; e3el, L| ~~<j 6T, ZkTr DESCRI PTI ON  ADAPTI VE ARRAY APPARATUS AND

r

COVPENSATI ON METHOD 5 FOR COVPENSATI NG A PHASE VALUE USED FOR GENERATI NG A
DI RECTIVITY PATTEF%WNI CAL FI ELD The present invention relates to an
Ll

adapti ve 10\\\‘“\\“\\”‘ tus that adaptively generates a direcly }idey2ordtern
for a plura nnas and to _a conpensation nethod for conpensating a
phase amount usedsiéfien generating QEﬁQéE%T@pNy pattern. 15 BACK D ART
To raise transfer efficiency, digital comrunication devimmmwmmmmmm sfer
information by nodul ating a carrier wave using a digital si gha
(baseband si nalé have heen devel oped in recent 20 years. | n+aogrt al

comuni catyohHE f gqﬁgﬁbﬁQEV%%%Igg nore efficiently used by raising the

by Several user o. WERRYRPE, ARRAY APeARBHE 5 LOMPERSATEGR Mepucs” ¢

deterJ ti i | it t g fadi t i

counttr actFaih; COWPERARTNE s Frialh Var GeSHRED o SERUTNE A opea. A
tatd [ ' dapt i t hod. Thi t hod

cdapt  vel PP RN Byrekil, {0 bat {orn Ueing a plurality of antennas

and generates an el ectromagnetic wave so that it only reaches a specified

user. First, consider an adaptive array apparatus that has four

comuni catj S t hat each include a transm ssion circuit, a
T CRYS S

reception antenna. Separate directivity patterns for

| on "B _ na. Separate direotiv ter n;
Subsyst om by ad] USHHOPAPECHE HT S prelact BF “E8eh 1t dlnt QPG Y 1 cui t

R L e L e A e N R SN

in Adaptig%_'égﬁﬂ§5$°86§%d¥%f yfﬁgtkﬁtéﬁﬂﬂé"Q?S”@o'%?éﬁﬁéﬁ%%%kion

Appl i cations ransactions o nstitute of Electro

Communi Calielih dd 0 9LCESnlertaifhg ¥Ophabld dhdintlustl wignber 1992. To

perform bidirectional nicatli usi ng e
generating a directivity pattern.

15 BACKGROUND ART

To raise transfer efficiency, digital
communication devices that transfer information by
modulating a carrier wave using a digital information
signal (baseband signal) have been developed in recent

20 years.

In digital communication, frequencies can be more
efficiently used by raising the transfer speed and
converting single frequencies into multichannels for use
by several users. Raising the transfer speed, however,

25 leads to deterioration in quality due to fading.

A number of techniques to counteract this problem



20 25 adaptive array nmethod, it is desirable to have directivity patterns
formed by both devices in comunication. When this is applied to nobile
comuni cati on, however, the physical limtations on the size of the nobile
devi ces and the nunber of antennas used by them make it effec iJYJ‘?\@éZOOB

i ngly,

i mpossi bl e for bile devjces to forma directivjt attern. Accor
the base SBaVEORCRS} ASERbPALe dif cEEPYRSFTIAL B st EGNIHGIYE 215 £hg 4

J 200. 3 | SSi d iop. . Thi hat . dur.i

{r ansmi 551 BAEBERY % T &Y ARGRORT ol B8 PEEAH 130EEIATY AT E2ERE same
t he ideal ,di t.i wi t th f dur i ti

Cransmits i ShEPECITHtE BRESERE B10 RoPHGT At & PPoBRERTTAThERS: { has

been difficult f%r t he baie itation to.formthe sqg§ gin%ptivity %at ern

during recEpRFBATETd 41 SPSRFLECERINE T PV 3P pti?br mTi STHof e bhes

dj i h I f ar. h na. 1 i f

201 usd! 19,4 DspRe g phese, o5, SAEh ShEOMRL IRIENSLLG 0L L on

di . . . St . . oh

Shi 1 char RPAFSHTr Sy PhRE P b HREAT Rt CSub S 0sRRs G, O

These di fIelancenchat M eveahedsln ddie Lormmyieon £1rd0gp8any dirsgtiyity

patterns for reception and Transm ssi on. i 'ferenceés 1 n propagatT oh

characteristjicsnb Westh he 1SS i is i ircuit are
due to théﬁg?fégrgﬁzes |%fci?%%??%ggig??ﬁgF?gggk hggzigg?ﬁgrggggs woul d

still 20 berpnemeslifhnd FBEePAMRIL! E&HT beCORHLAMLELQNEWRT RaEIEd, due to

i nconsistencies In the circuit conponents. This is to say, Inconsistencies

in.the chaashehiekitGorfsassyaked HHHIAd§QERLAGN N ePdli hoahbC Y sd enci es
inradio circuits that are fornmed using such conponents. 25 3 4 June

2003 DI SCLEBURECRF thdyEWH B b wigwoft thershat ed 10k €88oni bnd By
primary object of the present invention to provide an adaptive array
appar at us ddvpiist gl itha egaiheandt phiage obfacach reception circuit
during reception. The adaptive array method is described
in detail in Adaptive Signal Processing for Spatial
15 Regions and Its Technical Applications (in "Transactions
of the Institute of Electronics and Communication
Engineers of Japan") Vol. J75-B-II No. 11, November 1992.
To perform bidirectional communication using the
adaptive array method, it is desirable to have
20 directivity patterns formed by both devices in
communication. When this is applied to mobile
communication, however, the physical limitations on the
size of the mobile devices and the number of antennas
used by them make it effectively impossible for mobile

25 devices to form a directivity pattern. Accordingly, the

base station forms separate directivity patterns for both



5 directivity pattern during transmssion with a directivity pattern during
reception. The object of the present invention can be achi eved by an
adaptive array apparatus that includes a plurality of radio units that each
have a transmtting 10 unit, a receiving unit, and an antenna4J@mgzoo3
generates a directivity pattern during transm ssion ich is substantially
the same &<aPsM}88LOW ﬁP%a’{?‘é?HtéQﬁerat HuPPARGS ti SHTiN%e adaptive

array app%ratus j ncluding: a storingaﬁgénf r storing a separate

conpensat i-gARAIHES 480 o LR PR FEdF QERSCS FHRLEN ue

flecti ~ diff .of .ph i on, ¢h teristj f th
Fecer vi ngDETECEMAEEAE i idth (5RRG B TS tHEaLoP ISRt R YT RAt QR ¢
and a co nsatin Enit f por coqgensatin “_for egch radi o, unit, a hase
anount UsEHe30 Whent GEREh YR RY (FFEERIHAR BaGt EFATTTR. bh BHEBAL S gnal

b di h i I di h i i h
S R
(he i 1Texense olndle RIS N PRRL! ON2% e SELEULS! 165 Phekippe

storing ugbp, ‘blir?étﬂk}t@i%gg%%%{%ﬁed%%‘? W&é’%ﬁ?%ﬁ” sGffr acteristics are

due to the. characteris e various circ conponents in the

transmtti 4 recgi s« [ N sat.i JﬁH% ds a
conpensat F(%%n}%ly%éggrrlfes_%‘o\rgcfir}gegé?i‘)?étya&ao g uni ?Et gg)a p&as anount used
by the '7aB3EdHidY Hhb! gallrd Ned aghQsBNifht @ AeRehatand Al M egbh LY
pattern. As”a resuft, th irectivity pattern during transm ssion can

easf by bee?%h@hﬁ@'Mféﬁsﬁﬁ%s@dﬁﬁiéVﬁé¥f8§h@%“h£¥%iEﬁer@%ﬁgiﬁﬁhséoagﬁre’

the adaptive array apparatus may further include: a generating unit r

gener at i ngakheseim@nsahgor e 9] QacFeradiceginekikh agrariance with
the difference of the phase propagation characteristics of the receiving

unit and phepagatsiton t the radtier it hes 13inagiar tichlakhe phla®id Nhuptt
storing the conpensation val ues generated by the generating unit. The
gener at i nghatriaictreayi svttsleofa tgeneraetepgion circuit and
transmission circuit. These differences have prevented
15 the formation of the same directivity patterns for
reception and transmission. The differences in
propagation characteristics between the transmission
circuit and reception circuit are due to the differences
in circuit construction. These differences would still
20 be present even if the same circuit construction were
used, due to inconsistencies in the circuit components.
This is to say, inconsistencies in the characteristics of
actual circuit components lead to inconsistencies in

radio circuits that are formed using such components.

