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i nvention The present invention relates to a supergain arra
system and a nethod for controlling the supergain array ant ﬂmmmmm"
particularly, it relates to a supergain array antenna 10 systeqhkﬁgﬁ,is
conpact and can provide a high directiohal gain and a nmethod for

controlling the supergain array antenna. Description of the rel atkcq&'rzootn
general, if an array antenna is downsi zed, the gain 15 thereof w |l b€

reduced because theggpgRbrif ARRAY(ARCENNMACSYSERH RNDt Mereeb is al so
reduced. However, such a gain reduction can be suppressed if antenna

el ements are packed FOR CORTROULING SUPERGRENgRRRAFt ANTFENBIX | nterval s and
particular phase relation and anplitude relation are given 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 nornmal, and the principle thereof has been known since a | ong
time ago. For exanple, such a supergain antenna is described in "A new
approach®to the design of BARKEROENY PEcTHEe IN¥ENIIONr rays” by Bl och A

Medhurst A and Pool S (proc., Inst., Electr., Eng., 100, Part IIl, 67, p.
303 (Sept. Field of the invention

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 reducedarea (length) at narrow intervals andparticular
phaserelationandamplituderelationaregivento theelements.
20 Antennas having the gain reduction thus suppressed are known
as supergain antennas. A supergain antenna has a directional
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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1953)) and "Antenna Engi neeri ng Handbook" edited by the * 166166* Institute
of Electronics, Informati on and Conmuni cati on Engineers, p. 211 (1980)
However, it has not been put into practical use because of its severe
physi cal constraints or the |like 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 (radio frequency)

synthesis. 10 FIG 9(b) shows a directional gain versus direction

(referred tPna€i€%§%r§§;¢¥éég£§@gé§rn%ne%r%gg%ﬁérggdaegﬁﬂ ﬁécggyﬁgarranged.

If a normal " in-p esis is appli array antenna ving a

narrow el e . Vv r l e, ; engt h
nar ow ol STERABLELVEL GR9T ) £5AUD! CudeUs, 1% Aadusbt tiod chuebenath
directional,gaip; ks JLAuveeduas bie; eherdpdrd Miefdialadeceasesnthat is, if
a normal in-phase synthesis is applied to the array antenna having a

narrow el eneid 1pkeryal detbeivkbdeassional gain is reduced as 20 the el enent
i nterval decreases as shown by broken lines in FIG 10. The directivity

patternsand a re1gnsl(assHdkld donfitdiirs teiagecdrst showp dantdinaS. $heand 9c,

respectively. On the other hand, as shown in FIG 11(a), a supergain

antenna i s @roaydadtemmahsicdwh hen aRf@nna (&) ecempsided fohArdantenna
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 Sc, respectively.

On the other hand, as shown in FIG. 1ll(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 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 diBeetional gain of 32 =9, 5 and four
el enents provide a directional gain of 42 = 16. The directivity pattern
and the return loss (S11) in this case are shown in FIGS. 11b and 1lic,

respect i vel Xntﬁh?ﬁ- e%%@egeg a}éfﬁfsg%’dt hat ;1be JURE! Sti‘hgea%eﬂnaahas

reduced beam w andw However, since € superdain antenna

has an incr ; r~:ad}, atg2o; 1 1LAVI St el i tion
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for its higher gain, it has an inctrease val ue.” “fthere

conduct or | @§seknid Nt eNngwd nCl diiis Pheviewer SUPOEYidmil gdis, brcreased
and theefficiency of the antenna decreases. Here, 15 the Q value is

expressed ag?Q@ 3 ,Dthrewhel enehas astevi & i NAiGHAS orma dighget benad =gai n and
character F indicates an efficiency coefficient. To prevent the ef(iciency
reduct i dh oftnthfowntedrimen ttshproantie nial iand ttikm glowad nsoppl?y=clid . cuithear e
cool ed down to reduce 20 the conductor loss. That is, in FIG 11(a), the N
ant enna el epgmestaveétiopsetiern andheheosttmtin oog aiJielr) dmd thicodaiseg
device is provided. In addition, the supergain antenna has a reactive power
are shown in FIGS. 11b and 1lc, respectively. FIGS. 1lb and
llc 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
isincreasedandtheefficiencyof 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 circult are cooled down to reduce
20 the conductor loss. That is, in FIG. 1l(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



in the vicinity thereof that is nmuch higher than the radiated 25 power.
Therefore, it has an extrenely narrow band. Furthernore, phase and
anplitude rel ations anong the antenna elenments required to provide a
supergain is quite sensitive, and even a small phase shift could disturb
the supergain condition. For exanple, only l1degree of phase shift of an
antenna el enent would result in |oss ofgsupergain. Generation of the
sensitive phase and anplitude, or RF 5 synthesis, is difficult using a
power supply circuit, such as a nicrostrip |l i ne, because of its physical
constraints é rication $re0|5|on

n
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multi-elenent array that provides a supergain has been reported Besi de,
if fixed phaseaanflcaoptiipdeing e 9éyRisOdyot hets 20hponeslsuppbyreihieyit

