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-1 RF-TAG READING SYSTEM AND RF-TAG READER/WRITER
CONTROL SYSTEM, AND INTERFERENCE AVOIDANCE METHOD
THEREFOR BACKGROUND OF THE INVENTION Field of the Invention
5 The present invention relates to an RF-tag reading system, an RF-tag
reader/writer control system, an RF-tag reader/writer interference

aVO'ina_ i izgfls' e, system: dﬁ@iﬁf ?ﬁ% Hﬂﬂe ﬁ]ﬂ%z
and more particularly to av%%%rfgiﬁo mt?fféé:ence a%rgr!ﬁ)”r ng query g%na sin
the casgsfewheprap phwstiirBREIR0iaVOEOHE0TY MAOHEB A MEERSR

concurrently implements wireless communication. Related Art By
implementing wireless communication with an RF tag, an RF-tag
reader/writer can read out an ID (Identifier: 15 identification information)
that the RF tag has. In this case, the RF-tag reader/writer sends a query

signal to the RF tag et keeRivR® the abeRy $ignakaethen generates a
response signal. The RF-tag reader/writer receives the response signal

Frord the REEtag dndrédaritifies information 20 of the RF tag. However, in
the case where a plurality of RF-tag reader/writers exists and respective

antent2$ oP AR RR  al FeRdd PRt s a8 TR BoRErSa8speaiiag
Speresiongls drorhe RESR9 JRaqeUyrigizanay nigders with Ohes 24
reader/writer interference avoidance method utilized in the
systems, and a program for the method, and more particularly
to avoidance of interference among query signals in the case
where a plurality RF (Radio Frequency)-tag reader/writers

concurrently implements wireless communication.

Related Art

By implementing wireless communication with an RF tag,
an RF-tag reader/writer can read out an ID (Jdentifier:
identification information) that the RF tag has. In this
case, the RF-tag reader/writer sends a query signal to the
RF tag that receives the query signal and then generates a
response signal. The RF-tag reader/writer receives the
response signal from the RF tag and identifies information
of the RF tag.

However, in the case wheie a plurality of RF-tag
reader/writers exists and respective antennas of the RF-tag
reader/writers are close to others, respective query signals

from the RF-tag reader/writers may interfere with others
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when the plurality of RF-tag reader/writers concurrently implements
wireless communication, whereby information of the RF tag may not be
read. To date, as a method of avoidLnthh_e interference among 5 the
query signals, a first method has been utilized in which the timing of
sending each of respective query signals from the RF-tag reader/writers

i STER 98 aboie e he 15 el by onollg the g of

sending the query si , control of a timing sc edule Is impliemente

10dhaibme Orvmerel amenganladataimined RIHety. of REft®enation of
reader/writers do not concurrently send the query signals. In addition, as

BROtHET rhethdmBf Bedidivey thesidterference among the query signals, a
secong method has been disclosed in which, by providing a detection
device‘il or%fg%’eté_“éstinab éﬁ%%éﬁiité’r?er%ﬁﬁ%égﬁd}#/ 0%5 r readerAriters® ameng
signalcemmynicalion is implementgdin g caaditigndn Whigh Ny in which
interference occurs (e.g., refer to Japanese Patent Laid- Open No.

110e2 93824 andNechttilig 428 Hndhe fesprmethodk itsenecessgnathat £ rom
whether or 20 not RF-tag reader/writers cause the interference is

EgeRBiHea arftffiaf ttdiferenckoiS L e infing s Ae fsme-  In
A e A NS RS
Rietyy 2bgieatiprivaiter-on added t@ gachexdingiREdagsraaderivitefed so
that two or more among a predetermined plurality of RF-tag
reader/writers do not concurrently send the query signals.

In addition, as another method of avoiding the
interference among the query signals, a second method has
been disclosed in which, by providing a detection device for
detecting signal interference from other reader/writers,
signal communication is implemented in a condition in which
no interference occurs (e.g., refer to Japanese Patent Laid-
Open No. 10-293824 and No. 11-102419).

In the first method, it is necessary that whether or
not RF-tag reader/writers cause the interference is
ascertained, and if the interference occurs, a timing
schedule for the RF-tag reader/writers is manually set.

Moreover, in the second method, a device for detecting
signal interference should be provided in each RF-tag

reader/writer or added to each existing RF-tag

reader/writer.
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- 3 In this regard, it is an object of the present invention to solve the
foregoing problems and to provide an RF-tag reading system, an RF-tag
reader/writer control system, an RF-tag reader/writer interference
avoidance 5 method utilized in the systems, and a program for the method
with which, without interference among RF-tag reader/writers, a reading
schedule for reading RF tags can automatically be created. BRIEF
SUMNIARY: GF THE INVENTION 40 Intg first aspechef thespresent
.invention, there is provided an RF(Radio Frequency)-tag reading system
HRERUmME anRFRE] TeadBfwhiter contrsl s@rgéﬁﬁﬁﬁ FH4he caREWRER 27
ey epge pocyrs mang 2 Slural of RE g eaderiters Jarieading
RF-tag identifiers 1 ofRF-tags , controls a schedule for the p uraﬂty of

sREtlag, readerwwitars, the Ri-lag-readeriwriter contrak systeMdance
comprising: reading-test implementation means of implementing a test of

nsagushtialL réddifig Lthrobigh 30 Ueitrality of RIF-zgpteatierAvdtetsioofMpgnod

BE:ta%hgo 'dentijigés of rqfereangj_g BF-ta s that are preliminarily installed
T (5 GheatiBn - ARt ascBRAMMERt means ot “ascertalfing whether or

aotasingle RE-lag canbesead byiihe plurakity. of REAagepdepuuiers,
based on the test of reading. - 4
autcmatically be created.