25



subuni,t for generating test signals a first detecting unit for detecting,
when a test signal passes the 20 transmtting unit in aradio unit, a first
phase shift value for the radio unity a second detecting unit for
detecting, when the test signal passes the transmtting unit fﬂgﬂé 603
receiving [N d I io unit, a second phase shiftt value for

t he radingﬁpiﬁégéﬁaSESEQXﬁNEé§$ng unit for calculating a phase shift

di fference between_t recet vij i nsmittjpng. units | 5 4
June 2003 radio ugpt03§ﬁné§¢hgﬂgi$§F&5%£3%£§§}%p@VaﬁU% %%dat éﬁgggaﬂd phase
shift val .Qf .t radi o (o ti al C t shift
differ encgsagct %e%o%%nggtgistgr?@gﬁégégri%heﬂ? I gvgﬁiet lgrg ﬁ%ﬁeﬁﬁg stated
const ruct | c i.Qn I ; ' ' e
construct%g%ayha@iﬁasgghgeﬁé%ggﬁ%aggg%g%F%%pgﬂﬁ%?g?%gg?e ?%gp%nit, a

secogd deqeebiid yivy pafe2CU R Ay BFaildiski6n hiaepcy culating unit

may cal cu npensat i on ues by perform ng a subtraction using

the second; pRass sl § tpy ke nanth A ¥&| vecehatids, doubl e the first phase
shift value. Also, the generating unit may generate the conpensation val ues

at a predeterm nefhpnb@r\rit dP Yhehpiriassiat edvearsioniicda®npet he
generating unit can genérate the conpensation values at a predeterm ned

i nterval . adhi sviERRNSy t At abbpitier < her payeaipPdest 98 ehelt Hagiludestaof the
adaptive array apparatus change over time, the generating unit will be able
to gener apBuganaw b £oppansatirdit ¥ athetf eadmhendwdi @ drahsminobeg
characteristics have changed. The stated object of the present invention
canial so beiachiaevestdyvingonpdnsatand ant bod drora ysgndngameadapss v arr ay
apparatus that includes a plurality of 25 radio units that each have a
transm t tdipaeghiitvi tay neset gi jury J daasndssinomm, wehdhodger ates a 6

during reception, the adaptive array apparatus including:

a storing unit for storing a separate compensation value
15 for each radio unit, each compensation value reflecting a
difference of phase propagation characteristics of the
receiving unit and the transmitting unit in the
corresponding radio unit; and a compensating unit for
compensating, for each radio unit, a phase amount used
20 when generating a directivity pattern for an output
signal by adding the compensation value corresponding to
the radio unit to the phase amount.
With the stated construction, compensation values
reflecting the difference of the phase propagation
25 characteristics of the transmitting unit and receiving

unit in each radio unit are stored in the storing unit.



4 June, 2003 directivitvy pattern during transm ssion which is .. 'v' during
reception the conpensation nethod conpensating a phase anount that is used
when generating a directivity 5 pattern, the conpensation mnethod

conprising: a generating step for generating a separate conpePFj%thb&$lue
for each radio unit, each co %nsati n val ue nef!epting a di fference’ o
phase propdagafFfoR P@qﬂﬁﬁ%ﬁ?g3|§HQxF FrefEerdSdiifhgdhfi fUshd? nhkhe -
transmtti uniE in the correiﬁpndiqg.radio.unit; and_a co ensatigg step
f or conpeﬁgg?FﬁS,qﬁﬁsE%ﬁﬁ PLdtEUN 3T LQUBhSLE SAHdunt OTReS Henkt&t i ng
di tivit (A . d, t put . Si l..b di 15 th .
onpensat | GHEDARIE tot ALl FBE CRET Al BIUNRE fn ¢ Hoe gERERRTIAL SREp ¢ o
th h i iy hi t ffect .th
oscri bea Wb eadsy o R A Ma o P S8 R R Fart B g o B i ot <,
d i i i b .ent framih
Fol Lont oo wRLE, FBTEo et ofphie Ted ol bher e PR R R B A ianyi ng
q ) Coh i Ll " L J of. . Con. h
r i nos: THEMRHESBIE Po B8Rk T o) FBEL 191 e A EKEON. P Ag T L 0 o1

dur i t i §5i ; Lon:, Fi ' f 191y, t
uring rag@%%fgl,o%h%”%ffgggyl?ﬁg goa?rcp%%ghsdﬁr Vﬁﬁﬁ%ﬁé?%% unit 55

details of t processin ation

when generatd ap omgygﬁg&ow- &l Yo i r&ctsvat ?g&gg gr i ng an
alternati vééééég% tl‘%Ctl on for tﬁg conpone??ll{scof Vt h? ontro? u%m{ and the
modul at or spddenion3l, and 41; and 10 Fig. 7 is a block diagram show ng the

construction of an adaptive array apparatus in a different enbodi ment of
the ypgesent inventiOrFe, the adaptive array apparatus may further

include: a generating unit for generating the
compensation value for each radio unit in accordance with
the difference of the phase propagation characteristics
of the receiving unit and the transmitting unit in the

15 radio unit, the storing unit storing the compensation
values generated by the generating unit.

The generating unit may include: a generating
subunit for generating test signals; a first detecting
unit for detecting, when a test signal passes the

20 transmitting unit in a radio unit, a first phase shift
value for the radio unit; a second detecting unit for
detecting, when the test signal passes the transmitting
unit and the receiving unit in order in the radio unit, a
second phase shift value for the radio unit; and a

25 calculating unit for calculating a phase shift difference

between the receiving unit and the transmitting unit in a



BEST MODE FOR CARRYI NG OQUT THE INVENTION 15 Fig. 1 is a bl ock diagram
showi ng an adaptive array apparatus that is an enbodi nent of the present
invention. This adaptive array apparatus includes the radio units 10, 20,
30, and 40, the antennas 17, 27, 37, and 47, and the control HQ4?é§boéThis
e

cdaptive SR 0 APALALS LB AU et asca Dae ot alion Lo TR s
o BRI 5 Al
4 June ZOOS\J,e.Egﬁpgol% iqa%%u?st%&%\}?ﬁs??sﬁ%ff% é##f}?lé?ﬁg&i &% t}T“?equency
odul at or SanBAS e T BeoRetn i adER SRR e that it Fecel ves from
bhase data i s & pHUEE! aRBEnE SHATS cHaBE st Ut Giner alpsa e tidh o uet” ©

e A R T N L

conpensation va ensat es rt ase s ransmssion 10

out put d i f f i terd SLAG n th m ssi on
oo 1P HE NS SIRNEE | B L e B R B e T o

nmet hods t : by. e I 1d~a(8 ; K (Gaussian-filtered
M ni mum Sﬁ%gﬁgipﬁgﬁﬁd n&/ugfas r%%qgs}é%%%gdpgtl?rvs Phase Shift 15

Keying). The trangdss) opnel kelidullet £RGVaARLT gy | Easbanaltd agebved from
the nodul ator 11 into a high frequency Signal (hereinafter abbreviated to

" RF 190 gnalcdmpéndagiRin fv£puéhepfF pelrdtimingt Be silbiivsde 886ANudd P tike
| evel . The switch 23 switches between (1) a connection (hereinafter called

the "trangessha@npbarReH ot ) vahae ja@idis thglteardEtssi ondelibgel tthle? and
t he phase detecting unit 14 during transm ssion, (2) a connection 25
(her ei naf tfrr sl prdsehesh'irfcepalan.connection”) that joins the phase
detecting unit 14 and the reception 9
Also, the generating unit may generate the
compensation values at a predetermined interval.

