- 1 TITLE OF THE | NVENTI ON W RELESS COVMUNI CATI ON DEVI CE AND W RELESS

CLELEE =TT ~~terrrrrrrrrrrl .  COVMUNL CATI ON METHCOD * 1ML66*
BACKGROUND OF THE | NVENTION 5 The present invention relates to a wireless

: communi cation device which conmunicates with a wireless card or wireless

tag used for a credit card, reward card, or individual identification

medi um (e.g., a bankbook, enployee card, or passport), and a wireless 10
comuni cation nethod applied to the wirel ess communica- tion device.

Recently, w reless cards have w dely %ead for reasons of information
security and portability. O garilZdti Blich MENTONt andardi ze the———
-commruni cati on thod so that wreless readers/witers and wrel ess

cores a0 e TR Ol ey s et e e NIRRT
Ellrgg: g;nengr tem@&e%m\g%?% gs | nformation processi n_g- 20 appasmatus
whi ch reads/wites data fromlgﬂc}aﬁlgﬁ%fﬁgbtgr E%Lﬁﬁﬁs card via a wirel ess

comuni cati on nedium However, BWIIchepti on ant enna of

Li'ght. contact w1 coch URer © 28 Sl Rave 5 SHAFI B Enipbe ERbes coupl i ng

tight contact with eac ave a sIm

between the anteifasiReGOMs &+ 00, widd t Bgifu ANt Pﬁqagtgri Sj.llcs
i nfl uence each other. The antenna characteristic ~%€€I€I‘? I H?Jr? Fror
Il 1 HI ~ll~ card or wireless tag used for a credit card, reward
card, or individual identification medium (e.g., a
bankbook, employee card, or passport), and a wireless
10 communication method applied to the wireless communica-
tion device.
Recently, wireless cards have widely spread for
reasons of information security and portability.
Organizations 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 wireiess information processing
20 apparatus which reads/writes data from/on a portable
wireless card via a wireless communication medium.
However, 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 shape, cross coupling between the
antennas becomes strong, and their antenna characteris-

tics influence each other. The antenna Characteristic
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*000002* 2 of the wireless reader/witer may greatly deviate from the
“comuni cation frequency of the wireless card. Along with this, the
wireless reader/witer may not nornally receive a response fromthe
:wWreless card. 5 That is, the wireless reader/witer and wireless card

whi ch neet the standard of 1SO or the |like may not be able to communicate
with each other. BRIEF SUMVARY OF THE INVENTION It is an obj ect of the
present invention to 10 provide a wi rel ess communication device and

wi rel ess comuni cation net hod capabl e of solving a communi cation error
caused by the arft é¢iwea wihrarlactse mestder /and tregalma i zjmegp tal nateved a confeom cat i on
environment. A wireless comuni cation device according to 15 an aspect of
t he present i nést icORERHsEtden £uaiurndodyf driteenniaalesomurd cate with an
antenna of a wreless card, and antenna position setting nmeans capable of
setting a plur &Long ofl By s sof Tesivtlitsnaiss reagdaoivahi tRr geanwaert t he
antenna of the wireless card 20 and the nain body antenna. A wreless
conmuni cati on MEXARD lAc FGHNG o TSRS HsPedih o kel $resertdi nvent i on

conpri se perform ng cqommuni.cat.ion bet ween, an antenna of wirel ess card
and a rnal%n bodg%i‘:ﬁ el%na%\ﬂ‘ﬁ CH & Tott RGP Po3i T3 dhal

oo S IRl PO (8 1518 SRS R e o
able to communicate with each other.
BRIEF SUMMARY OF THE INVENTION
It is an object of the present invention to

10 provide a wireless communication device and wireless
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 aspect of the present invention comprises a main
body antenna to communicate with an antenna of a
wireless card, 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
fhe positional relationship beﬁween the antenna of

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



- 3 and perform ng communi cati on between the antenna of the wreless card
"and the main body antenna. Additional objects and advantages of the
invention wll be set forth in the description which follows, 5 and in
:part will be obvious fromthe description, or my be |earned by practice
of the invention. The objects and advantages of the invention may be
realized and obtained by neans of the rnsPrumentalities and conbinations
particularly pointed out hereinafter. 10 BRI EF DESCRI PTI ON OF THE SEVERAL
VIEWS OF THE DRAW NG The acconpanyi ng draw ngs, which are incorporated in

and constitute andpardér b rimheg speanhhinhcait oon betleshr ahe presantl yrpraterred
enbodi nents of the invention, and together with the general description 15
gi ven above andvithelaet acded aedcrhptmainobotiheanpesherred enbodi nents

gi ven bel ow, serve to explain the principles of the invention. FIG 1 is a
bl ock di agram showi niyd@iht éxaapl eboectehandchdrmanicegasr afigéhentingkend ion

W rel ess communi cation 20 device (wireless reader/witer) according to an
enbodi ment of Yhel fpesedt favehtionthe desorigtioni evishofibhdgons, exanpl e
of a state in which no wire|less card antenna exi sts near the wreless
reader/mwfker A entfa; P25 fr a1 30 sOVIPRY SROW RBcareesaRBrE&CBl Qrstate

in which predeterm.nned conditions are neé g?d Cross coughinnggtmeen t he

wirel ess reader?iter! @mt2rhaLUnaractic the inventi

objects and advantages of the invention may be realized
and obtained by means of the instrumentalities and
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 together with the general description

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

FIG. 1.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 card antenna becones strong and greatly influences their
“antenna characteristics; FIG 4 is a view showing an exanple of a state in
which the wirel ess 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 frequency characteristic of the
wirel ess reader/witer antenna in the Stafes shown in FIGS. 2 to 4; 10
FIG 6 is a view for explaining wireless card antenna position A wreless
card antenna position B, and wireless card antenna position C, FIG 7 is a
fl owchart showitig anmiersd [capbsirticona beta@té onstign ¢ hangeg psocesgs; 15
FIG 8 is a flowhart showing a partial process in the positional

rel ati onshi p chafdegnasceshdir Ft@nrg charactepositéonal rel ationship

adj ust ment  process based on communication log information; and FIG 9 is a
view for expl aini ng WG el%slss cardt e\ 05 kel Bhtiaa poskaiuphe Dfwkretess card
antenna position E, -and wireless card antenna position F. DETAILED

DESCRI PTI ON OF " PHE N IENRcON 14 eplree?rSerqfael’cF1 o e i x bT L § Hee F eslont
inventioré will .be descrlbe If wwth reference to the several 25 views
of the accompaiyitid fa ‘”éltfq LYY dtf @i Ko 1R BhY exanpl e
of the schematl %l%r rnacneg(-;C nt of W rel.ess communication - 5 device (to
be referred to‘as

WTeless eaéhteerr?% i Gracteristics;

FIG. 5 is a graph showing an example of the
frequency characteristic of the wireless reader/writer
antenna in the states shown in FIGS. 2 to 4;

10 FIG. 6 is a view for explaining wireless card
antenna position A, wireless card antenna position B,
and wireless card antenna position C;

