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SUPERGAI N ARRAY ANTENNA 5 BACKGROUND OF THE INVEN;EﬁN ?Qﬂ
i nvention The present invention relates to asuperg if?ébﬂ a systen1

and a method for controlling the supergain array antenna.
particularly, it relates to a supergain array antenna 10 sy@@ M“mm\“\m
conpact and can provide a high dlrectLoTaL gain and a

controlling the supergain array antenna.. Description of the é{)ﬁﬁz d art
In general, if an array antenna is downsized, the gai n 15 the E@ZOOZ be

reduced because t he a&yerture area (égerture th thereof Is al so
reduced. However, ERGENh ARRSYY TEHNéaﬁYﬁ'émg B f antenna

el enents are packed t t nterval s
andparticul ar phase #é# %5%##3##¥a%hgpﬁgﬁé§?ﬁe ogﬁéééyﬁﬁ\uen to the

el ements. 20 Antennas having the gain reduction thus suppressed are known
as supergain antennas. A supergain antenna has a directional gain much

hi gher than normal, and the principle thereof has been known since a |ong
time ago. For exanple, such a supergain antenna is described in "A new
approach go the design of BRAGHGRCAND OFcTHEe INEENALONr r ays” by Bl och A,
Medhurst A and Pool S (proc., Inst., Electr., Eng., 100, Part IIl1l, 67, p.
303 (Sept. F383})o&inthe Amesmaidngi neeri ng Handbook" edited by the

Thepresent inventionrelates toasupergainarrayantenna
systemand amethod for controlling the supergainarrayantenna.
More particularly, it relates to a supergain array antenna

10 system that is compact and can provide a high directional gain

and a method for controlling the supergain array antenna.

Description of the related art
In general, if an array antenna is downsized, the gain
15 thereof will be reduced because the aperture area (aperture
length) thereof is also reduced. However, such a gain
reduction can be suppressed if antenna elements are packed
in the reduced area (length) at narrow intervals andparticular
phaserelationandamplituderelationare givento theelements.
20 Antennas having the gain reduction thus suppressed are known
as supergain antennas. A supergainantenna has adirectional
gain much higher than normal, and the principle thereof has
been known since a long time ago. For example, suchasupergain
antenna is described in "A new approach to the design of Super
25 directive aerial arrays" by Bloch A, Medhurst A and Pool S
(proc., Inst., Electr., Eng., 100, Part III, 67, p. 303 (Sept.

1953)) and "Antenna Engineering Handbook" edited by the
-
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2 Institute of Electronics, Information and Conmuni cati on Engineers, p.
211 (1980) . However, it has not been put into practical use because of
its severe physical constraints or the |ike as described below 5 FIG 9
(a) shows a configuration of an array antenna. The array antenna shown in
FIG 9(a) conprises four antenna elenents A-1 - A-4. Signals received by
the four antenna elenents A-1 - A-4 are output after RF (radi o frequency)
synthesis. 10 FIG 9(b) shows a di r ecfi 6nal gain versus direction
(referred to as a directivity pattern) of the array antenna thus arranged.
If a normal in-phase synthesis is applied to the array antenna having a
narrow el enebhstitetyaf (Flecteraipbe, Inbotmation a?rqhaﬁqwn(}fcaélwavel engt h
A., which is abbreviated as X/ 4, hereinafter) as shown t he

FIG, 9(a
di rectional Eaghneersr @duekl @@E‘toﬁe HHRYRE 1 ﬁtte}i‘%ilnod:ebfaﬁas%ét l%‘ﬁat is, if

a normal in-phase synthesis_ is appl.ied to a a
narrow el emeﬁ?af:m'%‘?i;zﬁse ﬁﬁa‘df’? eopcflltgﬁafe% #%%h?s % W‘J‘nggel enent
i nterval dect as S h r lines in FIG. 10 The directivity
pattern and 58\ glr(% %ss ﬁet& %iéqtgm s case are shown in FIGS. 9b and 9c,

respectively. On ghe, QT(Q?rshBaada. cASf SHOMME idh HF Gn ddrdyahnt ansaperngai n
antenna is provided in which the antenna elenents A-i - A4
array antenna shown in FIG. 9(a) comprises four antenna
elements A-1 - A-4. Signals received by the four antenna
elements A-1 - A-4 are output after RF (radio frequency)
synthesis.

10 FIG. 9(b) shows a directional gain versus direction
(referred to as a directivity pattern) of the array antenna
thus arranged.

If a normal in-phase synthesis is applied to the array
antenna having a narrow element interval (for example, about

15 a quarter of a wavelength A, which is abbreviated as A/4,
hereinafter) as shown in FIG. 9(a), the directional gain is
reducedas theelement interval decreases. Thatis, ifanormal
in-phase synthesis is applied to the array antenna having a
narrow element interval, the directional gain is reduced as

20 the element interval decreases as shown by broken lines in
FIG. 10. The directivity pattern and a return loss (S11) in
this case are shown in FIGS. 9b and 9c, respectively.

Oon the other hand, as shown in FIG. ll(a), a supergain
antenna is provided in which the antenna elements A-1 - A-4

25 arepoweredwiththephasesthereofbeinginvertedalternately.

As is known, if such a supergain antenna includes N antenna

elements (N being 2 or an integer greater than 2) and the N



25 are powered with the phases thereof being inverted alternately. As is
known, if such a supergain antenna includes N antenna elenents (N being 2
or an integer greater than 2) and the N - 3 antenna el enents are spaced at
intervals close to O, a directional gain of N2 is provided. That is, as
shown by solid Ilines in FIG 10, two elenents provide a directional gain
of 22 =4, three elenents provide a directional gain of 32 =9, 5 and four
el enents provide a directional gain of £27= 16. The directivity pattern
and the return loss (S11) in this case are shown in FIGS. lib and 1lic,
respectively. FIGS. lib and |lc show that the supergain antenna has
reduced beamantgnina ehdmpahsvwik lspak®EdHakevaiteryphsecipeestpelgai n ant enna
has an increased power radiation to an invisible region in conpensation

ford its higlfereghianali9aiasohl ifReIsdedo vardk 1sTiRg ehoryR byiiplid
tor loss in th i di h Ly, unit _is i d
and theef {1 CHaeF OF THE St i cagerBhsado Bl SHPRY st Al e 0%

expressed as @ = Dy, ywhef ?I&é}?{sag);r%tu@e'fgdai%f&@glgpmt'P%a'=99’ﬂ n and

character F i‘ndicdtes an efflicien coefficien event the ef'ficiency

reduct i onsof AHerait eghent-Rep r Mt &N A BFEL t18h DOWRA nSIPRAP = g6l CUiHe are
cool ed down to reduce 20 the conductor loss. That is, in FIG 11(a), the N

ant enna el ensfilrecarieihgusetitern arndeheostatrc Tosd ajIidr) dndthisocdseng
device is provided.
are shown in FIGS. 11b and 11lc, respectively. FIGS. 1lb and
1llc show that the supergain antenna has reduced beam width
and bandwidth.

10 However, since the supergain antenna has an increased
power radiation to an invisible region in compensation for
its higher gain, it has an increased Q value. Therefore, the
conductor loss in the antenna including the power supply unit
is increasedandtheefficiencyof theantennadecreases. Here,

15 theQvalue is expressedas Q=D/F, where character D indicates
a directional gain and character F indicates an efficiency
coefficient.

To prevent the efficiency reduction of the antenna, the
antenna and the power supply circuit are cooled down to reduce

20 the conductor loss. That is, in FIG. 1ll(a), the N antenna
elements are housed in a thermostatic container and a cooling
device is provided.