(RFsynt hesis) , the whole antenna system would have a narrow band, and the
system i ncl Ufalpgi@atecreiprercisiou,dsabbbdlhaye . a Tae dovii fhiand.t yAbeaomesul t, a
probl em ari ses
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 to use a large
number of elements in the supergainantenna. Thisisdescribed
in "High-Tc Superconducting Small Antennas" by K. Itoh, O.
15 Ishi, 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 arrayantenna has

the antenna elements spaced at quite narrow intervals, the



in that the antenna cannot be applied to a wi de band conmuni cati on system
25 Furthernore, there is a significant problem concerning directivity
synthesis. Since the supergain array antenna has the antenna el enents
spaced at quite narrow intervals, the elenents are el ectromagnetically
strongly coupled to each other and therefore have non-uniform
directivities. To the contrary, in an &rfay antenna having an el enent
interval of about X/ 2 or nore, elenents other than those at both ends have
5 a substantially uniformdirectivity, and directivity synthesis can be
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a phase rel acen ve Tnver
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is, 10 to provide phase a _ “that realize a supergaln,
directivity-ghteash, elemBNtaririd ORRE_hhANMASingesed 1 et amRld GaRl1l ¥ DY

assum ng a nondirectional antenna, phase and anplitude that realize a

supergain caBofe N QUBE.mo FHOVRY Bhent B GASMRALS B16sE!ACHEPHRANE! heal! ¥
coupl ed to each 5 other 1n actual, and therefore, the supergain cannot be

realized i fat bebyahnesaloyndnarerappiredtioiaydi ardat dopaktigntenna.
According to the conventional synthesis nethod (RF synthesis) using a
power supplyyothesis, canrleetimpferentodd WG hmumtteichddtaament s Sdaareched t o
t he power supply circuit that gives operation conditions, that is, phases
and anplituslégergain 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 amplitude 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



to the el enents cannot be neasured, and therefore, supergain synthesis
taking the elenent directivities into account is difficult. 25 As

descri bed above, it has been technically difficult to design

mul ti-el enent, high-precision and w de-band supergai n antenna system
hardware taking into account all of a plurality of design factors. SUMVARY
OF THE I NVENTION 5 The present inventiog has been devised to solve the
probl enms of the prior art described above. Objects of the inventionis to
provi de a super directional gain for a multi-element array antenna, to

realize SUDSLgaLn, XINesLS, Y anbighet ol g0 LAkl ng, g ageoun

directivities o erren S, rovidae a Ssu ergaln a

system that 4 §§Brg§?FPeog &@gg Ra@gcgggsthe whol e ant enna systen1and a
met hod. for ontro ng a sup rgarn array antenna. A supergain array

antenna systemas clainmed in claim1l of the invention is a supergain array
antenna system having 15 an array antenna, the array antenna conprising a

plurality of antenna el ementgpantkhayt ey ef@EndN | nterval that provides
asupergain, characterized in that the supergain array antenna system

conpri ses: wei ghthgepessdnt eaastion hgenssati agvieeghtodsd avéntigecor dance
with each of directivity 20 data for the plurality of antenna el enents of
sai d array panbéana; c@nthaepghtr ngr tredescf Uredisalmgve he Obgiegitts deft ahe
generated by the wei ght generator neans to weight the plurality
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 system and a met-hodl'
for controlling a supergain array antenna.
A supergailn 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
provides asupergain, characterizedinthat the supergainarray
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
generatedby theweight generatormeans toweight theplurality
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, characterizedin that said element interval



of antenna el enents of said array antenna. A supergain array antenna system
as clainmed in claim2 25 of the invention is the supergain array antenna
systemas «clainmed in claiml, characterized in that said el enment interva
that provide a supergain is equal to or less than a quarter of a

wavel ength of a signal received and/or transmtted. A supergain array
antenna systemas clainmed in claim3 ~of the invention is the supergain
array antenna systemas 5 claimed in claim1 or 2, characterized in that
sai d wei gh generator nmeans generates weight data that maximzes a

signal -to-noise ratio, A su gggaln arraﬁaantenna systemas clainmed in claim

4 of the i RRhEHEVIE el PgRi ASaPHEF! arit eind s t&Rtag 948X EREI ned i n
f i 1 3 h terized in th i i ght t

per o caf oF alFUR TG D10 1y~ of Bt b 7 Erb RSt Erdge of

performs cart ) of ~aht el of

cirestivity data, dealaoatealt Lheeki bLLOns and MR, ooyl stion i

directivity,fdat@e fespelHl s A KAYs QLA ansyffgg sﬁt&ﬁﬁa”sgst&n%é' m >

of the invention is the supergain array antenna systemas cfarned Tn any

one of ¢l ai@Paind@ fm EhAIACE &8t zed iMathdter 8284909 tBYEt 8HY fOfeSqhd array
antenna is separated into a 20 plurality of sub-systens, and said wei ght

generator n@afsriSor PhONh sleged OF a €as hwof ghheat alr ehht ymokigi 983! a
sub-systens. A supergain array antenna systemas clained in claim®6
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