FIGi 7 1s 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



herei nafter) according to the enbodi nent of the present invention. A
"wirel ess reader/witer 1000 conprises a wreless reader/witer antenna
(main body antenna) 5 100, control processor 1100, nodulation circuit 1200,
-denodul ation circuit 1300, wireless card conveyance/ position adjustnent
unit 1400, and power supply circuit 1500._ The wirel ess reader/witer 1000
assunes 10 communi cation in a conmuni cation environnent at a distance of
20 mmor | ess between the antenna plane of the wireless reader/witer
antenna 100 and that of a wireless card antenna 200. The control processor
1100 i nstruct s delva osi riglcese carfe rownl éyarce/ositd lovs 515 eatjersfweit e wni t
1400 to convey a wireless card 2000 to a predeterm ned position. The

wirel ess card hegiepdries)) pesiaoreh retj s tifentenndineto0 chnviey sprdreent

w rel ess card 2000 in accordance with the instruction fromthe contro
processor 11001™ETHEconty 31 GHGEess soradepoy ittt 019G a#@RBEsIon 2 data to
the wirel ess card 2000. The ngﬂuLation circuit 1200 npdul ates the

transni ssi on d&t'd* SERAGY S LI L AR SRRG A s HUHY SFyraiinalThe

transm ssion si,gnal _is transmtted fr he w rel ess reader/wj ant enna
25100 18 the Viral SSEtEEa BIOKE R damihe ST Ui Tt el CH T o4

el cos cand A0, o B M EELES AL 209905 SERIEEE Y the
denodul ates the,J&G8i¢edidjustment unit 1400, and power supply
circuit 1500.
The wireless reader/writer 1000 assumes

10 .communication in a communication environment at a
distance of 20 mm or less between the antenna plane
of the wireless reader/writer antenna 100 and that of
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



response signal. The control processor 1100 processes the denodul ated
"response signal, and instructs each 5 unit on the next process. The power
supply circuit 1500 supplies power to each unit of the wreless '
rreader/witer 1000. The resonant frequency variation phenonenon in the
wreless reader/witer antenna 100 of the wireless 10 reader/witer 1000
and the antenna 200 of the wireless card 2000 wi |l be explained with
reference to FIGS. 2 to 4. Wen the wireless card antenna 200 does not
exi st near the wireless reader/witer antenna 100, 15 as shown in FIG 2,
t he resonant f fegudrcwiafe ltdss waalessvridaderdnvirdrires B0 ennmehd 00 is fO
around the conmmunication frequency used to conmunicate with the wreless
card 2000, as cepossdmta®rbyeittmiigoliINQ idmnodulaseed ) tha H@G&i8d 20 Wen
the follow ng conditions (1) to (4) are net between the wreless
reader/witer &RSENTSECLE0 A7d t hel Ny GRess! qarerest@nnkl QErasesiomn in
FIG 3 (case 2), cross coupling between the antennas becones strong and
greatly infl uerdds ARG L@itosch e SRR 1%t c 2N 5L R TP rargdient i n
whi ch the two ant.enna planes are parallel and close to each other. (2)
Arrangement i n ‘Wi cﬁmtl% CeWtEr Pt He two - 7 antenna pl anes overl ap

each other or are clgge 19, 8ach,o01 pet; - (3) ThEo§"2RES: 015t HS, Lo, Nt ennas

each unit of the wireless reader/writer 1000.
The resonant frequency variation phenomenon in
the wireless reader/writer antenna 100 of the wireless

10 reader/writer 1000 and the antenna 200 of_the wireless
card 2000 will be explained with reference to FIGS. 2
to 4. |

When the wireless card antenna 200 does not
exist near the wireless reader/writer antenna 100,

15 as shown in FIG. 2, the resonant frequency of the
wireless reader/writer antenna 100 is f 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



_(4) The sizes of the two antennas are al nost 5 equal. Under these
"conditions, the antenna resonant frequency of the wireless reader/witer
antenna 100 becones fb, and greatly deviates fromf0O around the

- conmuni cati on frequency used to communicate with the 10 wireless card 2000,
as represented by the dotted Iine (case 2% in FIG S. The wreless
reader/witer 1000 and wireless card 2000'are fornmed with antenna shapes
unique to their manufacturers. In some rare occasions, cross coupling 15
bet ween the antennas becones strong, as described above. The antenna
characteri stic aoftenine \Wlreeless o vardagerdamh tarh<00dr vare esl o et d hadnch
expected, and the resonant frequency changes to a frequency not suitable
for comuni cat iocdmewi-th the wireless card 2000. In this 20 case, the

w rel ess reader/witer 1000 cannot receive any response fromthe wreless
card 2000, failing i) cBmnFhaes onf Wrentvhednipnams enh@ssHrelahifted so
that the centers of the antenna planes of the wireless card 25 antenna
200 and wirel ess realfer /WS ter2ehtehnd A 06V do2 Mber bver 3 5H 2HEPS bt her, as
shown in5FIG. 4 QF se 3), cross coupling between the antennas reduces, and
the - 8 “resonarft ‘equency of the wireless reader/witer antenna 100

e et B " I 85 o0 obleLied el the |
(case 3) frequency of the wireless reader/writer antenna 100
becomes fb, and greatly deviates from fd around the
communication frequency used to communicate with the
10 wireless card 2000, as represented by the dotted line
(case 2) in FIG. 5.
The wireless reader/writer 1000 and wireless card
2000 are formed with antenna shapes unique to their
manufacturers. In some rare occasions, cross coupling
15  Dbetween the antennas becomes strong, as described
above. The antenna characteristic of the wireless
reader/writer 1000 varies more than expected, and the
resonant frequency changes to a frequency not suitable
for communication with the wireless card 2000. 1In this
20 case, the wireless reader/writer 1000 cannot receive
any response from 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



5in FIG 5. As aresult, the wireless reader/witer antenna 100 can
‘receive a response fromthe wireless card 2000 and nornally communicate
with it. However, the shift of the positions of the two antennas neans an
sincrease in the relative distance 10 between them Since the wireless card
2000 does not have any battery, its operating power depends on
transnission radio waves fromthe wireless® reader/witer 1000. That is,
the wireless card 2000 receives transm ssion radio waves fromthe wrel ess
15 reader/witer 1000, and converts theminto power. Thus, if the relative
di stance bet weereddmanii rieleegssenaeaderiive ivere 106 aaadéhévimi tetess card
2000 beconmes large, the wiréeless card 2000 may becone short of operating
power. 20 FromarHienna hid Gpthiandepdsi tfpnabick| bt i olshsp thet sera &be

w rel ess reader/witer antenna 100 and the wreless card antenna 200 for
normal communi &S Pt aEiskemaheoi Y el e swieatess w¢ader /190Dt andl D he

w reless card 2000 changes dependi ng on the shapes 25 and LSl

characteristi cs-ofPVEHITE i T ABTEL @R A A errRisd2bbed ThEngi fepess3)
comuni cati on d.evirfcgrrge( ireless 9 re der\[e}\évriter 000) angl W rel ess

comuni cation et ot t HE® (ft et T mvERR i Bt ¢ hpP enERt dfbs tat et

conmuni cati on avr"ié hnnvaarli s_lypes. oifvé/\,iée}esss card r21900 by

adj usting the p05|et| oh of tHe wireless cara antanna s 2516?

card 2000 and normally communicate with it.