15 With the stated construction, the generating unit
can generate the compensation values at a predetermined
interval. This means that if the characteristics of each
radio unit of the adaptive array apparatus change over
time, the generating unit will be able to generate a new

20 compensation value for the radio unit(s) whose
characteristics have changed.

The stated object of the present invention can
also be achieved by a compensation method for use in an
adaptive array apparatus that includes a plurality of

25 radio units that each have a transmitting unit, a

receiving unit, and an antenna, and generates a



4 Juneg 2003 circuit 15 during reception, and (3) a connection (hereinafter
call ed the "l oopback connection") that joins the transm ssion circuit 12
and the reception circuit 15 when generating a conpensation value. 5 The
phase detecting unit 14 operates as follows. Wen the nodul atgr,

directly inputted an |IF signal with,a specific, phase & hi s sjgnal being the
t est si gnatLSSHelbhekellgot-catl e P44 g f f er ence

bet ween t he > 0, the nmodylator 11 and the
t est si gnat—=t< LI-*mmvictogaimmare S a=ttre ST SSH-or et =B 2 R ALe S hi s
way, the pﬁﬁ%ﬁéggéﬁgiagg#éngt:4 det ects a phase sE%ft amount as_the
propagati o i R SPTRRDFSS Bh e FRaR: cRPengaffhgde @
detecting upit 14 also allow .RF 15 sigpals tQ pass.as they. are between the
avi ton 19 BiaseneiBrnbhds dir ided, HAER ShrERiRRe e st SR Ce TRANY

det ecti ng ﬁh% hase difference, the phase detecting unit 14 converts the
test Signa aiﬁ%ﬁFPed via the transmssion circuit 12 into an |IF signa

using a 20 frequenfﬁgﬁggﬁﬁéﬁﬁékiﬁﬂihéEHgdié%M§%§§3% . The phase

detecting unit 14 I's"converte Signal with the test

i | that has b [ V.. | g "
oh0E o 17 G “RoohiTRitnd BHELCE I TRASERTIRY & pddpheadt oot e
Character | onbaratdun Theddeok Labhl Bty Uit AT €agS Wbs e fon

sufficient as to have no effect on 10 4 June 2003 the rmation
of the dirgglie emaddein £hgir@%@%ﬁ £8 %ig dsd D £OPUYEIS dihe | nput

signal into an IE signal . %he. enodul at or gg%é%uﬁ%teg_?ﬁé I'F signal 5
recejged feRAYhRe J1ECOPL £8N0E HHE trd&eififga ukAsehand shegnal . The radio

units 20, 30, and 40 all have the sane ' construction as the radio unit 10

and so w | tragemie tdaseraRed. 130 tHhe optesbondiitn pOrHQL HOLNE tCoNdngl over
transm ssion and reception by the radio units 10, 20, 30, and 40. The

control unit 50 algsocenperdstime goep Iod phurssensaedaky, afbhe &ath SO as

to realize an adaptive array. In particular, during transm ssion the

control 15radit @hicyt putshaseompensst i wsedaivhen geraehatadigoaunit to

conpensate for the phase shift in the transm ssion output due to the

di f f erencediracthariact qpattecs hetatkefor hant patpuitsssiognailr by adahichg he

reception circuit in each radio unit. The control unit 50 al so generates a
15 the compensation value generated for the radio unit in

el TEL Ll e hl § £

U V

the generating step to the phase amount.
This construction can achieve the same effects as

those described above.

20
BRIEF DESCRIPTION OF DRAWINGS
These and other objects, advantages and features
of the invention will become apparent from the following
description thereof taken in conjunction with the
25 accompanying drawings which illustrate a specific

embodiment of the invention. In the drawings:



20 coppensation value for each radio unit before transmssion. Fig. 2 is a
bl ock di agram showi ng the detail ed construction of the conponents of the
control unit 50 and the nodul ators 11, 21, 31, and 41. 25 As shown in Fig.
2, the nodul ator 11 includes the adder 1la, the waveform dat g ggieeo64a N9
unit 11b, and the 11 4 June 2003 nmultiplier 1lc. The adder 1lla adds the
phase dat@ompeashtiencyapai®sati on value [err]lc received fromthe contro
unit 50. The waveform data generating unit 11b generates sinewave 5 data
whose phase matchBégthd W ohheeSRaratipRedadddtd 10uansmé sadlan pli er
11c multiplies the sjinewave data received fromthe waveform data generating
unit 22b ®pdt FEQIRIMEPREsi on data TXL received fromthe control unit 50 to
generate an I F signal. 10 As shown |n Fig. 2, the control unit 50 includes
a baseband si gnal F§@meratlih@ ubipwshart she¥iBe she Aekasdsdeda tdhivring
unit_53, a conpensation value storing unit 54, and a conpensation val ue
generat i YL ARESE S A@YhBEGh COMRANFRCEPG. V2 beERETAHIT oMl Fyo8i vi ded
15 into components, the control unit 50 is in fact conposed of a DSP
(Digital HBRACSISRALLRE) 2 FRERRRTBEHANSVGHHS bener at ing uni t 51

That |5 serially Fhfatfedd it IOk S30 Bt RaHA G (uetl BEEPOELTE
ol T pl ot AR AT ShpEABNE A TR BB N e Tof e BRbeBana Grdd . The.
phase. 92t Audt Sl fg P83 1S 211 BUISRR A cuhgr 11 - ¢ s phace
10 Fig. 7 is a block diagram showing the
construction of an adaptive array apparatu§ in a

different embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

15 Fig. 1 is a block diagram showing an adaptive
array apparatus that is an embodiment of the present
invention. This adaptive array apparatus includes the
radio units 10, 20, 30, and 40, the antennas 17, 27, 37,
and 47, and the control unit 50. This adaptive array

20 apparatus is provided as a base station for mobile
communication using devices such as digital portable
telephones. The radio unit 10 includes the modulator 11,
the transmission circuit 12, the switch 13, and the phase
detecting unit 14.

