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7) ABSTRACT

An antenna system (205) includes an antenna structure
(215), a receiver (220), and an antenna system controller
(225). The antenna structure includes an arrangement of
antennas (237), a signal combiner (240), and a switching
matrix (235). The arrangement of antennas is designed to
have a set of antenna element separations that are optimized
to provide lowest correlation coefficients of intercepted
radio signals for a corresponding set of electromagnetic
environment types that vary from a very low density scat-
tering environment to a maximum density scattering envi-
ronment. The antennas (230), (231), (232), (233), (234) in
the antenna arrangement each include at least one element
that has a common polarization. There is at least one antenna
that is a dual polarized antenna. The antenna system selects
an antenna element pair that corresponds to the environment
type which it is operating and thereby receives a best
combined signal.
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ADAPTIVE DIVERSITY ANTENNA SYSTEM
BACKGROUND

[0001] Tt is well known that a radio signal arriving at a
receiving antenna location can be scattered by objects in the
environment, resulting in a signal at the receiver that is a
combination of signals reflected or transmitted by the
objects, diffracted by the objects, and/or attenuated through
the objects. Such environments are called electromagnetic
scattering environments. Conventional radio signal receiv-
ers sometimes employ antenna diversity to improve the
received signal quality of such scattered signals, typically
employing two antennas having different polarizations or
two antennas separated, for example, by a wavelength of the
carrier frequency. Different methods are used to combine the
signals intercepted by the two antennas. A low cost method
of switching between them can provide substantial improve-
ment in some situations. A higher cost method of combining
the signals that uses a radio frequency combiner will typi-
cally provide equal or better results. In conventional diver-
sity antenna systems, a separation between two antennas is
typically chosen to minimize the correlation of the signals
being received at each antenna. Some cellular systems
employ two antenna diversity systems for fixed equipment,
in which a separation of two antennas that is determined by
the carrier wavelength provide improved performance.
Another example of separation diversity is found in wireless
routers that operate according to the 802.11 (b) standard
promulgated by the Institute of Electrical and Electronic
Engineers (IEEE). In some of these systems, the fixed router
unit has two antennas at fixed distances, but the antennas can
be rotated, thereby changing their relative polarization.
Polarization diversity can be obtained by using dual polar-
ized antennas, which can require less enclosed volume and
has provided improved performance in portable radios. Such
approaches utilize fixed physical arrangements that are
chosen to provide good improvement over non-diversity
antennas in many situations. However, as the carrier fre-
quencies that are used for new radio communication systems
increase, the scattering of electromagnetic energy by objects
in the environment has a more degrading impact on the
received radio signal and the electromagnetic scattering
environment can differ substantially between fixed locations
that are not far apart. In these situations, the improvements
afforded by a fixed physical arrangement of two diversity
antennas diminished, and a better approach is needed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The present invention is illustrated by way of
example and not limitation in the accompanying figures, in
which like references indicate similar elements, and in
which:

[0003] FIG. 1 is a simplified plot of correlation coeffi-
cients for pairs of antenna elements for a set of five elec-
tromagnetic environment (EME) types, in accordance with
embodiments of the present invention;

[0004] FIG. 2 is a block diagram of a portion of an
electronic device that uses antenna diversity, in accordance
with the preferred embodiment of the present invention; and

[0005] FIG. 3 is a plan view drawing of a portion of a
story of a building in which electronic devices using diver-
sity are used, in accordance with an embodiment of the
present invention.
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[0006] Skilled artisans will appreciate that elements in the
figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimen-
sions of some of the elements in the figures may be exag-
gerated relative to other elements to help to improve under-
standing of embodiments of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0007] Before describing in detail the particular antenna
diversity technique in accordance with the present invention,
it should be observed that the present invention resides
primarily in combinations of method steps and apparatus
components related to diversity antenna systems. Accord-
ingly, the apparatus components and method steps have been
represented where appropriate by conventional symbols in
the drawings, showing only those specific details that are
pertinent to understanding the present invention so as not to
obscure the disclosure with details that will be readily
apparent to those of ordinary skill in the art having the
benefit of the description herein.