I
pHgac-H

However, the shift of the positions of the two
antennas means an increase in the relative diétance

10 between them. Since the wireless card 2000 does
not have any battery, its operating power depends
on transmission radio waves from the wireless
'reader/writer 1000. That is, the wireless card 2000
receives transmission radio waves from the wireless

15 reader/writer 1000, and converts them into power.
Thus, 1f the relative distance between the wireless
reader/writer 1000 and the wireless card 2000 becomes
large, the wireless card 2000 may become short of
operating power.

20 From this, the optimal positional relationship
between the wireless reader/writer antenna 100 and the
wireless card antenna 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



Adj ustment of the antenna positional relationship in the parallel
‘direction by the wireless comunication device (wreless reader/witer
1000) and wi reless conmunication nmethod of the present invention will be
-10 explained. The wirel ess card conveyance/ position adjustnent wunit 1400
of the wireless reader/witer 1000 can set a plurality of types of
positional relationships between the wrePess reader/witer antenna 100
and the wireless 15 card antenna 200. For exanple, as shown in FIG 6, the
wi rel ess card conveyance/ position adjustnment unit 1400 can receive the
wirel ess card 2000antvcionveyl (he) e el vedl ¥é s et easusacdt2000mtenviir el ess
card antenna position A wreless card antenna position B, and 20 w rel ess
card antenna posf titon edanothevembras, imphenant ehessatacdmmunication
conveyance/ position adjustnment unit 1400 can change the positional
rel ationship betieerarrusiwessof catleel essteardnt 2008 bPOpanderihe
wi rel ess card antenna 200, as needed. This can 25 reduce the influence of
cross coupl i ng FetWEer ¢ e vpeel esen rehdere wiiteteant eand 200eand t he
wireless _ card antenna 200 on their antenna characteristics. 10
Consequert |y, one’wid®IR%Lader/ witer 1000 can appropriately
communi cate with varjous mﬁrelesg Ecards 2000. Detglls Rf w_rel ess card

r

antenna position A W7 eress @hr BRGntBhRR"PoBPFF6AOB2 LakG LRitr-8ResdPcar d
ant enna pOSItIQHQc%fgebﬁgﬁffgicHFrection by the wireless communication

device (wireless reader/writer 1000) and wireless
communication method of the present invention will be
10 explained.
The wireless card conveyance/position adjustment
unit 1400 of the wireless reader/writer 1000 can set a
plurality of types of positional relationships between
the wireless reader/writer antenna 100 and the wireless
15 card antenna 200. For example, as shown in FIG. 6,
the wireless card conveyanée/position adjustment unit
1400 can receive the wireless card 2000 and convey the
received wireless card 2000 to wireless card antenna
position A, wireless card antenna position B, and
20 wireless card antenna position C. 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
25 reduce the influence of cross coupling between the
wireless reader/writer antenna 100 and the wireless

card antenna 200 on their antenna characteristics.



As a prem se, the antenna planes of the wireless reader/witer antenna 100
“and wireless card antenna 200 are parallel to each other. 10 Wrel ess card
antenna position B: at this position, the center (barycenter) of the
-antenna plane of the wireless card antenna 200 is |ocated on the

per pendi cul ar to an antenna pl ane passi ng_. through the center (barycenter)
of the antenna plane of the 15 wireless t8adér/writer antenna 100.
Wreless card antenna position A at this position, the wireless card 2000
slides parallel in a direction opposite to the card insertion direction
fromwirel ess €andeanteatiy pesia ivorr eB.e Seorr escanplive; 1 20 as0&howm in FIG 6
the wireless card 2000 slides by a  distance a fromw reless card antenna
position B. WAPPIre®s icded Yarficdihe isasia ivorFhC:vaatiqus svibesieson, the

wirel ess card 2000 slides parallel in the card insertion direction from
wirel ess card &3t&¥n29%%5 position B. For exanple, as shown in FIG 6, the
w reless card 2000 slides by di stance ¢ fromwreless  card antenna
position B. - 11 A Qéi%ﬂﬁﬁﬁﬁ§ﬁyq pUsT §HomaPO s B 2R dhshi p

bet ween the mﬁmgkea%sge%g%r\gﬂtég ant enna 10&3and(%he. ereIess gard
ant enna 300 acdording St & e BntodiTmeits oot e FFEs T HEntT D wi |1 be
expl ai ned with 3 ref r%%gﬁqgi%rﬁcﬁ%rg And 8., kG 7 is a flowhart show ng

the overall positiona ationship change process. FIG 8 is a flowhart
showing a partial as a3 premise, the antenna planes of the wireless

reader/writer antenna 100 and wireless card antenna
200 are parallel to each other.

10 Wireless card antenna position B: at this
position, the center (barycenter) of the antenna plane
of the wireléss card antenna 200 is located on the
perpendicular to an antenna plane passing through
the center (barycenter) of the antenna plane of the

15 wireless reader/writer antenna 100.

Wireless card antenna position A: at this
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 c¢ from wireless

card antenna position B.



process in the positional relationship change process in FIG 7. 10 A
"method of adjusting the positional relationship between the wireless
reader/witer antenna 100 and the wreless card antenna 200 by adj usting
-the position of the wireless card 2000, i.e., that of.the wireless card
antenna 200 wll be exenplified. However, the present 15 invention is not
limted to this. For exanple, the posrtiéﬁal'relationship may be adj usted
by adjusting the position of the wireless reader/witer antenna 100. The
positional relationship may al so be adjusted by adjusting the positions of
the wirel ess reader /Awdnasre 20 cht@rarey 0D Ene wes et essa Lardl ant ensai200. As
shown in FIG 7, if the wireless card 2000 is inserted into the wreless
reader/witer PeG@een éhe wike lisselresslagaivir dohv eyralrrielosiQ i ord adpeist ment
unit 1400 receives the wreless card 2000 (YES in ST11), 25 the positional
rel ati onshi p b&REFSEhEART AESIN Y &b rIGHI RN At @ nHEE 10T 2HE¢ He

wireless card antenna 200 is .adjusted, as needed. A case (YES in ST12) -
12 in which tRé f%|h&mp&@ése%tlrhﬂ%¥ﬁ€él b Jusi e ned ekt onshi p

bl ai nod 11 S% CTHRG omithi’ ot | b ba 1 nformt] off df 111 Be-teser i bed
o oo om, SR 1B, 8 S AOPUAER AR e et e
(ST13). The wirglesss readey/ witer, antoind W00 AL 2 S -4 ansmi ssion
process in the positional relationship change process
in FIG. 7.

10 A method of adjusting the positional relationship
between the wireless reader/writer antenna 100 and the
wireless card antenna 200 by adjusting the position of
the wireless card 2000, i.e., that of the wireless card
antenna 200 will be exemplified. However, the present

15 invention is not limited to this. . For example, the
positional relationship may be adjusted by adjusting
the position of the wireless reader/writer antenna 100.
The positional relationship may also be adjusted by
adjusting the positions of the wireless reader/writer

20 antenna 100 and wireless card antenna 200.