25 In the radio unit 10, the modulator 11 modulates

a baseband signal (symbol data) that is inputted from the



contrql unit 50 when operating as an adaptive array 12 4 June 203
apparatus to generate a directivity pattern during transmssion that is the
sanme as the directivity pattern during reception. Such phase data is
explained in detail in Adaptive Signal Processing for Spatial4agg%qm@3and
Its 5 Technical Applications (in "Transactjons of the Institute o :

El ect r oni E®THAP Lol o4 iteh EPBVRES: 4 finkpadn) nfermedigte No. - 11
Novenber, 1992, and so will not be described here. The conpensation val ue
storing udifteBEREYr 83 9T¢ cohpersanpdiraraiariRreveateditqs" phase amounts
for correcting:@hase shift [ n the transm ssion outgut due_to the

di f f er enc8& 9N thhr acVEE s 19RENGebReet tndNAF @b RPEsildn 98 uPhag®d t he
reception circuit in each radio, unit. 15 The coppensati.on value generating
unit 55 p&efd mRd @oﬁﬁ&ﬂﬁﬂ?%ﬁﬂQ%lU@%&%ﬁghﬂ? ﬂPpFaﬁﬁﬁyq%agregh&HQES t he
conpensation values ~l1lc_~ ~4c,and has,.the resultjng val ues stored_in the
conpénsat CORLEA éuE%%rﬁﬁbqﬂﬁtu§ﬂ§ R?(ﬁﬁﬁﬁ¢ta#?oﬁgﬂﬂﬁﬁF%eﬁé?a@ﬁhg uni t
55 20 perforns this conpensation val ue generation proce t predeterm ned
“htorvars LAl pr oHALE FIRAF SRbevaR Ao HraterapPyRtosnr Shgblss

sever al ks,  and oul d determ i N .accordan w th,the extent to
wh ot he e iRr FP 28Ra Al bt ShFC BT T EL BB A EnEs o2 and

t he transgissiQn Ci it 1 e N a h r d difference
i phace. SEeFIoTHEY Soeps G e r 8Bt ot R R E e Bt o
As one ex ' e rm gef ts i £ f i se shift
character?5|é%?%éF%%0£B% Eﬁgfgﬁéggpggégﬁégﬁiéﬁéiﬁ%gﬁ%§1%§f$ﬁbe set so
t hat ot he h QNy-Ma i 4 d [ N
(hasgthe, BRERENSHLEN:YAkNE Wi 4eor ReuRdateibel acecthoul dd QiephEetn
recepti onegief @idndii 6¥¢800% thhsi £ 192 andlAhd aWeepThios @ans,ipag st he
conpensation val ue generating unit 55 updates the conpensation val ues

accor di ngekanmphaesr oMeyitQ 1t iMddhDathenr adithddd t Shaki fayd s @sbéhowchart
showi ng the details of the processing by the conpensati on val ue generating

unit 55 WBEN tERNeiEdE Dt rc AP eNSat GSKY aGaes s £oIpersdl iMih Mahie
generation process is explained below using Fig. 3. 15 The conpensati on

val ue genghatfithewyingpSahidr $1/Opsiaf €SQPSK r(giadrunt ir &0 PhSip $Hifn Fig.
5). The conpensation val ue generating unit 55 sets the switch 13 in the
| oopback Kemtewf)ion (Step 52), and outputs test data wth a specified phase
(Step 53). As one exanple, 20 the conpensation val ue generating unit 55 may
out put test The transmission circuit 12 converts the IF

signal received from the modulator 11 into a high-

frequency signal (hereinafter abbreviated to "RF

signal”), and amplifies the RF signal to the transmission

20 output level.
The switch 13 switches between (1) a connection

(hereinafter called the "transmission connection") that

joins the transmission circuit 12 and the phase detecting

unit 14 during transmission, (2) a connection

25 (hereinafter called the "reception connection") that

joins the phase detecting unit 14 and the reception



data where the phase data ~1, the conpensation value plc, and the

transm ssion data TX1 are all zero. The outputted test data reaches the RX1
termnal of the control unit 50 via the route shown as (A) in Fig. 25 3.
The phase of the test data will be affected by the conponent g, geprgpiazal |y

t he anal og conponents, on this 14 4 June 2003 route (A). These anal og
conponent@iaceithd & réwshhgsirecenttony andand ) he cesasdtoionrircuit- 15

The conpensation value generating unit 55 conpares the phase of the test
dat a receikhegeinafiter RXaldedhithe WM eppback gonrRecsiorie othgtnabingst
data, and so detects the phase shift (~~tl+~~r1) of the route (A) (Step
54) . The EbapEisasis yhPhe Cgairithl i hg anict U treeepEion i BeRLIENIDI into
the transm ssion connection (Step 55) and retransmits the test data (Step
56). Thi sWwhkeBt gepefablRdsSeSAFPeMB2pAPRs VEB)USNd (C) in Fig. 3 and
reaches the phase detecting unit 14. Path (C) differs frompath_(B) in that
it aPso passes t WBgRhawe dekertiBtomt:l cLftoreratinss aeaheldrats « he

test data_on the path (O is further affected byIPhase shift_due to 15 the
transmi ssHB@NcEPEUMOAPLAFRE JHaA HeBEEETHS YuritPUt 88npay & tHhIPRAse of

ocei vod BALRNE SRSFIEIC RNGSE Uetbk: S10AE LRROIERFRE BRSC due o the
oot ves THPRShracGrRasE ARNGE 0| RE Lo A7 CCSLBp S5 PHEYR ng

Val e gertt SEPROTITR eE BPHaE e of Fr SRR (559 LLy 1 PRRR RGN Che

G e i ot BB o R SRR K BaSRITTRAT g bett Soner ati ng

uni t 55 seis,thky Gifd eéﬁécﬁr%&es‘n{s}l%si88”8§5}%%§h:°?132t’?' “Sg?_tc%stae has it

storedir1t§e conpensation va orTng unit ep ¥at the

CoPCISalNhl YHbUE GRNKELLAG Wit Phy CALEULRLCH [Sed CRTRLISHIGILVELHE.
the detecfgdyal gg%gﬁ%é}iéﬁ~@h)aﬁd&éf‘f§%lcs Ore (adPepsakmng 3 e

generating unit ates the conpensation values ~2c, ~3c, ~4c 10
(D~r2- ~~t@; ragh 8- 1213, Thédphabd ddtddeisgmaniay 1foralss sadiowsimes 20,

30, and 40, and has these conpensation values stored in the conpensation
valye stosi@galBi todbass as they are between the switch 13 and the
antenna 17 during transmission and reception.
When detecting the phase difference, the phase
detecting unit 14 converts the test signal inputted via
the transmission circuit 12 into an IF signal using a
20 frequency dividing circuit (not illustrated). The phase
detecting unit 14 then compares this converted test
signal with the test signal that has been directly
inputted from the modulator 11 to detect the phase
difference. As should be understood, the phase shift

25 characteristics of this frequency dividing circuit are

assumed to be sufficiently small as to have no effect on

10



(Steps 59, 51). The above processing generates a separate 15 conpensation
val ue for each radio unit and has the resulting values stored in the
conpensation value storing unit 54. This conpletes the description of the
construction of the adaptive array apparatus in this 20 e”bOdﬁﬂﬁﬁé206§e
operation of this adaptive array apparatus is described bel ow e present
adapt i ve &heayfappat dbos ofertfloe ndiaecdnipaiityt patitealrue generation process
before perform ng ordinary transm ssion or reception. As mentioned 25
earlier, this confassatecepiabne qjereiriti b posokest $stheefidmutti y perfor ned
at regular intervals. The 16 4 June 2003 conpensation val ue generation
process géngrelesinhe sangdhsatgnalval ues plc, ~2c, ~3c, and ~4c
corresponding to the four radio units and stores the values in the
conpensat i on val udhst slemeduhptoss 1 adehedh Bk ahetlver Efr 8463k i on in
Fig. 3 and the flowhart in Fig. 5.  The ﬁollomﬁngéis a descriptjon of how

the $toredecipiedatron L errtiond Prswht sEandAte 12 H3FLEINGh and

reception. In order to generate a directivity pattern, the 10 present
adapti ve 84@®Alapparatus adjusts the gain and phase of each radio unit. The

adaptive array apparatus, adjusts gain ordi ng ,to conventional nethods
that will not be 5@§cr1ial§@0°. YHe tSr n?&gdaﬁpgvéoaﬂ' %ﬁBﬁr&%@s 5779 or ns