[0008] As is known in the art, signals from elements of
two antennas that are separated can sometimes be combined
in a technique known as antenna diversity, and the combined
signal might be a better signal from which to recover the
original information than the signal intercepted by either
antenna. The separation of conventional diversity antennas
is typically fixed and is typically based on a simplified
theoretical conclusion, such as one that the scattering envi-
ronment is homogeneous. The present invention uses new
understanding recently gained that a scattering environment
is in fact inhomogeneous and a diversity antenna separation
determined by conventional techniques that rely only on
environmental models such as line of sight, Rician, or
Rayleigh, do not always predict optimum antenna diversity
arrangements, particularly in scattering environments. It has
been recently determined that antenna arrangements for
achieving diversity improvement for a given frequency band
can be better optimized using signal correlation measure-
ments made in actual or modeled electromagnetic environ-
ments of distinctly differing types that are characterized by
the density and type of scatterers that are significant at the
given frequency band. It has also been determined that the
selection of antenna elements of such an optimized antenna
arrangement for providing optimized combining of diversity
signals can be done either by identifying the type of elec-
tromagnetic environment or by correlation measurements
made at the site using the antenna arrangement. Identifying
the type of electromagnetic environment can be done using
environmental modeling of the actual site where the antenna
arrangement is being used, or by a site type determination
based on measurements made on site by an experienced RF
technologist.

[0009] Referring to FIG. 1, a simplified plot of correlation
coefficients for pairs of antenna elements is shown for a set
of five electromagnetic environment (EME) types, and will
be used to describe a method of establishing an optimum
diversity antenna arrangement for recovering a modulated
radio signal that is intercepted by the antenna arrangement.
It will be appreciated that diversity combining of two
versions of a radio signal transmitted by one transmitter and
intercepted by two antenna elements provides better
improvement over receiving either one of the two signals
when the phase and amplitude correlation between the two
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signals is minimum. This can be characterized by the
correlation coefficient of the two signals, which varies from
a value of O to 1.0, with lower values indicating less
correlation (and therefore better results). For some fre-
quency bands, up to seven distinct EME types have been
identified, but the principles of the present invention are
equally applicable in cases using seven or less than seven
EME types. The EME types in the example described with
reference to FIG. 1 are identified as High Scattering, I, II,
III, and IV. EME type IV represents an electromagnetic
environment having few scattering objects that are effective
(at the frequency band of transmission) near a receiver that
is using the antenna arrangement to intercept energy from
the transmitter. For a wide area network, this may represent
a rural situation, and is a situation in which nulls in the
electromagnetic field are far apart. EME types IIL, II, and I
represent electromagnetic environments of increasingly
effective and dense scattering objects near the receiver,
where nulls in the electromagnetic field are distinct and
closer together. High Scattering represents an electromag-
netic environment wherein the radio signal at the receiver is
formed by many scattered components where the nulls are
very closely spaced.

[0010] A set of optimum antenna element separations is
determined for a set of EME types by determining for each
EME type a minimum correlation coefficient (CC) of a radio
signal that is intercepted by an antenna element of each of
a pair of antennas, wherein the antenna elements have the
same (a common) polarization. The optimum spacing is
determined by finding the separation of the pair of antennas
(and therefore the separation of the elements) at which a
minimum value of the CC occurs. This can be done by
electromagnetic modeling techniques or by field tests. Both
methods have been shown to provide the same results. It has
been found that distinct EME types have different values of
CCs at the optimum antenna spacing for the EME type, and
that the optimum antenna separation is different for each
EME type. This is indicated in FIG. 1 by correlation
coefficients 409, 410, 411, 412, 413, which are optimum
CC’s for the EME types High Scattering, I, II, IIL, and IV, as
indicated on the horizontal axis.

