiver 42 to process the Signals depending 
on the particular application. The receiver 42 can be any 
Suitable receiver for the purposes described herein, and is 
Selected based on the particular use of the antenna System 
30. A performance signal on a feedback control line 44 from 
the receiver 42 is applied to the microcomputer 36 to provide 
an indication of the reception performance of the antenna 
array 32. The performance signal from the receiver 42 can 
be any Signal that represents the reception performance of 
the antenna array 30, Such as a Signal Strength Signal, an 
audio clarity signal, etc. 
The antenna System 30 can also be used as a transmitting 

System. When used as a transmitting System, the receiver/ 
transmitter 42 generates a signal to be transmitted that is 
applied to the antenna array 32 on the feed lines 40. As with 
the discussion of the System 30 being used to receive Signals, 
the physical configuration of the antenna array 32 can be 
altered to provide the transmitting performance desired, 
Such as directionality. The performance of the transmitting 
antenna array 32 can be controlled by providing a feedback 
Signal from a plurality of external Sensors 46 placed in the 
near Zone field of the antenna array 32 to the microcomputer 
36. The sensors 46 can be any suitable sensor known in the 
art that is responsive to the transmitted Signal from the 
antenna array 32, and that provides an indication of Signal 
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Strength, direction, etc. of the transmitted Signal. The feed 
back signal indicative of the transmitted Signal is sent to the 
microcomputer 36 on control lines 48. 
The Success of a Self-structuring antenna array of the type 

described in connection with this invention is highly depen 
dent on the algorithms used to operate the microcomputer 
36. A fuzzy control system can be used when several 
performance qualities are desired, Such as high Signal 
Strength, good audio clarity, efficient multipath Suppression, 
etc. A trade-off exists between the diversity of the antenna 
System, the number of possible configurations allowed by 
the antenna Structure, and the complexity of Searching for 
the optimum Structural arrangement. An antenna System 
with a higher level of diversity (more antenna elements and 
junctions) should provide a more optimal performance, but 
will require a longer time to find that optimum configuration. 
For example, the antenna array 10 has three rows of four 
elements 12, and seventeen junctions 18. This gives 27 
(131,072) structural arrangements that are possible for the 
array 10. However, if there are six rows and six columns of 
elements 12, there are fifty junctions 18, and thus over one 
trillion possible structures for the array. Obviously, even a 
fast microcomputer cannot Sort through this many possibili 
ties in any practical real-time application. The greatest 
benefit of the Self-structuring skeleton approach is that the 
optimization is binary, where each junction 18 is either on or 
off. Many recently developed algorithms can be used to 
optimize the antenna Structure without exhaustively Search 
ing all possibilities. Two of the most promising algorithms 
currently available are genetic algorithms and Simulated 
annealing algorithms. 
The Self-structuring antenna of the invention offerS Sig 

nificant improvements over existing antenna Systems 
because of its inherent Versatility. It is not necessary to 
actually know the best configuration of the antenna array for 
a particular application. The inherent design and the algo 
rithm used in the microcomputer 36 will determine the best 
configuration based on the reception. In alternate antenna 
designs, the antenna elements can be different Structures 
besides croSS-Wire elements. The antenna arrays of the 
invention can be comprised of any electrically connectable 
antenna element design known in the art. The antenna 
System can be a wide band antenna System because the 
Structure may be altered in response to frequency changes to 
provide an optimum impedance match. At the same time, the 
antenna can respond to changes in physical orientation and 
environmental conditions. For example, it can adapt to the 
orientation of an automobile as it turns a corner, or the 
position of a cellular phone as its user moves his body or the 
way in which he is holding the phone. It can also adapt to 
the presence of rain, fog or even immersion in water. 

The basic structure of the antenna array 10 shown in FIG. 
1 has symmetry. Because of this, the different combinations 
of opened and closed junctions 18 may provide a wide 
degree of redundancy for the many configurations. This may 
lead to needleSS Searching for the optimization for a par 
ticular reception by the microcomputer 36, and thus a waste 
of System resources. FIG. 3 shows a plan view of an antenna 
array 50 including a series of antenna elements 52, here 
wires, separated by controllable switch junctions 54. As is 
apparent, the orientation of the junctions 54, and the differ 
ing lengths of the various antenna elements 52 provides for 
different antenna configurations, where the closing of one or 
more of the junctions 54 does not match the closing of 
another one or more of the junctions 54. In other words, each 
configuration of antenna elements based on different closing 
arrangements of the junctions 54 creates a different antenna 
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6 
configuration. Thus, the closing of one junction 54 provides 
an electrically conductive path different from the closing of 
any other junction 54. Further, the differing lengths of the 
antenna elements 52 provides for a wider range of frequen 
cies. AS is apparent, each of the antenna arrayS 10 and 50 has 
the same number of junctions 18 and 54, but the orientation 
of the junctions 54 provides more diversity. 
AS mentioned above, the use of croSS-Wires as the antenna 