As shown in FIG. 7, if the wireless card 2000 is
inserted into the wireless reader/writer 1000, i.e.,
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)



signal, and the control processor 1100 confirnms 10 whether the wreless
“reader/writer 1000 can normally communicate with the wireless card 2000
set at wireless card antenna position A (ST14). If the wreless
-reader/writer 1000 and the wireless card 2000 set at wireless card antenna
position A can normally 15 comuni cate wi th each other (YES |n ST14), the
control processor 1100 hol ds communi cat i orf | og information "comunication
is OK at wireless card antenna position A" (ST19). The wirel ess card
conveyance/ position adjustnent unit 1400 di scharges (returns) the received
20 wirel ess carith 2000 STR4)L1dW ddwes woel adsaneades /awrpoeit 160081 and t he
wreless card 2000 set at wireless card antenna position A cannot normal ly
communi cat e wi theledchrroithiay aq NG ineSTId)ocehie el e3s cammunication
conveyance/ position 25 adjustnent unit 1400 sets the wirel ess card 2000 at
wirel ess card dﬁﬁéMﬂ%?ﬁﬁﬁﬁ%Qﬂ\%@k%ﬂﬁ%)exﬁ%@l%ﬁ¢efh§%t r eBlder corneER: -
antenna 100 transmts a transm ssion - signal, and the contro

processor 1100 COn¥q% rﬁ?gv%R§9ﬁWa§%ﬁva¥%}e§% ?%%ﬁ%+?%?|%%Fe{ooo can
normal |y . conmuni cate with th mnreless card 2000 set at wireless, card

ant enna 655|t|0n B ( ﬁan? e Uf r'af ES egsr%ﬁﬁgr?ﬂ?Y?@?niﬁéBoﬁhBlPﬂe

i rel d t t B |1
Communi cat o wi (X BET St he ’W({/Esm N e S
hol ds_comuni cavs'peruei@g dAEPrIML N, SSOMTULL CRLLOR 45, OKH% M reless card

ant enna pOSI tion
reader/writer antenna 100 transmits a transmission

signal, and the control processor 1100 confirms

10 whether the wireless reader/writer 1000 can normally
communicate with the wireless card 2000 set at wireless
card antenna position A (ST14). If the wireless
reader/writer 1000 and the wireless card 2000 set
at wireless card antenna position A can normally

15 communicate with each other (YES in ST14), the control
processor 1100 holds communication log information
"communication is OK at wireless card antenna position
A" (ST19). The wireless card conveyance/position
adjustment unit 1400 discharges (returns) the received

20 wireless card 2000 (ST21).

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



.10 B" (ST19). The wireless card conveyance/ position adjustment unit 1400
di scharges (returns) the received wreless card 2000 (ST21). If the
wireless reader/witer 1000 and the wreless card 2000 set at wreless

*card antenna 15 position B cannot normally comruni cate with each other (NO
in ST16), the wireless card conveyance/ position adjustment unit 1400 sets
the wirel ess card 2000 at wirel ess card antefna position C (ST17). The
wireless reader/witer antenna 100 transmts a transm ssion 20 signal, and
the control processor 1100 confirms whether the wireless reader/witer
1000 can nor maldiynadomamui déatee aunttrdlhemicgedess Icar@d &D00ised at w rel ess
card antenna position C (ST18). If the wreless reader/witer 1000 and the
wirel ess card 20G0hsat 2% atl neilresl se s asdany vamittermal Posi camma@roahl nor mal |y
communi cate with each other (YES in ST18), the control processor 1100

“hol ds conmmuni c&IWNIIEF GenfbrihatGhon Wildre lessimAstid ad § Oh set Ot ativgkesess
card antenna position C' (ST19). The wireless card conveyance/ position
adj ust ment uni tCFADFTFHEARaRES (rdt d nST e r eldei VRl Wi keSS card 2000

(ST21). If the wireless re %Sjr witer 1000 and the i ess card 2000

set at vmgrel ess Card /aHth aai onia[ri‘%ntrt? é\éﬂrﬁ?g]te%rﬂc\l{myiﬁé)%ﬁ% cate with

each other (NO.in %-I;]é%)e’s t hat C{Sntif I;the w r.el es reader/wrib{s;}g 1000 and
he

wirel ess card f&od“ cannot. nor mal y Cormin Tare " 10 Wit n LHMh r even by

setting the V“régﬁﬁﬁ%fgﬁf% %gqgl each other (YES in ST16), the control

processor 1100 holds communication log information
"communication is OK at wireless card antenna position

10 B" (ST19). The wireless card conveyance/position
adjustment unit 1400 discharges (returns) the received
wireless card 2000 (ST21).

If the wireless reader/writer 1000 and the

wireless card 2000 set at wireless card antenna

15 position B cannot normally communicate with each 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). If the wireless
reader/writer 1000 and the wireless card 2000 set

25 at wireless. card antenna position C éan normally
communicate with each other (YES in ST18), the control

processor 1100 holds communication log information



at wireless card antenna position A, wireless card antenna position B, or
"wireless card antenna position C, a conmmunication error occurs (ST20), and
the wireless card conveyance/ position adjustment unit 15 1400 di scharges
(returns) the received wireless card 2000 (ST21). As described above, even
when the wireless reader/witer 1000 and _w reless card 2000 cannot

normal |y communi cate with each other af alélpe(fi fic 20 wreless card antenna
position, a conmmunication error by the antenna characteristic can be
solved by position adjustnent to inplenment normal communi cation. The

posi ti onal rel dcoonsiniipaddjoustireiK prroceisse 1 dxas ethoh @orenm qads Dni dog
information will be 25 explained with reference to the flowhart shown in
FIG 8. Wien tké wiSTélPess (Téaderi/nerlieser ck0GD @mdve yaned Asss carah 2000

normal |y comuni cate with each - 15 other in previous comunication, as
shown in FIG 7djusksaientposiitti dridl0 ddlsathiasrsts pl zagidoosmuthe atéomi vesul t
are held as comunication log information in ST19. |In subsequent

conmmuni cat i on, thﬁélééﬁnﬁﬁiréﬂa%o&rp | cF S Jinformation is utilized to

effici engl y select and set the wireless card antenna position. If the
wirel ess” reader/w ilttertPRO0D- EHE S e BEE & HE2D0b° Ao 3R | ¥ communi cat e

with each ot hegﬂi%tellees%stcaq:n %ddb or ¢ viqus . comuni cation, subsequent
comuni cation c¢an use "t hé f’g conmuiti ¢ qiovﬁlli% TSt O VES i n ST12).
That is, the positi;enalc &l a0 Ad) YSIHIRM : PLOSETSc PSS other
(NO in ST18), that is, if the wireless reader/writer
1QOO 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
wireless 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



~on the communi cation |log information can be executed (ST22). For exanple,
“if the comunication log information 15 represents that the position at
whi ch previ ous conmu- nication can be normally achieved is wireless card
antenna position A (YES in ST2201), the wireless card conveyance/ position
adj ustnment unit 1400 preferentially (first) sets the wireless card 2000 at
wi rel ess card 20 antenna position A on't hé-basi s of the communication | og
information (ST2204). The wireless reader/witer antenna 100.transmits a
transm ssion signal, and the control processor 1100 confirnms whether the
wirel ess readethar tier pIROAO ccen auanmed il ga tciomure < agleowi tim 2B1¢ he7 wi r el ess
card 2000 set at wireless card antenna position A (ST2205). If the