In addition, the supergain antenna has a reactive power
in the vicinity thereof that is much higher than the radiated

25 power. Therefore, it has an extremely narrow band.

Furthermore, phase and amplitude relations among the

antenna elements required to provide a supergain is quite



I n addi tion, the supergain antenna has a reactive power in the vicinity
thereof that is much higher than the radiated 25 power. Therefore, it has
an extrenely narrow band. Furthernore, phase and anplitude rel ati ons anong
the antenna elenents required to provide a supergain is quite - 4
sensitive, and even a small phase shift could disturb the supergain
condition. For exanple, only ldegree of phase shift of an antenna el enent
woul d result in |loss of supergain. GEnération of the sensitive phase and
anplitude, or RF 5 synthesis, is difficult using a power supply circuit,
such as a mcrostrip line, because of its physical constraints
(fabricationspnettsven,and sien taysmalThphapef skuft ycoebdrbissturbgltde as t he

nunber of antenna el enents |ncreases. An _exannl e. of the supergain antenna
usi ng two- el ERBREI2IDCABAL ELPD antOFiRr AR & %@89{%&&@3\%@3@@%

essentially re uireg delicate %gjusagent 01 a.naichin fcircuit.requiréd
for RF synth8Si &0 ARECTRR LTI PULS FRFRFEULIY 195 UsEt &R d @ i Munber  of
el enents in i I 5 i.S| crihe { n. " H oghe T
Superponduct%Egeggg$§gigféﬁﬁgsf %¢FEQ@IFggséoéh§5gﬁg%?%u§%,Rﬁbggz N
Suzuki, Ys Kisppehbsand {s dﬂﬂﬁﬁcﬁiﬁluéiﬁ@ﬁigﬁ%ﬁﬁssuﬁEQb'égrcuit, such

Super conductivity, Vol .73, No. 1, March 19 3) . Thus, no exanple of a

mul ti - el enentasaar ayctbst r iy Qvirdss b2 casgpevdaii s hasy beeal repostrd ntBesi de,

if fixed phase and anplitude are given by the 20 power supply circuit
( RFsynt hesi s)(fabrheathor @resichnn, Steatdhity) . The difficulty becomes
higher as the number of antenna elements increases.
An example of the supergain antenna using two-element
10 helical antenna has been reported. However, it essentially
: réquires delicate adjustment of a matching circuit required
for RF synthesis, and therefore, it isdifficult touse a large
number of elements inthe supergainantenna. Thisisdescribed
in "High-Tc Superconducting Small Antennas" by K. Itoh, O.
15 1Ishi, Y.'Nagai, N. Suzuki, Y. Kimachi and O. Michikami (IEEE
Trans. Applied Superconductivity, Vol. 3, No. 1, March 1993) .
Thus, no example of a multi-element array that provides a
supergain has been reported.
Beside, if fixed phase and amplitude are given by the
20 power supply circuit (RF synthesis), the whole antenna system
would have a narrow band, and the system including a receiver
would also have a narrow band. As a result, a problem arises
in that the antenna cannot be applied to a wide band
. communication system.
25 Furthermore, there is a significant problem concerning
directivity synthesis. Since the supergain array antenna has

the antenna elements spaced at quite narrow intervals, the



woul d have a narrow band, and the systemincluding a receiver would also
have a narrow band. As a result, a problemarises in that the antenna
cannot be applied to a wi de band comuni cati on system 25 Furthernore,
there is a significant problemconcerning directivity synthesis. Since the
supergain array antenna has the antenna el enents spaced at quite narrow
intervals, the - 5 elenents are el ectraomagnetically strongly coupled to
each other and therefore have non-uniformdirectivities. To the contrary,
in an array antenna having an el ement interval of about A /2 or nore,

el ements other than those at both ends have 5 a substantially uniform
directivity, edeteditsesrevel gctyondwpsits cedd ybetraphérenoenl ed tfogach

hi ndrance. Since the supergain synthesis requires such a phase relation
that adj acefthererpdttharafeorenhaye a@nphaddermt FerfFiettiiAsty &P théach of

the elenents is an inportant design fact That i%i 10 .to grovifg} hase

and anpl i t udETFEE TV eal P A FXEAYTRYLTHIE ?‘rﬁgingi PRIV SPTELER nment in

operation is _nee Mat hemat i cal | assum a nondi rectional antenna,
Phase and amdPRLide 2 AATTE Prene s sehgh AL Ag Se AUROEE Shstifare he
el ement s grea6|s%‘5ts’EQH€93§§.yC\§‘leiﬁ’o:@r@@r%tti@i_(%??hané5dQEE@fi4Jﬂt3aCt ual, and
therefore, the supergain cannot be realized if the values found are applied

to a directi gyaltheddsenan. bfdepldmegtied wheheobveiridaisale . sysihesitheret hod
(RF supergain synthesis requires such a phase relation that
adjacent elements have inverted phases, the directivity of
each of the elements is an important design factor. That is,
10 to provide phase and ampiitude that realize a supergain, the
directivity of each element in dperation is needed.
Mathematically, by assuming a nondirectional antenna,
phase and amplitude that realize a supergain can be found.
However, the elements are electromagnetically coupled to each
15 other in actual, and therefore, the supergain cannot be
realized if the values found are applied to a directional
antenna.
According to the conventional synthesis method (RF
synthesis) using a power supply circuit, directivities of
20 mounted elements connected to the power supply circuit that
gives operation conditions, that is, phases and amplitudes
to the elements cannot be measured, and therefore, supergain
synthesis taking the element directivities into account is
difficult.
25 As described above, it has been technically difficult

to design multi-element, high-precision and wide-band



synt hesis) using a power supply circuit, directivities of 20 nounted

el enents connected to the power supply circuit that gives operation
conditions, that is, phases and anplitudes to the elenents cannot be
nmeasured, and therefore, supergain synthesis taking the el enent
directivities into account is difficult. 25 As described above, it has
been technically difficult to design gglti-elenent, hi gh- preci si on and

wi de-band - 6 supergain antenna systénthardware taking into account all of
a plurality of design factors. SUMVARY OF THE | NVENTI ON 5 The present

i nvention has been devised to solve the problens of the prior art

descri bed absuper@bjrensephatdisteambendvare itakingpiohe dgecguatprll of
directional gain for a multi-elenment array antenna, to realize supergain
synthesis wAtRIBr&lHherrhasSignofachRFfig i nto account directivities of 10
el ements, and to provide a supergain array antenna systemthat can assure
a wi de band for the whole antenna systemand a nethod for controlling a

supergain array antenna. A sUpguSRt oY dRENTIdnsystem as clainmed in
claiml of the invention is a supergain array antenna system having 15 an

array antgnna, thgargradseatt @RRaneFR has edn MdriAldd toolsoankenna el enents
and having an elenent interval that provides a supergain, characterized in

that the supekgblemarsfytheapraomraasysdescrcirgd iskese webhecyernel dther nmeans
for

invention is to provide a super directional gain for a
multi-element array antenna, to realize supergain synthesis
with a higher precision taking into account directivities of
10 elements, and to provide a supergain array antenna system that
can assure a wide band for the whole antenna systemand a met-hod.‘
for controlling a supergain array antenna.
A supergain array antenna system as claimed in claim 1
of the invention is a supergain array antenna system having
15 an array antenna, the array antenna comprising a plurality
of antenna elements and having an element interval that
providesasupergain,characterizedinthatthesupergainarray
antenna system comprises: weight generator means for
generating weight data in accordance with each of directivity
20 data for the plurality of antenna elements of said array
antenna; and weighting means for using the weight data
generatedbytheweightgeneratormeanstoweighttheplurality
of antenna elements of said array antenna.
A supergain array antenna system as claimed in claim 2
25 of the invention is the supergain array antenna system as

