.;e3bZ|j6TZnC}t ~B~~lild~~~~ 10O~1111111YO~N ~AV W RELESS COVMUNI CATI ON
DEVI CE AND W RELESS. COVMUNI CATI ON METHOD BACKGROUND OF THE | NVI .
present invention relates to a wirel ess conmuni cati on devi ce Jmmnmm"”mmm
comuni cates with a wireless card or wireless tag used for a credit ca
reward card, or individual identification nedium(e.g., a bankbook, "%

enpl oyee card, or passport), and a w reless! 10 communi cati on net ;

to the wirel ess comunica tion device. Recently, wreless cards lmmmmmmmﬂ"
spread for reasons of information security and portability. O gani z%éo((,)mrls
such as | SO standardi ze the comiidTé&t Odn THE MNVEDA IOV t hat wi rel ess
readers/witers and w reless cards avail able from various manufacturers can
be utilized wt WGFELESY SIOABBRCATLGONRIDIE ANh WIRRLESppl n.  KOKA

Publ i cation No. 9-179954 discloses a technique for a wireless information

processi ng 20 apPPRRYSAREHh MEddR) writes data fronmon a portable wirel ess
card via a wirel ess conmuni cati.o dium However, when the
transm ssi on/reception ant ennaB%ékﬁ%UW r Q¥ eBEE  BRENT 4N t er and t he

antenna of the wirel g3s card are in tight conﬁ argt v%th each ﬁt her 25 and
have a sifilar shape, ‘& &< SBtpl iThE Het et 1heS aint R rfhalt Beton®s st rong,

and their ant enr&%ﬁ@q{z@‘a&rﬁﬂ S éév%sc% Nl ugnee r&ﬁ;v(i\n;!%ctoateé:eeg witlE &?‘n\r%lilne (855 o

characteristic the wi'rel ess Teade may gr eat

from the communicaty o fyieauensy ol el esx.aart .00 athghis, the

Wi rel ess reader/witer may not normally receive a response from

wirel ess card. Zabhgt drs.irddie; M=l esferdteaderd iwdt eediNgh Wd & €55, card
whi ch neet .the standard of 1SO or the |like may not be able to comrunicate

wi th each ot her baBRiddo KSUMMMRRY e Tdrd NVEND AN Jdril)s, athdhi estrofedde
present invention to 10 provide a w reless communication device and
wi r el essléommunicoatriuor aaetifvod resradal eapafl isal Wing:ee oainmaing £atdanmmes ¥ of-
caused by the antenna characteristic and realizing a normal conmmuni cation
envi ronnent . A Wwiliogl ¢y icemmuni cati on device according to
| 'Recently, wireless cards have widely spread for
reasoﬁs of information security and portability.
Orqéniéations such as ISO standardize the communication
15 method so that wireless readers/writers and wireless
cards available from various manufacturers can be
utilized without any problem. For example, Jpn. Pat.
Appln. KOKAI Publication No. 9-179954 discloses a
technique for a wireless information processing
20 apparatus which reads/writes data from/on a portable
wireless card via a wireless communication medium.
Hdwever, when the transmission/reception antenna
of the wireless reader/writer and the antenna of the
wireless card are in tight contact with each other
25 and have a similar shépe, cross coupling between the

antennas becomes strong, and their antenna characteris-

tics influence each other. The antenna characteristic



. 15 an aspect of the present invention conprises a main body antenna to

communi cate with an antenna of a wireless card, and antenna position
setting neans capable of setting a plurality of types of positional

rel ati onshi ps between the antenna of the wireless card 20 and the main body
antenna. A wireless communi cati on nethod according to another aspect of the
present invention conprises performng conmunitati on between an antenna of
a wreless card and a nmai n body antenna which are set 25 to a predeterm ned
positional relationship, changing the positional relationship between the
ant enna of the wifr éheswgicarlesand eahie maim Headynagntearna, 1 asiadeded, from 3
and perform ng conmuni cati on between the antenna of the wireless card and
the mai n body ahensammagdiceitdeal fregjuentcy afd tddy avitragess ofcade. i nvent i on
wll be set forth in the description which follows, 5 and in part will be
obvi ous from t hBlaegckipti $hiser they W dlesenadade pimudttiate mofy it

i nvention. The objects and advantages of the invention may be realized and
obt ai ned by neaRSTBElt-He IFRFSEVETENEASRATSE diPie dhs RS paatdul arl y

poi nted oyt herginafter. .10 BRI EF DESCRI PTI OF THE SEVERAL VI EWs OF THE
DRAW NG TRe acc hﬁ n&antéFaﬁfﬁﬁéfqﬂﬂQﬂ?Q%r WG S G &R oSt tute

t of th ificati il_lustrat tl f d enbodi ts of
The i nvent i on. - R4 CLofBPrer M EIF SHE G A IR T (oL &5 VBt dbve and
t he detailed deggibpgboQP%%HBQ%aQ%egﬂ&&piﬁﬁgfqghﬂﬁpts gi ven bel ow, serve to

explain the principles o e i nvention. 171s "a bl ock di agram show ng
an exanpl e of the schematic gRrERRISHRIARS of ‘M{EGE@% NGQERRUNI cation 20

device (wireless reader/witer) according to an enbodi nent of the present

invention; FIG 2 is1a MiseWrshowidts &F e ind Stdd:e idh Wy ch no
wireless card antenna exists near the wireless reader/witer antenna; 25

FIG 3 is0a vieprshadeng anreraspl eohinudidatieon mamiidh edetasndned
conditions are nmet and cross coupling between the wirel ess reader/witer
ant enna and communication method capable of solving a communication
error caused by the antenna characteristic and real-
izing a normal communication environment.
A wireless communication device according to
15 an aspéct of the present invention comprises a main
body antenna to communicate with an antenna of a
wireless éard, and antenna position setting means
capable of setting a plurality of types of positional
relationships between the antenna of the wireless card
20 and the main body antenna.
A wireless communication method according to
another aspect of the present invention comprises
performing communication between an antenna of a
wireless card and a main body antenna which are set
25 to a predetermined positional relationship, changing
the positional relationship between the antenna of

the wireless card and the main body antenna, as needed,



v

- 4 the wireless card antenna becomes strong and greatly influences their
antenna characteristics; FIG 4 is a view show ng an exanple of a state in
which the wireless card antenna exists near the 5 wireless reader/witer
antenna but does not greatly influence their antenna characteristics; FIG
5 is a graph showi ng an exanple of the freggency characteristic of the
wireless reader/witer antenna in the stat shown in FIGS. 2 to 4; 10 FIG
6 is a viewfor explaining wireless card antenna position A wreless card
antenna position B, and wireless card antenna position C, FIG 7 is a

fl owchart show rgdaires\feralingpawirtrivoriala trielrathdednvetdrp tdteange: quiroc esfs ; t Hb
FIG 8 is a flowmhart showing a partial process in the positional

rel ati onshi p ch#igélgssceasd mnd Ghey maire body podiarirenal rel ati onship

adj ust nent process based on communication log information; and FIG 9 is a
view for explaini ng Wid%:dodadadpizr thiarhaPesitaens DI vikel lgerhien

ant enna positionE,l %%% wrele card_antenna position F. DETAILED

DESCRI PTI ON OF THE 1 ReENFTOYK T éffertid MR Gthide TRkt

i nventi on5wi | b% descri_bed bciIlO\gwi ;}h reference to the several 25 views of
the acconpanyi ng dr am kgr Fial 11 Bes R ik oty f&ﬁﬁwtaﬁr?ré'xﬁl e of

the schematic a%%@ng%nqg%rgkdab 'r§J§%ﬁf%$nQ§B§%%§%$£ tj%%%b?dpﬁeVice (to

be referred to as“a W rel’'éss reader % to the

embodi ment of the-present,d %\li%ﬁtnit%%es’b‘ovg rteﬁlees_i.%vregg%?r{a%d‘e\}nﬁk% ]Tgeoal ized

conprises a wreléss reader/witer "antenna (main

control processandll®@aiMeduiat @ rd Ialithd 200+ demoul atd Q1y Gl{gui t 1300,
wi rel ess card conveyance/ position adjustnent unit 1400, and power supply
circuit 1500. combinations particularly pointed out hereinafter.

10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently preferred embodiments of the
invention, and tdgether with the general description

15 given above and the detailed description of the
preferred émbodiments given below, serve to explain
the principles of the invention.

