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RANDOM , SEQUENTIAL , OR The plurality of antenna elements may be configured as at 

SIMULTANEOUS MULTI - BEAM CIRCULAR least one of a circle , semi - circle , arc , line , sphere , and any 
ANTENNA ARRAY AND BEAM FORMING conformal shape . 
NETWORKS WITH UP TO 360 ° COVERAGE In accordance with another embodiment , a method of 

5 providing simultaneous 360 ° coverage is provided , which 
CROSS - REFERENCE TO RELATED includes configuring a plurality of antenna elements in an 

APPLICATION array , coupling a first Butler matrix operatively to the 
plurality of antenna elements , and coupling a second Butler 
matrix operatively to the first Butler matrix . This application claims the benefit of U.S. Provisional The method may also include coupling each of a plurality Application No. 61 / 874,407 , filed Sep. 6 , 2013 , the disclo- 10 of output ports associated with the first Butler matrix opera sure of which is incorporated herein by reference in its tively to each of the plurality of antenna elements , and entirety . coupling each of a plurality of input ports associated with the 
first Butler matrix to each of a plurality of output ports 

BACKGROUND associated with the second Butler matrix . The method may 
15 include coupling each of a plurality of output ports associ 

Field ated with the second Butler matrix operatively to each of a 
Embodiments of the invention generally relate to antennas plurality of input ports associated with the first Butler 

and , more particularly , relate to random , sequential or simul matrix , and coupling each of a plurality of input ports 
taneous multi - beam with up to 360 ° antenna coverage using associated with the second Butler matrix to a transceiver . 
a circular array and beam forming networks . 20 The method may include coupling each of a plurality of 

output ports associated with the second Butler matrix opera 
SUMMARY OF THE INVENTION tively to each of a plurality of input ports associated with the 

first Butler matrix , coupling each of a plurality of input ports 
In accordance with one embodiment , an antenna array associated with the second Butler matrix to the output of a 

system that provides simultaneous with up to 360 ° coverage 25 switch , and coupling the input of switch operatively to a 
is disclosed , which includes Butler matrix beam forming transceiver . The method may include configuring the plu 
networks connected together to an antenna array , which rality of antenna elements to provide 360 ° coverage in 
includes narrow and / or broadband elements , and multiple response to the switch being swept through a plurality of 
transmitters , receivers , or transceivers to allow for 360 ° positions . At least one of the plurality of antenna elements 
transmission and / or reception . The antenna array system can 30 may include at least one of a bow tie antenna , log periodic 
provide multiple beams , such as without limitation 8 or 16 antenna , and Vivaldi antenna . The method , configuring the 
beams , which can vary in beam crossing and / or overlap to plurality of antenna elements as at least one of a circle , provide simultaneous up to 360 ° coverage . semi - circle , arc , line , sphere , and any conformal shape . 

In accordance with another embodiment , an antenna array Other embodiments of the invention will become apparent 
system is provided , which includes a plurality of antenna 35 from the following detailed description considered in con 
elements configured in an array , a first Butler matrix opera junction with the accompanying drawings . It is to be under 
tively coupled to the plurality of antenna elements , and a stood , however , that the drawings are designed as an illus 
second Butler matrix operatively coupled to the first Butler tration only and not as a definition of the limits of any 
matrix . embodiments of the invention . 

The first Butler matrix may include a plurality of output 40 
ports and a plurality of input ports . Each of the plurality of BRIEF DESCRIPTION OF THE DRAWINGS 
output ports associated with the first Butler matrix may be 
operatively coupled to each of the plurality of antenna The following drawings are provided by way of example 
elements , and each of the plurality of input ports associated only and without limitation , wherein like reference numerals 
with the first Butler matrix may be coupled to each of a 45 ( when used ) indicate corresponding elements throughout the 
plurality of output ports associated with the second Butler several views , and wherein : 
matrix . The second Butler matrix may include a plurality of FIG . 1 shows a matrix fed circular array for continuous 
output ports and a plurality of input ports . Each of the scanning ; 
plurality of output ports associated with the second Butler FIG . 2 shows an embodiment of a circular antenna array , 
matrix may be operatively coupled to each of a plurality of 50 in which variable and fixed phase shifters shown in FIG . 1 
input ports associated with the first Butler matrix , and each have been replaced with a Butler matrix ; 
of the plurality of input ports associated with the second FIG . 3 shows another embodiment of a circular antenna 
Butler matrix may be coupled to a transceiver . The antenna array , in which variable and fixed phase shifters shown in 
array system may include a switch , which can have one or FIG . 1 have been replaced with a Butler matrix ; and 
multiple outputs and inputs . The second Butler matrix may 55 FIG . 4 shows an antenna beam pattern providing 360 ° 
include a plurality of output ports and a plurality of input coverage . 
ports . Each of the plurality of output ports associated with It is to be appreciated that elements in the figures are 
the second Butler matrix may be operatively coupled to each illustrated for simplicity and clarity . Common but well 
of a plurality of input ports associated with the first Butler understood elements , which are useful or necessary in a 
matrix , each of the plurality of input ports associated with 60 commercially feasible embodiment , are not shown in order 
the second Butler matrix may be coupled to the output of the to facilitate a less hindered view of the illustrated embodi 
switch , and the input of switch may be coupled to a 
transceiver . The plurality of antenna elements may be con 
figured to provide 360 ° coverage in response to the switch DETAILED DESCRIPTION 
being swept through a plurality of positions . At least one of 65 
the plurality of antenna elements may include at least one of Embodiments disclosed herein replace variable phase 
a bow tie antenna , log periodic antenna , and Vivaldi antenna . shifters and fixed phase shifters with a Butler matrix beam 