[0011] Each measured or modeled correlation coefficient
is indicated in FIG. 1 by nomenclature that indicates an
element combination (pair). For this example the element
combinations are A-Ap, A-B, A-C, A-D, and A-E. The
combination A-A; indicates a pair of polarized elements of
a dual polarized antenna (antenna A), which, for example,
may be polarized 90 or 120 degrees apart. Combinations
A-B, A-C, A-D, and A-E indicate antenna element combi-
nations having a common polarization and increasing sepa-
rations. For example, A-C indicates a combination of
antenna elements having the same polarization—an element
from antenna A and an element from antenna C. For each of
the EME types other than the High Scattering environment,
there is a range of correlation coefficient values 410, 411,
412, 413 that represents an optimum (lowest) attainable
range of correlation coefficients (CCs). The optimum attain-
able range of CC for each EME type is obtained at an
optimum spacing of antenna elements that have the same
polarization, which is identified by the nomenclature
described above. The CCs can be determined either by
electromagnetic modeling or field testing, and they are
ranges because they are statistical measurements of values
that vary. The ranges are represented in FIG. 1 by the height
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of the ellipses for the optimum values. It will be appreciated
that the optimum CC values 410, 411, 412, 413 decrease as
the EME type changes from the rural/low scattering to
urban. When a combination of elements of the same polar-
ization is used to measure a CC for an environment other
than the one for which the combination is ideal, the resulting
CC (actually, range of CC’s) is, of course, worse than the
optimum value attained with the elements at the optimum
separation. As an example, the CC’s 414, 415, 416 for
separations A-B, A-D, and A-E are greater than the optimum
CC for antenna element separation A-C in EME type II. For
EME type IV, the antenna element separations A-B, A-C,
and A-D are all deteriorated to a CC value 417 near 1.0 in
this example. However, when scattering becomes severe, no
particular separation of elements having the same polariza-
tion is effective to reduce the correlation coefficient 410
substantially below a value of 1. This may be due to the
impracticality of providing two elements at a very small
separation to intercept what should be independent versions
of a signal. In these circumstances, it has been found that
changing to two elements that have orthogonal polarization
will often provide improved signal recovery. This is indi-
cated by the correlation coefficient value 409. In general, the
separations A-B, A-C, A-D, and A-E for the optimum CCs
are not necessarily linearly related to each other or to the
wavelength of the frequency band, as is the case in conven-
tional antenna arrays and conventional diversity antenna
arrangements.

[0012] Once a set of optimum antenna separations for a set
of electromagnetic environment types has been determined,
an antenna arrangement may be devised for a receiver type
and used for operational installations. Although optimum
performance may be obtained using the separations obtained
by the electromagnetic modeling and/or field testing, physi-
cal constraints may necessitate a variation to these ideal
separations; in particular, it may be necessary to reduce (or
possibly eliminate) the separation of the maximum optimum
separation to avoid unduly enlarging a product’s size.

[0013] Insummary, a method for establishing an optimum
diversity antenna arrangement for recovering a modulated
radio signal that is intercepted by the diversity antenna
arrangement includes 1) identifying a set of electromagnetic
environment types that comprises distinct radio environ-
ments for a particular frequency range, 2) determining a set
of optimum antenna separations for the set of electromag-
netic environment types, wherein each optimum antenna
separation provides a minimum correlation coefficient, and
3) establishing the optimum diversity antenna arrangement
by determining an arrangement of antennas that provides a
plurality of antenna separations determined from the set of
optimum antenna separations and includes at least one dual
polarized antenna. The set of separations are not necessarily
linearly related with the frequency or wavelength.

[0014] Referring to FIG. 2, a block diagram of a portion
of an electronic device 200 that uses antenna diversity is
shown, in accordance with the preferred embodiment of the
present invention. The electronic device 200 may be any
electronic device that communicates using radio frequency
(RF) signals and that is stationary or relatively stationary
(i.e., moving slowly relative to a wavelength of the fre-
quency at which the device is operating). A few examples
are a network receiving antenna arrangement, a cellular
telephone, a personal digital assistant, a local area network
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or personal area network wireless router, and an appliance
control receiver. Although the benefits of the present inven-
tion may accrue to devices operating below 1 GHz, they are
more likely to be realized in electronic devices that operate
above 1 GHz, because such devices are more likely to be
moved from place, and to be in electromagnetic scattering
environments that change while the electronic device is
stationary. The portion of the electronic device 200 shown in
FIG. 2 comprises an antenna system 205 coupled bi-direc-
tionally to a device controller 210 by antenna controller
input signals 211, 227. The electronic device 200 will
typically comprise other components, such as a display,
keys, switches, external connectors, and batteries—depend-
ing on the type of electronic device 200. The device con-
troller 210 may be a stored program controller processor or
a state machine, or a portion of a stored program controller
processor or a state machine. The device controller 210 may
include applications, such as user interface functions, loca-
tion finding functions, speed detecting functions, handoff
algorithms, games, and internet browsing functions. The
antenna controller input signal 227 comprises a demodulated
signal obtained from RF signals intercepted by the antenna
system 205. The antenna controller input signal 211 may
include an identification of an application that uses infor-
mation included in the demodulated signal included in signal
227, and in some embodiments may also include an iden-
tification of an EME type.