FIG. l‘is a block diagram showing an example of
the schematic arrangement of a wireless communication

20 device (wireless reader/writer) according to an embodi-
ment of the present invention;

FIG. 2 is a view showing an example of a state in
which no wireless card antenna exists near the wireless
reader/writer antenna;

25 FIG. 3 is a view showing an example of a state
in which predetermined conditions are met and cross

coupling between the wireless reader/writer antenna and



. The wirel ess reader/witer 1000 assunes 10 conmuni cation in a conmunication
environment at a distance of 20 nmor |ess between the antenna plane of the
wirel ess reader/witer antenna 100 and that of a wireless card antenna 200.
The control processor 1100 instructs the wireless card conveyance/ position
15 adjustnent unit 1400 to convey a wireless card 2000 to a predeterm ned
position. The wirel ess card conveyance/ pbsi‘li on adjustnent unit |400
conveys the wireless card 2000 in accordance with the instruction fromthe
control processor |1100. 20 The control processor |100 creates transni ssion
data to the wiré¢hessicarles20@G.rdlhe: traochd didcdames retindndl 20{8 rpchdtafyes t he
transm ssion data, and converts it into a transm ssion signal. The
transni ssion si g'@élluieglcte’rsartélrﬁitrt edh Heroma tdie neiated misst iresaeder / wri t er  ant enna
25 100 to the wireless card 2000. A response signal output fromthe
wirel ess card antenn§I§00 dfis e Wignel Sxawissr eRODEIEL ¢ exiavegtate 6 by
the wireless reader/witer antenna 100. The denodul ation circuit 1300
denodul at es t he 1Pe&&i¢ P@sb’&ﬁ%eﬁ%rﬁ%ﬂrd PR C8R rot L Sirsodeadort e 0o
processes.t he denodyl ated re ponse rtgnaI and i nstructs each 5 unit on the

next procdss. THE'FOWE’ <& BB 0GRt 1T S unit of
the wirel ess reag%rlu\é/rnl teq:hJeQLQ:O her{es na e nCO%/ vari ation
%r 51%8:01

phenonenon in the w Fel ess readéry the wireless 10

reader/witer 1000 ang agp e ard 00 will be

expl ained with refer ence toqlgt %Qﬁ 52{ %e%v}%rneé)gmasﬂfpe ess card antenna

200 does not exicsloRAkLyt 00 WL 29S %af!ﬁ'"/‘@{é Ler AULANNA. 0, /15 a5, shown
er an

in FIG 2, the resonant frequency of t e W reless rea enna 100

is fO around t haneemAMNHGALHRN St-eQUe NG S ad, tmésomwr’dd:&ie with the
wirel ess card 2000, as represented by the solid line (case 1) in FIG 5. 20

When thelbol | owi ng candi.t icons @El)vitaw (BYr ai:e Ietn hef weere tdes W4 e ess
reader/witer antenna 100 and the wirel ess card antenna 200, as shown in
FIG 3 (case 2)anteoss pospltiiog Bet wedere lidwes ardrehnas dyetp nmess istirang ,and
greatly influences their antenna characteristics. 25 (1) Arrangenent in
whi ch the two aAbenihargilasess cared partsinnel posdtdlass€t o each other. (2)

Arrangement in which the centers of the two
. IGﬂA7 is a flowchart showing an overall

positional relationship change process;
15 FIG. 8 is a flowchart showing a partial process
in the positional relationship change process in
FIG. 7, i.e., a positional relationship adjustment
process based on communication log information; and
FIG.‘9 is a view for explaining wireless card
20 antenna position D, wireless card antenna position E,
and wireless card antenna position F.
DETAILED DESCRIPTION OF THE INVENTION
A preferred embodiment of the present invention
will be described below with reference to the several
25 views of the accompanying drawing.
FIG. 1 is a block diagram showing an example of

the schematic arrangement of a wireless communication



1

, antenna pl anes overlap each other or are close to each other. (3) The
shapes of the two antennas are simlar. (4) The sizes of the two antennas
are alnost 5 equal. Under these conditions, the antenna resonant frequency
of the wireless reader/witer antenna 100 beconmes fb, and greatly devi ates
fromfO around the conmuni cation frequencyd%sed to communicate with the 10
wi rel ess card 2000, as represented by the tted line (case 2) in FIG 5.
The wireless reader/witer 1000 and wireless card 2000 are forned with
antenna shapes unique to their manufacturers. In sone rare occasions, cross
coupl i ng 15 bet @e#ncehd tanbennras dreechd ste engyi sl edes ord dvber /abovtesr The
antenna characteristic of the wirel ess reader/witer 1000 varies nore than
expect ed, and t RErFAIGAARE)f PEGRETEy I andds terbw dimanferny ot pudsent e
for comunicatign with the wireless card 2000, In this 20 case, the
wirel ess reader ARVEPER C1000 Ao HiHTS SSsc diapdl ey Hido i & (RIS & rel ess
card 2000, failingFin comrunj catiqn . VWhen the two antennas are shifted so

that the center ¥*6F1ERE ARG WHidnRds K SR Wil ROBA A Bt enna 200
and wirelgss re r/witer .antenna 100 ot overl.ap each other, shown
in FIG 4§(casea§;6,’ Ef)gtggoclogﬁﬁcﬁﬁsﬁgt \&g‘(cabnoqt ﬁ[}éadéﬁtaetrﬁ??a{‘s Crlercﬁ}’c]re}s,l?a[ﬁfsi t he

_ g _ resonant - i.rel r r-/Wwiter an 0 hanges
togf a which is gliéﬁn%g? Et% %é%%atﬁg%ac\g%né%?@t'a?ﬁg%l\ﬁ%n Coan]“ﬁld’; Cgcﬁqg'n %arji“eéjeeés

reader/witer 1 1! re renr d t l.ine (case 3
08Qii3 oi% a@l’j%%@me"ﬁstl R tesiqlgltda, 40 gfb%raecnlf e&%\.ﬁg:l}} ( )

5in FIG 5. As aresult, the wreless reader/wit I00 can
receive a respompsechiiemitihe w rel ess card 2000 and nornal |y communi cat e
with it. However, the shift of the positions of the two antennas neans an
increase in the rel atihee wdirsslance b deat meencdhenodifsaurkde wirel ess card

2000 does not have any battery, its operating power depends on transm ssion
radi o walés frorpmhaniceé¢liess ineadeomuuntiera thR0 .enfhatoringsntt het wi r el ess
card 2000 receives transm ssion radi o waves fromthe wirel ess
distance of 20 mm or less between the antenna plane
of the wireless reader/writer antenna 100 and thatvof
a wireless card antenna 200. The control processor
1100 instructs the wireless card conveyance/position
15 adjustment unit 1400 to convey a wireless card 2000
to a predetermined position. The wireless card
conveyance/position adjustment unit 1400 conveys the
wireless card 2000 in accordance with the instruction
from the control processor 1100.
20 The control processor 1100 creates transmission
data to the wireless card 2000. The modulation circuit
1200 modulates the transmission data, and converts it
into a transmission signal. The transmission signal
is transmitted from the wireless reader/writer antenna
25 100 to the wireless card 2000.

A response signal output from the wireless card

antenna 200 of the wireless card 2000 is received



. 15 reader/writer 1000, and converts theminto power. Thus, if the relative

di stance between the wireless reader/witer 1000 and the wreless card 2000
beconmes large, the wireless card 2000 nay becone short of operating power.
20 Fromthis, the optimal positional relationship between the wreless
reader/witer antenna 100 and the wireless card antenna 200 for norma
comuni cati on between the wrel ess readér/ wWtiter 1000 and the wirel ess card
2000 changes depending on the shapes 25 and LSI characteristics of various
wi rel ess card antennas 200. The w rel ess comuni cation device (wreless -
9 reader/witebyl 008) wane laisselresslecdmmirtriecakintenmet A6 .of Thize present
invention inplenment normal communi cation with various types of wreless
cards 2000 by pfepefryaidpuscinguife 1589 dieowdofl aties Wheelressigadd ant enna
5 200, . as needed. Adjustnent of the antenna positional relationship in the
paral | el direct FEAPBYSEhELAPREI esdh€oRRBFIEOt PER CESFO&e LAR0r BIresesses
reader/writer 1%80) and mﬁrﬁlgss comuni cati on nethod of the present

i nvention will ©18°BRp1PAPRET. TPRRORSCe FedLadar @ ConPEF&NCEFp5SiH on

adj ustneng unit 4Q0 ftkhe %krel%ss reader/witer 1000 can set a plurality
of types of positiona reFaPloﬁsﬁiﬁgeﬁgrmeen the wireless reader/witer
antenna 100 and the w.re 1 r E . I hown in
FIG 6, the mﬁrelesswkgr %§%§v§y§ﬁ€§7g%%?#ﬂgﬁ%gth§¥#%ﬁt%%ﬁﬁgn%%%6§%an

receive the “jr@BéﬁsuﬁéEdd%OQﬂea@qrQQQ%%yF%QQeQQSQEE%Q'Wkﬁ@LeSS card 2000

to wireless card antenna position A, wreless card antenna position B, and

20 wireless card ant @RRa RASNENIN e R rRN&Ta MR ASn R NMrE]RS S far d
conveyance/ position adjustnment unit 1400 ¢an change the positional