BRIEF SUMMARY OF THE INVENTIOHN

In a first aspect of the present invention, there
is provided an RF{Radio Freguency)-tag reading system
including an RF~-tag reader/writer control system that,
in the case where interference occurs among a plurality
of RP-tag reader/writers for reading RF-tag identifiers
of RF-tags , controls a schedule for the plurality of
RF-tag reader/writers, the RF-tag reader/writer control
system comprising: reading-test implementation means of
implementing a test of seguential reading, through the
plurality of RF-tag reader/writers, of the RF-tag
identifiers of reference RF-tags that are preliminarily
installed pricr to operation; and ascertfainment means of
ascertaining whether or not a single RF-tag can be read
by the plurality of RF-tag reader/writers, based on the

. s

test of reading.
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In a second aspect of the present invention, there is provided an
RF(Radio Frequency)-tag reader/writer control system that, in the case
where interference occurs among a plurality of RF-'gag reader/writers for
reading RF-tag 5 identifiers of RF-fag“s , controls a schedule for the
plurality of RF-tag reader/writers, the RF-tag reader/writer control system

comprising: seading-test inplesrentation raeans. of implamenting adest ok

sequential reading, through the plurality of RF-tag reader/writers, of the
PREVageLD ideritifiérs of refEremesRFvagsabatardpreliminasdly Tstaled.

prior to operation; and ascertainment means of ascertaining whether or

“HGT&Singlé RF-ty EAR beread by the Pllralit 6FRESag Toater S, *
cfiased gnhe festol.teading 15 & i aspect oL the presentinyenton,

there is provided an RF(Radio Frequency)-tag reader/writer interférence
ianveidamnce methodrutilizeddn ancRittagireading:systens ireludingsan

RF-tag reader/writer control system that, in the case where interference
R&&ﬁﬁé%ﬁﬁomﬁa%ﬂ?%ﬁﬂaﬁ@ﬁﬁﬁ?#%é@?éééeﬂ%ﬁﬁa@ﬁoﬁﬁ%uﬁﬁg¢§1ﬁ£§ltef
Jdendiers of REtags, coniole a schedule forthe. plurally ol REag. .

feader Wrﬁgrs,?ﬁe Ill—n-gfag reage'rlwrlﬁer""ln(%e&erence &vordance method
Jmplementing; afeadingstast jmplementation pracessof making the tne

RF-tag reader/writer 25 control system implement a test of sequential
preadiig, t throfighRhe pluradibydefrRiFstagareaden/writers, Bf thetRF-
identifiers of reference RI-tags that are preliminarily
installed prior to operation; and ascertainment means of
ascertaining whether or not a single RF~tag can be read by
the plurality of RF-tag reader/writers, based on the test of
reading.

In & third aspect of the present invention, there is
provided an RF(Radio Frequency)-tag reader/writer
interference avolidance method utilized in an RF-tag reading
system including an RF-tag reader/writer control systen
that, in the case where interference occurs among a
plurality of RF-tag reader/writers for reading RF-tag
identifiers of RF-tags, controls a schedule for the
plurality of RF-tag reader/writers, the RF-tag reader/writer
interference avoidance method implementing: a reading-test
implementation process of making the RF-tag reader/writer
control system implement a test of sequential reading,
through the plurality of RF-tag reader/writers, of the RF-
tag identifiers of reference RF-tags that are preliminarily

installed prior to operaticn; and an ascertainment process



tag identifiers of reference RF-tags that are preliminarily installed prior to
operation; and an ascertainment process - 4a of ascertaining whether or
not a single RF-tag can be read by the plurality of RF-tag reader/writers,
based on the test of reading. - 5 i d%ourth aspect of the present
invention, there is provided a program of an RF(Radio Frequency)-tag
reader/writer interference avoidance method utilized in an RF-tag reading
odystERFRERIdIAG AnvREHAG TeatlefIiFitér 5 €0Ak8| SystefPtHalinthelGre
where interference occurs._among a pluraljty of RE-tag,reader/writers for .
O feadifg R 180 ddnlierd of REAGGS. Koriole & Scheduie Tor the. pluraliy
cef REzlageader/writers, the program making a computer implement the
processes of: implementing a test of 10 sequential reading, through the
plurality of RF-tag reader/writers, of the RF-tag identifiers of reference
RF- tags that are preliminarily installed prior to operation; and
ascertaining whether or not a single RF-tag can be read by the plurality of
RF-tag reader/writers, based on the test 15 of reading. In other words,
RF(Radio Frequency)-tag reading systems, according to embodiments of
the present invention, is characterized in that, in the case where
interference occurs among a plurality of RF-tag reader/writers for
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20 reading the RF-tag IDs of RF-tags, provides a method of automatically
controlling a schedule for the RF-tag reader/writers. In an RF-tag reading
system according to embodiments of the present invention, by installing
reference RF-tags prior 25 to operétién'and implementing a test of
sequential reading through RF-tag reader/writers, whether or not a single