[0015] The antenna system 205 comprises an antenna
structure 215, a receiver 220, and an antenna controller
(antenna system controller) 225. In one embodiment the
antenna controller 225 is a digital signal processor, but in
others it may be any combination of processing apparatus,
such as a stored program controlled microprocessor, a
computer, a neural network processor, and it may be com-
bined with the device controller 210 or another controller in
the electronic device 200. The antenna structure 215 com-
prises an arrangement of antennas 237, which in the embodi-
ment shown in FIG. 2 comprises dual polarized antennas
230, 231,232,233, 234; a switching matrix 235 to which the
arrangement of antennas 237 and the antenna system con-
troller 225 are coupled; and a combiner 240 to which the
switching matrix 235 and the antenna system controller 225
may be coupled. The switching matrix 235 couples a subset
of the signals generated by a selected subset of the elements
of the arrangement of antennas to the combiner 240 and
rejects signals not from the selected subset of elements. The
rejection may be, for example, by grounding the rejected
signal or by causing an essentially open circuit to the
rejected signal. The subset is selected by a subset selection
signal 226 coupled from the antenna controller system. In
some embodiments a subset is either one or two antenna
elements, where the two elements are also referred to as a
combination of antenna elements, or an element combina-
tion. The antenna system controller 225 selects just one
antenna element at a time when a correlation coefficient is
being measured.

[0016] The combiner 240 may be a non-configurable
device (i.e., it may not need control signals to accomplish
combining the subset of signals selected by the switching
matrix 235), in which case it may not be coupled to the
antenna controller 225. The switching matrix 235 and the
combiner 240 may be combined into one functional com-
ponent. The combiner 240 combines the signals from the
selected antenna elements into a combined RF signal 241. (If
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only one signal is selected, then of course there is no
combining). Each individual dual polarized antenna 230,
231, 232, 233, 234, the switching matrix 235, and the
combiner 240 may be designed and fabricated using con-
ventional or other techniques. For example, the antennas of
the antenna structure 215 may be of any conventional
structure such as wire or tube elements (particularly at
frequencies below 1 GHz), printed circuit board runners, or
metal depositions in an integrated circuit. Each antenna has
at least one element that has a polarization that is common
(the same) in the plurality of the antennas in the antenna
arrangement 237. The maximum number of antennas may be
limited by space in the electronic device and/or cost/benefit
considerations. It may be that not all of the antennas in the
antenna arrangement 237 are dual polarized (polarimetric)
antennas, but it is preferable that at least one is a dual
polarized antenna. The spacing of the antennas in the
arrangement of antennas 237 in the present invention is
uniquely determined, as described above with reference to
FIG. 1. The arrangement of antennas 237 in the electronic
device 200 illustrated in FIG. 2 comprises five antennas,
which could be spaced to provide the separations A-B, A-C,
A-D, A-E described above with reference to FIG. 1. The
receiver 220 is coupled to the combined RF signal 241
generated by the combiner 240. The combined RF signal
241 is coupled to a band pass filter 245 that eliminates out
of band energy. The filtered signal is then coupled to an
amplifier 250 that amplifies the filtered signal. A complex
mixer 255 mixes the amplified signal with in-phase and
quadrature phase local oscillator signals generated by phase
shifter 265 from a local oscillator signal generated by local
oscillator 260. The complex mixer 255 generates analog
baseband in-phase (I) and quadrature (Q) signals that are
coupled to dual analog-to digital converter 270, which
generates digitally sampled in-phase (I') and quadrature (Q)
signals that are coupled to a demodulator 228, which gen-
erates a demodulated signal 227 that is coupled to the
antenna controller 225 and the device controller 210. The
antenna controller 225 use the demodulated signal 227 to
evaluate characteristics of the combined RF signal, such as
the envelope, that are used as one basis for determining the
subset selection signal 226. In some embodiments, the
functions of the demodulator 228 and antenna controller 225
are performed by the same processor or intelligent network.
In other embodiments, the I' and Q' signals may be coupled
to the antenna controller 225, where they are used for subset
selection, and to the device controller 210 wherein they are
demodulated. The device controller 210 extracts digital
information from the demodulated signal. Thus, information
is extracted from the combined RF signal 241. Other com-
ponents of the receiver 220, for example, filters and power
distribution circuits, are not shown in FIG. 2. Many other
types of receivers may be used in other embodiments of the
present invention to generate a signal or signals from the
combined RF signal that can be analyzed by an antenna
controller 225 for envelope evaluation of the combined RF
signal. The antenna controller 225 may only evaluate the
envelope of the combined RF signal; the digital information
may be extracted in another controller of the electronic
device 200. In the example described, five antennas are used
to provide four spacings, such as the spacings A-B, A-C,
A-D, and A-E described with reference to FIG. 1. It will be
appreciated that in this example, the antenna spacing A-D
might be very nearly the same as the spacing B-E that results
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from the placement of antenna B to obtain the optimum
spacing A-B. In this situation, antenna D may not be
necessary; the element combination B-E could be used
instead. Thus, in general, the number of antennas in the
antenna arrangement may be able to provide more separa-
tions than those obtained by always including one “base”
antenna (i.e., antenna A) in every element combination.