rel ationship betWeenitbeewsr ekass readerWanitehnant@nna rled and Adhess

wi rel ess card antenna 200, as needed. This can 25 reduce the influence of
cross colfl i ng betdeerdwirhéewi AO06ssandedtter antichern @emta th@O wand liides

wi rel ess card antenna 200 on their antenna characteristics. - 10
Consequent |y, ofierdi E€PEswideaber Lrpileénet0oq thamrefippenps doelRIGSomauni cat e
with various wireless cards 2000. Details of wreless card antenna position
A, 5 wirel ess chPd4ant enna position B, and wireless card antenna position C
are as follows. As a_prem se, the antenna planes of the wirel ess
reader/witer antenn¥P£H0 LAR/d Whirediesss C@dfrcﬁ ariteaFa 2200 daes pwtal lel to
each other. 10 Wreless cargﬁantenqa position B: at this positiaon, .the

center (barycenP&ty oFeFﬁgt t ¥nhg ﬁﬁénéeéﬁeFﬁggﬁH%Q(%9§q€§@d1éﬁbenna 200
(3,1 00ateg, on the SREBEGLOHLEL Lo BR-SpLMag! e Rasel g lguan the
antenna 100. wireless reader/writer antenna 100 is fg around the
communication frequency used to communicate with the
wireless card 2000, as represented by the solid line
(case 1) in FIG. 5.

20 When the following conditions (1) to (4) are met
between the wireless reader/writer antenna 100 and the
wireless card antenna 200, as shown in FIG. 3 (case 2),
cross coupling between the antennas becomes strong and
greatly influences their antenna characteristics.

- 25 (1) Arrangement in which the two antenna planes

are parallel and close to each other.

(2) Arrangement in which the centers of the two



., Wreless card antenna position A- at this position, the wireless card 2000

slides parallel in a direction opposite to the card insertion direction
fromw reless card antenna position B. For exanple, 20 as shown in FIG 6,
the wireless card 2000 slides by a distance a fromw reless card antenna
position B: Wreless card antenna position C. at this position, the

wirel ess card 2000 slides parallel in the chrd insertion direction from
wirel ess card antenna 25 position B. For exanple, as shown in FIG 6, the
wirel ess card 2000 slides by a distance ¢ fromw reless card antenna
position B. - ahtenAappheess ofrechamgicagHh e hRasidr enal Jie)sat itensidh
between the wireless reader/witer antenna 100 and the wirel ess card

ant enna 200 accotdemg to the enbodi nent of the present invention will be
explained with 5 reference to FIGS. 7 and 8. FIG 7 is a flowhart show ng
the overall positiondP)r&hst isbegisisp cdhdrige rocesmnEGas: isim ¥dowchar t
showing a partial process in the positional relationship change process in
FIG 7. 10 A nethod df)adhestsildgs i P thwnain trasiretd crshiglnbettneen t he
Wi rel ess geader/wri ter antenna 100 and the wirel ess card antenna 200 by
adj usti ng®t he pB§Peiton of the wirel ess card 2000, i.e., that of .the

W reless card antenn 00 will be ex lified., However, the present 15
invention is not Ii m%fléﬁrt 5Wes.co,nlgﬁrr‘§p%p&é’,e PG iGN el at i onshi p
may be adj usted pusting.the si;tion _of the w.reless reader/witer

ant enna 100. Thﬁ% glgjplg n8? Ftélleafﬂﬁgfr%ﬁisﬁ ﬁgfdﬁrgﬁrﬁgegdjaﬁ%ﬁeéﬂlaofo%j usting

the positions o i el e r LA\ i ter. a 1 i.rel ess
cardpantenna ZO%feE%gleghg&/ﬁ Iﬁ?}ldﬁ%@%{l‘ﬂ‘/{ te’?]%é—i%%nsr gl&g%{;af@a%%o%g%o\%hse i nserted

into the virel egsmhaadentWoht ¢relB@Bcy 1&ed e Wkl A,
conveyance/ posi ti on adj ust nment S%t f 0(1)l reecei vecs t élsﬁsare ggsthca%hc? 2000

(YES in £§711), “5rthesposit-donabor elaat repshise RIMeRN the MIRILSSine
reader/witer antenna 1' 00 and the wirel ess card antenna 200 i s adj usted,
as needed. A caseab¥E3)i tnSF12). 5.- 12 in which the fl ow does not advance
to a positional relationship adjustnment process based on comruni cation | og
information will be &kxpl ailmred efisr ste.adEre’ wodrmamilretd emd ogidglfaysredand Wil |
be described later. 5 For exanple, the wreless card conveyance/ position
adj ust ment uni t 2240025t §ornedwiwishesnteand 200@est uniiplieed® ddred rant enna
position A (ST13). The wireless reader/witer antenna 100 transmts a
transm ssion si YABPL2GRBTERE - coAfr SPIEr §E&Ss OCCREI®NSoNIOsS TPUkeEr t he
wirel essl%eaderév\%i ter 115000 can norngl |y conmuni cate with the wireless card
2000 setidt wirBFE¥ECRaFRCaRPERRRAS0SPCOBIRSASESPIS). st daferiinest ess
reader/writer 1000 and Hl%e wi rel ess %lar gzet at_ wirel ess card antenna

d 200Q
P § 8BhHIRFCcS gr\ﬁct%ﬁré tSotHetNOYRE 551 SSFL4) , the

position A can normally

control processpg 4100, holds E%@Bugkgﬁng%okggfgggp%% 2&9@:"00§1 g&ﬁgtion

. . a
is OK at wireless card antenna positio Wi rﬁ’es

conveyance/ posi $Q8nadiu I ! dizschar. rns) ) ived
20 wirel ess card 208% I(ZS;%%)E%PFE},[ tﬁga\%gggl g’?s%r gg%(?rufer\/{%wtar{r&losg%eta%\kgfe?he

wirel ess card 2600 &6hmahivhtebaswiAr ¢hantaRRA RASIdd RN A @ANNaiy Nafiwl |y
comuni cate with each other (NOin ST14), the wireless card

conveyanz@/ posi tasa, 25hadjvisbiest weadekdA} i3S 1H0TD WarelRAS S & idy2000 at
W reless card antenna position B (ST15). The wirel ess reader/witer antenna
100 transmts aabyansspsssenfrom the wireless card 2000, failing in
communication.
When the two antennas are shifted so that the
centers of the antenna planes of the wireless card
25 antenna 200 and wireless reader/writer antenna 100

do not overlap each other, as shown in FIG. 4 (case 3},

cross coupling between the antennas reduces, and the



. - 13 signal, and the control processor 1100 confirns whether the wireless

reader/witer 1000 can normally conmunicate with the wireless card 2000 set
at wireless card antenna position B (ST16). If the wireless 5 reader/witer
1000 and the wireless card 2000 set at wireless card antenna position B can
normal Iy conmuni cate with each other (YES in ST16), the control processor
1100 hol ds communi cation | og i nformation "codmunication is OK at wirel ess
card antenna position 10 B" ('ST19). The wirel ess card conveyance/ position
adj ustment unit 1400 di scharges (returns) the received wreless card 2000
(ST21). If the weseness rfezdmrehay todfr tHROWiard ddre ndadd eSe icagrl 2000 set
at wireless card antenna 15 position B cannot normally comrunicate with
each ot her (NO aRtSTDE) 10thehaingelseds dar dhdarv dymrdelqeositttieoors aud ust ment
unit 1400 sets the wireless card 2000 at wireless card antenna position C
(ST17). The wir @PEsObtadded whicheoTdint divea WIGTE kasensiAade iy wridremi s30@n 20
signal, and the control processor 1100 confirnms whether the wrel ess
reader/writer 16(§Oa€§ﬁnﬁ@rdﬁalalsy r@é’tﬁﬁfrﬁn&%de% tHhe o tliadl ldde crap20d0 set
at V\nreles card agg[?nng t|on C (ST1 If. the wirel ess yeader/witer

1 000 and he wi & rd 061 &S /ot hf MEIS eSS P At e §5si tion C

can normally co a th _each aqther (YES in ST18 the control
processor | 100 %Wé%ln coMmc@gt FSTEYS PSRRI 6h rc?rd 14€ WhffifiSat i on

is OK at wrel €8sy ﬁaﬁglo%”ta?ﬁ”%o&%%'ltlﬁgﬁ%‘ §harges hc% W reI ess card

conveyance/ posi tion adj ustment unit ret ur ns) the received

w reress card 2000 (Shbivers lthd Mo W QS eadler {idd el 1000 apd the

wirel ess card 2000 set at wireless card antenn position canno normal |y
communi cate Wi t Bneaehaet RehnNan 1netlkse tﬂiattﬂe&réﬂaﬂlhﬁ‘e Wi & BRS
reader/witer 1000 and wireless card 2000 cannot normally communi cate 10
wi th eachoOot her betewreby thent.i nginke wheehdse leaydd 200 mionmdsdLss card
antenna position A wreless card antenna position B, or wireless card

ant enna positi ono€, haveommynbedtteay,eriter cpemats (STRMNer adubdrivs Wi rel ess
card conveyance/position adjustnment unit 15 1400 discharges (returns) the
received wirel es®d @éiﬁéjSZQ@@lpSTZB)ilOAsvadfmrﬁIMd tdlvowe, reehvasss when t he