claimedinclaiml, characterized in that saidelement interval



generating weight data in accordance with each of directivity 20 data for
the plurality of antenna elenents of said array antenna; and wei ghting
means for using the weight data generated bythe wei ght generator neans to
wei ght the plurality of antenna elenents of said array antenna. A
supergain array antenna systemas clained in claim2 25 of the invention
is the supergain array antenna systemas clained in claim1, characterized
in that said elenent interval - 7 that’/provide a supergain is equal to or

| ess than a quarter of a wavelength of a signal received and/or
transmtted. A supergain array antenna systemas clainmed in claim3 of the
i nvention i sthie pupddgasns@peryaiantienaqusystemradess tham reduamtekai m 1 or
2, characterized in that said weigh generator means generates weight data
that naxi ni ze§ a wavejeiigthoofoirsslgnel orede kigrbran/ P rartray savtégfa syst em

as clained in claim4 of the invention is the supergain array antenna
systemas 10 cl &t F¥BeFA2ARATHY GREEPRRNEYITED 2F c&%&?ﬁété?i%&ﬁfq t hat

sai d wei ght ner at or ans perforns cali t] I i f
antenna el erfaﬁt ,es:fb‘F O i Fg‘& F}?ﬁ?%&ggl?aépﬁgi%htit%%af% mrtlgh‘leta¥ >
calibration, cahdndfel Ghlc ALY B 9N LRaPEEDr: 58 AR dAkAweSgn
cal cul ated by referring to the store 15 directivity data. A supérgain
array ant enngegyst€ss afeflAigE@riates! abiyht @itd hthd thveidinddss at he

supergain array antenna system as
signal-to-noise ratio.

A supergain array antenna system as claimed in claim 4
of the invention is the supergain array antenna system as

10 claimed in any one of claims 1 to 3, characterized in that
said weight generator means performs calibration for the
plurality of antenna elements, storage of directivity data
resulting fromthecalibration, andweightcalculationinwhich
said weight data is calculated by referring to the stored
15 directivity data.

A supergain array antenna system as claimed in claim 5
of the invention is the supergain array antenna system as
claimed in any one of claims 1 to 4, characterized in that
a signal system for said array antenna is separated into a

20 plurality of sub-systems, and said weight generator means is
provided for each of the plurality of signal sub-systems.

A supergain array antenna system as claimed in claim 6
of the invention is the supergain array antenna system as
claimed in any one of claims 1 to 4, characterized in that

25 a signal system for said array antenna is separated into a
transmission signal sub-system and a reception signal

sub~system, and said weight generator means is shared by the



clainmed in any one of clainms 1 to 4, characterized in that a signal system
for said array antenna is separated into a 20 plurality of sub-systens, and
said wei ght generator nmeans is provided for each of the plurality of

signal sub-systens. A supergain array antenna systemas clainmed in claim®6
of the invention is the supergain array antenna systemas clained in any
one of clains 1 to 4, characterized in that 25 a signal systemfor said
array antenna is separated into a trandnissi on signal sub-system and a
reception signal sub-system and said weight generator neans is shared by
the - 8 separate transm ssion signal sub-system and reception signa
sub-system AepHupetgdairanamiayiantssignalsyst-esysaerhadnmedeptiiohaiignal of the
invention is the supergain array antenna systemas 5 clained in any one of
clainms 1 to 4ubch#shemrerized in that said array antenna is provided for

each of transm ssion and .reception, and wei ght dat ener at ed, by the
wei ght gener at or PR BHEA BEEBY THETHS gysgﬁﬁleﬁﬁaélﬁgg“ﬁj%éﬁ ‘H)a@i ght a

plurality o%fggégnggvsﬁ€fgmtfg hély%ﬁ@iﬁgépagg§§9a§nt%§?€;%ﬁ%$£€ﬁ%pr

control ling rgarn array antenna-as almed’in c of
i nventiongi s 3 1RLACHN f Oy Y 03 klREmsal & ray Hak-errar¢oanr igi fihd

plurality of antenna el enents and having an el enent interval that provides
a supergai n, saGlasagigrdmesnanikhetotivedEolrodachnf ityansaiseightand
generating 15 step of generating weight data in accordance with each of

reception, and weight data generated by the weight generator

means sharedby the array antennas is used toweight aplurality

of antenna elements of the array antennas.

10 A method for controlling a supergain array antenna as
claimed in claim 8 of the invention is a method for controlling
an array antenna comprising a plurality of antenna elements
and having an element interval that provides a supergain,
characterizedinthatthemethodcomprises:aweightgenerating

15 step of generating weight data in accordance with each of
directivity data for the plurality of antenna elements of said
array antenna; and a weighting step of using the weight data
generatedjjltheweightgeneratingstep1u>weighttheplurality
of antenna elements of said array antenna.

20 A method for‘controlling a supergain array antenna as
claimedinclaim9ofthe inventionis themethod forcontrolling
a supergain antenna as claimed in claim 8, characterized in
that said element interval that provide a supergain is equal
to or less than a quarter of a wavelength of a signal received

25 and/or transmitted. |

A method for controlling a supergain array antenna as

claimed in claim 10 of the invention is the method for



directivity data for the plurality of antenna elenments of said array
antenna; and a weighting step of using the weight data generated in the
wei ght generating step to weight the plurality of antenna elenents of said
array antenna. 20 A nmethod for controlling a supergain array antenna as
claimed in claim9 of the invention is the nethod for controlling a
supergain antenna as clainmed in claim8, characterized in that said

el enent interval that provide a supergapn‘is equal to or less than a
gquarter of a wavelength of a signal received 25 and/or transmtted. A

met hod for controlling a supergain array antenna as clainmed in claim 10 of
t he i nventi onohsrbheimgtdhcdpbogadn awrdnm laisnglaisepeimgailaianfernd,as
claimed in claim8 or 9, characterized in that in said weigh generating
step, wei ght chazaatenhteddn fhatsin ssiighupigh-sRNSatiang §TPB, giicidt ed. A
met hod for caontrolling a supergain array _antenna as,.5 clained in claim1l1l

of the invenfRéf FRatRAFEIWSP 1St "E8rPPA§eaT ahbRr HRi FERGRANR as
claimed in any o of .claims 8 to har act erj zed i h Ln said wei ght
generating step, rf_cf‘éﬁlborcgtfiognc%&r?_?h.gi%‘?ua?aﬁ%&}eydo %aﬁ gﬁ%ag}éFéeljr;rheant%ss_,
storage of dhbeRbhVihyc i T U (hRRLIBR €8l LRE ahiOeq ok wei ght 10
cal culation, Tn rch sard weight data is calculated by referring to the
stored directbuictyldahga S RRIINOAMEshna 48 c3Befkd imah{ens s €raaecor di ng

to the invention, there is realized a nulti-elenent and w de-band supergain
array 8 to 10, characterized in that in said weight generating step,
calibration for the plurality of antenna elements, storage
of directivitydata resulting fromthe calibration, andweight
10 calculation, in which said weight data is calculated by
referring to the stored directivity data, are performed.
In short, in the system according to the invention, there
is realized a multi-element and wide-band supergain array
antenna that provides a supergain by digital beam synthesis
15 and comprises an array antenna having elements spaced at
intervals that provide a supergain, receivers connected to
the respective elements, adevice that records and accumulates
therein element directivity data for each element, and a
supergain synthesis circuit.
20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1(a) is a block diagram showing a first embodiment
of a supergainarrayantenna systemaccording to the invention,
FIG. 1(b) shows a directivity pattern thereof, and FIG. 1l(c)
25 shows a return loss characteristic thereof;
FIG. 2 is a block diagram showing a configuration of a