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 transm ssion signal sub-system and a
reception signal sub-system and said weight generator neans is shared by
the separate transm ssion signal sub-system and reception signa

sub-system A supergain array antenna-sgstemas clained in claim7 of the
invention is the supergain array antenna systemas 5 clained in any one of
clainms 1 to 4, characterized in that said array antenna is provided for

cach of {rapsplesion anc. reael Lon, o yel i dath geagralsd by Lhe

wei ght gene Neans shar e ha array Ehnas
plurality ngaQ gppg el enents of the array antennas. 10 A et hod for
controlling a upergain array antenna as clained in claim8 of the

invention is a %tﬁ%ﬁﬂlﬁwﬂa@ 'a'r&%nn%”s%"c%}ﬁ 28t £088nEQ Y | SidYh &

plurality of antenna elenents and having an el enent 1 nterval that provides

a supergai nor eharagtehtzed iB that sh @rgﬁﬁ.hodr%@@plah%%%nﬁ Weis@hin as
generating 15 step of generating wei ght ta in accordance with each of

directiityctllaimaetioint Srypbtue abf tylimant ernal elcdarictafi Sad dn ah=ay
antenna; and a weighting step of using the weight data generated in the
wei ght genesatidngrséeparoewe ghe pirloe ipledr &birt ¥achbf o fint rwamean ied ssimentandof sai d
array antenna. 20 A nmethod for controlling a supergain array antenna as
clai med i n tkaepit9ont ame wiedgdrit dahaigendea hed bydtherveomt geniergtor

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,
characterizedinthat themethodcomprises: aweight generating

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
generatedin theweight generatingstep toweight theplurality
of antenna elements of said array antenna.

20 A method for controlling a supergain array antenna as
claimedinclaim9of theinventionis 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



a supergain antenna as clained in claim@8, characterized in that said

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

met hod for controlling a supergain array antenna as clained in claim 10 of
the invention is the nethod for controlling a supergain antenna as clai ned
inclaim8 or 9, characterized in thatgin said weigh generating step,

wei ght data that maxim zes a signal-to-noise ratio is generated. A nethod
for controlling a supergain array antenna as 5 clained in claim11l of the

| nvent i on i S bbe. et hod. T8, conty ol LI ng A supstoaLn antepna,as ol gimed in
[ atl 1

any one of cParng o 10, racterized in sai g Prg herati ng

step. . call BRarLeRctor it ALl ¥20h 901 RN EL AP 2 ol 49 51

directivity data resu e ca and we 0 calFcul ati on

i n which sajdrueight ﬂakém&§e9a50§&ath-@x—n5§E@r&gﬁgotqstg%n§E§£@8.
I N t th ccor

directivity data, are perforned. short, in e system ing to the

i nvention, therepimge st iZRd coriuddiralemeniupndariderband Supergais3 array
antenna that provides a supergain by digital beam synthesis 15 and

conprises aplaimay antebaamhavi 6g ehenenvenspasedsathenhetnals fbRat provide
a supergain, receivers connected to the respective elenents, a device that
records andcantunllahgs stpereainentremiz a8 céatimeidtin dayarfeos £ eaalimel enent ,
and a supergain synthesis circuit. 20
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;



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 (a) is a block diagramshow ng a
first enbodi ment of a supergain array antenna system according to the
invention, 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
showi ng a configuration of a supergain weight generator circuit shown in
FIG 1; - 10 FIG 3 shows a procedure perfornmed by the supergain wei ght
generator circuit shown in FIG 1; FIG 4 shows an exanple of directivity
data for each of antenna elenments; 5 FIG. 5 shows an arrangenent intended
for calibration _between the elenents <£ & a bl ock dlagram
showi ng a second Eﬁbéﬁhﬁﬂﬁap69¢€ﬁ€r§ﬁﬁﬁﬁﬂﬁm? b 5?%ﬁﬁ%ﬁﬁ%§%9§?

according to the _invention %b% a a directivity pattern

t hereof , and®iBrpFer 8&5fu§ﬁo Ognré A% 08é characteristic thereof; FIG

7a 15 ' block o agsa A"l £ DA IR o101, LeaSUpEraaln B ay

ant enna systen1accord|ng to ention ows a diTec |V|ty
pattern thegﬁggn ggg% sfC shows a return | oss characteristic thereof;
15 FIG 8a Is a ragram showi ng a fourth enbodi ment of the supergain

array arg enna SY§i@n1§C§H6ﬂénQnt9rf eh@ﬂ@nin@@ndgaC%ogbc§PPM§a@10n
directivity pattern thereof, and Fl 8c shows a return | oss
charact eri sheéwkbBar €86; 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 shOwing 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. 1l(a) is a block diagram showing a configuration