Wi rel ess reader/ wi ter 1000 and wirel ess card 2000 cannot normally

comuni cat e wi t Fea8ek/wrRderatl 09 0spedihrite 120 wibeevasie el camtde 00
position, a comunication error, by the antenna characteristic can be sol ved
by position adj GECRENESt &TRRSFEREICINSARRC “EHRMiTan difte PHEPRIT i onal

rel ati onshi p adjustne pr.oce ased on co n| tion log information wll
be 25 ex%?al nedlr\‘fvl‘_’l pé’frértgﬁcz%og"t RO SRR S JFH:CFIF@""ﬁ Waen t he
wireless reader hy(it et 1000 a9 il ess card 2000 normall ¥, commun cat e

wi th each Sther i previ ous COmmIni ca ion, as s o

their positionaketglalienshid 138 CommipCay: r%néseé%ércﬁrfo&t?'kfe e

communi cation | og I nformation in ST19. In St}bsequent conmmuni cat1 on, ?he

communi cati on | grei, NkoEMRtiiren dss Iéfalrld 2o d haRf fdd i | 3hsel est and set
operating power.

20 From this, the optimal positional relationship
between the wireless reader/writer antenna 100 and the
wireless card anténna 200 for normal communication
between the wireless reader/writer 1000 and the
.wireless card 2000 changes depending on the shapes

25 and LSI characteristics of various wireless card

antennas 200,

The wireless communication device (wireless



. the wireless card antenna position. If the wireless reader/witer 1000 and
wi rel ess card 2000 normal ly comuni cate with each other at |east once in
previ ous conmmuni cation, subsequent comuni cation can use the 10
conmmuni cation log information (YES in ST12). That is, the positional
rel ati onship adjustnment process based on t h& comuni cation | og information
can be executed (ST22). For exanple, if the’ comunication log infornation
15 represents that the position at which previous comunicati on can be
normal |y achieved is wireless card antenna position A (YES in ST2201), the
wirel ess card coRPEFaHEEAHES L0 )adings twierstl agd tcoQm inragfiememd @idd
(first) sets the wireless card 2000 at wirel ess card 20 antenna position A
on the basis of °fh&PCommgsicedt ey ardg Imfigmianent ST2Edd)comhm idatalarss
reader/witer antenna 1Q0.transmts a transm ssion signal, and the control
processor 1100 ¥ VRE LSt AP eh ninidiedss s ety wl Q%o vl oo ReHT Y
normal | y communi (éate with 25 the wi.reles ard 2000 set at_wrel ess card
ant enna posi ti oA CAYEETES04Te PP S roeqS MEFFHISH i FES FIUETHR t he
wreless gard 2 S i_rel ess card - 16 antenna position A can
normal |y gomn?ggt’e%\%\d ?tﬁe\egéac' other (YES in 5T2205), the control processor

11 00 updates t he corrmaiu%ﬁrie% |09 iy Oa[r{?éxiox%{‘ Jﬁgéﬁﬁﬁtfi]c% Tpﬁaéf%rﬁ%khhf%ati on

control processor 1100°h S comuni cat1 on ormation "co

is OK at wireless eaedpantanea RPOSiddAR ALy The Wineless f&ﬁgrgfr{i"éfaiéi%n-looo

often uses a wreless card 2000 manuf actured by the sane manuracturer as
that of the wirekesser gaderlWsist efe QY wiNAETRl cX@TMEHL 3Ll N LN be
efficiently inple 10 nented in the next communication by preferentially
setting the poscbimpnnieptésentedhoyl tfe ttempiiseattd dmdead idH arimat i at

whi ch previous conmuni cation can be nornmally established. If the wireless
reader/ wtPter | 680landethe wire 15 | ess card 2000 set at wireless card
antenna position A cannot normally comunicate with each other (NOin
5T2205), the wirel esdh€aid recpsy arvdal pgivd yanedjrestineimn aiudtddhiset s
the wireless card, 2000 at wirel ess card antenna})os.i tion B (5T2206). The 20
wirel ess reader Pt R 09nPénhie1 98 relgssnines den/wardfis ik slagnaist and t he
control processoig%égo confirns whether the wreless reader/witer 1000 can

normal |y conmmunP Wit h Ofh& YRESe Pds £O8ard 0PGdo 1ede tdrnm g sede tvaan

t iti 5T 7). 1f the 25 w.rel fwrijt 1000 dth
M reloas card 2088 LRFEIEC FerateT KRR g PORRE o Gch i ATy
communi cate Wt p,each pLAGL 6¥ES | Ro3T22Q ’le%h(%é‘..rzs}xfész’x_ l(-ﬁ?';'{fq)ls rocessor

11 00 updates the comunicati on I'og I'nfofmati o t he

control prOCGSSEBel%QQe@@EQScQQH"EBEQQQAN&éé?%%ﬂﬁ#ﬁﬁ@&bgﬁEﬁgﬁgggﬂﬁ tion

is K at wireless card antenna position B" e W ess r writer
1000 and the wirebessapardc30Q8 sk a«tir\ylre%lse%%&rarz@o@ﬁtaW%oqﬁﬁéw}[k B
cannot normally comuni cate with each other (NO in ST2207), the Wwreless
card conveyancetposiivednwadlustsert rdnicn 00400 sah% itdhre Warel essGalgd 2000
10 at wireless card antenna position C (ST2208). The wirel ess reader/witer
antenna 100 trapsfitson Arawsmedsison cgirgnalnt emme toves iddntr &, pnoetessor 1100
confirms_whether the wreless reader/witer 1000 can nornally communicate
with the?Wirel edéreapas2gegdsentanngi pelséds ons Coar d rantérena wWiosid,i on C
(ST2209). If the wireless reader/witer 1000 and the wireless card 2000 set
at wirel ess car BP&8nVARRACHSs R En cONyaY aRGefios tdemmas jekttenastt h each
other (YES in ST2299£, éhe conhr ol processor, |1 100 updates the commrunication
| og 20 infornat FBAT(S1831671 $RaRIes theneosdttoma lprsdedsemshiod hol ds

conmuni cati on |8 i nforpmtion ommuni cation i.s OK at wireless card antenna
position C'. |f %E‘é’eﬁprgﬁgsgl@ a&r/ \ﬁreiat%@rr/fé(}%eén&mttﬁél% rél®ghEard 2000

t at wi | : i i t |1 S i t
W th each ot her “TRG L CeEI306RER, ARRehE Y 2o A neBE ¢ BT A ¢ or 1 000
and wirejess capdqg000tganngkinenpl Ly %Q%%%mégﬁﬁifﬁ§i%etween the

wireless reader/writer antenna 100 and the wireless

card antenna 200 on their antenna characteristics.



, - 18 each other even by setting the wireless card 2000 at wirel ess card
antenna position A, wreless card antenna position B, or wireless card
antenna position C (YES in ST2210), a communi cation error occurs (ST2217).
5 1f the communication |og information represents that the position at

whi ch previous conmmuni cation can be nor nal ﬁé achieved is wireless card
antenna position B (YES in ST2202), the wi reless card conveyance/ position
adj ustment unit 1400 preferentially (first) 10 sets the wireless card 2000
at wireless card antenna position B on~the basis of the comunication |og
i nformati on ( ST2206FJUERE Lui r enes ¥ireddsrs/ weader /antidmra 1000 tqeamsnits a
transm ssion signal, and the control processor 1100 confirmnms whether the
wirel ess 15 r ea8BPFRPFLELe100GORENHERFE Wi thoMardiccs @ iwietlesshe wirel ess
card 2000 set at wi reI% card antenna position B (ST2207). If the wrel ess
reader/writer 166695n4 iﬁe w rel ess card 2000 set at wireless card antenna