supergain weight generator circuit shown in FIG. 1;



antenna that provides a supergain by digital beam synthesis 15 and
conprises an array antenna having el enents spaced at intervals that provide
a supergain, receivers connected to the respective elenents, a device that
records and accunulates therein elenent directivity data for each el enent,
and a supergain synthesis circuit. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 (a) is a block diagramshow ng a first enbodi nent of a supergain
array antenna systemaccording to theiHention, FIG 1 (b) shows a
directivity pattern thereof, and FIG 1.(c) 25 shows a return |oss
characteristic thereof; FIG 2 is a block diagram show ng a configuration
of a supergain Wweigh showeraahscadurebé r Shmwed by tReGupkrghAn WwdiGht3 shows
a procedure performed by the supergain weight generator circuit shown in
FIG 1; FlG génshetsraniexaitpl|shayn dinr &@6i.vity data for each of antenna
elements; 5 FIG 5 shows an arrangenent intended for calibration between
the el enents: FI FI1& (‘aFhpys AHESERPYF R AATEREW MY LF3SRT edPddInent  of

t he supergain %rra agtenna system according to the invention, FIG 6 (b)
shows a direéPi?PPé patte?PhSt hereof, and 10 FIG 6(c) shows a return | oss

character%stic theieofs sdWd af®ar$afigBhoRE FAAHAA ST idrbhiibd

enbodi nen
between the elements;

FIG. 6(a) is a block diagram showing a second embodiment
of the supergain array antenna system according to the
invention, FIG. 6(b) shows a directivity pattern thereof, and

10 FIG. 6(c) shows a return loss characteristic thereof;

FIG. 7a is a block diagram showihg a third embodiment
of the supergain array antenna system according to the
invention, FIG. 7b shows a directivity pattern thereof, and
FIG. 7c shows a return loss characteristic thereof;

15 FIG. 8a is a block diagram showing a fourth embodiment
of the supergain array antenna system according to the
invention, FIG. 8b shows a directivity pattern thereof, and
FIG. 8c shows a return loss characteristic thereof;

FIG. 9(a) is a block diagram showing a general

20 configuration of an array antenna, FIG. 9(b) shows a
directivity pattern thereof, and FIG. 9(c) shows a return loss
characteristic thereof;

FIG. 10 is a graph showing, for supergain array antennas,

- relations between an element interval and an directional gain

25 thereof; and

FIG. 11(a) is a block diagram showing a configuration

of a supergain synthesis antenna, FIG. 11(b) shows a



of the supergain array antenna systemaccording to the invention, FIG 7b
shows a directivity pattern thereof, and FIG 7c shows a return | oss
characteristic thereof; 15 FIG 8a is a block diagram showi ng a fourth
enbodi ment of the supergain array antenna system according to the
invention, FIG 8b shows a directivity pattern thereof, and FIG 8c shows
a return loss characteristic thereof; FIG 9(a) is a block diagram show ng
a general 20 configuration of an arraylamenna, FIG 9(b) shows a
directivity pattern thereof, and FIG 9 (c) shows a return |oss
characteristic thereof; FIG 10 is a graph show ng, for supergain array
antennas, raliaéconsibetparerrantebeaent dmd élGal 1and) ashaws ectrdeanah gai n
25 thereof; and FIG 11(a) is a bl ock diagram showi ng a configuration of a
super gai n syhosestharantmnisticl Ghereplf) shows a - 11 directivity pattern
thereof, and FIG 11(c) shows a return |oss characteristic thereof.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 5 Now, enbodi ments of

t he present inveﬁ%' 'IgFgﬁg g ri eﬁ '%g% ﬁ% é%ﬁ#ﬁi acconpanyi ng
drawi ngs. The sa hggr‘g&ﬂ £ &éﬁe&l}t gws F %ISQE%{%& _ _5Is
throughow the dam ngs fehhEEdoEOths ShGd | oWt idaseahptpbgn. In the
fol | ow ng, enbodi ments of a supergain array antenna system 10 according to
the inventi oge¥ktind® wlescCebbedentd to eher&itipanying drawings. The
same parts are assigned the same reference numerals throughout
the drawings referred to in the following description. In
the following, embodiments of a supergain array antenna system
10 according to the invention will be described with reference
to FIGS. 1 to 8.
(First embodiment)
FIGS. l(a) to l{c) show a configuration of a first
embodiment of a supergain array antenna system according to

15 the invention. FIG. 1(a) shows an array antenna of an element

interval equal to or less than A/4. The array antenna has

four elements. The antenna elements A-1 - A-4 in the array
antenna have respective receivers (Rx) R-1 - R-4 attached
thereto. The receivers R-1 - R-4 are to convert RF analog

20 signals received by the respective antenna elements into
baseband digital signals.

Antennaelement dataaretransferredtoasupergainweight
generator circuit 10 and processed and stored as calibration
and element directivitydata. The supergainweight generator

25 circuit 10 generates weight data for a desired radiation
directionbasedonthedirectivitydata. Thegeneratedweight

data are passed to weighting units 30, where outputs of the



to FIGS. 1 to 8. (First enbodinent) FIGS. 1(a) to 1(c) show a configuration
of a first enbodinent of a supergain array antenna system according to 15
the invention. FIG 1 (a) shows an array antenna of an el enent interval
equal to or less than ?14. The array antenna has four elenents. The
antenna elenments A-1 - A-4 in the array antenna have respective receivers
(RX) R1 - R4 attached thereto. The_ regeivers RR1 - R4 are to convert RF
anal og 20 signals received by the respective antenna el enents into

baseband digital signals. Antenna el enent data are transf erredto a
super gai nwei ght generator circuit 10_and Erocessed and, stored as

ggliprat!onlgﬁﬁﬂlEPEﬁe%TldTr%ﬁﬁi%ﬁetyuééﬂa; $RePLE UPRE g2 Wit gener at or
ci t t [ d for. i i.atd i i
25 C1CUI 10 SRR AL ER el S [O1, &y BESLERU, LA AL, Ghpogh o

are passed to

wei ghti ng “”E@?tﬁgsi¥@§r§h&“§HEH*%d% Jdthe - 12 receivers R1 - R4 are

multiplied by "the werght data, respectively. The baseband signals after

nul tiplication argersyerhbesipeeda2AdidiRpnt Geldttorel ecul ba osdargaisn wei ght
generator circuit 10 operates 5 in such a manner as to provide a maxi num

si gnal -t o5noiisesuat a manheltaevbaired ige SHRxihemea imafdleto-obiskerarniicenna. A
configuration of the supergain weight generator circuit 10 wll be
descri bed wi tllabbsfuiahed 29 IR heredpadiewn PhH Fre antenna. A

configuration of the supergain weight generator circuit 10
will be described with reference to FIG. 2. As shown in FIG.
2, the supergain weight generator circuit 10 comprises an

10 element directivity data memory 11 and a supergain weight
generator unit 12. The supergain weight generator circuit
10 receives the element directivity data and outputs the
antenna weight data.