ments . 
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forming network . Phase and / or amplitude tapering may be transceiver 48 to couple each of the outputs of the second 
used in order to generate narrow beams with reduced Butler matrix 30 to one or more transceivers 48 to provide 
sidelobes . The elements of the array may be omni and / or 360 ° coverage . 
directional radiators that are broad and / or narrow band Further , variable , fixed , and / or digital phase shifters are 
configurations . 5 not as reliable as Butler matrices because the phase shifters 

FIG . 1 shows a matrix fed circular array 10 configured for are active and not passive . However , Butler matrices are 
continuous scanning . The matrix fed circular antenna array passive and thus more robust and less likely to fail . In 
10 includes a circular antenna array 12 , which further addition , Butler matrices can be made to cover a very broad 
includes a plurality of antenna elements 14 , a Butler matrix band , which is larger than that of variable , fixed , and / or 
16 , variable phase shifters 18 , fixed phase shifters 20 , and a 10 digital phase shifters . 

Thus , the embodiments disclosed herein provide for ran power divider 22. The circular array 12 is coupled to output dom , simultaneous and / or sequential 360 ° antenna coverage ports of the Butler matrix 16 by lines 26 of equal length . without the necessity of scanning . Although 10 ( input ) x10 Each input port of the Butler matrix 16 is coupled to an ( output ) Butler matrices are shown and described herein , it output port of the power divider 22 through a variable phase 15 is to be understood that any configuration of Butler matrix , shifter 18 and a fixed phase shifter 20. The power divider 22 such as 8x8 , 16x16 , and the like may be used while 
is coupled to a transceiver 24 . remaining within the intended scope of the disclosure . 

FIG . 2 shows a first embodiment 28 , which includes a FIG . 4 shows an antenna beam pattern 50 with lobes 52 
circular array 42 , a plurality of antenna elements 44 , a first that shows an example of simultaneous 360 ° antenna cov 
Butler matrix 34 , a second Butler matrix 30 , and an optional 20 erage provided by the embodiment disclosed herein . In 
switch 32. The switch 32 can be an analog or a digital switch contrast , conventional approaches can only provide for an 
that selectively directs one or more signals to produce a antenna pattern including fewer than each of the lobes 52 , 
beam in a certain location of 360 ° depending on which input which are through a predetermined arc as function of 
of the Butler matrix is chosen . By sweeping through the time and cannot provide for 360 ° coverage at any given 
positions of the switch 32 , the beam can be swept to cover 25 moment in time as shown in FIG . 4. Any combination of 
a 360 ° footprint . beams can be used to provide the 360 ° coverage , such as 

Each of the antenna elements 44 in the circular array 42 without limitation 2 , 4 , 6 , 8 , 24 , and the like beams . The 
is coupled to an output port of the first Butler matrix 34 by combination of beams depends on the construction and 
lines 36 of equal length . Each input port of the first Butler phase of the Butler matrices . The crossing and / or overlap 
matrix 34 is coupled to an output port of the second Butler 30 between beams can also vary depending on the design of the 
matrix 30. The second Butler matrix 30 effectively replaces Butler matrices . 
the variable phase shifters 18 and fixed phase shifters 20 Although the specification describes components and 
shown in FIG . 1. The optional switch 32 selectively couples functions implemented in the embodiments with reference to 
input ports of the second Butler matrix 30 to a transceiver particular standards and protocols , the embodiment are not 
38 , and allows a user to switch through each beam to achieve 35 limited to such standards and protocols . It is to be under 
simultaneous or sequential 360 ° coverage . For example , if stood that the various references throughout this disclosure 
the switch 32 applies the signal from the transceiver 38 to made to input and output ports are not intended as a 
each of the inputs of the second Butler matrix , simultaneous limitation on the direction of energy passing through these 
360 ° coverage is achieved . In addition , if the switch 32 ports since , by the Reciprocity Theorem , energy is able to 
sequentially applies the signal from the transceiver 38 to 40 pass in either direction . Rather these references are merely 
each of the inputs of the second Butler matrix , sequential intended as a convenient method of referring to various 
360 ° coverage is achieved . Further , if the switch 32 applies portions of the disclosed embodiments . 
the signal from the transceiver 38 to less than all of the The illustrations of embodiments described herein are 
inputs of the second Butler matrix , partial coverage is intended to provide a general understanding of the structure 
achieved . The use of two Butler matrices 30 , 34 enables 45 of various embodiments , and are not intended to serve as a 
antenna transmissions to cover 360 ° simultaneously , which complete description of all the elements and features of 
cannot be performed using conventional antenna systems . apparatus and systems that might make use of the structures 