Siti B | J ' i cat ith 2 th YES i n ST2207), th
Pont1 o procacsor. 1186 AR BT PHo SlaRARALE O ST BT Oy (S12216)
That is, h . L.Ql hol d i catj I i nf ti
oo c2t1 on A reBEO e ant il 2SI AITHE B3 el It O

i rel ess readerycphan 4000.and the i el gsgjqqrd 2000 set at wireless card
B t i

ant enna position cann normal I'y commini cate wi't h each ot her - 19 (NO

in ST2207), the wireh@ss ¢aethiGQ)VeYANGE/ROSIA kA Al Ust e #%é %5490 sets

the wireless card 2000 at wireless card antenna position C ( 08). The

wi rel ess reader banikeywanternant@@nkr aN9Mahsl i3 d1caRS M58 Ghtdgal . and
the control processor 1100 confirms whether the wireless reader/witer 1000

can nornal |y co@fiinecat panaflhetltheowenehesshear.d 2000 set at wirel ess card
antenna position C (ST2209). If the wireless reader/witer 1000 and the
wirel essléard 10 2000igetlests wiarel esd erarad rastidrnimen Bsidt drhiG can nornmal |y
comuni cate with each other (YES in ST2209), the control processor 1100
updat es the conRifiéaPRonthegcenterndibpsycestzziept That ardenrze rdane ol
processor 1100 hol ds communi-cation |og information 15 "comunication is K
at wirel ess carf8fafbeniarpéssei 6are ankteaRai £00hd snilioglagesl ogaddrs wri t er
1000 and the wirel ess card 2000 set at wirel ess card antenna position C

cannot nor nal | yPEGRAIATLEY érwi Phaé‘aé‘ﬁ_tSPﬁér le@n@N@a@Sﬁl@ﬁziév)qug&
bosi t1on. (N0 | FeT5s " HREE T ERERR | Bresbo Ard Cam o Hod  on
adj ust mepi un'tw}§89e$EL§S%B§rWMF§k%§Sa% A P%QQ%Oat wrel ess card antenna

position A (ST2211): w reless reader/witer antenna 100 transmits a
transmission signal, yardithe canty ol RHRGesRY 410 confi riys whet her the

W rel ess reader/witer 1000 can - 20

position, the wireless card 2000 slides parallel in
a direction opposite to the card insertion direction
from wireless card antenna position B. For example,

20 as shown in FIG. 6, the wireless card 2000 slides by a
distance a from wireless card antenna position B.

Wireless card antenna position C: at this

position, the wireless card 2000 slides parallel in
the card insertion direction from wireless card antenna

25 position B. For example, as shown in FIG. 6, the
wireless card 2000 slides by a distance ¢ from wireless

card antenna position B.



. normal |y conmuni cate with the wirel ess card 2000 set at wireless card
antenna position A (5T2212). If the wireless reader/witer 1000 and the
wirel ess card 2000 set at wireless card antenna position A can normally 5
comuni cate with each other (YES in 5T2212), the control processor 1100
updates the communication log if~formation_ (5T2216). That is, the control
processor 1100 hol ds conmuni cation | og nf d¢mati on "communication is OK at
wirel ess card antenna position A'". 10 If the wireless reader/witer |000
and the wireless card 2000 set at wireless card antenna position A cannot
nornal | y communi cat e Avipttncesch oot herar(dN@ g Bl 22420t i drhelt deslatiforddreip
W reless reader/witer 1000 and wi rel ess card 2000 cannot normal |y
comuni cat e wi t Retyegachhet heredess e agiett/iwrg ttdre amitregires Sl afarach 2 G0: at
wirel ess card antenna position B, wireless card antenna position C, or
wirel ess card alWl&RA&SFosaticoRnAenyES 209 STZ2IRYing toohheniadtddinmesrtr or
occurs (5T2217). If _the communication log information represents 20 that
the position at “khit®F Pré&Fests OFatiwatiidd & o ledmas Mitdchi eved is
Wi rel ess %ard ant enna posi

i

i ti (YES in ST2203), the wireless card
conveyancd/ posit Sﬁe&fjeugfjrr%ﬁtc%uni\gt apFo@ pr dtitent i 13y FHaWEdArset s the
W reless card 2 w.r el ess card_ant.enna 25 sit,ion,C on the basis of
t he communi cat i gggfﬂgégi ril:?l%r %telr(? Y ﬁfﬂ%ﬁ)o.na%herp it ORI £ i t er
antenna 100 tra i atr MgSSi_0 i .and.th - 21 _.control
processor 1100 gg%fer%r?s v\/nEglt&?ier8 ?ﬁe%w%rlg)@ggr%eas&l&wl W taerpafdﬁ(f‘qcan
normal | y communi it Wif-el ar. t:.at wr
ant enna positi OEQ%E(%E\'I%Z%Q;%%I potsﬁgﬁ\/%ﬁ%ragl er%sl%%(elg)éle%?l/l\ﬁr icth\égrn% %%6%%1' d the
wirel ess card 2000rget, at. wirel ess card antenna position C can nornmally
communi cate with each other (YES in ST2209),. the control processor 1100
updat es 1he communi cat n@thoey dMfaerRitiey (B2t i1 kel d it £anty ol
processor 1100 hol ds comruni cation 10 log information "comunication’is K
at wirel ess car bedweenn&hposiitiedrsC' relvdernr /infrittee sintelress vo@aderd Wtid er
1000 and the wireless.card 2000 set at wireless card antenna position C
cannot nor nal | yWégaweaisc gegdnianitepach 200hdry B8 jUNOiny $H22@@)sitdon of
comuni'cation error has_not been confirmed at all wirel ess card antenna
positions (NO i RRSTP218)esPhGardt ROORIr él-ess ddred efnidpande/gissist iamrd
adj ustment unit 1400 set% the wireless card 2000 at wirel ess card antenna
position A (ST223RtfRNeNE090Whitle PEs §XCERATARG t e oM@ Ma the0 RYeSERi ts a
transm s gon signal .. and the c%nﬁ[r,ol. rocessor, 110Q confirns whet her the

Wi rel essFeader FiW EREFOR0GE B2 6?‘5}&!% Codsi-c atf® Wi HE withd ess card
2000 t at w . t Lti ST2212).. ILf the 25 w |
Coader e tor 16BEEAGRRR 200 BRNABRRY LAY Bl 2EGRERk by ED Bt eona

position A can - i e ) C ( i 12212).,~4 he
e control pracersor HIB0 tpaares oS A et 5 Ty A S e

(ST2216). That ifie bBSieeBhae! rBnacessaniblald hahds CRMIAILALODY 09
information "comunication is OK at wreless card antennaposition A'. 5

Even if the wirebgastiaadentwpbler i4080 oana heheyiWie1RIses Tttt 200Q set  at
wirel ess card antenna position A cannot normally comuni cate with each

ot her (N&¥in ST22i2hnaal®Onmanni watriedrser rardhas teamabear .confirned at all

wi rel ess card antenna positions (NOin 10 ST2213). Thus, the wireless card
conveyance/ posi tion Adj esomentinudilG .1400 isetthed hvel i Ireed se ssa rah @D 00s at

w rel ess card antenna position B (ST2214). The wirel ess reader/witer
antenna 100 tranBfPt§ed fp4Asiknesianediegmalreaaied /mrd teantl0810,priocessor 1100

confirnms 15 whetpler the wreless reader/witer 1000 can normal ly
the wireless card conveyance/position adjustment unit

1400 receives the wireless card 2000 (YES in ST11),
25 the positional relationship between the wireless
- reader/writer antenna 100 and the wireless card antenna

200 is adjusted, as needed. A case (YES in ST12)



. comuni cate with the wireless card 2000 set at wirel ess card antenna
position B (ST2215). If the wireless reader/witer 1000 and the wrel ess
card 2000 set at wireless card antenna position B can normally 20

comuni cate with each other (YES in ST2215), the control processor | 100
updat es the communication | og information éST2216). That is, the control
processor 1100 hol ds communi cation | og i'nféfnafion "comunication is OK at
wirel ess card antenna position B'. 25 If the wireless reader/witer 1000
and the wireless card 2000 set at wireless card antenna position B cannot
normal | y communiipcatbiwht theadi oot eres( NOt advdhcd tSE L tidiatl is, if
the wireless reader/witer 1000 and wireless card 2000 cannot nornally
comruni cat e wi t hedathooshdpr eddmsthyend: pinog asite beiveal ess @andir20O(: iadn

w rel ess card antenna position C, wireless card antenna 5 position A or
wirel ess card akP@€nhafpsgietiion BilvESs exgizdrs)d & mdmmulisatdaomeri-or
occurs (ST2217). Adjustnent of the antenna positional relationship in the
vertical directFBRiBY LRE Wterassd icommidilc s sessavihad (dtiadl ess
reader/wrgt er 1000) d wireless 10 conmmuni cati on nmethod of the present

i nvention will be expldi r‘?é‘dimpi(ﬁ’ué:glr?eﬁ‘flri%ec% PRI FUHV N e 1 RS hlakoBeen

descri bed, and J: i.n.th rtical ,directian (to be descrihbed bel ow)
can al so be app%géggitg%?‘%euﬁlﬁ%sgﬁzé%i ﬁ\?%ﬁt |th ngelax‘frsse% %006% ahown in
FIG 9, the wregl r n / (AP dj nt it 1400 can
receive the wi rghgggeggr ga%go\és)aégg%%o }%essyltttl(rgfgl ?\e{:(g’l%f/le Wi ﬁg\eesw_slr_ce %2000
to wireless cardeapteniaiRes bheRknba }Moroeltqggsmrt%s%n%nge {d,on E and