Aprocedureof supergainsynthesis inthe supergainweight

15 generator circuit 10 will be described with reference to FIG.
3. As shown in FIG. 3, the procedure of supergain synthesis
comprises a phase 0 and a phase 1, the phase 0 further comprises
inter-element calibration S1 and element directivity data
acquisition and storage S2, and the phase 1 further comprises

20 element directivity data reference S3, supergain weight
calculation S4 and supergain synthesis S5,

First, in the phase 0, inter-element calibration S1 and
element directivity data acquisition and storage S2 are
performed. For synthesis of the array antenna in a baseband

25 (digital beam forming), it is required that the antenna
elements use a same transfer function in a path where inputs

received by the antenna elements are converted into the



2, the supergain weight generator circuit 10 conprises an 10 el enent
directivity data menory 11 and a supergain weight generator unit 1.2. The
supergai n wei ght generator circuit 10 receives the elenment directivity
data and outputs the antenna weight data. A procedure of supergain
synthesis in the supergain weight 15 generator circuit 10 wll be
described with reference to FIG 3. As shown in FIG 3, the procedure of
supergain synthesis conprises a phasé:53éhd a phase 1, the phase 0 further
conprises inter-elenment calibration Si and elenent directivity data
acquisition and storage S2, and the phase 1 further conprises 20 el enent
directivity datebarder éhea $8cesvupey guinadis yave, cal phse i bif IS4 eace

supergain synthesis S5. First, in the phase 0, inter-elenent calibration Sl
and el enent aafr abtanplituns £iffesrescei SRCHRAIRE o?%\'a'éeeﬁ% antenigr ned.

For synthesis_of the t i n._a haseband, 25 (diqi b '

¢ 15 requ - BUCEARES PRE CHTEORRY Lo U CRE b2RgPrPans I EEron 11 &
pat ere ipputs ecej t : i

DS Dasebahe BReRErLE e, R e o B e o

anpl i t udes di thebaAs@1RREHEE 2RE RAk\RRR (19 AH Sfdited SENENTheay 1@ i cul t
to maintain in the baseband. Therefore, the phase difference and anplitude

di fference baateenst be e andahniorelcorerics ianereaspeeat{Si) and stored (S2)
The stored data is to be used for correction in operation.

Stored data in the element directivity data memory 11
aredata (digitaldata) ofdirectivitypatterns for the antenna
elements A-1 - A-4 in the array antenna, as shown in FIG. 4.

10 In FIG. 4, the lateral axis indicates an angle (front of the
antenna is zero degreee) and the longitudinal axis indicates
a directional gain.
Specifically, an arrangement shown in FIG. 5 is used to
measure and store thephasedifferenceandamplitudedifference
15 Dbetween the antenna elements A-1 - A-4. The receivers R-1
- R-N are provided for the antenna elements A-1 - A-N,
respectively. Filters f-1 - £-N and amplifiers g-1 - g-N are
provided between the antenna elements A-1 - A-N and the
receivers R-1 - R-N, respectively. In the arrangement, the
20 analog signals received by the antenna elements A-1 - A-N are
converted into baseband signals by the filters f-1 to f-N,
the amplifiers g-1 - ¢g-N and the receivers R-1 - R-N,
respectively, to provide element directivity data. The data
is to be stored in the element directivity data memory 11.
25 As described above, in inter-element calibration S1 and
element directivity data acquisition and storage 52, that is,

in the phase 0, the directivity patterns described above are



Stored data in the elenent directivity data nenmory 11 are data (digital
data) of directivity patterns for the antenna elenents A-1 - A-4 in the
array antenna, as shown in FIG 4. 10 In FIG 4, the lateral axis indicates
an angle (front of the antenna is zero degreee) and the |ongitudinal- axis
indicates a directional gain. Specifically, an arrangenent shown in FIG 5
is used to neasure and store the phase difference and anplitude difference

15 between the antenna el ements A-1 -~ A%4.” The receivers R1 - RN are
provided for the antenna elenents A-1 - A-N, respectively. Filters f-1 -
f-N and anplifiers g-1 - g-N are provided between the antenna el enents A-1
- A-N and t hmeapetedbeforRhand aRdNtoreshigrthe ellgmeng dilreciivatysiasat , t he
20 anal og signals received by the antenna elenents A-1 - A-N are converted
i nto baseban®e®pPghals-by the filters f-1 to f-N, the anplifiers g-1 - g-N
and the receivers R1 - RN, _.respect to provide elenment . djirectivity

S Lvel
data. The data i§e§§ftﬁf%ﬁ%ﬁﬁé&gﬁnp?ﬁtgg?%émﬁﬁ 15 SR ddfaRenory 11.
a5 As described 0eNEyAR ITLRSGPLRTIE. LA AL) A calertfl SR
a S2, tha e phase 0, the

directivity a acqui sition and storage f s, int

directivity patherBscdesnss i Ped ahigaaneweidit BBASHI el defnr eltand and
stored in the elenent directivity data nenory 11. Next, processings

perfornmed i nsubergapergaitheseisgdd ingeher dtwirllubetddesiimah | inEM@se2, t hat
is, elenent directivity
processings, that is, in the phase 1, the element directivity
data stored in the element directivity data memory 11 are
referred to, thereby producing weight data that provide a
10 maximum SNR for the array antenna.

In the system'according to the invention, as a method
for providing a maximum SNR for the array antenna, a method
is adopted which is described in "A Survey of Possible Passive
Antenna Application of High-Temperature Superconductors” by

15 Robert J. Dinger, Donald R. Bowling and Anna M. Martin, IEEE
TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 39, NO.
9, p. 1503 (Sept. 1991). The method for calculating weight

data that provide a maximum SNR described in the literature

will be described below.
20 First, a directivity function £(0), which is a function

of an angle 0, is expressed as the following formula (1).

Formula 1

N
f(e) - Z Wnejk(n—l)dsine ... (1)

n=1



5 data reference S3, supergain weight cal culation S4 and supergain
synthesis S5 in FIG 3 will be described. In these processings, that is,
in the phase 1, the elenent directivity data stored in the el ement
directivity data nmenory 11 are referred to, thereby producing wei ght data
that provide a 10 maxi mum SNR for the array antenna. In the system
according to the invention, as a netho for providing a maxi nrum SNR for
the array antenna, a nethod is adopted Which is described in "A Survey of
Possi bl e Passive Antenna Application of H gh-Tenperature Superconductors”
by 15 Robert J. Dinger, Donald R Bow ing and Anna M Martin, |EEE
TRANSACTI ONS ON MITROWAE rTHEERY- ANB eTECRRAQUERT/ Vs ymB9l \Nmdianates 1503

(Sept. 1991) . The ne d fqr cal culatin i t \J a

ra, mim SR GLEYRIBEA TR -« nE S Te et i o T et ad S P b HBI RS ot
a directivity f t] (#) ; LCchyi ; 45 Of2yan angle e, is
expressed as)élyhgﬁgoflggt\}\,{’]F‘1gV§ (%"rnmj g ?%?O@}:rgér‘lnu a 1%‘({6\)) _ Wieik(-i)d sin a
... (1) n=1podf1alp this formula, W = Aneje, and k = 21c/ % (synbol X
indicates a~waverength) . The weight Wh in the fornula (1) can be
expresseds by thewwea,ar, WA Wy1"the following formula (2) Fornmula. )5 W[ W

1 _ W' ] ... (2
Inthe formula (2), symbol Tindicatesatransposedmatrix.
Assuming that element directivity data is expressed as A,(0),
a signal vector is expressed as the following formula (3).
10 Formula 3
S = [A (9) A, (e) ejkdsine A3(9) ej2kdsin9 .. AN(G) ej(N—l)kdsinelT

- (3)

Simplifying the formula (1), the following formula (4)
15 results.
Formula 4

£(0) = W'S ... (4)

A signal output power, which is a function of an angle

20 6, is expressed as the following formula (5).