15 phase adj ustnent, by supplyin ach radi nit with respectjve phase data
~1 ~ ~4 f &GP YehkP At Bn eag‘?ﬁ?-@cflﬂﬁgct&(ga??gr "o B’)}elﬁ]a\f?% R&ch radio

uni t add respective conpensation value plc ~ ~4c to this phase data, and
by havinggg éﬁgﬁﬁﬂ?o unit use the result of 20 this addition when

oA 0 L Spyd SN RER B ULPEObS M bR it
(1 £ ooePU I o418 e b HRP (OSSR Dyl ety 4, ohosle 28
ot Sl 2 Bro L Eope b FOB NS Ao BAG e B, o
recept'Onphase of each radio unit so as to realize an adaptive
array. In particular, during transmission the conprol
15 unit 50 outputs a compensation value to each radio unit
to compensate for the phase shift in the transmission
output due to the differences in characteristics between
the transmission circuit and the reception circuit in
each radioc unit. The control unit 50 also generates a
20 compensation value for each radio unit before
transmission.
Fig. 2 is a block diagram showing the detailed
construction of the components of the control unit 50 and
the modulators 11, 21, 31, and 41.
25 As shown in Fig. 2, the modulator 11 includes the

adder lla, the waveform data generating unit 11b, and the

11



the received signal RX1 is subject to phase shift of ~~rl(=0.5) due to the
reception circuit 15. 5 During transm ssion, however, transm ssion data TX1
is conpensated by the addition of the conpensation val ue ~1c
(=D~r1-D~t1=0.2) and the phase data ~1. This transm ssion datg,;J&lop§s
transmtted fromthe antenna via the transmssion circuit 12, and so0:lsS
subj ect t BUdHalsel 10T sl of O-tl +~1c=0.2+0.3=0.5. In this way the phase
shift that occurs inside a radio unjt durin% transm ssi on becones 0.5 which

is equal to the pRhse adder ddpi R§dcEpei BRasSidarRahd eR& &R addition

of the conpensation, val ue nakes_the 15 phase charag%gristics of the

recept i on CORPENIMSHPES VA U8 R EFsT8GEHVEDUF FRG to&eeRhrahgunit 50.
transniss%gn, t he £adio units 20, 30, and 40 aii operate in the same way as
the radi o 68 VANRIQEM AR FFRPTREANG PHhat + 6R WENSLRLS® §ivewavs g. 6

7 260 ool RSO S ALSEIE S SSTBLLCL A1 o1 g oDt
const v gy Mioggs Rea A ery 28 460 4 beed LigPlace ol ydhapadl olor
18 1 e AR A0S M0 PSR kTR B2y 20 o
caebl e M\ Hra iy PLoURICLAE Seks SR gckil o1 e vakgtor

t han eachSBftkpgﬁ¥?%§£?%gggﬁﬁﬁgg$e La4ing units 11b, 21b, 31b, and 41b of

Fig. 2. Consequ I er 102 mul tipl exes the four addition
resypts of the fogg %‘E%‘%Jr? ' ?‘Ff_ la, ,ﬁ:ﬁé%oﬁ@?o‘l%r?f@% | R ChQ A JTE
the multipl éxed addit

di vi si on and out puts ion results to the waveform data

generating Waidepl{Hq Ji‘?ngﬁmdg'éﬂé’f&l‘fﬁg' Q3 idi s31] byt ge 102k, wayef ogm
generated by the wavefofm data generating unit 101 to an appropriate
mul tipliepnadle Hattdestoring unit 53, a compensation value storing
unit 54, and a compensation value generating unit 55.
Although shown in Fig. 2 as being functionally divided
15 into components, the control unit 50 is in fact composed
of a DSP (Digital Signal Processor).
The baseband signal generating unit 51 generates
a baseband signal (symbol data) by converting
transmission data that is serially inputted into I (in-
20 phase) and Q (quadrature) components. The selector 52
outputs transmission data TX1~TX4 produced by
multiplexing the I component and Q component of the
baseband signal.
The phase data storing unit 53 stores the phase

25 data ¢1 ~ ¢4 as phase amounts that are used by the

control unit 50 when operating as an adaptive array

12



15 multipliers 1lc, 21c, 31lc, and 41c. Quadrupling the processing speed of
the nodul ator 100 in this way enables a reduction in the nunber of
conponents and consequently a reduction in a dinensions of the circuit. 20
Fig. 7 is a block diagram showi ng the construction of an adaphiﬂﬁeqﬂf y
apparatus in a different enbodi ment of the present invention, This adaptive
array appaPREFateHs ytdi pRaerFtenat Harestsitvikyi Batitem (@uaing i ncl udi ng
the radio units 110, 25 120, 130, and 140 in place of the radio units 10,
20, 30, ahdaneMiIFHTlen| Ehditndg expRandemen ad |theoddsestiwi sy 1patteryune
2003 difference. The radio unit 110 only differs fromthe radio unit 10 in
havi ng t hUpR&ask HREGRELRG -uniTuall Bhavkdsd et Weef*PHaknNeBsimsdrsail
circuit 12 and the,switgh 13. 5 That gside, all functions of the radio unit
110 are t hB SMAPEEVEnSLenG. tHECFaESE Nghittod 0°Pahé Aladieg 1min € salgh It30,

The Poposl SRARIRF b APRLAREPAS LLT| hg ZRAB AUt 205 R L CHRORRFE
phase dot BEt FAGIMARAACTRRd AR BESRRoN dOtP HBEAEen A RAFR Eh 13 and.
15" ool NBAr SHOUTAT B Meranr ey BRPPGsna S60uF G §C WL UREC: Reer val
char act er PEPLES TR0 R&H cui (el oment s change over Line. When ofrcuil

conmponent s whose @ngaﬁﬁﬁéégégzogayypﬁéﬁgggf%ﬁéedﬁ¥¥tsgos@ogggpensation

val ue for each radi o u written conpensation val ue

st of hng UEBfnpéélsaétit&? {aghalsy OL €p2Ri REPHhadd LAbANEAS o he

conpensation val ue generating unit 55 and phase detecting unit 14 in Fig. 2

become unggeeesdihg JonaMRUSTRIAL APPLLCABLENER20sio0f SURGWEOGRdNES

adaptive array apparatus of the present invention corrects phase during

transm sstge @GeFHdcés aAndidHHrLPe8ri BLRlASHSHUEbnbehween the
transm ssion circuit and the reception circuit. Even when there is a 5

| arge di f{eaaReA I S aeEQRtStHdRS HigéWeeBepte o aPBALESOA Cidaant and
the reception circuit, the directivity pattern for transm ssion can be nade

the sane radsot hgidi rectivity pattern for reception. This is especially
effective when | ow cost conponents are used in
15 The compensation value generating unit 55
performs a compensation value generation process that
generates the compensation values ¢lc ~ ¢4c and has the
resulting values stored in the compensation value storing
unit 54. The compensation value generating unit 55
20 performs this compensation value generation process at
predetermined intervals. This predetermined interval is
preferably several days or several weeks, and should be
determined in accordance with the extent to which the
phase shift characteristics of the reception circuit 15