wirel ess card antenna 20 position F. I'n other wor ess card
conveyance/ posi ki gRaaf] HaHMBAL YBNrb40Q el RANG8 ddhe fBasidh onal

rel ati onship between the wireless reader/witer antenna 100 and the

wirel esslgard anhehhar2@f@e asrecededrehiies /Gan teadumdd henrd Hdmence, of
cross 25 coupling between the wirel ess reader/witer antenna 100 and the
wirel ess card appennaiz@@eowitheitheantieriassharzatt UKEY it AS Wi FElHd ,
one wreless - 24 reader/witer 1000 can appropriately communicate with
various Wi rel essacgr dst200e. pbstigiibs &f (WiTldl)ess Ifartheantiereia gx0si ti on D,
wireless card antenna position E, and wireless card 5 antenna position F
are as fol | ows. TARA8rprEATSE, 1PRE antetthe pllawdsset aarsl WGW exst
reader/witer antenna 100 and wireless card antenna 200 are parallel to
each other. Wr@Fe¥sTEaPESaRPERNANSEENE BRSEL 1SN Phicdm msdALlon, the
center (barycenter) of the antenna plane of e wire|l ess card antenna 200
i's Iocat{e)% on t Re™BBFpERGF T FBCE‘no&E‘Fénr{y]Eﬁl afle Hddirndhhr Gy he
center (barycen h t enna _pl.an f. the wireless reader/witer

ant enna 100. Théﬁé%gggﬁ%eﬁigabgtgvl\ggnc? eu%ér?taécrlsonoflotgnemt Nht'sttha pl anes
is a distance e"cM%ﬁﬁhﬁéétgehdiénb%“@% @Q%%ﬁ%%% %afﬁ é&géhﬁgxﬂéﬁf!Eoﬁhe

center (barycenter) of the antenna plane of the wreless card antenna 200

is located on the 287pefpengdheuladk ol @san AME R W AR DT NG dAr ough the
center (barycenter) of the antenna plane of the wireless reader/witer

antenna 100. Thedglistmseae hetweendobhaicenkzehs of Adeidnidd arHena@des s
a distance d (distance d < distance e). 25 Wreless card antenna position

F. at th2& posivioaletheceedt @000bgsyeant.er) of the antenna plane of the
wreless card antenna 200 is | ocated on the
If the wireless reader/writer 1000 and the
wireless card 2000 set at wireless card antenna
position A cannot normally communicate with each other
(NO in ST14), the wireless card conveyance/position
25 adjustment unit 1400 sets the wireless card 2000 at

wireless card antenna position B (ST15). The wireless

reader/writer antenna 100 transmits a transmission



. - 25 perpendicular to an antenna pl ane passing through the center

(barycenter) of the antenna plane of the wireless reader/witer antenna
100. The di stance between the centers of the two antenna planes is a 5

di stance f (distance f > distance e). Wen d < a < f, the wireless
reader/witer antenna 100 may be greatly influenced by the antenna
characteristic fromthe wirel ess card antefda 200 in the order of d > a >
f. 10 The present invention can adopt a conbination of the above-nentioned
adjustnment - in the parallel direction and adjustnent in the vertical

di rection. Al sosilgnehi,s apaséhet lenitnfdlugnee eafs cor dsi @ aupl £ ingndet ween t he
W reless reader/witer antenna 100 and 15 the wirel ess card antenna 200 on
t hei r antenna chieidrar itde o9 rede stse needigger 0w Q] e meader/wy i t er
1000 can properly conmunicate with various w reless cards 2000. In the

above descri pti 6RTIRE GGSi Midhaltheo wigledigsonstans PtGearett e wiired leasss

reader/witer ante nanégo and the wireless card antenna 200 is changed by
changi ng the poSPtiCoR S Re PRSAeOSs Bedtd 12000, If dhe tHdielsss he wirel ess

d ten 200. .. th {1 ti i t limted to thi
For exanpre. 25 FROCDOUEAISN APt FEite et REdAP SO0 e e T xed,  and
only that of th%twbﬁ%gﬁ%%sr%%@?T%W&%%%E g%ﬁﬂgﬁﬁégfﬁ%$ §§%%§} nged.

Al ternatively, the positions 0O 000 and

e S e Carler Bl 8 alenndnt 90 R AL NAICdn A as, MR diRgPed

above, the wireless comu nication vice (wirel éss reade€r/witer

5 wirel ess comypiealkisen ﬁ&b@oﬁoqhsF@%ﬂ%ﬁ%%EEtﬂdﬁ”ﬂgd(yhﬁﬁyﬁfﬁ%gﬁi|ity of

plurality of types of antenna positional relationships.

communi cati on ercermuedkale cdeciseaxed ff ¢i AU Anen fni R Lssi &ar ds,
and the wirel ess comruni cati on device can appropriately 10 communicate with

various t9pes oB"wi(5€1€3s cahdswibBy lelsisl icairdy coorvaimad gk iltoon
information, the process tinme.can be shortened in an environnment where nany
i dentical wirel esl§usangs tamsidyaidofblde.schae garse slertt umeasnttitan mare iprayi de a
w rel ess 15 communi cation device and wirel ess conmmuni cati on nethod capabl e
of sol ving: a cowitgileasi 6arer 28P0cd$de@d )by the antenna characteristic and
realizing a normal conmunication environnent. Additional advantages and

nodi fications will 23% &&@ Mired@ss readessamsiiqn dPqth and @ra. Therefore,
the invention in.itz br oader gsgects is not limted to the specific details
and represent at 'WECERESACAER £ V9NoRE taRd wedEliossd GRerckianteRior di ngl y,
various TBd'f'C%%%Q@ﬁo%a% %%ng%%eﬂgr%g ﬁ% %% a&&hp -JJ‘%?éﬁ“%ach other
(NO in ST16), the wireless card conveyance/position
adjustment unit 1400 sets the wireless card 2000 at
wireless card antenna position C (ST17). The wireless
reader/writer antenna 100 transmits a transmission
20 signal, and the control processor 1100 confirms
whether the wireless reader/writer 1000 can normally
communicate with the wireless card 2000 set at wireless
card antenna position C (ST18). 1If the wireless
reader/writer 1000 and the wireless card 2000 set
25 at wireless card antenna position C can normally

communicate with each other (YES in ST18), the control

processor 1100 holds communication log information



. 25‘Spirit or scope of the general inventive concept as defined by the

appended cl ai ns and their equival ents. - 27 WHAT IS CLAIMED IS: 1. A

Wi rel ess commruni cation device conprising: a main body antenna to

communi cate with an antenna of a wireless card; 5 antenna position setting
means capable of setting a plurality of types of positional relationships
bet ween the antenna of the wirel ess card add the main body ant enna;

comuni cati on neans for perform ng comruni cati on 10 between the antenna of
the wireless card and the main body antenna which are set to a

pr edet er mi ned pdstinomalcartaloat ilGNSH @ thywitrtedl earet erenad pasidriron wetit ifgh
nmeans; and positional relationship control neans for 15 controlling setting
of the position&l" rléTdonslie betnedesst s rahtamee ynddveor irtelaess card and
the mai n body antenna by the antenna position setting nmeans, as needed on
the basis of a egmwshiead omidt 4t4d Ty itsed agsrafuni ety ors Ingdres . rexte ivedh

devi ce according.to_claiml, wherein while nmaintaining a plane of the
antenna of the WirélESS &ard #YP% (3T#de -of the main body antenna parall el

Lypes of Phe posi ti ondi W AEEHE b SR DA T MO et the
hrebeet oo OISR I e, By e ce sbcarng o e T
card position C cannot normally communicate with each other
(NO in ST18), thét is, if the wireless reader/writer
1000 and wireless card 2000 cannot normally communicate
10 with each other even by setting the wireless card 2000
at wireless card antenna position A, wireless card
antenna position B, or wireless card antenna position
C,,a'communication error occurs (ST20), and the
wifeless card conveyance/position adjustment unit
15 1400 discharges (returns) the received wireless card
2000 (ST21).

As described above, even when the wireless
reader/writer 1000 and wireless card 2000 cannot
normally communicate with each other at a specific

20 wireless card antenna position, a communication error
by the antenna characteristic can be solved by position
adjustment to implement normal communication.