Formula 5

P(O) = |W'S|?=wW*TPW : ... (5)

Here, symbol P in the right side of the formula (5)
25 indicates a cross-spectral density matrix, which is a tensor

product expressed as P = SS*.



In the formula (2) , synbol T indicates a transposedmatri x. Assum ng t hat

el enment directivity data is expressed as An (0) , a signal vector is
expressed as the following formula (3). 10 Fornmula 3 S =[Al (0) A2
(0)ej kdsiné A3(0)ej2kdsl .. AN (0)ej(N-1)kdsin9]T ... (3) Sinplifying the

formula (1), the following formula (4) 15 results. Formula 4 f(0) =WS ..
(4) A signal output power, which is a{fgnction of an angle 20 O, is
expressed as the following formula (5). Fornula 5 P(0) = | WSI 2=W TPW

.(5) Here, synbol P in the right side of the formula (5) 25 indicates a
cross spectr al den5|ty i X ichis or Rl dugt &P as P =
Ssr. - 16 On t heOTbitHer O pa haé‘\gn]o?s‘b"losﬁtﬁﬂ %\%&%Ege SH saegs

i's expresse as
followi ng fo A "sTWIRW ... (6) 5 Here, synbol Rlnthe
right side O%Hlféhec’%ggr’%{g Irﬁ‘Jllgn |gat es a noi se covariance matrix, which
is expressedgggsmuihesfol lowng formula (7).

Pn=W'RW ' ... (6)
5
Here, symbol R in the right side of the formula (6)
indicates a noise covariance matrix, which is expressed as
the following formula (7).
Formula 7
10 Ry = [ ni(th,(that ce e {T)

In the formula (7), term n;(t) indicates noise for an
element i, which is a function of time (t). Combining the
formulas (5) and (6), SNR(O), which is a function of an angle

15 0O, is expressed as the following formula (8).
Formula 8

W PW

= . (8)
W RW

SNR(B) =

TheweightWthatmaximizestheSNR(G)givenbytheformula

20 (8) is expressed as the following formula (9).
Formula 9
Wee = R7'Sg e (9)

The weight data Wepe is expressed as the following formula

25 (10) .



Formula 7 10 Rj =J n (t)nj(t)dt . (7) In the formula (7), term
I ndi cates noise for an elenent i, which is a function of tine (t).
Conmbi ning the fornulas (5) and (6), SNR(0), which is a function of

angle 15
W TPW . ..

0,

(8)

ni(t)

an

is expressed as the following fornula (8). Fornula 8 SNR(A) =

W RW The wei ght Wthat maxi m zes the SNR (6) given by the

formula 20 (8) is expressed as the follpw ng fornula (9). Fornula 9 Wpt =

R-' So .

(9) The weight data Wpt 1s expressed as the foll ow ng

formul a 25-(10). - 17 - Formula 10 W,, = [R+ F, 11" So ... (10)
Qis expressed as_the following formula (11) 5 Fornula 11 T Q = W*

(11)

el enent directivi&y dgqﬁ_l%ifggnce S3 and supergai n wei ght
- 0

10

15

20

25

w

a This procedure described so far is equival ent

... (10)

opt

Antenna Q is expressed as the following formula (11).

Formula 11

~T
Woptwop:

*T
W RW, .

opt

... {11)

This procedure described so far is equivalent to the
element directivity data reference S3 and supergain weight
calculation S4 in FIG. 3. The weight data Wepr given by the
above-described formula (10) is used to perform the supergain
synthesis S5 in FIG. 3.

As described above, with the system according to the
invention, the array antenna of a narrow element interval (the
element interval canprovidea supergain), thesupergainweight
generator circuit and the baseband receiving and synthesis
system can provide a supergain antenna having a directivity
pattern shown in FIG. 1(b) and a return loss characteristic
shown in FIG. 1(c).

While FIGS. 1l(a) to 1(c) show a linear arrangement of
the array antennas, this embodiment can apparently be applied
to any arrangement, such as an annular arrangement and a planar
arrangement.

(Second embodiment)
FIG. 6(a) shows a configuration of a second embodiment

of the supergain array antenna system according to the

Ant enna
pt Wop°
to the



10 calculation S4 in FIG 3. The weight data Wpt given by the
above-described fornmula (10) is used to performthe supergain synthesis S5
in FIG 3. As described above, with the systemaccording to the invention,
the array antenna of a narrow el ement interval (the 15 elenent interva

can provi de asupergain),the supergain weight generator circuit and the
baseband receiving and synthesis syst can provide a supergai n antenna
having a directivity pattern shown in%E:G. 1(b) and a return | oss '
characteristic shown in FIG 1(c). 20 Wile FIGS. 1(a) to 1(c) show a
l'inear arrangement of the array antennas, this enbodi ment can arently
be appl i ed Lovanpl@mraﬁgehbhﬁ,m@%%ﬁ“@§taﬁl%%nd?h@réﬁﬁaﬂﬁgﬁﬁﬁiogﬁgna pl anar

arrangenent. (Second enbodinent) 25 FIG _6(a)_sho configuration of a
second enbodPhBRENt oFnEHE Ay FEGEi hPaPFay® ﬁt@ﬁﬂéw@ygfﬁhﬁgngrd Mg’ to the -

18 inventi oBpbl hihs AEGAMENL 8heori Ak dhbBYi ABhENNRLFIEN 1)ekament

i nterval equa 0 or Tess than & 4 1s used. is enbodinent differs from

the first enpadinept ¥se&dldGaibitan sibaklshet basehardhdatitgi tak signal s of
the elenents are 5 distributed anong a plurality of systens of processors.

In  this nbadsEenbutédemmirgnal slurel idisbfi bys eemamdngricsyseess Inl - #N.
The systems have their respective supergain weight enerator circuits 10-1
- 10-N and t heiis emspkatente We¢ glignags are distributed among N systems

41 - #N. The systems have their respective supergain weight

generator circuits 10-1 - 10-N and their respective weighting

units 30-1 - 30-Nprovided therein. Theprocessingsperformed

10 by the supergain weight generator circuits 10-1 - 10-N and

the weighting units 30-1-- 30-N are the same as in the first

embodiment described above.

With such an arrangement, a possible band of the antenna
elements or receivers can be divided into a plurality of

15 sub-bands, which can be allocated to the plurality of
processors.

In short, according to this embodiment, the supergain
synthesis circuit itself is arranged to serve as a narrow band
filter. This arrangement realizes awidenedbandof the whole

20 system as shown in FIGS. 6b and 6cC.
(Third embodiment)

FIG. 7 shows a configuration of a third embodiment of
the supergain array antenna system according to the invention.
In this embodiment also, anarrayantennaof anelement interval

25 equal to or less than A/4 is used. This embodiment differs
from the first embodiment (see FIG. 1) in that there are

additionally provided a duplexer 20 and a transmitter system



units 30-1 - 30-N provided therein. The processings perforned 10 by the
supergai n wei ght generator circuits 10-1 - 10-N and the weighting units
30-1 - 30-N are the sane as in the first enbodi nent descri bed above. Wth
such an arrangenent, a possible band of the antenna elenents or receivers
can be divided into a plurality of 15 sub-bands, which can be allocated to
the plurality of processors. In short, according to this enbodi nent, the
supergain synthesis circuit itself i3 ¥tranged to serve as a narrow band
filter. This arrangenent realizes a w dened band of the whole 20 system as
shown in FIGS. 6b and 6¢c. (Third enbodinment) FIG 7 shows a configuration
of a third epbrndrieihg dfraridre t4eper gakn Brk ay Tadt endawsigiteimaondrtdi ng to
the invention. 1In this enbodi nent al so, an array antenna of an el enent
interval 25 8§uil tThadr ikesthe aterna ¢eMREEILNATRNSG aRrboRiFreiengnteer s
fromthe first enbodi nent ggge FIG 1) in that .ther

provi ded a dfiptexér 26 aRE* & CYaHiHT EEEL VY SYaher rgd%ggrﬁ‘?qdrgﬁl“h&%%arl '
e LT Tk b UL b3, 0 Tt Sl ontenne
and the tsangghblgtor Systamt e aRHOERS Sid i tielf @hied By-1 hadsHoergai n

wei ght 5 genérator circuit 10 and the weighting units 30-T and 30-R are

t he sane as iaftet BRef bamé serhiaditmRNtfidescembediabovedescribed above.