FIG . 3 shows a second embodiment having ten ( 10 ) input described herein . Many other embodiments will be apparent 
ports to the second Butler matrix 30. If the Butler matrix 30 to those of skill in the art upon reviewing the above 
is configured correctly , an antenna beam is provided every 50 description . Other embodiments are utilized and derived 
36 ° , that is , at 0 ° , 36º , 72 ° , etc. If each of the input ports of therefrom , such that structural and logical substitutions and 
the second Butler matrix 30 is connected to a transceiver 48 , changes are made without departing from the scope of this 
as shown in FIG . 3 , transmissions can occur simultaneously disclosure . Figures are also merely representational and are 
or sequentially at 360 ° . In contrast , conventional not drawn to scale . Certain proportions thereof are exagger 
approaches , such as that shown in FIG . 1 , include variable 55 ated , while others are decreased . Accordingly , the specifi 
phase shifters 18 and fixed phase shifters 20 that can only cation and drawings are to be regarded in an illustrative 
sweep through an arc of a predetermined number of degrees rather than a restrictive sense . 
in a manner that is similar to a clock's second hand that Such embodiments of the inventive subject matter are 
moves slowly around a central axis . However , this conven referred to herein , individually and / or collectively , by the 
tional approach provides discontinuous and non - simultane- 60 term “ embodiment ” merely for convenience and without 
ous coverage over the predetermined arc . Since the variable intending to limit the scope of this application to any single 
phase shifters 18 and fixed phase shifters 20 require a certain embodiment or inventive concept . Thus , although specific 
amount of time to sweep through the predetermined arc , a embodiments have been illustrated and described herein , it 
potential target may be missed or may be allowed to pass should be appreciated that any arrangement calculated to 
through the predetermined arc without being detected due to 65 achieve the same purpose may be substituted for the specific 
latency in the phase shifters 18 , 20. The second embodiment embodiments shown . This disclosure is intended to cover 
46 shown in FIG . 3 enables connection of a multi - output any and all adaptations or variations of various embodi 
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ments . Combinations of the above embodiments , and other Butler matrix and the second Butler matrix , the second 
embodiments not specifically described herein , will be Butler matrix replacing the phase shifters coupled 
apparent to those of skill in the art upon reviewing the above between the first Butler matrix and the second Butler 
description . matrix , thereby increasing reliability and bandwidth 

In the foregoing description of the embodiments , various 5 associated with the antenna array system ; and 
features are grouped together in a single embodiment for the a 1 : N switch , N being greater than one , the 1 : N switch 
purpose of streamlining the disclosure . This method of comprising a plurality of outputs and an input , the 
disclosure is not to be interpreted as reflecting that the second Butler matrix comprising a plurality of first 
claimed embodiments have more features than are expressly ports and a plurality of second ports , each of the 
recited in each claim . Rather , as the following claims reflect , 10 plurality of first ports associated with the second Butler 
inventive subject matter lies in less than all features of a matrix being directly coupled to one of a plurality of 
single embodiment . Thus the following claims are hereby third ports associated with the first Butler matrix using 
incorporated into the detailed description , with each claim only a single , continuous line , the 1 : N switch directly 
standing on its own as a separate example embodiment . coupling each of the plurality of second ports associ 

The abstract is provided to comply with 37 C.F.R. $ 1.72 15 ated with the second Butler matrix to a same , single 
( b ) , which requires an abstract that will allow the reader to signal from a single input / output port of a transceiver 
quickly ascertain the nature of the technical disclosure . It is without phase shifters coupled between the 1 : N switch 
submitted with the understanding that it will not be used to and the plurality of second ports associated with the 
interpret or limit the scope or meaning of the claims . In second Butler matrix and the 1 : N switch being config 
addition , in the foregoing Detailed Description , it can be 20 ured such that the 1 : N switch applies the signal from 
seen that various features are grouped together in a single the transceiver to each of the inputs of the second 
embodiment for the purpose of streamlining the disclosure . Butler matrix simultaneously , thereby enabling the 
This method of disclosure is not to be interpreted as reflect antenna to provide 360 ° coverage . 
ing an intention that the claimed embodiments require more 2. The antenna array system , as defined by claim 1 , 
features than are expressly recited in each claim . Rather , as 25 wherein the first Butler matrix comprises a plurality of 
the following claims reflect , inventive subject matter lies in fourth ports and the plurality of third ports , each of the 
less than all features of a single embodiment . Thus the plurality of fourth ports associated with the first Butler 
following claims are hereby incorporated into the Detailed matrix being operatively coupled to one of the plurality of 
Description , with each claim standing on its own as sepa antenna elements , each of the plurality of third ports asso 
rately claimed subject matter . 30 ciated with the first Butler matrix being coupled to one of the 