W rel ess readeith@dirt @osit000adnd alivd gl igs sarcrab2000 setiat meseless
card - 16 antenna position A can normally communicate with each other
(YES in ST2205PT ¢t helcoms Slompredesdcron 100y Upldatest kde Eonsdh? cati on | og
information (ST2216). That is, the control processor 1100 hol ds

cormmuni cati on 3% 5@‘{1.5%% iSOG RR Tt | g | ORI C Al ¥ e5’9 car d
antenna positi ongA". he wi.rel etzl;r%eerasfger/w' er, 1000 often uses a wreless
card 2000 nanufdcCared 'ty tie " Nt att UrerSHst Y BRI 13RI Wit Rl ess

der/wr i 00, icati n be efficiently inple 10
reader/witer 1000 Nqrml %%%Hr?égx;tce%}rn;aggarogsﬁﬁlqeq-s fsfg![‘i n%-,dyjt%%f)%%%ition

mented in the next comminica a

represented by JLhecompumaation Jiag ¥ oramt ion 2t ot b ey 9us

conmmuni cation can
communicate with each other at least once in previous

a“

communication, subsequent communication can use the

10 communication log information (YES in ST12). That is,
the positional relationship adjustment process based
on the communication log information can be executed
(ST22) .

- 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 card 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). If the wireless reader/writer

1000 and the wireless card 2000 set at wireless card



normal Iy established. If the wireless reader/witer 1000 and the wire- 15
‘less card 2000 set at wireless card antenna position A cannot normally
comuni cate with each other (NO in ST2205), the wireless card

-conveyance/ position adjustnent unit 1400 sets the wireless card 2000 at
wirel ess card antenna position B (ST2206). The 20 wirel ess reader/witer
antenna 100 transmts a transm ssion Si griLaEI , and the control processor
1100 confirms whether the wirel ess reader/witer 1000 can normally
communi cate with the wireless card 2000 set at wireless card antenna

posi tion B (ST220tAnnd fpdie i251 i rad resrso rreadey / awnirtet i D00 antht bechi rel ess
card 2000 set at wireless card antenna position B can normally

comuni cat e wi tdtfeach(W@ihem (VMER (R ST2297¢ont hel IFrocensonl 1ppdcessor 1100
updates the communication log information (ST2216). That is, the control
processor 1100 s &&mwnwuwum@rmmwtt@mmmaambn is OK

at wireless card antenna position B" If the wireless reader/witer 1000
and the wirel éd¥kcartr 2600 ¥t =! vﬁ’?%%%%oéa¥bo%rﬁ%¥ﬁ%% peRPUNE Fohlen
cannot nqrnally commu |cate with each other (NO in ST2207), the wreless

card con eyance]iop%sﬂ t&dirhst%mu%‘?i‘tﬁ%%ol%e@é %%ew%\%‘?%?%scﬁé‘#d 2000

10 at | d t ST220 Th
reagerymvv; ?t :fsa a%nngnﬁ%gsnﬁr gﬁzlﬁl&!{gna&% ans:€ %%l%ea%?b ‘é:Flg%ﬁde?l%

control processor: 4100 &0N 1,515, ) Mhetherq thGoi 819851 SRISTAWN L1gr 1000

can normal ly
same manufacturer as that of the wireless reader/writer

1000. Normal communication can be efficiently imple-
10 mented in the next communication by preferentially

setting the position represented by the communication

log information at which previous communication can be

normally established.
If the wireless reader/writer 1000 and the wire-
15 less card 2000 set at wireless card antenna position
A cannot normally communicate with each other (NO
in ST2205), the wireless card conveyance/position
adjustment unit 1400 sets the wireless card 2000
at wireless card antenna position B (ST2206). The
20 wireless reader/writer antenna 100 transmits a
transmission signal, and the control processor 1100
confirms whether the wireless reader/writef 1000 can
normally communicate with the wireless card 2000 set
at wireless card antenna position B (ST2207). 1If the
25 wireless reader/writer 1000 and the wireless card 2000
set at wireless card antenna position B can normally

communicate with each other (YES in ST2207), the



communi cate with the wireless card 2000 set at wreless 15 card antenna
“position C (ST2209). If the wireless reader/witer 1000 and the wirel ess
card 2000 set at wireless card antenna position C can nornally

comuni cate with each other (YES in 5T2209), the control processor 1100
updates the communication | og 20 information (ST2216). That is, the control
processor 1100 hol ds communi cation | og i Aflormation "conmmunication is OK
at wireless card antenna position C'. If the wireless reader/witer 1000
and the wreless card 2000 set at wireless card antenna posi- 25 tion C
cannot nor nal | yoaamulnipcatce ssicrh 1aach widwere s NOd e STR20Nat tdratidg, if the
W reless reader/witer 1000 and wireless card 2000 cannot normally

comuni cat e wi timfori@t ieac h SGiAPdre JeverTHat siett itige tden wialelmsscearar 2000 at
wirel ess card antenna position A wreless card antenna position B, or
wirel ess card antténihg LYoissiqomamrg qa¥EST nlodSTRZ kM ma tal qro nfhaominoat i oat ey or
occurs (ST2217). 5 If the comunication |log information represents that
the position at'SwifcRt pHewlsss comfliminddiion it ben fdtmal |y achieved is
wirel ess_card antenna position B (YES in ST2202), the wirel ess card
conveyance/ positidnf adjuStietemife AL 0V et erede? A0g e rst) 10 sets

the wireless card 2000 at wir ss card antenna position B on the basis of
the comuni cati'of 9°6¢°° icﬁfr\(l)gr r‘&o?ooﬁe(tséz%l)?eqﬁ%s vﬁarrecg FH SR RIS ter
antenna 100 U1 ang s AddANHE,SH Y UMl Ak L%l LQ! Ageessor 1100

confirns whether the wire
(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 signal, 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 (ST2209). If the wireless
reader/writer 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
20 information (ST2216). That is, the control processor
1100 holds communication log information "communication
1s 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



15 reader/witer 1000 can normally communicate with the wreless card 2000
"set at wireless card antenna position B (ST2207). If the wirel ess
reader/witer 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 wupdates the conmunication |og
information (ST2216). That is, the contradl® processor 1100 hol ds

comuni cation log information "conmunication is OK at wireless card
antenna position B'. 25 If the wireless reader/witer 1000 and the