elements in the antenna array is by way of example in that 
Virtually any type of antenna element can be used within the 
scope of the invention. To illustrate this, FIG. 4 shows a plan 
View of an antenna array 58 including a plurality of antenna 
elements 60 that are conductive disks. The antenna elements 
60 are separated by controllable switch junctions 62 to 
Selectively interconnect the antenna elements 60 based on 
antenna performance in the manner as discussed above. Of 
course, other antenna element shapes and designs can be 
used within the Scope of the present invention. 

The shape of the arrays 10 and 32 above is rectangular. 
However, other configurations for the arrays 10 and 32 may 
be better for different applications. A less geometrically 
uniform Skeletal Structure may be useful for embedding 
antennas within electronic Systems and their containers. For 
example, a skeletal Structure could be incorporated into the 
plastic cabinet of a television Set or within the plastic casing 
of a cellular telephone. The Skeletal configuration could take 
on whatever shape is convenient. Malleable, plastic-based 
skeletal sheets would provide a flexible technique of apply 
ing Self-structuring antennas to a wide variety of geometrical 
conditions. 

The simple skeletal antenna Structure of the antenna 
System of the invention has various applications that will 
improve antennae performance. For example, a simple to 
use indoor TV antenna is easy to implement through a 
Structure built into the plastic console. A skeletal Structure 
antenna array can be included in each of the console walls 
and fed to the antenna receiver. When the channel is 
changed, the Structure can be changed to provide both Signal 
Strength and picture clarity. To design a fixed antenna to 
operate within the console would be very difficult, due to the 
unpredictable interactions with the electrical components 
inside the TV. However, by its very nature, the self 
Structuring antenna System of the invention will adapt to 
provide the best possible design as dictated by the chosen 
feedback Signals. Thus, very little Specific design is required. 
The skeletal Structure of the antenna array of the invention 

will also offer increased performance for other types of 
antenna Systems. For example, an automobile antenna using 
the design of the invention would adapt itself to both the 
presence of the automobile body and the constantly chang 
ing orientation of the arriving electromagnetic signal. 
Additionally, for cellular telephone use, because different 
users couple to the antenna of the cellular phones differently, 
and the users are constantly in motion, and users are often 
in environments Subject to multi-path and fading, the Self 
Structuring antenna System of the invention can respond 
quickly to Such a changing environment. 
The foregoing discussion discloses and describes merely 

exemplary embodiments of the present invention. One 
skilled in the art will readily recognize from Such discussion, 
and from the accompanying drawings and claims, that 
various changes, modifications and variations can be made 
therein without departing from the Spirit and Scope of the 
invention as defined in the following claims. 
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What is claimed is: 
1. A Self-structuring antenna System comprising: 
a plurality of antenna elements positioned relative to each 

other in a predetermined orientation, each of the plu 
rality of antenna elements being Selectively electrically 
connectable to one or more of the other antenna ele 
ments, 

a plurality of Switches electrically connecting the plurality 
of antenna elements So that closing one of the Switches 
causes at least two antenna elements to be electrically 
connected, wherein the plurality of Switches in combi 
nation with the plurality of antenna elements defines an 
antenna array; and 

a control device controlling each of the Switches, said 
control device being responsive to a feedback Signal 
that provides communication between the antenna 
array and the control device, the feedback Signal caus 
ing the control device to open and close the Switches 
based on a predetermined control Scheme, the control 
Scheme optimizing antenna performance based on the 
feedback Signal by continuously Switching the Switches 
to change the electrical configuration of the antenna 
array. 

2. The System according to claim 1 wherein the antenna 
elements include a pair of croSS-Wires. 

3. The System according to claim 2 wherein the plurality 
of Switches includes Switches that electrically connect the 
croSS-Wires between adjacent antenna elements. 

4. The System according to claim 1 wherein the plurality 
of antenna elements is a plurality of wires, Said plurality of 
wires including wires of differing lengths. 

5. The system according to claim 4 wherein the plurality 
of Switches electrically connect adjacent wire elements Such 
that closing of one Switch provides an electrically conduc 
tive path different from the closing of any other Switch. 

6. The system according to claim 1 wherein the feedback 
Signal is generated by a receiver connected to the antenna 
elements, said receiver generating the feedback signal based 
on a signal received by the antenna System. 

7. The system according to claim 6 wherein the feedback 
Signal is indicative of reception performance of the antenna 
System. 