This arrangement enables supergain synthesis in
transmission. Sincethe antenna issharedinthisembodiment,
thewhole systemhaving the receiver systemand the transmitter

10 system can be downsized without increasing the number of
antenna elements.

(Fourth embodiment)

FIG. 8 shows a configuration of a fourth embodiment of
the supergain array antenna systemaccording to the invention.

15 Inthis embodiment also, anarrayantennaof anelement interval
equal to or less than A/4 is used. This embodiment differs
fromthe first embodiment (see FIG. 1) in that areceiver system
having antenna elements A~1R - A-4R and a transmitter system
having antenna elements A-1T - A-4T are provided separately,

20 and the supergain weight generator unit 10 is shared by the
systems. The processings performed by the supergain weight
generator circuit 10 and the weighting units 30-T and 30-R
are the same as in the first embodiment described above.

This arrangement enables supergain synthesis in

25 transmission. Since the supergain weight generator circuit

is shared in this embodiment, the whole system having the



Thi s arrangenent enabl es supergain synthesis in transm ssion. Since the
antenna is shared in this enbodinent, the whole system having the receiver
systemand the transmtter 10 system can be downsi zed w t hout increasing

t he nunber of antenna elenents. (Fourth enbodinment) FIG 8 shows a
configuration of a fourth enbodi nent of the supergain array antenna system
according to the invention. 15 In this enbodi nent also, an array antenna
of an elenment interval equal to or lessGhan X/ 4 is used. This enbodi nent
differs fromthe first enbodinent (see FIG 1) in that a receiver system
havi ng antenna el enments A-1R - A-4R and a transmitter system having

antenna el em?:'at:éie‘éﬂ'Tsist'%nflInérﬁﬁ@r&@n@ﬁQt%@P%ﬁ@m’caﬁobélruiavlrﬁqz%dper gain

wei ght generator unit 10 i's shared by the systens. The processings
perfornmed bywiRBo§UPEREREAs Wef Gife rg@Beraber thersamé dixandss.he wei ghting
units 30-T and 30-R are the sanme as in the first enbodi nent descri bed
above. This arranfesrenpergabt esravipetgaha syghehasissrinedrbevgRdarssi on
Since the supergain weight generator circuit is shared in this enbodi nent,
the whol e sy@t®shlne/fog CORETOL DT RN 87T IO F B ARESRRR2 26 “t-er

t be d i d i.th i i h n f th ,
T rouit s SThanedper gaPe BETIRT ARt AR EL Sl O AT PREE IBE NS a
met hod f or Cg&g%&ééfj{{g,ogf%&&Qeagaleqe@nrem Y B P RSnfOldrRiE: intehatl s,

t he met hod i con an array antenna conpri sing
that provides a supergain and comprises a weight generating

step of generating weight data in accordance with each of
directivity data for the plurality of antenna elements of the

10 array antenna, and a weighting step of using the weight data
generatedintheweightgeneratingsteptoweighttheplurality
of antenna elements of the array antenna. Here, the element
interval that provides a supergain is equal to or less than
a quarter of a wavelength of a signal received and/or

15 transmitted.

In the weigh generating step, weight data that maximizes
the signal-to-noise ratio is generated. In the weight
generating step, calibration for the plurality of antenna
elements, storage of directivity data resulting from the

20 calibration, and weight calculation in which the weight data
is calculated by referring to the stored dir_ectivity data are
performed.

If the control method is adopted, a multi-element and
wide-band supergain array antenna can be provided by digital

25 beam synthesis.
Besides the description in the claims, the present

invention includes the following aspects.



a plurality of antenna elements and having an el ement interval that
provides a supergain and conprises a weight generating step of generating
wei ght data in accordance with each of directivity data for the plurality
of antenna elements of the 10 array antenna, and a weighting step of using
the weight data generated in the weight generating step to weight the
plurality of antenna elenments of the array antenna. Here, the el enent
interval that provides a supergain is eqyal _.to or less than a quarter of a
wavel ength of a signal received and/or 15 transmitted. In the weigh
generating step, weight data that nmaxim zes the signal-to-noise ratio is
generated. In the weight generating step, calibration for, the urallty of

ant enna eIeneH%s'@&%ﬂ%ﬁﬂ?%ﬁpRﬁF%ﬁﬂﬁ9@?9PHSYéd?§§QQH%ﬁf%l Fﬁg
cal i bration, dqqlv:glygttbéglsgrcoar& |]:ol\r;§l|r{19 gglacrt} :)pgn ch agI Figﬂggwul at ed

by referrlng t ata a per orme € control

met hod i s adopy J?egcy e JPI; te‘%érgqgmchﬁfldpr%‘@p@e band, SRR GAI BeBEE Y- gNt enna

can be provide dlglta eam synt hesi s. Besi des t he description in

the clainms, theodHasa tol AN@Hdsprdtivkusdpomdrmies f @l bowi g mRpeetsords 2]
(1) An antenna apparatus that provides a supergain by digital beam

'synt hesi s, Scongmd sigumurarl srersay heneénnel émennglistertdmidy digdeedoat edaberval s
t hat prOVIde a supergain, receivers
element, and a supergain synthesis circuit.
(2) Anantennaapparatusthatprovidesasupergaﬁibydigital
beam synthesis, comprising an array antenna having elements
spaced at intervals that provide a supergain, a distributor
10 fordistributinganoutputoftheantenna,receiversconnected'
to the respective elements, a device thaf récordé and
accumulates thereinelement directivitydata for eachelement,
and a supergain synthesis circuit.
(3) The antenna apparatus described in (1), further
15 comprising, for each element, a duplexer and a transmitter
éonnected thereto.
(4) The antenna apparatus described in (1), further
comprising an array antenna dedicated for transmission and
having elements spaced at intervals that provide a supergain,
20 and a transmitter connected thereto.