RF- tag is read by a plurality of RF-tag reader/writers is_ascertained. - 6
In the €asé wherethe®SiRGle REItag CarPhE 78ad by tHe respectivesre 13

p@lg@i&égf Slzg:r%%%eﬁ%ger[wriggr ,Fj%e_ﬁr_@rgnggg%q%gg mon respective

query signa e p?ﬁra?lt'y o tag reader/writets; therefore, control
ref-a1ta9ding S-timing sehedulefor the tespestive plurality @fRFA3g in an

reader/writers is implemented. Accordingly, in an RF-tag reading system
Récdordingetrecembodirnéats oftheustesentinventions itds possible iGer

automatically determine whether or not interference amang a plurality of

REtaG 10 redddhiniters octurs: théretore! costs fof stafatidiof F-tag
Aeaderiaiote-ean be reduged 43 descibedheretolarer i apREag re-

reading system according to embodiments of the present invention, even
tingthelease Where acplurality of KR F-tag teader/writers eXist 1 F itids the

possible to automatically create a reading schedule for the respective
Pélﬁi%ﬂ&}%?Rﬁté@r@é{%rmﬁf@@éff&ritersr the program making a

computer implement the processes of: implementing a test of
sequential reading, through the plurality cof RF-tag
reader/writers, of the RF-tag identifiers of referesnce RF-
tags that are preiiminarily installed prior tc cperation;
and ascertaining whether or not a single RF-tag can be read
by the plurality of RF-tag reader/writers, based on the test
of reading. |

In other words, RF(Radic Frequency)-tag reading
systems, according to embodiments of the present invention,
is characterirzed in that, in the case where interference
occurs among & plurality of RF-tag reader/writers for
reading the RP-tag IDs of RF-tags, provides a method of
automatically controlling & schedule for the RE-tag
reader/writers.

In an RF-tag reading system according tco embodiments of
the present invention, by installing reference RF-tags prior
to operation and implementing a test of seguential reading
through RF-tag reader/writers, whether or not a single RF-
tag is read by a plurality of RF-tag reader/writers is

ascertained.
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read RF-tag IDs, without interfering with one another; therefore, costs for
installation of RF-tag reader/writers can be reduced, and the schedule
can readily be created 20 again, even though change or addition occurs in
the installation condition of the RF-tag reader/writers. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 is a block diagram illustrating

the configuration of an RF-tﬁ;%eadjng system according to a 25 first
embodimeREoffESprésBREInveRtiBR"S 7SFIE 2 ffa fitWdtarEmastriing e

“be.sreation gneralon,of 8 schedule able, o sehedule crealignaniin.

is a table Tepresenting“an example of a 5 ¢dnfiguration o
Jdbe seheghie: table thatds creatackby the schedule-creation WitinRIG: 1,01
FIG. 4 is a flowchart illustrating reading processing by a schedule control
Rinit BoF IG ARG 5 sear blockK gingfamsllustratingothect0 eonfigaiation of
an RF-tag reading system according to a second embodiment of the

CorBseht MveRitbn=rFic 6 '8 fiowehart Mustratmg the tredtion opetation,
Aaschedule Jable; by.a sehedule creatign upitin FiG, 5::15 EIGr s a4
flowchart illustrating table-conversion processing by the schedule creation
MRt G S tem according to embodiments of the present
invention, it is possible to automatically determine whether
or not interference among a plurality of RF-tag
reader/writers occurs; therefore, costs for instazllation of
RF~tag reader/writers can be reduced.

As described heretofore, in an RF-tag reading systen
according to embodiments of the present invention, even in
the case where a plurality of RF-tag reader/writers exist,
it is possikle To automatically create a reading schedule
for the respective plurality of RF-tag reader/writers to
read RF-tag IDs, without interfering with one another;
therefore, costs for installation of RF-tag reader/writers
can be reduced, and the schedule can readily be created

again, even though change or addition occurs in the

installation condition of the RF-tag reader/writers.

BRIEF DESCRIPTICN OF THE DRAWINGS
FIG. 1 is a block diagram illustrating the
configuration of an RF-tag reading system according to a

first embodiment cf the present invention:
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FIG. 8A is a table representing an example of a configuration of an
RF-tag table that is created by the schedule creation unit in FIG. 5; 20
FIG. 8B is a table representing an e>gan;1p|me of a configuration of the
schedule table that is created by the schedule creation unit in FIG. 5; and
FIG. 9 is a flowchart illustrating reading processing by a schedule control

umHn§£.522 TAILED.DESCRIPTION OF THE.PREFERRED
EMBODl%A'ENT%g-)S% ?%8‘38%5%510 iﬁg%rrggéﬁ}%ggﬁtigrﬁ% &"
exelainecbbelew withsegference teathedrawings. flfedisa Blagkrion unit
diagram illustrating the configuration of an RF (Radio Frequency)-tag
ieadid§ system according to a first 5 embodiment of the present invention.