[0017] Referring to FIG. 3, a plan view drawing of a
portion of a story of a building 300 in which electronic
devices using antenna diversity is shown, in accordance with
an embodiment of the present invention. In the portion of the
building 300 is located a transmitting antenna 315 that
transmits a radio frequency (RF) signal that is modulated to
include information within an RF bandwidth. The portion of
the building 300 includes structures such as offices and
cubicles (some offices 310 and cubicles 305 are identified in
FIG. 3) that act, along with other items, such as ductwork
and wiring, as electromagnetic scatterers for the frequencies
within the RF bandwidth. Electronic devices 320, 325 are
located at two different locations in the portion of the
building 300. Each of the electronic devices 320, 325
includes an arrangement of antennas in antenna systems that
are used to intercept the RF radio signal and thereby
facilitate recovery of the information in the modulated RF
signal (also described as simply recovering the modulated
radio signal). The RF frequencies within the RF bandwidth
are preferably such that the arrangement of antennas can
include effective antennas and such that the arrangement of
antennas does not substantially increase the volume occu-
pied by the electronic devices 320, 325 above that needed
for one efficient antenna. For example, at 5 GHz and above,
an arrangement of antennas having antennas at separations
up to one wavelength may be smaller than 6 centimeters in
a longest dimension. The antenna system 2085 illustrated in
FIG. 2 (showing dual polarized antennas at five positions),
is a example of a system that may be used in the electronic
devices 320, 325, but the arrangements of antennas could
have more or fewer antennas in them.

[0018] The present invention includes unique techniques
for selecting antenna element combinations from the
arrangement of antennas that optimize a combined signal
that is recovered using the selected element combinations.
For receivers 320, 325 that are intended to be used in a
variety of locations, the ability to optimize the selection of
antenna elements is advantageous because the receivers of
one type of equipment (including the arrangement of anten-
nas) can be manufactured identically and do not require
manual settings. The present invention is of course also
applicable at lower frequencies where the arrangement of
antennas may be physically large in comparison to the
receiver, and may provide distinct advantages in some
circumstances (for example, when the scattering environ-
ment is expected to change substantially with time).

[0019] One technique for selecting the optimum set of
antenna elements uses external information 212 (FIG. 2)
that is received by the device 320, 325. The external
information 212 identifies the electromagnetic scattering
environment (EME) type. Two examples of such external
information 212 are an operator input an a simulation input,
which are classifications of external information according
to the source that makes the determination. The external
information may be conveyed by local means such as a
keyboard or by a message sent to the electronic device 320,
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325. The external information is accepted by the device
controller 210 and passed to the antenna system controller
225 in antenna controller signal 211, which uses the external
information 212 and a table that stores information that
correlates an EME type to a best antenna element combi-
nation. The best antenna element combination has a sepa-
ration closest to the optimum separation of antenna elements
described with reference to FIG. 1 and is preferably equal
to the optimum separation, but may have to be different due
to physical design constraints for the device 320, 325. Radio
signals from the antenna elements of the best element
combination are combined and used to generate a demodu-
lated signal 227. The demodulated signal 227 is used in most
devices 320, 325 to recover information that is used by at
least one application that is run by the device controller.
Examples of applications are direction detection, location
finding, speed detection and handoff algorithms. The selec-
tion of the best antennas elements can be beneficially
modified according to which application is using the
demodulated radio signal 227, so in some embodiments the
device controller 210 identifies the application using the
demodulated radio signal 227 to the antenna system con-
troller 225 and the antenna system controller 225 uses the
identification of the one application and the electromagnetic
scattering environment type to select the best element com-
bination.