W rel ess card 2000 setheat emearellsssexarichanitenna rossd | @ard T@Moit nor mal |y
comuni cate with each other - 19 (NOin ST2207), the wireless card
conveyance/ posiwiiren e sadjasstdrentt anmiat P4 isBt At hel wé Yed £ 553 0dr ah 2000a at

w rel ess card antenna position C (ST2208). The wreless reader/witer
antenna 100 tr &eSnitti®na B tqransitisslsisen asnghantemk thes comn o privgessor
1100 confirns whether the wirel ess reader/witer 1000 can nornmally
communi cat e wi 5 4HE wi rfel I WHH 2000 Feior ACGiFel 3522kt )d- ant enna
position _C (ST2209). If the wreless reader/witer 1000 and the wirel ess
card 10 2000 set at Wi ridlesOHIY: GtéHhal PostRTOREE tah T PRFABENYS

communi cate w th a(;ch ot her. (.YES itn‘“ﬁ-i;tz 0?{2 t he control .(Pro.cessor 1100
updates the co i CAYS SIS o oM o P (ST 2%) SO L G251 QS &Nt 1 ol

processor 1100 Aol (s GO GAI R 1190 JULT IR O o 18, LSRRI SAE QR T8 X
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
information (ST2206). The wireless reader/writer

 antenna 100 transmits 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). 1If 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 (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

position B cannot normally communicate with each other



~position C'. Even if the wireless reader/witer 1000 and the wireless card
2000 set at wireless card antenna position C cannot normally conmuni cate
wi th each other 20 (NO in ST2207), a conmuni cation error has not been
-confirmed at all wireless card antenna positions (NO in ST2210). Thus, the
wi rel ess card conveyance/ position adjustnment unit 1400 sets the wireless
card 2000 at wirel ess card antenna positidf A7(ST2211). The 25 wirel ess
reader/witer antenna 100 transmts a transmi ssion signal, and the control
processor 1100 confirnms whether the wireless reader/witer 1000 can - 20
normal | y comuniNCatie WTR e wilreelwasse lcard 2000 s@tve wdnav fed €ssicar d
antenna position A (ST2212). If the wreless reader/witer 1000 and the
wirel ess card 2000styentatuniitr él4éds sersd e eninee Jooss tdaond 2¢ah aormal ly 5
comuni cate with each other (YES in ST2212), the control processor 1100
updat es the coMmnfilests @@ ianer s ion r81R220%)220%at i Bhethe control
processor 1100 hol ds comuni cation |log information "comunication is K
at wirel ess card &HEmd FEST/ier tRT. A 9na hed Qi el sl tearler /writer 1000
and the _wreless card 2000 set at w rcgl ss card antenna posi-_tion A
cannot nor mal | y "o e AT leadh tﬁber NS TG h mFe2asgor thhtVis, if
the wrel ess re%d ./rvr\[/IrSi ter :IhOeOrO and w rel ess caGLd /200.0 canﬂgé‘ normal |y
comuni cate wi {1 15 €dch pt_her et\Peen_‘”b]yresJe‘ﬁsf N THE W et esst L& €200 at
wirel ess card %%%QQyp%%nHu%qc%tewvjieéhestsnec%fjrealnésesnncaard 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
processor 1100 holds communication log information
15 "communication 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



position C, or wireless card antenna position A (YES in ST2213), a
“conmuni cation error occurs (ST2217). |If the comunication |og information
represents 20 that the position at which previous conmunication can be
:normal Iy achieved is wireless card antenna position C (YES. in ST2203),
the wirel ess card conveyance/ position a%j ustment unit 1400 preferentially
(first) sets the wireless card 2000 at” wi“4%l éss card antenna 25 position C
on the basis of the communication log information (ST2208). The w rel ess
reader/witer antenna 100 transmts a transm ssion signal, and the 21
control processorntlQy cambhiurms atteetiierh tthee wiired lesss ceederdowi ter 1000
can normally communicate with the wireless card 2000 set at wireless card
antenna posit iadn Wd qeSEE20%ard farttrenva rpd estsi sreakler$T@212r. 511 1000 and
the wireless card 2000 set at wireless card antenna position C can nornally
communi cate W t &IPS gtedele {/VES tar STOROHNA tiHee conte bés prozedsdP0d 100
updates the communi cation log information (ST2216). That is, the control
processor 1100 3531 d dOhfhfSEatGor TNty a ifoT et "ecomamirat lvn is OK
at wirel %ss card antenna position C'. Even if the wireless reader/witer

1000 and® the WYBMBESCE ¢ P00FaEt b r elfessikat taht ennd e position C
cannot nor nal | y. cam ni cat e vm'ot h ﬁca(%: pt%agr 15t ( NC():i n ST2209%, a
communi cation error haf ISt Been L conf iR 2 U AT | CUMPETESIE AR ¢ 3%t enna
positions (NO i, ¢31221Q); (Es1dhe vhigl ess, card Conveyanselposition
1100 holds communication log information "communication
is OK at wireless 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, wireless 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



adj ustnment unit 1400 sets the wireless card 2000 at wreless card antenna
"position A (5T2211). The 20 wireless reader/witer antenna 100 transnits a
transm ssion signal, and the control processor 1100 confirnms whether the
-wWireless reader/witer 1000 can nornmally comunicate with the wirel ess
card 2000 set at wireless card antenna position A (ST2212). If the 25
wirel ess reader/witer 1000 and the wifel é¢s card 2000 set at wirel ess
card antenna position A can normally comunicate with each other (YES in
ST2212), the - 22 control processor 1100 updates the comrunication | og
informati on (ST2218p.l Phatessort Hé 0dortomndli rprsosgssdrer 1RO vhiddadsss

comuni cation log information "comrunication is OK at wireless card
antenna positi ggafer/yriver i100thean melress Ineademuridagre 2000 and  t he
wireless card 2000 set at wireless card antenna position A cannot normally
communi cat e wi theedéRederer caENOAOR OSTRLLI 2, wi korffifni @atd emténmor  has not
been confirnmed at all wreless card _antenna positions (NOin 10 ST2213).

Thus, the wireP88dteqid Ccdifeyditde/ pddi tien VW idd] IR TeRadfHi W4T sets the
W ol eas®r oader DI 8F REeina 100 FASTAD G X et RO Sl and
the control pr F‘%se%%[a 1%%91:(:1%?1“ s 1%O\I\r/rlln%tl eyr Ctohe W reless r enadear/wri ter
1000 can normally CEmRURIcare wi (ht BEHF et e SEFRIY T000 "Eet” &2 W rel ess
card antenna pegihon Bs( $12&h9hod)!, e WARIASS pl KAy 1000 and
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 wireless card 2000 set at wireless card antenna
position C cannot normally communicate with each other
15 (NO in ST2209), 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
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 1in 8T2212), the



wi rel ess card antenna position B can normally 20 comuni cate with each
"other (YES in ST2215), the «control processor 1100 updates the

comuni cation log information (ST2216). That is, the control processor
=1100 hol ds comuni cation |log information "conmunication is OK at wreless
card antenna position B". 25 If the wireless reader/witer 1000 and the
wirel ess card 2000 set at wirel ess card aftenma posi- tion B cannot
normal |y conmuni cate with each other (NO 23 in ST2215), that is, if the
wireless reader/witer 1000 and wireless card 2000 cannot normal ly
communi cat e w tdonteadh potduers sswerl 10 sgida tgs t tiee Wi srah@sisc ciar sh 200§ at