The positional relationship adjustment process
based on communication log information will be

25 explained with reference to the flowchart shown in
FIG. 8. When the wireless reader/writer 1000 and

wireless card 2000 normally communicate with each



. and a plane of the main body antenna parallel to each other, the antenna
position setting neans can set the plurality of types of the positional

rel ati onshi ps 5 between the antenna of the wireless card and the mai n body
antenna in a direction parallel to the plane of the antenna of the wrel ess
card and the plane of the main body antenna. 4. A device according to claim
1, wherein while 10 nmaintai ning a pl ane of lhe-antenna of the wirel ess card
and a plane of the main body antenna parallel to each other, the antenna
position setting nmeans can set the plurality of types of the positional

rel ati onshi ps bettheen inhe rantienrsa cafmrture astriglres s caghtbvandirt hezgmih, 15 body
antenna in a direction perpendicular to the plane of the antenna of the
wirel ess card arféretire Pgisdrte cofalt hee e irorisddyp aamtae rovanmin 1 o thean ciee sackor di ng
to claim1, wherein the positional relationship control neans stores as 20
communi cation | 6§ Redh@sS GemUesRaidicdatliash indknmatofon hen &5t hna of the
wireless card and the mai n body antenna and the positional relationship

bet ween the ant &find YO SMENG COMBY ICHTd Adhd e GRINHIDRBL AR ¥R i n a

first co ni catian pr cess,, and .cantrols initial 25 settjing of the

poSi t i onggur el atlir%ﬁ%ﬁia%lt%]t vbec’erlﬁdctlﬁelzfrﬁoérr‘?na? 1R G ¥ 1R et a3RE t he
mai n body anten on, ; si s _of e._caomuni.cation | i.nformation in a
- 29 second co%n?]cl%{éﬁoe%%prcgggssatnsL%g’e@qé)eorﬁl B he ffrtsl}ec FTation

D ot on LEEGRSy AT AT SIS Do bed I g

conmmuni cati on between an antenna o W rel’ess card and a nain

muni cat i on | _ a 53 ame |
ant enna whi ch atensehilaca predeleion nashdosid lanal: el ali sty &y fhanai ng

the positional rel ationship between the antenn the wr and

the main body agbenaicatiResdeddrduie hasintneli & CUwWH.catdon siate
between 10 the antenna of the wireless card and the main body antenna which

are set 10 the poedendcritiec Nesi tinfeamatalaat | omeshipi sd per foiad nos,
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wirel ess card ar‘éT?E'é-rrai n body antenna is changed. 8. A nethod according

to claim6, wherein while a ) ) )
- For example, if the communication log information

15 represents that the position at which previous commu-
nication can be normally achieved is wireless card
antenna position A (YES in ST2201), the wireless card
conveyance/position adjustment unit 1400 preferentially
(first) sets the wireless cérd 2000 at wireless card

20 antenna position A on the basis of the communication
log information (ST2204). The wireless reader/writer
antenna 100 transmits a transmission signal, and the
control processor 1100 confirms whether the wireless
reader/writer 1000 can normally communicate with

25 the wireless card 2000 set at wireless card antenna
position A (ST2205). 1If the wireless reader/writer

1000 and the wireless card 2000 set at wireless card
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antenna are naintained parallel to 25 each other, the positional

rel ati onship between the antenna of the wireless card and the main body
antenna is changed in a direction parallel to the plane of the - 30
antenna of the wireless card and the plane_of the main body antenna. 9. A
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| control processor 1100 updates the communication log
information (ST2216). That is, the control processor
1100 holds communication log information "communication
is OK at wireless card éntenna position B".

5 If the wireless reader/writer 1000 and the
wireless card 2000 set at wireless card antenna posi-
tion B cannot normally communicate with each other

~(NO in ST2207), the wireless card conveyance/position
adjustment unit 1400 sets the wireless card 2000
10 at wireless card antenna position C (ST2208). The
wireless reader/writer antenna 100 transmits a trans-
‘mission éignal, and the control processor 1100 confirms
whether the wireless reader/writer 1000 can normally
communicate with the wireless card 2000 set at wireless

! 15 - card antenna position C (85T2209). TIf the wireless

reader/writer 1000 and the wireless card 2000 set

i at wireless card antenna position C can normally

communicate with each other (YES in ST2209), the
control processor 1100 updates the communication log

20 information (ST2216). That is, the control processor

1100 holds communication log information "communication

1 is OK at wireless card antenna position C".

If the wireless reader/writer 1000 and the
wireless card 2000 set'at wireless card antenna posi-

25 tion C cannot normally communicate with each other (NO

in ST2209), that is, if the wireless reader/writer 1000

and wireless card 2000 cannot normally communicate with
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each other even by setting the wireless card 2000 at

wireless card antenna position A, wireless card antenna

position B, or wireless card antenna position C (YES in

ST2210), a communication error occurs (ST2217).

5 If the communication log information

represents

that the position at which previous communication can

be normally achieved is wireless card antenna position

B (YES in ST2202), the wireless card conveyance/

position adjustment unit 1400 preferentially (first)

10 sets the wireless card 2000 at wireless card antenna

position B on the basis of the communication log

, inforhation (ST2206). The wireless reader/writer

antenna 100'traﬁsmits a transmission signal, and the

control proceSsor 1100 confirms whether the wireless

15 : reader/writer 1000 can normally communicate with the

wireless card 2000 set at wireless card antenna

position B (ST2207). If the wireless reader/writer

1000 and the wireless card 2000 set at wireless card

antenna position B can normally communicate with each

20 other (YES in ST2207), the control processor 1100

updates the communication log information

That is, the control processor 1100 holds

(sT22106) .

communication

log information "communication is OK at wireless card

antenna position B".

25 If the wireless reader/writer 1000 and the

wireless card 2000 set at wireless card antenna

position B cannot normally communicate with each other
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(NO in 8T2207), the wireless card conveyance/position
adjustment unit 1400 sets the wireless card 2000 at
wireless card antenna position C (ST2208). The
wiréless reader/writer antenna 100 transmits a

5 trahsmission signal, and the control processor 1100
confirms whether the wireless reader/writer 1000 can
normally communicate with the wireless card 2000 set
at wireless card antenna position C (ST2209). 1If the
wireless reader/writer 1000 and the wireless card

10 2000 set at wireless card antenna position C can
normally communicate with each other (YES in ST2209),
the control processor 1100 updates the communication .
log information (ST2216). That is, the control
procéssbr 1100 holds communication log information

15 "dommunication is OK at wireless card antenna
position C".

Even if the wireless reader/writer 1000 and

the wireless card 2000 set at wireless card antenna
position C cannot normally communicate with each other

20 (NO in ST2207), a communication error has not been
confirmed at all wireless card antenna positions (NO in
ST2210) . Thus, the wireless card conveyance/position
adjustment unit 1400 sets the wireless card 2000
at wireless card antenna position A (ST2211). The

25 wireless reader/writer antenna 100 transmits a

transmission signal, and the control processor 1100

confirms whether the wireless reader/writer 1000 can
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normally communicate with the wireless card 2000 set
at wireless card antenna position A (ST2212). If the
wireléss reader/writer 1000 and the wireless card 2000
set at.wireless card antenna position A can normally

S communicate with each other (YES in ST2212), the
control processor 1100 updates the communication log
ihformation (S8T2216). That is, the control processor
1100 holds communication log information "communication
is CK atvwireless card antenna position A".

10 If the wireless reader/writer 1000 and the
wireless card 2000 set at wireless card antenna posi-
tion A cannot normally communicate with. each other (NO
in ST22125, that is, if the wireless reader/writer 1000
and wireless card 2000 cannot normally communicate with

15 each other even by setting the wireless card 2000 at
wireless card antenna position B, wifeless card antenna
position C, or wireless card antenna position A (YES in
ST2213), a communication error occurs (ST2217).

If the communication log information represents

20 that the position at which previous communication can
be normally achieved is wireless card antenna position
C (YES in ST2203), the wireless card conveyance/
position adjustment unit 1400 preferentially (first)
sets the wireless card 2000 at wireless card antenna