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



FIG 9(a) is a block diagram show ng 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

showi ng, for supergain array antennas, relations between an el enent
interval and an directional gain 25 thereof; and FIG 11(a) is a block

di agram showi ng a configuration of a gypergain synthesis antenna, FIG
11(b) shows a - 11 directivity pattern thereof, and FIG 11(c) shows a
return | oss characteristic thereof. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS | 5 Now, . enbodi nents of the present invention will be described
with refereftESEb YheY R oMy ¥ bavi TS F ifire Halfd 58S &r E2548Rgned

t he sane reference nungrals throughoa% the drawings referred to in the
fol | owi ng deS%Ti PEFBACERhISthe FRFFS%F ng, embodi ments of a supergain array
antenna system 10 according to the invention will be described with
reference to FIGS. 1 to 8 (First enbodinent) FIGS. 1(a) to 1(c) show a

configuration o E?ﬁﬂéﬁ%E?@P?Q&ﬁg ogf T%Sgﬁ%ﬁ"ﬂﬁkﬁbaﬁfd%ﬁﬂ fpga system

according to 1 e rnventron. WS an array antenna of an

el ement g nt er valyggualmdd el 8o 4 hate ?Mse@eiwéﬁw&mmﬁ has  four
el enents. The antenna elenents A-i - A4 in the array

described with reference to the accompanying drawings. The

same parts are assigned the same reference numerals throughout

the drawings referred to in the following description. 1In

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. 1(a) to 1l(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.

Antennaelementdataare transferredtoasupergainweight
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



antenna have respective receivers (Rx) RR1 - R4 attached thereto. The
receivers R-1 - R4 are to convert RF analog 20 signals received by the
respective antenna el enents into baseband digital signals. Antenna el enent
data are transferred to a supergai nwei ght generator circuit 10 and
processed and stored as calibration and elenent directivity data. The
supergai n wei ght generator 25 circuit I& generates weight data for a
desired radiation direction based on the directivity data. The generated
wei ght data are passed to weighting units 30, where outputs of the - 12

receivers Rrécei5%ﬂsaRean|RiD!£§Q_ﬁﬁl£b§l%€ﬁgbg grtaweifBEPASERYEl Y. The
baseband signals after nmultiplication are synthesized and then output.

Here, the supspgativekightTigeBesabahd@idid s d8tepansltespl cdthi Gughea
manner as to provide a maxi mum signal-to-noise ratio (abbreviated as SNR,
her ei naf t er yynthébhezadt endathéncontpgurati on of the supergai n wei ght
generator circuit 10 wll be described with reference to FIG 2. As shown
in FIG 2, the Baper gaersupsggeigeaéghtgyere@ratnt cl@codnprd spsrahe0

el enment directivity data nenory 11 and a supergain wei ght generator unit

1. 2. Thé supargpemawgingiar geterprovide rcnakinuy iy velsotiiml 38 sathb
directivity data and outputs the antenna weight data. A

procedur eof $aPRFRELAESAt ABsPERNt hesaper§hen) wefghke 28tgBRABratdr circuit 10

will be descrihed with reference to FlI , : :
con??gura ion og the supergé%n welght 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



3. As shown in FIG 3, the procedure of supergain synthesis conprises a
phase 0 and a phase 1, the phase O further conprises inter-elenent
calibration S1 and elenent directivity data acquisition and storage S2,
and the phase 1 further conprises 20 elenment directivity data reference S3,
supergain weight calculation S4 and supergain synthesis S5. First, in the
phase 0, inter-elenent calibration St agd- elenent directivity data

acqui sition and storage S2 are perfornmed. For synthesis of the array
antenna in a baseband 25 (digital beamformng), it is required that the

A eTay bySeERgase i S TR IINEL LUAGL 80veh 3 BRED."AgERLLORULS |

recei ved by e antenna e errents a e converte

Wien recei ving Qnr%géglt‘[’\%gn P&aér?cé' dLELEPLR B‘é‘E‘wé‘é‘ |Cu#€g?na

di f ference occurri e antenna elenents are

mai ntain i nei&ﬁexb’@@@?@’&ifﬂwl%f@éﬁalnﬁ:Q?thﬁ@ﬁeg)'asfe%%%'ace aRd-applLLt ude

di fference between the 5 antenna el enents are neasured (Si) and stored (S2)