[0020] Another technique for selecting the best set of
antenna elements uses correlation coefficient measurements
determined from the demodulated radio signal 227 as it is
received at each element combination of a set of element
combinations. For the antenna arrangement of the example
described above with reference to FIGS. 1 and 2, this
amounts to measuring the correlation coefficients for the
antenna elements having the same polarization in antennas
A-B, A-C, A-D, and A-E. The antenna system controller 225
then selects an element combination that has a lowest
correlation coefficient of elements having the same polar-
ization when the lowest correlation coefficient is below a
threshold value and otherwise selects an orthogonally polar-
ized element combination. The threshold value may be, for
example, 0.80.

[0021] Inyet another technique for selecting the best set of
antenna elements, current correlation coefficient measure-
ments determined from the demodulated radio signal 227 are
measured as in the previously described technique. How-
ever, in this technique, the device controller 210 identifies an
application to the antenna system controller 225 that is using
the demodulated radio signal 227, and the antenna system
controller 225 uses the identified application in combination
with the measured correlation coefficients and prior infor-
mation to determine the best element combination. For this
technique, the antenna controller may comprise an intelli-
gent network, such as a fuzzy logic processor or a neural
network to provide speedier and better selections, and prior
information comprising all the measured or simulated cor-
relation coefficients determined for each EME type during a
design phase are used to select the best element combina-
tion.

[0022] In the foregoing specification, the invention and its
benefits and advantages have been described with reference
to specific embodiments. However, one of ordinary skill in
the art appreciates that various modifications and changes
can be made without departing from the scope of the present
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invention as set forth in the claims below. Accordingly, the
specification and figures are to be regarded in an illustrative
rather than a restrictive sense, and all such modifications are
intended to be included within the scope of present inven-
tion. The benefits, advantages, solutions to problems, and
any element(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as a critical, required, or essential features or
elements of any or all the claims.

29¢¢

[0023] As used herein, the terms “comprises,”“compris-
ing,” or any other variation thereof, are intended to cover a
non-exclusive inclusion, such that a process, method, article,
or apparatus that comprises a list of elements does not
include only those elements but may include other elements
not expressly listed or inherent to such process, method,
article, or apparatus.

[0024] The term “plurality”, as used herein, is defined as
two or more than two. The term “another”, as used herein,
is defined as at least a second or more. The terms “including”
and/or “having”, as used herein, are defined as comprising.
The term “coupled”, as used herein with reference to electro-
optical technology, is defined as connected, although not
necessarily directly, and not necessarily mechanically. The
term “program”, as used herein, is defined as a sequence of
instructions designed for execution on a computer system. A
“program”, or “computer program”, may include a subrou-
tine, a function, a procedure, an object method, an object
implementation, an executable application (an application),
an applet, a servlet, a source code, an object code, a shared
library/dynamic load library and/or other sequence of
instructions designed for execution on a computer system. A
“set” as used herein, means a non-empty set (i.e., for the sets
defined herein, comprising at least one member)

What is claimed is:
1. A method for using a arrangement of antennas to
recover a modulated radio signal, comprising:

identifying an electromagnetic scattering environment
type as one of a set of electromagnetic scattering
environment types;

selecting a best element combination from the arrange-
ment of antennas based on the electromagnetic scatter-
ing environment type; and

combining radio signals intercepted by the best element

combination.

2. The method according to claim 1, wherein the identi-
fying of the electromagnetic scattering environment type
uses an operator input.

3. The method according to claim 1, wherein the identi-
fying of the electromagnetic scattering environment type
uses information received in a message.

4. The method according to claim 1, wherein the selecting
of the best element combination is further based upon a
selected application that uses information in the combination
of radio signals.

5. The method according to claim 1, wherein the identi-
fying of the electromagnetic scattering environment type
comprises using a current set of correlation coefficient
measurements made using a radio signal received at each
best element combination of a set of element combinations
and prior information obtained using the set of electromag-
netic scattering environment types.
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6. A method for using an arrangement of antennas to
recover a modulated radio signal, comprising:

measuring a set of correlation coefficients, each correla-
tion coefficient determined using a radio signal inter-
cepted at each element of a corresponding element
combination having a first polarization orientation,
each corresponding element combination formed from
two elements in the arrangement of antennas;

determining a lowest correlation coefficient of the set of
correlation coefficients; and

combining radio signals intercepted by the element com-
bination corresponding to the lowest correlation coef-
ficient when the lowest correlation coefficient has a
value below a threshold value; and

combining radio signals intercepted by two orthogonally
oriented elements of the arrangement of antennas when
the lowest correlation coefficient has a value above the
threshold value.