In FIG the3RI.:-ta gze%%ing system according to the first embodiment of
& 3 ﬁfijt%%ﬁe&eﬁlﬁiggs 34 SHPPB LS Pdfefence for

the preserit invaiition 1€
ERatingRRIENDAS A aRd 3oL implerigniing Miteless copumuRigaion. e
with the RF-tags 2a and 2b, RF-tag 10 reader/writers 4a and 4b for
sohtdllihg sigrals fonthen antemnad Ba and 3b, and a control system 1 for
controlling the RF-tag reader/writers 4a and 4b. The RF-tag

readerkfiteré 455afd AbUEHAT thé ldmehnras Satarke 86 19 9eRIPRE IBENT

Qfegtig%ﬁé &?llge@gﬁc&t#op it%cir@atﬁorpfg-th(i RF-tags 2a and 2b and to
start or stop outputting of RF S|gnaf§. !

FIG. 5 is a block diagram illustrating the
configuration c¢f an RF-tag reading system according to a
second embodiment of the present invention;

FIG. 6 is a flowchart illustrating the creation
operation, of a schedule table, by a schedule creation unit
in FIG. 5;

FIG. 7 is a flowchart illustrating table-conversion
processing by the schedule creation unit in FIG. 5;

FIG. BA is a table representing an example of a
configuration of an RF-tag table that is created by the
schedule creation unit in FIG. 5;

FIG. 8B is a table representing an example of a
configuration of the schedule table that is created by the
schedule creation unit in FIG. 5; and

FIG. 9 is a flowchart illustrating reading processing

by a schedule control unit in FIG. 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



10

15

20

25

The control system 1 is configured of a schedule creation unit 11, a
schedule control unit 12, a schedule table 13, and a communication
control unit 14 for 20 implementing corgmunication with an unillustrated
external network. The schedule table 13 is a table that stores the
identifiers of the RF-tag reader/writers 4a and 4b to which schedule

controkghouidhe.applisd. dp additian, fields, fac$togno,fhe DS Of dh8 ) o 5 e

RF-tags 2a and 2b are incorporated in 25 the schedule table 13 an
btilized dutihg wedatiemotthier scheddiestabiey33. - 91The scheduleblock
creation unit 11 controls the RF-tag reader/writers 4a and 4b to detect

itEMERhCe e Wites BY rédifing Sehbaiieinite hedldfabi@adiThe
seedecsonioluni 43 reads REaa Informalion frpm e RFtag S

. 1 .
ers 4aan ile“controlling timing m accordance with the

eabtefineh the schedulptablent3. thergammunicationepntrol uitl kr-tag
sends to an application and the like in the external network the RF-tag
FRehadoR YesgroacirormdhaREval headénwhitersdeddmedb, of the

d 10 with the timing control by the schedule control unit 12.
PHASSE SR BAR TIAT aHG (e ERiH GUrhRgs grnaSinR. s

fale A by therschedyle, cregtion it kin EIG kMg, 3 i:i?n%)%%nting
representing an example of a configuration of the schedule table 13 that

4 51s beeatechbyntirel seltadule wieatiahanREdtadd R4 e 2b, RF-tag
reader/writers 4a and 4b for controlling signals for the
antennas 3a and 3b, and a control system 1 for controlling
the RF-tag reader/writers 4a and 4b.

The RF-tag reader/writers 4a and 4b control the
antennas 3a and 3b to read the IDs (Identifiers:
identification information) of the RF-tags Za and 2b and to
start or stop outputting of RF signals.

The control system 1 is configured of a schedule
creation unit 11, a schedule control unit 12, a schedule
table 13, and a communication control unit 14 for
implementing communication with an unillustrated external
network. The schedule table 13 is a table that stores the
identifiers of the RF-tag reader/writers 4a and 4b to which
schedule control should be applied. In addition, fields for
storing the IDs of the RF-tags 2a and 2b are incorporated in

the schedule table 13 and utilized during creation of the

schedule table 13.
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creation operation for the schedule table 13 according to the first
embodiment of the present invention will be explained with reference to
FIGS. 1 to 3. In addition, in the case where the control system 1 is
configured of an 20 unillustrated CPU (central processing unit) and a main
memory, the CPU achieves processing operation represented in FIG. 2,

by im epf rogram.in.the mai ory. When the schedule table
13is Eﬁagtegd%t 8§ ﬁ%?tg%%e 2 and 38%5 re e@%%ﬁvjﬁiﬁa%%%r%?r%%%ed

instheeviginities 25 abthenRF4pgteadeturitersaand A fespeiivebites a
The schedule creation unit 11 issues the RF-output-stop request to the

Rathg e aidimnkitees 48 dHth4b thredstbp Sieh G310 PheAscdrdihylo
the request, the RE-tag reader/writers,4a and 4b stop outputting of RF
Sigha gﬂro%l#%e %gtern%aagssg E;{Intdagb}ﬂlg&’fr?ﬁg toRroF SYstERF1 RF-tag
asaeding RELRGS 22 ahd{ok > 2pthatcanbesead by the,REHag; 1,
reader/writers 4a or 4b. In this case, the schedule creation unit 11 issues
totherdRREdagweatetiveiterotes tes R Fedutpus-starh eetjilest { el staps. S2The

and S3 in FIG. 2). According to the request, the RF-tag reader/writer 4a
SERLBLf5IERG of B RELSigRAL 1bifréfnthe ditefiRa b Bitsknendyd

e sehedule crealog yoit b sses 10 e RE tap teadeumiiet Ja e, +ead
read request (the step)%% in IE—ISI(‘E1 5) Th this situd |on,at?1e Antennas tin the
sasefom the RF-tag reader/writers 4a and 4b, in accordance
with the timing control by the schedule control unit 12.