The st or eghe dgh@sé Sd1 Pf HLMELTaA QT afP] 1 €& O F Pe PEREAI OB ShOFRE data
in the element directivity data menmory 11 are data (digital data) of

directi\d t yapaéhes a3 ehentshe camdeunsed ¢Eemanidss tteoted (A24.1 IMTHdetareay
antenna, as shown in FIG 4. 10 In FIG 4, the Iateral axi s indicates an
angl e (frondabd isetoadm emsadi Sorzecordegrter)imandpéhationgit udi nal axis
indicates a directional gain. Specifically, an arrangenent shown in FIG 5
is used to 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 i1s zero degreee) and the longitudinal axis indicates
a directional gain.
Specifically, an arrangement shown in FIG. 5 is used to
measureandstore thephasedifferenceandamplitudedifference
15 between 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 $S2, that is,

in the phase 0, the directivity patterns described above are



measure and store the phase difference and anplitude difference 15 between
the antenna elenments A-i - A-4. The receivers RR1 - R N 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 elenents A-1 - A-N
and the receivers RR1 - RN, respectively. In the arrangenent, the 20
anal og signals received by the antenrailel ements A-1 - A-N are converted
into baseband signals by the filters f-1 to f-N, the anplifiers g-i - g-N
and the receivers R1 - RN, respectively, to provide elenent directivity

25 As descriBRT EBRVECCTRTPACE L PERERE ar BrAL o e O B BREY Y

25 As descri i OTNeer - a ration
directivitymgﬁgg%afguisition and storage S2, that is, in the phase 0, the
directivity patfterns described above are - 14 neasured beforehand and

stored in the elgment ;@Ec{d«“&ééi}ﬁ%&y Slat @ riiEiofy dle é\@@%rgﬁgc‘m%ﬂ@; Chat

performed in the supergain weight = generator unit 12 shown in F

is, elementggdhépgtb¥ivnyt B2 dabanrief BIENCES S3at SEPS UahdnvvaigRttgakeyl ation
S4 and supergain synthesis S5 in FIG 3 will be described. In these

processisngsdathatefsrehbet B, phaserdaihheecyroestldulectibmi £y adata stored
in the elenent directivity data nenory 11 are referred to, thereby
produci ng weigatgaah s yitdte soro8bdien & IGLO3 maixli Inbe SNR-fF diped he Iar tAgsant enna.
In the system according to the invention, as a nethod
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 £(6), which is a function

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

Formula 1

N
f(e) - Z Wnejk(n—l)d sin @ ... (1)

n=1




for providing a maxi mum SNR for the array antenna, a nethod is adopted
which is described in "A Survey of Possible Passive Antenna Application of
Hi gh- Tenper at ure Superconductors” by 15 Robert J. Dinger, Donald R Bow ing
and Anna M Martin, |EEE TRANSACTI ONS ON M CROMVE THECORY AND TECHNI QUES,
VOL. 39, NO 9, p. 1503 (Sept. 1991) . The nethod for cal cul ati ng wei ght
data that provide a nmaxi mum SNR descrildéd-in the literature wll be
described below. 20 First, a directivity function f (0) , which is a
function of an angle 0, is expressed as the following formula (1).

Fornula 1 Nf(O Kl SL j I Is rnula
W = A e'0, agd)]i(n_t é.f/A (liag/dnvigo ﬁ.glend?%(gt%s 2‘}%7‘% (-s Ol ﬂﬁ%‘gl%‘?fﬁg wei ght

W in the fawausrleaeeﬂ;):hcan bleeeémr;ﬁtmdnb;hé h@rmeﬂzaqu)V&anlﬂetehprfa@lsle@vw ng
formula (2) Formula 2 5 W= [W ... W] TlIn the formula (2) , synbol
T i ndi cat esbg thansposednﬁ;mnxthé¥fnmmdwpnqwﬂommwm@nt2ﬂlrect|V|ty data is
expressed as A, (0) , a signal vector is expressed as the foll ow ng
formula (3)FotfBuFarfula 3 S = [Al (0) A2 (0) ej kdsinO A3 (0) ej2kdsire ..
AN (0) e (N-1)kdsin6] T

5 W= (W W ... W]" cea (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 = [Al (e) AZ (e) ejkdsin9 A3 (e) ejdesine .. AN(G) ej(N—l)kdsine]T

- (3)

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

Formula 4

f(0) = W'S ... (4)

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

20 0O, 1is expressed as the following formula (5).

Formula 5

P(B) = |W'S|%=w*"PW : ... {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*.



Simplifying the formula (1), the following formula (4) 15 results. Fornula
4 f(0) =WIS ... (4) A signal output power, which is a function of an angle
20 0, is expressed as the following formula (5). Fornula 5 P (0) = IW S
12 = WTPWHere, synbol P in the right side of the formula (5) 25
i ndicates a cross-spectral density matrix, which is a tensor product
expressed as P = SS*. - 16 On the othé hand, a noi se output power is
expressed as the following formula (6). Formula 6 pn = WIRW5 Here, synbol
Rin the right side of the formula (6) indicates a noise covariance
mat ri x, which i sorexpressadrasand he helilksewbagphiorpalér (id expeedgka 4510 Rilj
=$n(t)nj(t)dt In the formula (7), termni(t) indicates noise for an
el enent i, whécholsowrihgntsimnlaf (6) me (t). Conmbining the fornulas (5) and
(6), SNR(8), which is a function of an angle

Formula 6

P, = 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(t),(t)t cea(7)

In the formula (7), term nij{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

«T

W PW

SNR(®) = —
W RW

The weight Wthat maximizes the SNR (0) givenby the formula
20 (8) is expressed as the following formula (9).
Formula 9
W,e = R7'Sg el (9)
The weight data Wepr 1s expressed as the following formula

25 (10} .