7. An antenna system, comprising:

an antenna structure, comprising

an arrangement of antennas, each antenna comprising
at least one element that has a common polarization,
and at least one antenna that is a dual polarized
antenna,

a signal combiner that combines radio signals inter-
cepted by an element combination into a combined
radio signal; and

a switching matrix that selects a best element combi-
nation of the arrangement of antennas.

8. The antenna system according to claim 7, wherein the
arrangement of antennas is characterized by a set of antenna
separations that are optimized to provide lowest correlation
coefficients for a corresponding set of electromagnetic envi-
ronment types.

9. The antenna system according to claim 7, wherein the
best element combination is one of a dual polarized element
combination and a separated element combination, and
wherein the dual polarized element combination comprises
two orthogonal elements of an antenna in the arrangement of
antennas that is a dual polarized antenna, and wherein the
separated element combination comprises two elements
having the same polarization selected from two antennas of
the arrangement of antennas.

10. The antenna system according to claim 7, further
comprising:

a signal receiver, coupled to the arrangement of antennas,
that generates a demodulated signal from the combined
radio signal; and

an antenna system controller coupled to the signal
receiver and antenna structure that selects the best
element combination based on an electromagnetic scat-
tering environment type identified from a set of elec-
tromagnetic scattering environment types.

11. The antenna system according to claim 10, further
comprising an input that accepts external information iden-
tifying the electromagnetic scattering environment type.

12. The antenna system according to claim 11, wherein
the external information is one of an operator input and a
simulation input.
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13. The antenna system according to claim 10, further
comprising:

a device controller, coupled to the signal receiver, that
processes the demodulated signal to recover informa-
tion that is used by at least one application that is run
by the device controller.

14. The antenna system according to claim 13, wherein
the information in the combined radio signal is used by one
application of a set of applications, and wherein the device
controller identifies the one application to the antenna sys-
tem controller, and wherein the antenna system controller
uses the identification of the one application and the elec-
tromagnetic scattering environment type to select the best
element combination.

15. The antenna system according to claim 7, further
comprising:

a signal receiver, coupled to the arrangement of antennas,
that generates a demodulated signal from the combined
radio signal; and

an antenna system controller coupled to the signal
receiver and antenna structure that selects the best
element combination based on correlation coefficient
measurements made using a radio signal received at
each element combination of a set of element combi-
nations.

16. The antenna system according to claim 15, wherein
the antenna system controller selects as the best element
combination one that has a lowest correlation coefficient for
elements having a common polarization when the lowest
correlation coefficient is below a threshold value and oth-
erwise selects an orthogonally polarized element combina-
tion.

17. The antenna system according to claim 15, further
comprising:

a device controller, coupled to the signal receiver, that
processes the demodulated signal to recover informa-
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tion that is used by at least one application that is run
by the device controller.

18. The antenna system according to claim 16, wherein
the information in the combined radio signal is used by one
application of a set of applications, and wherein the device
controller identifies the one application to the antenna sys-
tem controller, and wherein the antenna system controller
uses the identification of the one application and the corre-
lation coefficient measurements to select the best element
combination.

19. The antenna system according to claim 18, wherein
the antenna system controller comprises an intelligent net-
work.

20. A method for establishing an optimum diversity
antenna arrangement for recovering a modulated radio sig-
nal that is intercepted by the diversity antenna arrangement,
comprising:

identifying a set of electromagnetic environment types
that comprises distinct radio environments for a par-
ticular frequency range;

determining a set of optimum antenna separations for the
set of electromagnetic environment types, wherein each
optimum antenna separation provides a minimum cor-
relation coefficient; and

establishing the optimum diversity antenna arrangement
by determining an arrangement of antennas that pro-
vides a plurality of antenna separations determined
from the set of optimum antenna separations and
includes at least one dual polarized antenna.

21. The method for establishing an optimum diversity
antenna arrangement according to claim 20, wherein the set
of separations are not necessarily linearly related with the
frequency or wavelength.