25 position C on the‘basis of the communication log
information (ST2208). The wireless reader/writer

antenna 100 transmits a transmission signal, and the
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' control processor 1100 confirms whether the wireless
reader/writer 1000 can normally communicate with
the wireless card 2000 set at wireless card antenna
position C (ST2209). If the wireless reader/writer
5 1000 and the wireless card 2000 set at wireless card
antenna position C can normally communicate with each
other (YES in ST2209), the control processor 1100
updates the communication log information (ST2216).
That is, the control processor 1100 holds communication
10 log information "communication is OK at wireless card
antenna position C".
Even if the wireless reader/writer 1000 and
the wireleSsAcard 2000 set at‘wireless card antenna
position C cannot normally communicate with each other
15 (NO in ST2209), a communication error has not been
confirmedlat all wireless card antenna positions (NO in
ST2210) . Thus, the wireless card conveyance/position
adjustment unit 1400 sets the wireless card 2000 at
wireless card antenna position A (ST2211). The
20 wireless reader/writer antenna 100 transmits a
transmission signal, and the control processor 1100
confirms whether the wireless reader/writer 1000 can
normally communicate with the wireless card 2000 set
at wireless card antenna position A (ST2212). 1If the
25 wireless reader/writer 1000 and the wireless card 2000

set at wireless card antenna position A can normally

communicate with each other (YES in ST2212), the
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control processor 1100 updates the communication log
information (ST2216). That is, the control processor
1100 holds communication log information "communication
is OK at wireless card antenna position A".‘
5 Even if the wireless reader/writer 1000 and
the wireless card 2000 set at wireless card antenna
position A cannot norﬁally communicate with each other
(NO in ST2212), a communication error has not been
confirmed at all wireless card antenna positions (NO in
10 S8T2213). Thus, the wireless card conveyance/position
adjustment unit 1400 sets the wireless card 2000 at
wireless Card antenna position B (ST2214). The
wireleés reader/writer antenna 100 transmits a trans-
mission signal, and the control proceésor 1100 confirms
15 . whether the wireless reader/writer 1000 can normally
| communicate with the wireless card 2000 set at wireless
card antenna position B (ST2215). If the wireless
reader/writer 1000 and the wireless card 2000 set at
wireless card antenna position B can normally
20 communicate with each other (YES in ST2215), the
control processor 1100 updates the communication log
information (ST2216). That is, the control processor
1100 holds communication log information "communication
is OK at wireless card antenna position B".
25 If the wireless reader/writer 1000 and the

wireless card 2000 set at wireless card antenna posi-

ticn B cannot normally communicate with each other (NO
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' and wireless card 2000 cannot normally communicate with
each other even by setting the wireless card 2000 at
wireless card antenna position C, wireless card antenna

5 position A, or wireless card antenna position B (YES in
ST2215), a communication error occurs (ST2217).

' Adjustment of the antenna positional relationship
in the vertical direction by the wireless communication
device (wireless reader/writer 1000) and wireless

10 communication method of the present invention will
be explained. Adjustment in the parallel direction
has been described, and adjustment in the wvertical
direction (to be described below) can also be applied
to the present invention.

15 For example, as shown in FIG. 9, the wireless card
conveyance/position adjustment unit 1400 can receive
the wireless card 2000 and convey the received wireless
card 2000 to wireless card antenna position D, wireless
card antenna position E, and wireless card antenna

20 position F. In other words, the wireless card
conveyance/position adjustment unit 1400 can change
the positional relationship between the wireless
reader/writer antenna 100 and the wireless card antenna
200, as needed. This can reduce the influence of cross

25 coupling between the wireless reader/writer antenna

100 and the wireless card antenna 200 on their antenna

characteristics. As a result, one wireless
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various wireless cards 2000,

Details of wireless card antenna position D,
wireless card antenna position E, and wireless card

5 antenna position F are as follows.

As a premise, the antenna planes of the wireless
reader/writer antenna 100 and wireless card antenna
200 are parallel to each other.

Wireless card antenna position E: at this

10 position, the center (barycenter) of the antenna plane
of the wireless card antenna 200 is located on the
perpendicular to an antenna plane passing through
the center (barycenter) of the antenna plane of the
wireless reader/writer antenna 100. The distance

15 - between the centers of the two antenna planes.is a
distance e.

Wireless card antenna position D: at this
position, the center (barycenter) of the antenna plane
of the wireless card antenna 200 is located on the

20 perpendicular to an antenna plane passing through
the center (barycenter) of the antenna plane of the
wireless reader/writer antenna 100. The distance
between the centers of the two antenna planes is a
distance d (distance d < distance e).

25 Wireless card antenna position F: at this

position, the center (barycenter) of the antenna plane

of the wireless card antenna 200 is located on the
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mis4 between the centers of the two antenna planes is a
5 distance f (distance £ > distance e).
When d < e < f, the wireless reader/writer antenna
100 may'be greatly influenced by the antenna charac-
teristic from the wireless card antenna 200 in the
order of d > e > £,
10 The present invention can adopt a combination
of the above-mentioned adjustment in the parallel
direction and adjustment in the vertical direction.
Also:in,this case, the influence of cross coupling
betWeen the wireless reéder/writer antenna 100 and
15 the wireless card antenna 200 on their antenna
characteristics can be reduced. One wireless
reader/writer 1000 can properly communicate with
various wireless cards 2000.
In the above description, the positional
20 relationship between the wireless reader/writer antenna
100 and the wireless card antenna 200 is changed by
changing the position of the wireless card 2000, i.e.,
that of the wireless card antenna 200. However, the
present invention is not limited to this. For example,
25 the position of the wireless card 2000 may be fixed,

and only that of the wireless reader/writer antenna

100 may be changed.  Alternatively, the positions of
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5 wireless communication method of the present invention

can set a plurality of types of antenna positional

relationships. The probability of commun

ication errors

can be decreased for various types of wireless cards,

and the wireless communication device can
10 communicate with various types of wireles

utilizing communication log information,

appropriately
s cards. By

the process

time .can be shortened in an environment where many

identical wireless cards are available.
The present invention can provide a
15 communication device and wireless communi
capable of solving a communication error
the antenna characteristic and realizing
communication environment.

Additional advantages and modificati

20 readily occur to those skilled in the art.

the invention in its broader aspects is n
to the specific details and representativ
shown and described herein. Accordingly,
modifications may be made without departi
25 spirit or scope of the general inventive

defined by the appended claims and their

wireless
cation method
caused by

a normal

ons will-
Therefore,
ot limited

e embodiments
various

ng from the
concept as

equivalents.
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WHAT IS CLAIMED IS:
1. A wireless communication device comprising:
a mainvbody antenna to communicate with én antenna
of a wireless card;
5 antenna position setting means capable of setting
a plurality'of types of positional relationships
between the antenna of the wireless card and the main
body antenna;
communication means for performing communication

10 between the antenna of the wireless card and the
main body antenna which are set to a predetermined
positional relationship by the antenna position setting
means; and

positional relationship control means for

15 controlling setting of the positional relationship
between the antenna of the wireless card and the main
body antenna by the antenna position setting means,
as needed on the basis of a communication state by the
communication means.

20 2. A device according to claim 1, wherein while
maintaining a plane of the antenna of the wireless card
and a plane of the main body antenna parallel'to each
other, the antenna position setting means can set the
plurality of types of the positioconal relationships

25 between the antenna of the wireless cafd and the main

body antenna.

3. A device according to claim 1, wherein while
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maintaining a plane of the antenna of the wireless card
and a plane of the main body antenna parallel to each
other, the antenna position setting means can set the
plurality of types of the positional relatidnships
5 between the antenna of the wireless card and the main
body antenna in a direction parallel to the plane of
the antenna of the wireless card and the plane of the
main body antenna.
4. A device according to claim 1, wherein while
10 maintaining a plane of the antenna of the wireless card
and a plane of the main body antenna parallel to each
‘'other, the antenna position setting means can set the
plurality of tYpes of the positional relationships
between the antenna of fhe wireless card and the main
15 body antenna in a direction perpéndicular to the plane
of the antenné of the wireless card and the plane of
the main body antenna.
5. A device according to claim 1, wherein the
positional relationship control means stores as
20 communication log information a communication result
of the antenna of the wireless card and the main body
antenna and the positional relationship between the
antenna of the wireless card and the main body antenna
in a first communication process, and controls initial
25 setting of the positional relationship between the
antenna of the wireless card and the main body antenna

on the basis of the communication log information in a
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second communication process subsequent to the first
communication process.

6. A wireless communication method comprising:

performing communication between an antenna of a

5 wireless card and a main body antenna which are set to
a predetermined positional relationship:

changing the positional relationship between the
antenna of the wireless card and the main body antenna,
as ﬁeeded on the basis of a communicationvstate between

10 the antenna of the wireless card and the main body
antenna which are set to the predetermined positional
relationship; and

performing communication between the antenna of
the wireless card and the main body antenna which are

15 set to the changed positional relationship.

7. A method according to claim 6, wherein while
a plane of the antenna of the wireless card and a plane
of the main body antenna are maintained parallel to
each other, the positional relationship between the

20 antenna of the wireless card and the main body antenna
is changed.

8. A method according to claim 6, wherein while a
plane of the antenna of the wireless card and a plane
of the main body antenna are maintained parallel to

25 each other, the positional relationship between the

antenna of the wireless card and the main body antenna

is changed in a direction parallel to the plane of the
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9. A method according to claim 6, wherein while a
plane of the antenna of the wireless card and a plane
5 . of the main body antenna are maintained parallel to
each other, the positional relationship between the
antenna of the wireless card and the main body antenna
is changed in a direction perpendicular to the plane of
the antenna of the wireless card and the plane of the
10 main bddy antenna.
10. A method according to claim 6, wherein a
communication result of the antenna of the wireless
card and the main body antenna and the positional
relationship between the antenna of the wireless card
15 and the main body antenna are stored as communication
log information in a first communication process,
and initial setting of the positional relationship
between the antenna of the wireless card and the main
body antenna is controlled on the basis of the commu-

20 nication log information in a second communication

process subsequent to the first communication process.