15 8, is expressed as the followng formula (8). Fornmula 8 SNR(B) = WT ...
(8) WRWThe weight Wthat maxim zes the SNR (0) given by the fornula 20
(8) is expressed as the following formula (9). Forrmula 9 Wpt = R 1S0 ..

(9) The weight data Wopt is expressed as the following fornula 25 (10) . -
17 Formula 10 Wwnt = [R + sl]-1 So ... (10) Antenna Qis expressed as the
following formula (11). 5 Fornmula 11-T1™WoptWpt T Wapt Rwopt Thi s
procedure described so far is equivalent to the elenent directivity data
reference S3 and supergain weight 10 calculation S4 in FIG 3. The wei ght
data Wopt oryeRuDY ihe above-described fornula (10) is used to performthe

supergain sSynthesis S5 in FIG 3. As described above, with the system
according to thew , = [R + el]’s; ... (10)

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

5 Formula 11

WTw

_ opt " opt

~ WIRW,,
This procedure described so far is equivalent to the
element directivity data reference S3 and supergain weight

10 calculation S4 in FIG. 3. The weight data Weper 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

15 elementinterval canprovideasupergain), the supergainweight
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. 1l(c).

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

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

of the supergain array antenna system according to the



invention, the array antenna of a narrow elenent interval (the 15 el enent

i nterval canprovi deasupergai n), t hesupergai nwei ght 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 |oss
characteristic shown in FIG 1(c). 20 Wile FIGS. 1(a) to 1(c) show a

| i near arrangenent of the array antend&s- this enbodi nent can apparently
be applied to any arrangenent, such as an annul ar arrangenent and a pl anar
arrangenent. (Second enbodinent) 25 FIG 6(a) shows a configuration of a

second embag) n&&p& ?rgf tﬂ}letggeeéaﬁb& ALHAYa BOS STUIA UL InACeRRdbRYaL O the -

18 inventio I's enbodi nent a so, an array antenna of an el enent

[ I
nterval equalnde. of %&?éair@cfh /o IS¢ UBedls s 1 pabodi egd. digffier s from

the first see FIG in that the baseband digital signals of
the el enentémiss@ibent Hirffletsedramtige & iplatr shbbyiekntyssessTd. pnotessors.
In this enbodinent, the signals are distributed anong N systens #1 - #N.
The syst enmstiayethdebaselespecdiyetslpeiganbs wef ghte gkemeatsracercuits 10-1
- 10-N and their respective weighting units 30-1-30-N provided therein.
The probessiigsr pewnted mebrig abp ltuihe lstped fad ys eyt paosestsorscirénits
10-1 - 10-N and the weighting units 30-1 - 30-N are the sane as in the
first enbodhihemmdaticreiedtBBovignals are distributed among N systems

#1 - #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 6c.
(Third embodiment)

FIG. 7 shows a configuration of a third embodiment of
the supergain array antenna systemaccording to the invention.
Inthis 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



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 ment, the supergain synthesis circuit itself is arranged to serve as
a narrow band filter. This arrangenent realizes a w dened band of the
whol e 20 systemas shown in FIGS. 6h grd 6¢c. (Third enbodinent) FIG 7
shows a configuration of a third enbodi ment of the supergain array antenna
system according to the invention. In this enbodinent also, an array

antenna of an elenent interval 25 equal to or |less than . ?/4.is used. This
enbodi nent TRTREFIING rloraR Rl $595% odi ent (éeénﬁl@Flgytﬂﬁgtﬁaﬂtﬁhere

ddi t ded_a dup] 20 and a t t -
compr sing 18 ahsui ra‘ét? 45 Tife teerfﬁémpirnﬂvmm}% ehea Y3eRThbRal s,
the ant enna, SOTDEL 51100k ANLCONE SLETROLS o Ak chndil o laLed By the

recel ver system an rans he processi ngs

t he superg ght. r 30-T
and 30 R 2%25*?%-55%% %%?neast Rosh %%F”f%ﬁ%“%&anﬁfnﬂ%e L
ar r angement ;&RaP) €Sr SUPLEYAE M G UHDEH S Wl g3t 30SiNga 4t BE-ant enna
is shared |n this enbodi nent, the whole systemhaving the receiver system