FIG. 2 is a flowchart illustrating the creation
operation, of the schedule table 13, by the schedule
creation unit 11 in FIG. 1; FIG. 3 is a table representing
an example of a configuration of the schedule table 13 that
1s created by the schedule creation unit 11 in FIG. 1. The
creation operation for the schedule table 13 according to
the first embodiment of the present invention will be
explained with reference to FIGS. 1 to 3. 1In additicn, in
the case where the control system 1 is configured of an
unillustrated CPU {central processing unit) and a main
memory, the CPU achieves processing operation represented in
FIG. 2, by implementing a program in the main memory.

When the schedule table 13 is created, the RF-tags 2a
and Zb as reference RF-tags are arranged in the vicinities
of the RF-tag reader/writers 4a and 4b, respectively. The
schedule creation unit 11 issues the RF-output-stop request

to the RF-tag reader/writers 4a and 4b (the step S1 in FIG.
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FIG. 1, the antenna 3b) other than the antenna 3a have 15 stopped
outputting of the RF signals; therefore, the RF-tags 2a and 2b in the
vicinity of the antenna 3a can be read4g the absence of interference.
Because no entry exists in the schedule table 13, the schedule creation
unit 11 adds a new entry to the schedule 20 table 13 (the step S7 in FIG.

3). Forexampple, both the, RF, tags 23 and,2b %?fn-!?s%e%ea@&%%‘%s 4a

table 13 stores an entry that includes the IDs of the RF-tags 2a and 2b in
thei réterence Riztag fiefchand theiD ©of dhe RE-tag-meader/writendain the
RF-tag reader/writer field. 25 Accordingly, it can be seen that the RF-tags
28hntP2b exist within the reading coverage of the RF-tag reader/writer
4a.- 11 AL thig stage, ng,;l%:lonstenl;cs of tllwe ésggedgéle.tabl%{ 3.are as

r

represented in i e sECausy. the RF-tag readeriwrite ahads 2a and/or

gempleteddts, readingepeatioRethersehedule creation-ypit 11 igsues-toys,
the RF-tag reader/writer 4a the RF-output-stop request (the step S8 in
RIGtRYAsEsthe tase withettie feregoadg processing for thesREstage the
reader/writer 4%Qhe schedule creation unit 11 ascertains RF-tags 2a

Bhafsi 20 Bt et be 164d b theREA0AGHBAIS AFter ATUARE  (the
seagdulereation it bizpues) o e Beagdeaderiliendbiiee ene
RF-output-start request (the steps S9, 510, and’S3 In FIG. 2) and then
RAptememtsader/writer 4a starts outputting of the RF signal
from the antenna 3a.

Subsequently, the schedule creation unit 11 issues to
the RF-tag reader/writer 4a the read request (the step S4 in
FIG. 2). 1In this situation, the antennas (in the case of
FIG. 1, the antenna 3b) octher than the antenna 3a have
stopped ocutputting of the RF signals; therefore, the RF-tags
2a and 2b in the vicinity of the antenna 3a can be read in
the absence of interference.

Because no entry exists in the schedule table 13, the
schedule creation unit 11 adds a new entry to the schedule
table 13 (the step S7 in FIG. 2). For example, both the RF-
tags 2a and 2b can be read, the schedule table 13 stores an
entry that includes the IDs of the RF-tags 2a and 2b in the
reference RF-tag field and the ID of the RF-tag
reader/writer 4a in the RF-tag reader/writer field.
Accordingly, it can be seen that the RF-tags 2a and 2b exist

within the reading coverage of the RF-tag reader/writer 4a.
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reading of the RF-tags (the step S4 in FIG. 2). If the same RF-tag as the
RF-tag that has been read 15 previously is read, the schedule creation
unit 11 applies merge processing to tkﬂ entries in the schedule table 13
(the step S6 in FIG. 2). In the merge processing, with regard to the
reference RF-tag fields and the RF-tag reader/writer fields for all entries

inclyding th éggd Rc%é%ggggbhy{%s%%cﬁyﬁeu“é%%%a{ﬁgn%daﬁqudlﬁm as

previous entrie are replace the unions as a new entry. Néext,

sehedidercreation unitcll adds to the reference RF-tag field for the new
entry the RF-tag ID that has currently been read and adds to the RF-tag

readerBed@ees fidld fBF tHegewasdnr e efthéeRREatagaeadeepgilerd t s

4b that h tl the RE-tag ID. For instance, if, only the RF-tag
E%%%%”@Z?ﬁg%%% r?ri Fbeee BF&%?&% Egég}rﬁfblé}%éﬁte%lbéém to

the-sehedyl t%@@ﬁ%%y¥$f%§%ﬂKéR€héa@§béﬁ% ‘Ng@aﬁ”Qe uest (the
Because only one entry includes the RF-tag 2b, the contents of the entry
doamptThangerden 2hough the merge processing is applied. Because the
same 5 RF-tag ID as the RF-tag 2b that has currently been read is

alreadf$tdradiRtheasifiry thé réfefefeE RICERIIAEIS ST bt es; fHee
Jf:gf%—oé%;e RE;1ag readeriyriter ,4bt‘§eadd:§d7'_e<§%£%e gFétatgiE)%adew%rit%E
leld. Now that the processing for eac -tag Feaderwriter 10 hasbeen
sempletedy thexschadylexyeation shitzkl eRds thein be read by the RF-
tag reader/writer 4b. The schedule creation unit 11 issues
to the RF-tag reader/writer 4b the RF-output-start request
(the steps 59, S10, and S3 in FIG. 2) and then implements
reading of the RF-tags (the step S4 in FIG. 2).