25 and the transmission circuit 12 change over time and the

permitted difference in phase shift characteristics

13



10 the transmission circuit and reception circuit of a base station used in
nobi | e communi cation, since such the difference in characteristics between
such conponents woul d ot herwi se be problematic. 21 4 June 20 CLAIMS 1
1. (Anended) An adaptive array apparatus that includes a 2 plguj e 2003f
radio units that each have a transmtting 3 unit, a_receiving unit, and an
ant enna, RABVWEERetdieEe aceMPONEnts; vi ASr ORG t5F BRI ngd & rBA& i ssi on whi ch
is 5" 6 during reception, 7 the adaptive array, apparat us cpnPrising: 8
storing n@ﬁﬁ%‘&&ﬁ%t-’iﬁﬁlg@ fo%efdraut @t EERPERSA i Uh BhageushbETeach radio
unit, each conpensation val ue 10 refleibing di fferenr, ~e of phase

pr opagat i ©R2 ¥ 2 CERAIRT kF P siBcs 1H?E thet LBEei Ny REFECERITMIRELD 2

transmtting unit in the corresponding radio unit; and,13 conpensating
means forlﬁgﬁﬁgﬁéat‘ﬁ' L P8y s@&ct‘?QMthgHig §niGOMRERRAEL O (At UG sHd Ldhen

O 2l | g2 R L BAL ST RE AT 0Py SLgTaL Sy 20ding (e 16
L2, (ATened The AL VB Rl BRI PLun Sl LOUD b L e
char act or FaF1 EECSP A TR BRI dp (A Co8HT TR T ranth r1 iy b A 9R he
R, 22 s S B Sl BRMABANE 86 S NARAE L E UL 88,
(o1 2 Iabaghst ey NoBERSELIB A8t SECEING YBoRARH Srgiona
foryghe radhg YAl the radio units.
Fig. 5 is a flowchart showing the détails of the

processing by the compensation value generating unit 55

when generating a compensation value. This compensation

value generation process is explained below using Fig. 3.

15 The compensation value generating unit 55 first
operates for radio unit 10 (Step 51 in Fig. 5). The
compensation value generating unit 55 sets the switch 13
in the loopback connection (Step 52), and outputs test
data with a specified phase (Step 53). As one example,

20 the compensation value generating unit 55 may output test
data where the phase data ¢1l, the compensation value ¢lc,
and the transmission data TX1l are all zero.

The outputted test data reaches the RX1 terminal
of the control unit 50 via the route shown as (A) in Fig.

25 3. The phase of the test data will be affected by the

components, especially the analog components, on this

14



7 a second detecting unit for detecting, when the '8 test signal passes the
fransmtting unit and the 9 receiving unit in order in the radio unit, a
second phase 10 shift value for the radio unity and 11 a cal culating unit
for calculating a phase shift 12 difference between the receﬁ@qﬁ%zqyg and
the 13 transmtting unit in a radio unit using the first phase 14 shrft

val ue andrPHéssedhd phBssesmalogl GemMprneRts aare Haurt¥angmd ssdon
setting the caLcuIaﬁed phase shift 16 difference as the conpensation val ue
for the rSdr&YWr 112 1and ?%@zﬁﬁﬁﬁp§é°§rﬂﬂF%&$ﬁrépus<ﬁhQ]aim1& 2 wherein
the calculating unif cal cyl ates the 3,conpensat'gn val ues by performng a
subt ract i BRTES ?%@P4V§i86h@ﬁﬂﬁ£%téﬁgfPﬂkﬂLé af@mRaLg et RRaPhasaloubl e

5, 2 wher BFn RS Gfetler 48 Ag LRGHVeRnBLA, G114 1L EBARSAEL | OhLUabbes ar &
01 PR, SB35 gnate] THE HRFAPdATe: Tk RBdIPRFer I (SRR AARS SRR NBRaREG
a1t e cARETn HESEFORR) "6 Tarting SOREBAIA (L BPandi ti ng uni t and the
ange Tor the o f1BrPosean RbtefoYait UdheheEind Pt oS8 BHBRC v ay
Compensat f BhovTIeS 4 Catnt dadtiin wee Frensimesnoy CERE Viske,,

appar at ussgf Eigy ot 2o MR8 £ish e predetigr n a%;ggsgygg paiei ?—’f%?ea?’

generati ng ans is a period that is determne

degige 1 0quLChAA ML (GhCRAE HadHSEPNahl QT P1Bet weand he

transmtting unit and the receiving unit of a radi o Onit changes over

time andegachbsd ditd phASE baRERd OglaR1El Al eggenn (Bhash et it
. : npensation nmethod fOr use in an adaptive array 24
from path (B) in that it also passes through the
transmission circuit 12. This means that the test data
on the path (C) is further affected by phase shift due to
15 the transmission circuit 12. The phase detecting unit 14
compares the phase of the test data received on the path
(B) with the phase of the test data received on the path
(C), and so detects the phase shift A¢tl due to the
transmission circuit 12. The compensation value
20 generating unit 55 receives this detection result via the
IN1 terminal (Step 57).
Having received these detected values (A¢tl+Adrl)
and (A¢tl), the compensation value generating unit 55
finds the difference (A¢rl-A¢tl) in between the phase

25 shift of a reception system and the phase shift of a

transmission system in a radio unit. The compensation

15



4 June 2003 8 (2) a permtted range for the difference in phase 9 shift
anopunts. 1 9. (Anmended) A conpensation nethod for use in an 2 adaptive
array apparatus that includes a plurality of 3 radio units that each have a
transmtting unit, a 4 receiving unit, and an antenna, and gepejabeHod ~ S
directivity pattern during transnission which is 6 _substantially thersane
as a direEﬁﬁHQEﬁeﬁééﬁFéPﬁgkﬂkﬁa@édS¢Qﬁﬂﬂb&§r@é§§€MﬂﬂCQh%sc§gﬁensation

met hod conpensating, a 8 phase anount that is, used when generating a
di rectivi CPTPETEI et AR YéhﬂﬁaQ%ﬁpeﬁEQt%ﬁﬁr%ﬁh%HOEﬁﬁpﬁ ite 11 a

Do b uni OGRS SohBn T AL SR Ehde Ok & | RECAP ISR o oreCe! thitag
ti 14 ch teristi f th i Vi i d .the, 15 )

T anam 11 EHE GBS RS2 OB OnIFRE "PEARS LT B4 OPd G kahgenthding

t f ti f 17 i it h t d wh

Gencpat | nGOTDERR Y HAR: VAL eodtt S HoBeEd T Lh Bl BEE LAhdI bihgddi ng 19

Sep vo t Ra s B o RO A O B A o ke B e fhRg %' M

wh int i i n¢l udes: 4 ] 2003 10 shift I f

thgrsggioba%gggﬁgﬁ%$€g+§&%§pLE%&?iﬁ§¢§§2ﬁ f or gchulating Z Lhas;asﬁsftoaz

dif i bet h D 3 . 9 e

Fadi o uni t usi ng The ErEEIAEEols Vet defeddstEaHRAL B8 e shi 1

val ue of bhgcfadicedSehal bordthJE 1 5B bhithd s8] clsgl egphase shift 16

di fference as the conpensati value for the radio u 11. The

conpgnsat i g rRiNID of \GL3LKLY , 2APPELRIR 4hhe £alics! ahid wilhePrGal £Hbat es

the 3 conpensation values by ‘performng a subtraction using the 4 second
phase shi fhqval whiansl soyabue tdhd 4, dga@' deedér sbmpasmsibhit val ue.