8. The system according to claim 1 wherein the control 
device is an embedded microcomputer that is run by an 
antenna algorithm that controls the closing and opening of 
the plurality of Switches. 

9. The System according to claim 1 further comprising at 
least one external Sensor, Said at least one external Sensor 
outputting a Signal to the control device to provide an 
indication of an external condition. 

10. The system according to claim 1 wherein the Switches 
are Selected from the group consisting of mechanical relayS, 
Solid-State relays and opto-electronic relayS. 

11. The System according to claim 1 wherein the antenna 
elements include conductive disks. 

12. A Self-structuring antenna System for optimizing the 
reception performance of an antenna, Said System compris 
ing: 

a plurality of antenna elements defining an antenna array, 
each of Said antenna elements including at least one 
antenna wire, Said antenna array being responsive to an 
electromagnetic Signal; 

a plurality of controllable Switches electrically connecting 
the plurality of antenna elements, wherein the Switches 
are Selectively electrically closed to electrically con 
nect at least two of the antenna elements in the array, 
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8 
a receiver electrically connected to the antenna array at 

least one feed point, Said receiver being responsive to 
the Signal from the antenna array and generating a 
feedback Signal based on the electromagnetic Signal 
received by the antenna array; and 

a control device controlled by an antenna algorithm, Said 
control device being responsive to the feedback Signal 
from the receiver and controlling the plurality of 
Switches by continuously Switching the Switches to 
vary the electrical configuration of the antenna array to 
optimize the performance of the antenna System for a 
particular application. 

13. The System according to claim 12 wherein the antenna 
elements include a pair of croSS-wires, and wherein the 
plurality of Switches electrically connect the croSS-Wires 
between adjacent antenna elements. 

14. The System according to claim 12 wherein the antenna 
element wires include wires of differing lengths. 

15. The system according to claim 14 wherein the plu 
rality of Switches electrically connects adjacent wire ele 
ments Such that closing of one Switch provides an electri 
cally conductive path different from the closing of any other 
Switch. 

16. The system according to claim 12 wherein the control 
device is an embedded computer. 

17. The system according to claim 12 wherein the 
Switches are Selected from the group consisting of mechani 
cal relayS, Solid-State relays and opto-electronic relayS. 

18. A Self-structuring antenna System comprising: 
a plurality of antenna elements positioned relative to each 

other and defining an antenna array, each of Said 
antenna elements being Selectively electrically con 
nectable to one or more of the other antenna elements, 

a plurality of Switch means for electrically connecting the 
plurality of antenna elements So that closing of one of 
the Switch means causes at least two of the antenna 
elements to be electrically connected; and 

a control means for controlling each of the Switch means, 
Said control means being responsive to a feedback 
Signal that causes the control means to continuously 
open and close the Switch means based on the reception 
performance of the antenna System So as to optimize 
the antenna performance based on the feedback Signal 
for a given application. 

19. The system according to claim 18 wherein each of the 
plurality of antenna elements includes a conductive wire. 

20. The system according to claim 19 wherein the wires 
of the antenna elements have differing lengths. Such that the 
closing of one Switch means provides an electrically con 
ductive path different from the closing of any other switch 
CS. 

21. A System according to claim 18 further comprising a 
receiver means for receiving a signal from the antenna array, 
Said receiver means generating the feedback Signal. 

22. A method of electrically restructuring an antenna, Said 
method comprising: 

providing a plurality of antenna elements that define an 
antenna array to receive an electromagnetic Signal; 

providing a plurality of Switches electrically connecting 
the plurality of antenna elements where the closing of 
one of the Switches causes at least two of the antenna 
elements to be electrically connected to change the 
electrical configuration of the array; 

monitoring the performance of the reception of the elec 
tromagnetic Signal by the antenna array; 

determining an optimized electrical configuration of the 
antenna array based on the reception of the electro 
magnetic signal received by the antenna array; 
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Switching the Switches to the optimized electrical con 
figuration of the antenna array based on the perfor 
mance of the antenna array; and 

continuously responding to changes in the reception per 
formance So as to continuously optimize the perfor 
mance of the antenna array. 

23. The method according to claim 22 wherein providing 
a plurality of antenna elements includes providing a plurality 
of antenna elements made of wires, where a plurality of the 
wires are of different lengths. 

10 
24. The method according to claim 23 wherein providing 

a plurality of antenna elements and providing a plurality of 
Switches is provided So that closing of one Switch provides 
an electrically conductive path different from the closing of 
any other Switch. 

25. The method according to claim 22 wherein Switching 
the Switches includes using an antenna algorithm that con 
trols a computer to control the Switching of the Switches. 

k k k k k 