If the same RF-tag as the RF-tag that has been read
previously is read, the schedule creation unit 11 applies
merge processing to the entries in the schedule table 13
(the step S6 in FIG. 2). In the merge processing, with
regard to the reference RF-tag fields and the RF-tag
reader/writer fields for all entries including the read RF-
tag ID, respective unions are made, and the previous entries
are replaced by the unions as a new entry.

Next, the schedule creation unit 11 adds to the
reference RF-tag field for the new entry the RF-tag ID that
has currently been read and adds to the RF-tag reader/writer
field fof the new entry the ID of the RF-tag reader/writer
4b that has currently read the RF-tag ID. For instance, if

only the RF-tag 2b has been read, the merge processing is
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schedule-creation processing (the steps S9 and S10 in FIG. 2). Through
the procedure heretofore, the RF-tag reader/writers that may interfere with
each other are stored in the same enfyy in the schedule table 13. 15 FIG.
4 is a flowchart illustrating the reading processing of the schedule control
unit 12 in FIG. 1. Reading processing according to the first embodiment

offheoReesent inuention wil he explained with referepce 10 RIGS. 11,3: rp-

and 4. In addition, the foregoing CPU achieves 20 processing operation
itlagtratechin Eliwh yinplementingBadarogeanarnin themeaiarmemoryicAude s
grocedure will be explained below in which, by utilizing the created

Effedilietale’Ps, HE4dIRGNS FibRerRéntelRin ek ARy e nehRy s en
g}leol.!l%tﬁr %ﬂ %1% Inet hlsr%lgjeast%-]'l_ﬁ_%z% SR Fa?%:ﬁgfizeadandlgbcthatieg gtfli](j)a?’é\;% ame

. ﬁ . . e au?
been utilized as the reference gs In the creation opera e

neheduetablesl 3mrarberemaned: hd3 Hhe schedule-contrelnitddy is
implements reading control for each entry in the schedule table 13, in
aéserdncetwitedh prodddurerbaiow. Pasallet feadingeohtrot sgnibieeld is

applied to different entries. In the first place, the schedule 5 contro] unit
13 SR e R Do L tilp Fetfudtl 63 FiE ARG TesERFAAR dtorégided

inthe,BFRiagreaderyyiter fields. of the.eptries in the schedule table 13
(the step S11in” FIG. 4). Subsequently, the schedule control unit 12

implerienatsthat the processing for each RF-tag reader/writer
has been completed, the schedule creation unit 11 ends the
schedule-creation processing (the steps $9 and S10 in FIG.
2) . Through the procedure heretofore, the RF-tag
reader/writers that may interfere with each other are stored
in the same entry in the schedule table 13.

FIG. 4 is a flowchart illustrating the reading
processing of the schedule control unit 12 in FIG. 1.
Reading processing according to the first embodiment of the
present invention will be explained with reference to FIGS.
1, 3, and 4. In addition, the foregoing CPU achieves
processing operation illustrated in FIG. 4, by implementing
a program in the main memory. A procedure will be explained
below in which, by utilizing the created schedule table 13,
reading is implemented in such a way as not to cause the
interference. 1In this situation, the RF-tags 2a and 2b that
have been utilized as the reference RF-tags in the creation

operation for the schedule table 13 may be removed.
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10 reading processing for RF-tag reader/writers in the entry in the
schedule table 13, in accordance with a procedure below. The schedule
control unit 12 issues the RF-output-stajt request to the RF-tag
reader/writer 4a that is the first RF- tag reader/writer stored in the entry in
the schedule table 15 13 (the steps S12 and S13 in FIG. 4). Thereatfter,

the schedule gonirol unitl2 issyeg ihe RF; tag f@f&@gt@qysg&k%gecommz
RF-tag reader/writer 4a (the step S14 in FIG. 4). The schedule control

fnit aobtiftes the LonMmanicatiotcontrodinhé 1430f the readRE4agdDwith
(the 20 step S15 in FIG. 4). The communication control unit 14 notifies an

AppriesfstiaRd'iRe fike of the RF-tdy TRRsIATEORCBY Rdy 6Panexterpall ied
ggt‘éﬂ%é\'rovﬁéh%‘{ﬁ %igéocesfh”%"é t??{*slﬁ-z't?‘ 5%%"6%"%{%655 AL

een completed, the schedulé control uni sues the
estputcsstoprequest todbecRFiag readeiwriar-4a-Ghe step.ca16 #FiG1 rr-
4). - 14 Next, as is the case with the foregoing processing for the RF-tag
fead@ewriesr /4t thesehetalkecoritroluint RE-dppliesahddRFsag readifige1ds
%o zlfsin also to the RF-tag reader/writer 4b that is the second RF-tag
o)

ad&wAtErin Bt erthy of T SEHEd fiRARe 3. e saEduIs thntrdl

Hpd 12 issues the RF-output-start request to the RF-tag reader/writer 4b
(the steps S17, S18, and S13 in FIG. 4) and the RF-tag reading request
(the stepbsequently, the schedule control unit 12 implements

reading processing for RF-tag reader/writers in the entry in
the schedule table 13, in accordance with a procedure below.
The schedule control unit 12 issues the RF-cutput-start
request to the RF-tag reader/writer 4a that is the first RF-
tag reader/writer stored in the entry in the schedule table
13 {the steps 512 and $13 in FIG. 4).