1 12. The conpensation nethod of Claim1ll, 2 wherein the generating step

gener at esyhhged GamEAgai hognheal &hsatpoedeiAnia netoiriher Yit 264
CA@ . A LA A AQA AN ALLAT.AY.TY.AIY.Al.A AyU . Al . A9. | . AA. Al A A A A AU.

A Al . ABDy| s2pps=i9d,} }xspi d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal caU] cal] cal] ca] caU] ca] cTa] ca! } @\ nM N
The above processing generates a separate
15 compensation value for each radio unit and has the
resulting values stored in the compensation value storing
unit 54.
This completes the description of the
construction of the adaptive array apparatus in this
20 embodiment. The operation of this adaptive array
apparatus is described below.
The present adaptive array apparatus performs a
compensation value generation process before performing
ordinary transmission or reception. As mentioned

25 earlier, this compensation value generation process is

preferably performed at regular intervals. The
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glKPRT{quga\VV]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c

aV] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca!

Hhi~thpq}/45‘}xsnid_Z]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cqig&%gg@&g]ca]c

a]ca]ca]ca%ca]ca]ca cal ca ca]ca]cg%ca&ca]c%%gﬁgé?!‘chCM[vaJ a-Cztoje [Vn

i d_Z]] ca] EarPEPSA IR ay 84 HEC JeBEat QP c &) capreFEgatB8] craj cna cn

2} Igngl?:? : gmgggﬁa%%%%ﬂ‘]%%]a]c C'gaf]’%SU] @2 wa)aRg c&f CacOH K RaANEANGa] ca] ¢
N N | 0,

el orbres kel b sghic SRl ralachiphed S Sle BB fdocna) cna ca

Joal ool ¢ Bhspahigtioal ool tale el afd cahed! 9Y cal salgalarhpl gl oal cal ca

SRFi Bl $$$S&Y% Y888 upkS a\ . :

2] car cal ooFBEF SATEA LG cAPORIOH] b a8 i Eaf O AT EE At h g <) 3 0t Seve e 4o

M-+++++'  C, , , ,, *og 1- 8- FR- ~- Ld_Z

ca] ca] ca] ga] cajc f%%] gg]lc}é’]wclar}%Z?%a?cgfgggrg%tgg%gg})g}néﬂ g@}‘%:%ggk%ad Ca] C?]

...5/iIn/ / 5 5 6 ' /

] ca] c:a] (r:]a'féé gg%c%%ﬁéoa c‘é%ggﬁé:a%ca c?g%éég]nég %]g]ld]c;%%%%% §Z}t%n§%}ié§%i§};gg% (C:JZ

N6{.6667n8, 9 = 99 ::5:9:::n::::; Gy

;}isnidiZ?%?c?%g%%gﬁgg?ba]ca]ca]ca?ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c

| - . P

Yk L el Al SRHeE T el 80 S Y PR S5 b BEY ca cal

o B AT A T PSR D oS LPRREIEY cal cal cal

ca] ca] ca]srd 8] 63 GlaR] £adi£8] Galidal capial Qé]agﬂi(if& %}féti,ca% el cal cal

ca] ca] ca! LMNNNNOPOPp PPPQ? QMQQQQ R* RPRRRRS?SpSSSSSTsUU| wr ngb Ul ] ca] ca] cal]

ca] ca] ca]saj ¢al sahedlrcad cad £al gl el cdreednaleabaalntajkedisalealcalicyl cal cau

] ca] ca] ca] ca] cal UN\WWKXAYT YYYZ7ZoZZZ[ 5[ [[[\ \M\\\\-]15]1]111

A xsni d_Zj&k | beabHes|cxlised ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal calca]ca]c

aJca] ca] ca]cal cal]ca]ca]ca]jcalJca]calcal ~ C

a<aa! c' c3c=doddderigopagbkhiti Gdapt i b&r bxxay daipddtitasapea]fomma] cal ca] ca]

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]

ca'Tkt kkkikds €| BHmustmerot dogopopplying each radio unit with

paqgqQ r>sl ssss~t Nu~yt oj e [ V]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c

a] ca] ca] rejpeattajeajpds va] dateapd” al ce cixdrbheapered st Non uot\ @mMWWWWX X XY

yAyCyWy| yy{A U] } ~~I L~yt ~ytoj e [ V] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca

] ca] ca] c"dica¢tiulita] eet] vad e, abyahealicy] cedch] capds cxlicth) ad8yp] >109%& () -Y

"109& ()-yl09&' ()-!, 3"10%,& ()- 3"109%s& () - .

@L0%ss& (JeSPREEL YeYR RN SBRION- F2LI®@@ XS - T $P09R O Sk 0pBaER- 109& () - 3

jtdES*10%&' ()-(S 10%&' ()- &109& (£-$10%&' O-f"

109%& () - '90b& (306 PYE hashhinggearh: vadigg Wit oWeeodRe )rewsl tood () -

. 109& ()-f, @O% ()-bC 10%& ()- 109%&' ()- 109 ()-,10%&' ()-L 10 10
10#% 00k ghyig addition when transmitting.

Fig. 4 shows the operation of the radio unit 10
during transmission and reception. In this example, the
phase shift amount A¢rl of the reception circuit 15 is
0.5° while the phase shift amount A¢tl of the

25 transmission circuit 12 is 0.3°. For ease of

explanation, the phase data ¢1 in this example is 0°.
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KM\aB7C 10° 9t 10%&' () -1 (G'109& ()-4 10%& ()-L*4109%& ()-y&LO%& ()-!
"109&' ()-!NOPT mj HC 10! F#10% /& ()-"10% & ()- " 10% & () -

1Y 10% /& ()-g1l0% & ()-M 10 10m wi[<HC 10& 10% & ()-!L9 9%409YBK3K& ()-!"9
940% / & ()-F10% & ()-S: 10% & ()-! F#10% / & () - H-RhdEHC 4 June 2003

10S, 3"10% & () - L* @l %&I(%{ "!,10%@'%- , :
s!'10% & () - & 10% &% )ShAW94s &7 FifkrmbpqVBERL G A RCEF ORARSE £ - ¥BYE () - M

10/ 10/ 10/ 9t 10% & () -L4 1096 & ()-/ dEbC 10S, YI0% & () - 9310% & () - Y
Toos & () LG aEL e o AIOFBb% £995q SpEhEe during reception,

101 10% & (),-3"10% & (). "10% & ()} S$10%6G8 ()- | [s$10%. ()L P

800 71 &I FOEbECHOGI Rk RFL LoARB 5ot totage 18iFroRty (-
10% & () - 5, Y40% & (): ClxnbC 10@0%&. () - 10/ 10/ 10/9910% & () -5

10% & () - DDA £)] 106 £9 ) S pasppEptich bbcdi?3R AL

o ()-1VYE o' () - 1 100" () - I 100" () -
égga 6?{§L3éyfoav%g&é&déﬁ%a%%f%éfoéfghégé%éy,ltransmission data

TX1 is compensated by the addition of the compensation

value ¢lc (=A¢rl-A¢tl=0.2°) and the phase data ¢1. This

transmission data TX1 is transmitted from the antenna via

the transmission circuit 12, and so is subject to phase
10 shift of A¢tl+dplc=0.2+0.3=0.5°.

In this way the phase shift that océurs inside a
radio unit during transmission becomes 0.5° which is
equal to the phase shift during reception. This means
that the addition of the compensation value makes the

15 phase characteristics of the reception and transmission
systems equal.

During reception and transmission, the radio
units 20, 30, and 40 all operate in the same way as the
radio unit 10, so that no further explanation will be

20 given.