and the tragsgithersadd systemeant beseosasbaedent t hoYE-ipeaeashug. t he
nunber of
This arrangement enables supergain synthesis in
transmission. Sincetheantenna 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 Inthisembodimentalso, anarrayantennaofanelement interval
equal to or less than A/4 is used. This embodiment differs
from the first embodiment (see FIG. 1) in that a receiver 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




antenna el enents. (Fourth enbodinent) 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 al so, an array antenna of an el enent
interval equal to or less than ?/4 is used. This enbodinment differs from
the first enbodinment (see FIG 1) in that a receiver system having antenna
elements A-1R - A-4R and a transmtter -gystem havi ng antenna el enents A-1T
- A-4T are provided separately, 20 and"the supergain wei ght generator unit
10 is shared by the systens. The processings performed by the supergain
wei ght generator circuit 10 and the weighting units 30-T and 30-R are the
sane as in 1éreivestsvatnydiamentheescan pout beo &Y StRN $ady Pangewepl zedabl es
supergain synthesis in 25 transm ssion. Since the supergai n weight

generator H¥eRput FRCEeRT R i Whe MyReh ot nete , SRR @hbFels§st em havi ng
the - 20 receiver systemand the transmtter system si zed

. d
Wi t hout i ncreasi™ %‘Iliféeﬁ%’o‘é?%}ayt%%sﬁ?%Iﬁfjteécr?%g x ‘fegggﬂpﬁray
antenna system glef%glfi bed %boxi.ado%)ts a et hod for {@_ontrol I tng a supergain
array ant ermBe&8oP0tQ LGSR I8 LFARE § SUPPREAABHIFRY 8NEE R8T 6P TaRWSr r ay
" ey | » ; N
Pt ervas e i, FaB e Aldd X ool MNP T ep

of generati %‘%1‘({)}?59_'1& %nit@nﬁﬁcé)fé*?&?%e%ﬁmfﬁ% 9h e dif &Rt iMLEYvdata for

the plurali antenna el enents of t
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
generated in the weight generating step toweight theplurality
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 directivity 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.



10 array antenna, and a weighting step of using the weight data generated
in the weight generating step to weight the plurality of antenna el enents
of the array antenna. Here, the elenment interval that provides a supergain
is equal to or less than a quarter of a wavel ength of a signal received
and/or 15 transmtted. In the weigh generating step, weight data that

maxi mzes the signal-to-noise ratio is generated. In the weight

generating step, calibration for the ptualtty of antenna elenents,
storage of directivity data resulting fromthe 20 calibration, and wei ght
calculation in which the weight data is calculated by referring to the

stored directiVit xndai@ M LapPerhetTB%at prdPeaconld e PRI NOLiS fdopt ed, a

mul ti-el enent and w de-band supergain array antenna can be provided by

digital 25 bram synthesis, BespdesihhardesedpPhheBnhl hAeish ad Nnertde
present invention includes the follow ng aspects. - 21 (1) An antenna

appar at us t halpayeaViades mt sstipdrgahathprdivdidela digampyin hesicsivegri si ng
an array antenna having elenents spaced at intervals that provide a
super gai n, rewginerted tonhketeekspact iree redsprenttis/e acleménesthat deaiasig hat
records 5 and accunul ates therein elenent directivity data for each
el enent, and ands @eerugal i temithedisd reiglamant (Q)remt ighitten e tp plomtasch hat
provi des a supergain by digital
element, and a supergain synthesis circuit.
(2) An antenna apparatus that provides a supergainbydigital
beam synthesis, comprising an array antenna having elements
spaced at intervals that provide a supergain, a distributor
10 fordistributing anoutput of the antenna, receivers connected
to the respective elements, a device thaf récordé and
accumulates thereinelement directivitydata foreachelement,
and a supergain synthesis circuit.
(3) The antenna apparatus described in (1), further
15 comprising, for each element, a duplexer and a transmitter
connected 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 theantennaelements, wherebyamulti-element supergain

array antenna that has conventionally5been impossible can be



beam synt hesi s, conprising an array antenna having el enents spaced at
intervals that provide a supergain, a distributor 10 for distributing an
out put of the antenna, receivers connected to the respective elenents, a
device that records and accunulates therein elenent directivity data for
each elenent, and a supergain synthesis circuit. (3) The antenna apparatus
described in (1), further 15 conpri sing, 220~ each el enent, a dupl exer and a
transmitter connected thereto. (4) The antenna apparatus described in (1),
further conprising an array antenna dedicated for transm ssion and having
el ements spac | nteryval s ovige : ai; fransmtter
connect ed Phe%%%%tigé%%%%i%%%%a%%%é, lglcca(;%lrdcsfil{%gg ‘0 Jtn%eaziopng‘g%lﬂoé, C\)/\]gi ght

data is generg%igﬁﬁg %fﬁ@%ﬁgngfr ; nggésfsd&ié@f&@&ef@PdEhgggﬁk%Hgg

di fference bet ity o ntenna elenents space erval s

that provide & SHpergaih é‘ﬂ@eﬁﬁé%fslhsit‘éxﬁ ¥nd® &t 8etdeh £0bq tnd Wi geAgr ated