Thereafter, the schedule contreol unit 12 issues the RF-
tag reading request to the RF-tag reader/writer 4a (the step
514 in FIG. 4). The schedule control unit 12 notifies the
communication control unit 14 of the read RF-tag ID (the
step S15 in FIG. 4). The communication control unit 14
notifies an application and the like of the RF-tag
information, by way of an external network. Now that the
processing for the RF-tag reader/writer 4a has been
completed, the schedule control unit 12 issues the RF-
output-stop request to the RF-tag reader/writer 4a (the step

516 in FIG. 4).
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S14 in FIG. 4). The schedule control unit 12 notifies the 10 application and
the like of the read RF-tag ID, by way of the communication control unit
14 (the step S15 in FIG. 4). The schegyle_control unit 12 stops outputting,
of the RF signal, by the RF-tag reader/writer 4b (the step S16 in FIG. 4).
Now that the processing for each RF-tag reader/writer 15 in the entry in

the schedyle tahle;13 pag heen.completed, t%%%@%fi%; CORUOLUDIL TS o\

ends the reading processing for the entry (the steps S17 and S18 in FIG.
Ahel ¥ schedule apatrbl unitel? perfotrhe repéatadhethecfaregningnit 12
procedure for each entry in the schedule table 13. 20 Therefore, the

R R ddet e FSda SRRAAD CaRtRaa TR Ty S IisiFavdiimRF-tag
;uusqs&em&*a%twe@@ the query Sé%@a'é%ggwdt%ﬁEéagrfgggsmi%%% Pin
i bo e

and 4b. According to the present embodiment, even 17 the case’ w 6 &
phealityrof\Rb4ag ieadehwatars 4aand 4bzexist, 25 it is possible to
automatically create a reading schedule for reading RF-tags, without
mutualittedcieedel Aceordingly, inte presbateamodimeRt costpfor-start

15 installation of RE-tag reader/writers can be reduced; additionally, in
ﬁweéztﬁ‘reess%e% ? rﬁ%@dig’#_ﬂ%%erg AR Fedthly Fe Ere3iER %19%#:6, revett

theuah shange ek adglitiogy, 9CeHEs WQQS@&QH%&OEQE@@S@ REHBIR ep
reader/writers. In the present embodiment, a case has been explained in

514 in FIG. 4). The schedule control unit 12 notifies the
application and the like of the read RF~tag ID, by way of
the communication control unit 14 (the step S15 in FIG. 4).
The schedule contrel unit 12 stops outputting, of the RF
signal, by the RF-tag reader/writer 4b (the step S16 in FIG.
4). Now that the processing for each RF-tag reader/writer
in the entry in the schedule table 13 has been completed,
the schedule control unit 12 ends the reading processing for
the entry (the steps $S17 and S18 in FIG. 4).

The schedule control unit 12 performs repeatedly the
foregoing procedure for each entry in the schedule table 13.
Therefore, the RF-tag reader/writers 4a and 4b can read RF-
tags, while avoiding interference between the query signals
from the RF-tag reader/writers 4a and 4b.

According to the present embodiment, even in the case
where a plurality of RF-tag reader/writers 4a and 4b exist,
it is possible to automatically create a reading schedule
for reading RF-tags, without mutual interference.

Accordingly, in the present embodiment, costs for
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which two RF-tag reader/writers exist; however, the number of RF-tag
reader/writers is not limited. Moreover, in the present embodiment, a case
has been explained in which one 10Q regference RF-tag is installed for each
RF-tag reader/writer; however, two or more reference RF-tags may be
installed for each RF-tag reader/writer. Still moreover, in the present

embocimept shase has een explaned 1n which.an apelicaion.that
actually 15 processes RF-tag information exists in an external network;

hawevenribe applicationamay-exishin tig-samaapparans asibatinavkich
the control system 1 is incorporated, or may be connected to the control
Spstdinl Y, Prothee 3. FUiB is avsibck dmuranrilaseating tisiddtion

canfiguration gf an. RF-tag.reading system accordi a second

& uc%d?m%erﬁt tg}l%elgrsets%n ?r%é?‘nrgo%% rg ﬁé.og, t%g -Faaggreading

s¥Signy ageqreing;to the second embodiment of the present invention is
configured in the same way in which the RF-tag reading system,

illustraled thEI@risascdordinge@iterthe fixstembotmsenicafithesgréséned in

invention is configured, except that an RF-tag table 52 is provided in a

EBAEBI Syktefi's Tt TR SERéatie G Eat 6 bttt 7 1Iv S Feplde@diyiRer
senedueealdadpital Nal ereares . schipule by Wiizigg he REfag
table 52; like reference characters denote like constituent elemeérits: The
idendifiet obabdfriag teadewsiterand figen explained in which one
reference RF-tag is installed for each RF-tag reader/writer;
however, two or more reference RF-tags may be installed for
each RF-tag reader/writer.