Fig. 6 is a block diagram showing an alternative
construction for the components of the control unit 50
and the modulators 11, 21, 31, and 41

Fig. 6 shows a construction where the modulator

25 100 is used in place of the modulators 11, 21, 31, and 41

of Fig. 2. Here, a single waveform data generating unit
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10 y& 10%& ()-$10%& ()- "109& ()- @ 10%& ()- i 109%&' ()-, #109%& ()- > !"dE: /
10 10s9510%& ()-6 "10%& () - 4%A0%& ()- S,

"109& ()- *#100& ()-1 (gl0%& ()-"#(_uS4/

10810% & ()-1T3: 109%\ h\ & ()-FSL0% & ()-F 10%& ()-1 $10% & (),Juﬁezoos
"1004\ & ()- 109 vdE4/ 10810 F40% & ()-310% & () -
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processing speed that is four times faster than each of

the waveform data generating units 1llb, 21b, 31b, and 41b

of Fig. 2. Consequently, the multiplexer 102 multiplexes

the four addition results of the four adders 1lla, 21a,

10 3la, and 4la according to time division and outputs the
multiplexed addition results to the waveform data
generating unit 101. The demultiplexer 103 distributes
each waveform generated by the waveform data generating
unit 101 to an appropriate multiplier out of the

15 multipliers 1llc, 21c¢, 31lc, and 4lc.

Quadrupling the processing speed of the modulator
100 in this way enables a reduction in the number of
components and consequently a reduction in a dimensions
of the circuit.

20 Fig. 7 is a block diagram showing the
construction of an adaptive array apparatus in a
different embodiment of the present invention. This
adaptive array apparatus only differs from the
construction in Fig. 1 by including the radio units 110,

25 120, 130, and 140 in place of the radio units 10, 20, 30,

and 40. The following explanation will focus on this
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10! " Y% 0%k (1) - 16 d1 X% irfg (the phase detecting unit 14 provided
ly&10% 7r 7& () -f! FRy&L0%&' () -f! Py&10% r & ()-fK"'10%&' ()-2n33x444444z[ PE: 10!
10 10 10SHEReEn- a8, M) ssisn, EEMM{ Y- 195aD%N 4 ) swideh 13.
%40%c& ()-44' 5S5nb55dEPE: 10! 103
1_‘#10:5 & ()rHaD% €10, 16%1 funttdsns OFf 11e &rapidl 10948 11 onbreCade 66dEPE
-1 same as those of the radio unit 10.
The radio units 120, 130, and 140 are the same as
the radio unit 110, and sco will not be explained.
The repositioning of the phase detecting unit 14
10 in this embodiment facilitates the installation of the
phase detecting unit 14. Note that the phése detecting
unit 14 may instead be provided between the switch 13 and
the reception circuit 15.
The compensation value generation process in this
15 embodiment should preferably be performed regularly, with
the interval between executions being determined
according to the extent to which the characteristics of
the circuit elements change over time. When circuit
components whose characteristics hardly change are used,
20 a compensation value for each radio unit may be written
into the compensation value storing unit 54 at the
factory before shipment. 1In this case, the compensation
value generating unit 55 and phase detecting unit 14 in
Fig. 2 become unnecessary.

25
INDUSTRIAL APPLICABILITY
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directivity pattern for transmission can be made the same
as the directivity pattern for reception. This is
especially effective when low-cost components are used in

10 the transmission circuit and reception circuit of a base

station used in mobile communication, since such the

difference in characteristics between such components

would otherwise be problematic.
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6
7 the adaptive array apparatus comprising:
8 storing means for storing a separate compensation
9 value for each radio unit, each compensatién value
10 reflecting a_difference of phase propagation
11 characteristics of the receiving unit and the
12 transmitting unit in the corresponding radio unit; and
13 compensating means for compensating, for each
14 radio unit, a phase amount used when generating a

15 directivity pattern for an output signal by adding the

16 compensation value corresponding to the radio unit to the

17 phase amount.

1 2. (Amended) The adaptive array apparatus of Claim 1,

2 further comprising:
3 generating means for generating the compensation
4 value for each radio unit in accordance with the

5 difference of the phase propagation characteristics of

6 the receiving unit and the transmitting unit in the radio
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p@\ 30% & () - s$10§/0§teﬁ)e-fad:sﬁil@ofﬁnit i’@% @éﬁefé&iﬁ%@%s{ﬁ sighe&EQ%& () -
habl CHCoE&C cz[PE. 10 10: 10: 10:y910% & ()-!ns, YULO%& ()- 1S, YVL0% * & ()
BWF%QO%M&()-'IB%EWEQ%bm&déte@BEﬂgdammtﬂﬂofEdet@ctlng, when a test

5 signal passes the transmitting unit in a radio unit, a

6 first phase shift value for the radio unit;

7 a second detecting unit for detecting, when the
"8 test signal passes the transmitting unit and the

9 receiving unit in order in the radio unit, a second phase

10 shift value for the radio unit; and

11 a calculating unit for calculating é phase shift

12 difference between the receiving unit and the

13 transmitting unit in a radio unit using the first phase

14 shift value and the second phase shift value of the radio

15 unit, and for setting the calculated phase shift

16 difference as the compensation value for the radio unit.
1 4. The adaptive array apparatus of Claim 3,

2 wherein the calculating unit calculates the

3 compensation values by performing a subtraction using the
4 second phase shift value and a value that is double the

5 first phase shift value.

1 5. The adaptive array apparatus of Claim 4,
2 wherein the generating means generates the
3 compensation values at a predetermined interval.
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5 (1) a degree to which a difference in phase shift
6 amounts between the transmitting unit and the receiving
7 unit of a radio unit changes over time, and

8 (2) a permitted range for the difference in phase
9 shift amounts.

1 7. The adaptive array apparatus of Claim 2,

2 wherein the generating means generates the

3 compensation values at a predetermined interval.

1 8. The adaptive array apparatus of Fig. 7,

2 wherein the predetermined interval used by the

3 generating means is a period that is determined according
4 to

5 (1) a degree to which a difference in phase shift
6 amounts between the transmitting unit and the receiving

7 unit of a radio unit changes over time, and

8 (2) a permitted range for the difference in phase
9 shift amounts.

1 9. A compensation method for use in an adaptive array
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1 9. (Amended) A compensation method for use in an
2 adaptive array apparatus that includes a plurality of
3 radio units that each have a transmitting unit, a

4 receiving unit, and an antenna, and generates a

F g {5 tivit fur ! o which i
6 substantially the same as a directivity pattern generated
7 during reception, the compensation method compensating a

8 phase amount that is used when generating a directivity

9 pattern,

10 the compensation method comprising:

11 a generating step for generating a separate

12 compensation value for each radio unit, each compensation
13 value reflecting a difference of phase propagation

14 characteristics of the receiving unit and the

15 transmitting unit in the corresponding radio unit; and
16 a compensating step for compensating, for each
17 radio unit, a phase amount used when generating a

18 directivity pattern used for an output signal by adding
19 the compensation value generated for the radio unit in
20 the generating step to the phase amount.

1 10. The compensation method of Claim 9,

2 wherein the generating step includes:
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16 difference as the compensation value for the radio unit.
1 11. The compensation method of Claim 10,

2 wherein the calculating step calculates the

3 compensation values by performing a subtraction using the
4 second phase shift value and a value that is double the

5 first phase shift wvalue.
1 12. The compensation method of Claim 11,

2 wherein the generating step generates the

3 compensation values at a predetermined interval.
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