As described above, according to the invention, weight
data is generated in accordance with phase difference and
amplitude difference between a plurality of antenna elements
spaced at intervals that provide a supergain and directivity

25 data thereof, and the generated weight data is used to weight
eachof the antennaelements, wherebyamulti-element supergain

array antenna that has conventionally been impossible can be



connected to the respective elenents, a device that records 5 and

accunul ates therein elenent directivity data for each elenent, and a
supergain synthesis circuit. (2) An antenna apparatus that provides a
supergain by digital beam synthesis, conprising an array antenna having

el ements spaced at intervals that provide a supergain, a distributor 10
for distributing an output of the antenng%z recei vers connected to the
respective elenents, a device that recor and accunul ates therein el enent
directivity data for each elenment, and a supergain synthesis circuit. (3)
The antenna apparatus described in (1), further 15 conprising, for each

el enent, a duphdxentagebusiy @ravides; Eoneddtddn/hdrifetio PLUSRLTRE aft enna

apparatus described in (1), further conprising an arra%/ nt enna dedi cat ed
for transmi ssi 6HSEABS PhVEHE AEAERTCReR5ad8dPEPVIHERr VT SERHANYEIOR de a

supergain, 20 and a fransmtter connect t.hereto._As, described ahove,

acgorgi ng to tﬁgefnﬁ’(}éﬁt B30 A h £ YS Slpgﬁi\ast %%%éﬁa?%%l*%égec ‘r”’ﬂigﬁ%eanﬁth
h di ff . j t j fif it f t

P aments  spacanaificBEhe AR I LEReReaBRIBERy SpPbUidld LY O oI S e

data thereof, aQdthbemgeoeriat ede WRit@hhadsdA tirandfedsti onviidihe Aacdhmef t he
antenna el enents, whereby a nulti-elenent supergain array antenna that has

conventi onal | y fbeereceninissi bt e icaredrated?2or ddvaen exmbiss yngrwed ghadindg n

addition, if a plurality of .
of the weight data are performed in a common arrangement, the

whole system can be advantageously downsized.



systens of this arrangenent is provided for the antenna elenents, an
antenna systemthat can be applied to a wide band communication systemis
advant ageously provided. 5 Furthernore, if the antenna for transm ssion and
the antenna for reception are integrated, or if generation and wei ghting
of the weight data are performed in a common arrangenent, the whole system
can be advantageously down sized. - 23 - at is clainmed is: 1. A supergain
array antenna system having an array antenna, the array antenna conpri sing
a plurality of antenna elenents and having an el enent interval that

provi des a supergain, the 5 supergain array antenna system conpri sing:

wei ght generator ne¥at figy é@&tgﬁg wei ght data in accordance with each
of directivity.data,for the.pluralit of t.e | e t j rray
antenna; and \Aéi'gh?zi\ﬁﬁpﬁﬁ%%gi’%Faﬁsﬁ%ﬁnpﬁes%e%hq?a@a?gggg%er%&tae?eg‘f%’10 t he
wei ght gener at QhaEARS LA WRASMonidi oBhY! AbiLlkadh « a0 £ BARenfth UNRACh !

sai d-array antenna. 2. € supergain array antenna system according to
claim 1, wher@ind 58} ihEhs ERinen®t Bitdvdlngha Prodvivdas sda supergain, the is
equal to or less than a quarter of a wavelength of a signal received
and/ or tranSm tsupergdin Thersy partigaina aysdpnanbepnas 8ygt em according to
claim 1, wherein said weight generator neans generates wei ght data 20
that maximzes a sighbEdht gansradorameans for generating weight data in

accordance with each of directivity data for the plurality

of antenna elements of said array antenna; and
weighting means for using the weight data generated by
10 the weight generator means to weight the plurality of antenna

elements of said- array antenna.

2. The supergain array antenna system according to claim
1, wherein said element interval that provides a supergain
15 1is equal to or less than a quarter of a wavelength of a signal

received and/or transmitted.

3. The supergain array antenna system according to claim
1, wherein said weight generator means generates weight data

20 that maximizes a signal-to-noise ratio.

4. The supergain array antenna system according to claim
1, wherein said weight generator means performs calibration
for the plurality of antenna elements, storage of directivity
25 data resulting from the calibration, and weight calculation
in which said weight data is calculated by referring to the

stored directivity data.



4. The supergain array antenna system according to claim 1, wherein said
wei ght generator neans perfornms calibration for the plurality of antenna
el enents, storage of directivity 25 data resulting fromthe calibration

and wei ght calculation in which said weight data is cal cul ated by
referring to the stored directivity data. - 24 5. The supergain array
antenna system according to claim 1, wherein a signal systemfor said
array antenna is separated into a plura@ﬂty of sub-systens, and said

wei ght generator 5 means is provided for each of the plurality of signal
sub-systens. 6. The supergain array antenna system according to claim 1,
wherein a signal systemfor said array antenna is separated 10 into a
transm ssi on signal sub-systemand a reception signal sub-syste and said
wei ght gener at 8- MR¥ENSUPSTIRAR RF IRY tANECNS@paY aEe™t REFRTAYY &R gh@h%l
sub-system and_recepti.on slgna s%b-s stem .15 7. qu su ergain agrgy

ant enna syst ent ac0GFGLR FOIRFAISHS TE™ IHer 21 H 23S AR TP LRt ETRETRSS
provided for e 0 i, sgion,and r.eception, j erat ed
Byt he. et ght henet RSP HERNE0 BEaH R R0, A0 HELAIL LRLTa06RT

wei ght a pldir ahbhysof s PSR EIRFERBLEN0L L fige A5 N@da BN ELHESigndd 8. A

met hod for controlling a supergain array antenna conprising a plurality of
ant enna el enensabasgstans ng an

=

6. The supergain array antenna system according to claim
1, wherein a signal system for said array antenna is separated
10 into a transmission signal sub-system and a.reception signal
sub-system, and said weight generator;means is shared by the

separate transmission signal sub-system and reception signal

sub-system.

15 7. The supergain array antenna system according to claim
1, wherein said array antenna is provided for each of
transmission and reception, and weight data generated by the
weight generator means shared by the array antennas is used

toweightapluralityofantennaelementsof thearrayantennas.

20
8. A method for controlling a supergain array antenna
comprising a plurality of antenna elements and having an
element interval that provides a supergain, the method
comprising:

25 a weight generating step of generating weight data in

accordance with each of directivity data for the plurality

of antenna elements of said array antenna; and



el ement interval that provides a supergain, the nmethod conprising: 25 a
wei ght generating step of generating weight data in accordance with each
of directivity data for the plurality of antenna elenents of said array
antenna; and 25 a weighting step of using the weight data generated in

t he wei ght generating step to weight the plurality of antenna el enents of
said array antenna. 5 9. The nethod for_cgntrolling a supergain array
antenna according to claim8, wherein said el enent interval that provides
a supergain is equal to or less than a quarter of a wavelength of a signal
received and/or transmtted. 10 10. The nmethod faor controlling a ergain

. : Su
array antenna acccr #earghtang| ER ®orsSsnIiRE &Sty SaFy 9@ ﬁ‘t@élng?‘ati ng
step, weight data that maximzes a_signal-to-noi i.Q . d. 15
11 e mot hodeForeaghtr G191 S Eaher ad 1o aaTay e S Y 2B RaRRERG any
one of claims 8;t0.10s &¥“§5¥d1ér@ﬁ§aEQt@ﬁﬁght generating step, calibration
for the pluralrty of antenna elenents, storage of directivity data
resulting fromthe calibration, and wei ght calculation, in which said

wei ght data 20 is calculated by referring to the stored directivity data,
are perforned. 9. The method for controlling a supergain array antenna

according to claim 8, wherein said element interval that
provides a supergain is equal to or less than a quarter of

a wavelength of a signal received and/or transmitted.

10 10. The method for controlling a supergain array antenna
according to claim 8 or 9, wherein in said weigh generating :
step, weight data that maximizes a signal-to-noise ratio is

generated.

15 11. The method for controlling a supergain array antenna
according to any one of claims 8 to 10, wherein in said weight
generating step, calibration for the plurality of antenna
elements, storage of directivity data resulting from the
calibration, andweight calculation, inwhich saidweight data

20 is calculated by referring to the stored directivity data,

are performed.