wei ght data is used to weight each ofthe antenna elenents, whereby a nulti
- el ement super gghiun 2E4 BYorRNé fNEn t hat a iesn €9y¥eRs1 onalbyigean i npossible
can be 22 advantageously provided. In addition, it a plurality of systens
of this apBranpenetérmnsrey d\i drd dmwterihe fant epaasmeketieat Snd aheaahesnna
systemthat can be applied to a wide band comunication systemis

advant ageous| fopmadegad.orbaFarimesgmateed fort hé genenmaldowrantd wasghssngn and

t he antenna
of the weight data are performed in a common arrangement, the

whole system can be advantageously downsized.



for reception are integrated, or if generation and weighting of the weight
data are perforned in a common arrangenent, the whole system can be

advant ageously downsi zed. - 23 What is clainmed is: 1. A supergain array
ant enna system having an array antenna, the array antenna conprising a
plurality of antenna elenments and having an el enent interval that provides
a supergain, the 5 supergain array anteRa-system conprising: weight
generator neans for generating weight data in accordance with each of
directivity data for the plurality of antenna elenents of said array

antenna; and wei gh{ifl9 ieans: g usi.ng the wei ght data generated by 10 the
wei ght generator neans to weight the plurality of antenna elenents of

sai d-array anfenna sdpe lljﬁiﬁlaqe:_ra@aéﬂt@ﬁﬁ@}éy@lﬁb&mﬁrﬁibﬁfﬁmpéﬁt@ﬁnEQ
claim 1, wherein said elenent interval that provides a supergain 15 is

equal to or |eke sy anguanbecompr Bs Wway el pbgthlotyeo Biagnainna etenvads
and/or transmtted. 3. The supergain array antenna system according to

claim 1, wheaedhasdind apigldngenenatoraiezst gpeoeraessa vimipggrtgadat,ath20
that maxinmzes a signal-to-noise ratio. 4. The supergain array antenna
syst em acéor dsupetrgath agnray, aphered nsgatemwedghr 1 gener at or neans perforns
calibration for the plurality of antenna_ el enments, storage of directivity
25 data resul ting Y9igfht HEenel 3 AR s &r @aupre e e et yidh 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.



in which said weight data is calculated by referring to the stored
directivity data. - 24 5. The supergain array antenna system accordi ng
claim 1, wherein a signal systemfor said array antenna is separated

a plurality of sub-systens, and said weight generator 5 neans is provi
for each of the plurality of signal sub-systens. 6. The supergain array
antenna system according to claim 1, whernein a signal systemfor said
array antenna is separated 10 into a transm ssion signal sub-system and
reception signal sub-system and said weight generator neans is shared
the separate transm ssion signal sub-system and reception signa
sub-system 15 7. The supergain array antenna systemaccording to claim 1,

wherein said array,antean %ggﬁnpge\gggegnfcgﬁnsaﬁgs9%? Leagsaiasi og ety

reception,

and melg
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controlling a supergain array

antenna conpyisd ng A Rlauridhi by ghba@%,%r&@alsel sﬁangglandebeutngeﬁ@ra%@nent

interval that provides a supergain,

met hod conpri sing a wei ght

generating stigfard Oenef@tidyl Wl hdadat@f i the asoordpinee o tdi @agh of
directivity data for the plurality

10

15

20

25

sub-systems.

6. The supergain array antenna system according to claim
1, wherein 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
separate transmission signal sub-system and reception signal

sub-system.

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.

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:

a welght generating step of generating weight data in
accordance with each of directivity data for the plurality

of antenna elements of said array antenna; and



of antenna el enents of said array antenna; and - 25 a weighting step of
using the weight data generated in the weight generating step to wei ght
the plurality of antenna elenents of said array antenna. 5 9. The net hod
for controlling a supergain array antenna according to claima8, wherein
said elenent interval that provides a supergain is equal to or less than a
guarter of a wavelength of a signal rec&bved and/or transmtted. 10 10.
The nethod for controlling a supergain array antenna according to claim8
or 9, wherein in said weigh generating step, weight data that nmaxin zes a

si gnal -to-noi se r%tkglbﬁt198”§féﬁqgf1&51&}thEh%eE%%QOQaEQV?QHEEéQE&'ﬂQ a

supergain array antenna according to any one of clainms 8 , Wherein in

sai d wei ght ﬂf&‘@é@?h@ggé{@ﬁhtﬁ@é skt t@wdight BRe P MIEd 1 1ty off antania
el enents, storage of directivity data resulting fromthe «calibration, and

wei ght cal culgitdndhtd Yo sairhywedrghdnrdat a 20 is cal cul ated by referring
to the stored directivity data, are perforned.
5 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 1s calculated by referring to the stored directivity data,

are performed.