W reless card antenna position C, wireless card antenna 5 position A or
wirel ess card amtfermrstpasi t (B )YES Thet SI2215)e eomomiindcate osoer r or
occurs (ST2217). Adjustnent of the antenna positional relationship in the
vertical directlildiP by lkde ciinreiress Cormuki ¢ ath brrmafeldre” ¢avimet esst ion
reader/witer 1000) and wireless 10 communi cation method of the present

i nvention will 1% Kex%ﬂ Al e © 5 U TN P phEBPR A" di rection  has
been descri bed, and a ustnent in the vertical direction (to be described
bel ow) can al so be dpftteti t° ther present RAGRALT bRST 150#3raRkanpl e, as

h in FIG. t h I / t dj ust t t
1400 can 1 ecel V&' (G WTET e G D000 i CoRES- 1 Heh POck VB i r of ess

card 2000 to w r%J eEZJ]soncaZ{d o@%ﬂ?&if&oé‘o&nur‘{‘i LELESH: c FALL AL EN0R

pOSItIOI’] E an ess car ant enna
(NO in ST2212), a communication error has not been

confirmed at all wireless card antenna positions (NO in

10 ST2213) . Thus, the wireless card conveyance/position
adjustment unit 1400 sets the wireless card 2000 at
wireless card antenna position B (ST2214). The
wireless reader/writer antenna 100 transmits a trans-
mission signal, and the control processor 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-

tion B cannot normally communicate with each other (NO



20 position F. In other words, the wireless card conveyance/position
“adjustnent unit 1400 can change the positional relationship between the
wireless reader/witer antenna 100 and the wirel ess card antenna 200, as
-needed. This can reduce the influence of cross 25 coupling between the

w reless reader/witer antenna 100 and the wireless card antenna 200 on
their antenna characteristics. As a resuf®, one wireless 24 reader/witer
1000 can appropriately comunicate with various wreless cards 2000.
Details of wireless card antenna position D, wreless card antenna
position E, andnwsrebess,cahdt SsantiénmnaecpasirkilessFrageead wirdldedWws.oobs a
prem se, the antenna planes of the wireless reader/witer antenna 100 and
wirel ess card antiennael2B6 aredpdfall eknnoteachmatlhgr coueliess ecaridh
antenna position E: at this 10 position, the center (barycenter) of the
ant enna pl ane eefht hehgirr evedsbyarsd tannantie200 ried elsec ateed @9 tthet
perpendi cul ar to an antenna pl ane passing through the center (barycenter)
of the antenna"“pIFgAessf cere awtﬁépéssjolségdéﬂ Wi WaEk edrEen a2 rioEn thaaa

di stance_ 15 between the centers of the two antenna planes is a_ distance
e. Wrel@ss caP@Santefinds posi tiofBSSatarki §ntse8r: POR! fike Serltés in

(barycenter) of B ntenr&a Iage tof the w r%l ess C 3% nna 200 is
| ocated on the® Etd gé?peﬁ‘dl OO a6 “aft Marftéfita OFICENE 3§ gi Bré t-hr ough
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 vertical
direction (to be described below) can alsoc be applied
to the present invention.

15 For example, as shown in FIG. 9, the wireless card
conveyance/position adjustment unit 1400 can recéive
the wireless card 2000 and convey the reéeived 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



the center (barycenter) of the antenna plane of the wreless reader/witer
“antenna 100. The distance between the centers of the two antenna planes is
a distance d (distance d < distance e). 25 Wreless card antenna position
F. at this position, the center (barycenter) of the antenna plane of the
wirel ess card antenna 200 is |located on the 25 perpendicular to an antenna
pl ane passing through the center (baryceffery of the antenna plane of the
wirel ess reader/witer antenna 100. The distance between the centers of
the two antenna planes is a 5 distance f (distance f > distance e). Wen d
< e <f, the wreeHesgwreader L 00Dt ennanberdar ih@ 1yaychenugrieatdey wirfl uenced
by the antenna charac- teristic fromthe wireless card antenna 200 in the
order of d > evarfiou$OwThelprsesentrdisne@ft0i.on can adopt a conbination of

t he above-nentioned adjustnent in the parallel direction and adjustnment in
the vertical directiPefailal o Wineiesscased tand emfd werscie iofn dross coupl i ng
between the wireless reader/witer antenna 100 and 15 the wirel ess card

ant enna 200 onVtKEilesSanferfaantRaracPeriidtcds Ecare Wadlesd @€ wirel ess
reader/witer 1000 can properly comrunicate with various wreless cards
2000. | n>the aBBVENHESPPSPLiLGR, ft RESpESi t1iPdh&WS20 rel ati onshi p bet ween t he

\(I;Mh;ﬁlggzs b;eader fwri l-Aesr aa rf)treerﬂlqas e, 1(%% ea r};l% ttef}l% a\l\'iprlealrl(:‘éssS cha rtqleare}iernerlzie 52500 'S

reader/writer antenna 100 and Qireless 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 pefpendicular 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



changing the position of the wireless card 2000, i.e., that of the
"wireless card antenna 200. However, the present invention is not linmited
to this. For exanple, 25 the position of the wireless card 2000 may be
fixed, and only that of the wireless reader/witer antenna 100 may be
changed. Alternatively, the positions of 26 both the wreless card 2000
and wirel ess reader/witer antenna 100 nﬁ? bé changed. As has been

descri bed above, the wirel ess conmu- nication device (wreless
reader/witer 1000) and 5 wireless conmunicati on nethod of the present

i nventi on canpsepeadiplcunlalr tty eh taypesiref @drennee posid gnadugh

rel ati onshi ps. The probability of conmunication errors can be decreased
for various typés ckenwerel bsy veardssr) arfd thwe an tresires o comamuni cdteé on devi ce
can appropriately 10 comunicate with various types of wreless cards. By
utilizing commiiir€aeisen regg amrireat amtarie prcessthe dies carree short ened
in an environnent where nmany identical wireless cards are available. The
present invent PEYYESER FPGVIEE (L ] dd% 1 oA atR b efevi & e and

w rel ess_communj.cati on net hod  capabl e of. solving a comunication error
caused by the éjrjrtsgr?ﬁl&ecgr(géts r‘:‘% cg a?ndglr%%lr?czgf fy a normal  communi cati on
envi ronment . Additiopal_advant age d nodifjcations will 20 readjly occur
to those skilled in the a?flt<a Srhor et arie MHHel Vet RO { W T LS b oRERR
aspects 1s not 1|O'Ommta‘:§'fjbet %fe@ecl%p%q{glllfendgédalﬂf tﬁpg 4 érlerusaené[haé[fa\{c:e—

enbodi neNnt s

teristic from the wireless card antenna 200 in the
order of d > e > f.