Although specific example embodiments have been plurality of first ports associated with the second Butler 
described , it will be evident that various modifications and matrix . 
changes are made to these embodiments without departing 3. The antenn array system , as defined by claim 2 , 
from the broader scope of the inventive subject matter wherein each of the plurality of fourth ports associated with 
described herein . Accordingly , the specification and draw- 35 the first Butler matrix is operatively coupled to one of the 
ings are to be regarded in an illustrative rather than a plurality of antenna elements by a line having a length that 
restrictive sense . The accompanying drawings that form a is equal to the lengths of each of the other lines coupling the 
part hereof , show by way of illustration , and without limi other fourth ports to the other antenna elements . 
tation , specific embodiments in which the subject matter are 4. The antenna array system , as defined by claim 1 , 
practiced . The embodiments illustrated are described in 40 wherein at least one of the plurality of antenna elements 
sufficient detail to enable those skilled in the art to practice comprises at least one of a bow tie antenna , log periodic 
the teachings herein . Other embodiments are utilized and antenna , and Vivaldi antenna . 
derived therefrom , such that structural and logical substitu 5. The antenna array system , as defined by claim 1 , 
tions and changes are made without departing from the wherein the plurality of antenna elements is configured as at 
scope of this disclosure . This Detailed Description , there- 45 least one of a circle , semi - circle , arc , line , sphere , and any 
fore , is not to be taken in a limiting sense , and the scope of conformal shape . 
various embodiments is defined only by the appended 6. A method of providing simultaneous 360 ° coverage 
claims , along with the full range of equivalents to which using a multi - beam antenna array , the method comprising : 
such claims are entitled . configuring a plurality of antenna elements in an array ; 
Given the teachings of the invention provided herein , one 50 coupling a first Butler matrix operatively to the plurality 

of ordinary skill in the art will be able to contemplate other of antenna elements ; 
implementations and applications of the techniques of the coupling a second Butler matrix directly to the first Butler 
invention . Although illustrative embodiments of the inven matrix without phase shifters coupled between the first 
tion have been described herein with reference to the accom Butler matrix and the second Butler matrix , the second 
panying drawings , it is to be understood that the invention 55 Butler matrix replacing the phase shifters coupled 
is not limited to those precise embodiments , and that various between the first Butler matrix and the second Butler 
other changes and modifications are made therein by one matrix , thereby increasing reliability and bandwidth 
skilled in the art without departing from the scope of the associated with the multi - beam antenna array ; 
appended claims . coupling each of a plurality of first ports associated with 
What is claimed is : the second Butler matrix directly to one of a plurality 
1. An antenna array system , which comprises : of third ports associated with the first Butler matrix 
a plurality of antenna elements , the plurality of antenna using only a single , continuous line ; and 

elements being configured in an array ; coupling directly each of a plurality of second ports 
a first Butler matrix operatively coupled to the plurality of associated with the second Butler matrix to a same , 

antenna elements ; single signal from a single input / output of a transceiver 
a second Butler matrix directly coupled to the first Butler using a 1 : N switch without phase shifters coupled 
matrix without phase shifters coupled between the first between the 1 : N switch and the plurality of second 

60 

65 
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ports associated with the second Butler matrix by 
configuring the 1 : N switch such that the 1 : N switch 
applies the signal from the transceiver to each of the 
inputs of the second Butler matrix simultaneously 
thereby enabling the antenna to provide 360 ° coverage , 5 
N being greater than one . 

7. The method , as defined by claim 6 , further comprising : 
coupling each of a plurality of fourth ports associated with 

the first Butler matrix operatively to one of the plurality 
of antenna elements ; and 

coupling each of the plurality of third ports associated 
with the first Butler matrix to one of the plurality of first 
ports associated with the second Butler matrix . 

8. The method , as defined by claim 6 , wherein at least one 
of the plurality of antenna elements comprises at least one of 15 
a bow tie antenna , log periodic antenna , and Vivaldi antenna . 

9. The method , as defined by claim 6 , further comprising 
configuring the plurality of antenna elements as at least one 
of a circle , semi - circle , arc , line , sphere , and any conformal 
shape . 
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