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 reader/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 2C00. 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



shown and descri bed herein. Accordingly, various nodifications may be nade
"wi thout departing fromthe 25 spirit or scope of the general inventive
concept as defined by the appended clains and their equival ents. LLOYD
-WSE 27 CLAIMS 1. A wreless conmunication device conprising: a main
body antenna to conmunicate with an ant enna of a wireless card; 5 antenna
position setting neans capable of setting“~a plurality of types of
positional relationships between the antenna of the wireless card and the
mai n  body antenna; conmunication neans for perform ng conmuni cation 10
bet ween t he anberiha thfe tWhea adiassl exg AP Grrchd hel raved gs bothdeantvenintae mhi ch
are set to a predeterm ned positional relationship by the antenna position
setting neans2n&R@nGosidd aval DeelchiEinsieshi p control neans for 15
controlling setting _of the positional relationship between the antenna of
the wireless card aftf thi® mEsT HBRRF BREMREBS tHeS ant BHHAS HoSPRIGn
setting neans, as needed on the basis of a c nication state by the

comuni cati on ME&Ts;°%0 d(?ﬁ’dr%?cft(é“r]irseéxfsi% et HE o i HHE @ ati onshi p
contr ol geans gL gues e RSNt Skl onel) B Dobpeen, e, antenge o
I npl enent ed inc%n set a plurality of types of antenna positional
relationships. The probability of communication errors
can be decreased for various types of wireless cards,
and the wireless communication device can appropriately
10 communicate with various types of wireless cards. By
utilizing communication log information, the process
time can be shortened in an environment where many
identical wireless cards are available.
The present invention can provide a wireless
15 communication device and wireless communication method
capable of solving a communication error caused by
the antenna characteristic and realizing a normal
communication environment.
Additional advantages and modifications will
20 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited
to the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

25 spirit or scope cf the general inventive concept as

defined by the appended claims and their equivalents.



first conmunication process; and, 25 in a second comuni cati on process
"subsequent to the first conmunication process, the positional

rel ati onship control nmeans perforns initial setting of the posit¥k9%QVWSE
-relationship between the wireless card antenna and the nmain body antenna
on the basis of the 30 positional relationfakp in the first comunication
process.. 2. A device according to.claiml1, erein while maintaining a

pl ane of the antenna of the wireless card and a plane of the nain body
antenna parallel to each 35 other, the antenna position setting nmeans can
set the LLOYD VWLBEMS- 28 plurality of types of the positiona

rel ationships betwgen tAh%qdi.afétleerHlaCc?erﬁ 'é%ﬁi%r?%e%%e@%%f@i in body

antenna. 3. A device according to alm erein mal ntal hi ng a

pl ane of the antenna afaitrhéady elrdsreartd cemdnan iptatne vofth hen nai rerbody
antenna parallel: to t her,,the antenna position setting neans can set
the plurali ty%off % yggs%lloefscét %grgdsi tional relationships between the
antenna 6f the wireleessmoa darid itdre g tnirld nixedys ardpeinke i of asaelittiecd | on

parallel to the plane ,of to%e antenna. of t.he wir.el ess, and the pl ane of

card
the rmain body aar?tlélr{r?&.ltﬁl. deViCe AcdSdi r%éjl}aC)l c1ai rﬁl%nsv%leorsei n while

mai nt ai ni ng a pleameecof tihtee aarteemza off tthee wilnedleesss czardd arkd tdred ree ipl ane of

t he mai n body %%td%ng%t%%rn%l;l el to each

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 characterised in that the positional relationship
control means stores the positional relationship
between the antenna of the wireless card and the main
body antenna when communication is implemented in a
first communication process; and,

25 in a second communication process subsequent to
the first communication process, the positional
relationship control means performs initial setting of
the positional relationship between the wireless card

antenna and the main body antenna on the basis of the

30 positional «relationship in the first communication
process.
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

35 other, the antenna position setting means can set the



_other, the antenna position setting neans can set the plurality of types
of the positional relationships between the antenna of the wireless card

and the main

body antenna in a direction perpendicular to the plane 20 of

=the antenna of the wireless card and the plane of the main body &REYWAE
5. A wreless conmunication nethod conprisgﬁg: perform ng communi cation
r d a

bet ween an antenna of a 25 wireless card

mai n body ant enna which are

set to a predeterm ned positional relationship; changing the positional
rel ati onship between the antenna of the wireless card and the main body

ant enna,

as nedded Lot vt e Bagiss off athﬁ_)mﬂmiitciamaﬂn s laatel peglweeh 30 t he
antenna of theb‘@t&?e'e%sgﬁh%a;ag]@é}%é i EL uﬁ%@’l

pr edet er mi ned position at1 onshi p; and per

%mvﬂ&hﬂ%ernasﬂ to the

m ng conmuni catl on

bet ween t he antoeniya agftenttze wirel ess card and the main body antenna which

are 35 set to the changed, pesidion Ecgejﬁ{a{ltggn%ﬂﬂ'%e%LQYPe%/%ﬂz w1 e

characterised in that” the positiona

i onshi p ween e antenna of

the wireless carad ndrad rtiley reaipl doodyo fartienren teirere cbnrhmicate bess scard
| npl ement ed are Sdt Qr %Cialn% %gl set ma%ncﬁgqgéplaﬁﬁéeér}qﬁ gg:anrcaeffél a@cgi’eécﬂl a

second communi a5 6n process subsequen
per f oromihey ,arthenidantannas gdd ingi of ddie posineaomal carel st ontshi p
bet ween t he

process,

10

15

20

25

30

35

conmuni cat1 on

plurality of types of the positional relationships
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
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 the wireless card and the main
body antenna in a direction perpendicular to the plane
of the antenna of the wireless card and the plane of

the main body antenna.

5. A wireless communication method comprising:

performing communication between an antenna of a
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 needed on the basis of a communication state between
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

set to the changed positional relationship;



wi rel ess card antenna and the main body antenna on the 10 basis of the

"positional relationship in the first comunication process. 6. A qupB |
according to claim5, wherein while a plane of the antenna of the mnrele§§

-card and a plane 15 of the main body antenna are maintained parallel to
each other, the positional relationship between the antenna of the

wi rel ess card and the nain body antenna i 9chénged. 7. A nmethod according
to claim5, wherein while a 20 plane of the antenna of the wireless card
and a plane of the main body antenna are maintained parallel to each

ot her, the positionahamictdoestd pirtbdthviden the antenna of the wirel ess

card and the main b te i pﬁpge i i O a tq.t he
pl ane of the 25 ant gcﬁprqeaagg?sjt gjr\l/élfe €ss c%}%{&aﬁdg‘%ﬁg&%{]aﬁ%go%ﬁkhghﬁa?ﬁ
body antenna. &heA metrede saccardidng ana clthdiem Baiwhebedy whnitenaa plhae of

t he antenna of %heLMLQFIe%§10§%d aﬁdlg %hggg o;ethqugphg q%gyaan%egng are
mai nt ai ned parglfgﬁnﬁoa§d each Sot her; “T'he posi?londT ré?ationship between
the anténna ofcoheindidaeliess poaraksand drfte nmai n body antenna is changed in

a direction perpendi,cular to tq§ pl ane of . the antenna_ of the mﬁrq!e%s card
and the plane of theé" nir>Body aftBfg teation "process subsequen ©

the first communication process, performing an initial
setting of the positional relationship between the
wireless card antenna and the main body antenna on the
10 basis of the positional relationship in the first

communication process.

6. A method according to claim 5, wherein while

a plane of the antenna of the wireless card and a plane

15 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.

7. A method according to claim 5, wherein while a

20 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
antenna of the wireless card and the main body antenna
is changed in a direction parallel to the plane of the

25 antenna of the wireless card and the plane of the main
body antenna.

8. A method according to claim 5, wherein while a
plane of the antenna of the wireless card and a plane
of the main body antenna are maintained parallel to

30 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

main body antenna.