Still moreover, in the present embodiment, a case has
been explained in which an application that actually
processes RF-tag information exists in an external network:;
however, the application may exist in the same apparatus as
that in which the control system 1 is incorpeorated, or may
be connected to the control system 1, in other ways.

FIG. 5 is a block diagram illustrating the
configuration of an RF-tag reading system according to a
second embodiment of the present invention. In FIG. 5, the
RF-tag reading system according to the second embodiment of
the present invention is configured in the same way in which
the RF-tag reading system, illustrated in FIG. 1, according
to the first embodiment of the present invention is
configured, except that an RF-tag table 52 is provided in a

control system 5, and the schedule creation unit 11 is
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5 corresponding RF-tag ID read by the RF-tag reader/writer are stored in
the RF-tag table 52 that is utilized by the schedule creation unit 51 when
the schedule table 13 is created; in eagh entry of the schedule table 13, a
list of the identifiers of RF-tag reader/writers that can 10 concurrently read
is stored. Moreover, in the RF-tag reading system according to the

sesandembpdiment,of the present inventinn can RR-fag readerfwriter 4c

is added. FIG. 6 is a flowchart illustrating the creation operation, of the
schedulectable 18,iby thegchedulRiE arpatiop 1nitcs} in Fke. 2eFheence
creation operation for the schedule table 13 according to the second

ShgGRnt FHe sresheinventbh Witbe edsiairrESyith reference to

FIGS. nd 6. In.addition, in the case where the control syste IS

configa?%e%(}i aﬁ%ﬁﬁdu%%ra?gd Thy cegr?t?alrper%cgéc ivnqélji&%nlﬁ%an%hée

S RBEBIY HEREPLLACIBVeS MHOERSSING: ORBLALION HepsessNifdiler are

FIG. 6, by implementing a program in the main memory. When the

stheddleitabld 12358 createtiaiheeRF2tagsata Bnd2h A zefbropcé IRF-tags

are arranged in the vicinities 25 of the RF-tag reader/writers 4a, 4b, and
heule

. CHeEdtie cRahdEH-init 511855 e RENSHBLE staPrequbdt i5the
éﬁé&%%a9a@%ﬂagﬁﬁsé%&§-'éfdfﬁéﬂgéﬁéﬂh§élégéﬂg-ié? 9)1ist of

According to the request, the RF-tag reader/writers 4a, 4b, and 4c stop
dutpuitiagof Rle sigrafs Rbrthe astelwdbiriters that can
concurrently read is stored. Moreover, in the RF-tag
reading system according to the second embodiment of the
present invention, an RF-tag reader/writer 4c is added.

FIG. 6 is a flowchart illustrating the creation
operation, of the schedule table 13, by the schedule
creation unit 51 in FIG. 5. The creation operation for the
schedule table 13 according to the second embodiment of the
present invention will be explained with reference to FIGS.
5 and 6. In addition, in the case where the control system
5 is configured of an unillustrated CPU (central processing
unit) and a main memory, the CPU achieves processing
operation represented in FIG. 6, by implementing a program
in the main memory.

When the schedule table 13 is created, the RF-tags 2a
and 2b as reference RF-tags are arranged in the vicinities
of the RF-~tag reader/writers 4a, 4b, and 4c. The schedule
creation unit 51 issues the RF-output-stop request to the

RF-tag reader/writers 4a, 4b, and 4c (the step S$21 in FIG.
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3a, 3b and 3c. Next, the control system 5 ascertains RF-tags 2a and/or 5
2b that can be read by the RF-tag readers/writers 4a, 4b, or 4c. In this
case, the schedule creation unit 51 jsspes the RF-output-start request to
the RF-tag reader/writer 4a (the steps S22 and S23 in FIG. 6). According
to the request, the RF-tag reader/writer 4a starts outputting of the RF

jgnal from. e ﬁgQ;@@q ly the.schedule,creation unit
FSE!J? fssu%gctﬁge@%g% %gqfe[:{s% t%a?he RF-faLgl;@}rqeéac}iE/V\J/Crﬁgr ]é%ja(t e s%e%%ff n 1a,
BlG. Gndn thisstvationihecantegnas (retheicaselef FGmbSrthe antepnass
3b and 3c) other than the antenna 3a 15 have stopped outputting of the
RErsighaRthetfore, the RF-tags 2a and 2b in the vicinity of the antenna

3a can,pe .read without interference. After reading the RE-fags 2a gnd 2b,
the schl\ggcﬁﬁé (gr%%tigﬁrhtnrlto 1 %A}l"ﬁgs? Th é1ea %ﬁ%%%ﬁﬁ?e 55 agl?sqsbf$ e 331/ or

readtREttagsr?dand2(the step SRP-IpJCr L) Becayse the-RF29 41, or

reader/writer 4a has completed its reading operation, the schedule
dreatiohruriibb$ issuess, thelRFs obglitdstop regquestiio the RE1ag ssues the
reader/writer 4a (the step S26 in FIG. 6). 25 As is the case with the

foreg8ing ProtklSing Tor it 'RiETag 1eadiimhniter i dre Sehetake 42 (the
sreaondit ahaPse 1S RiGlags 22 30LeL 2 PLGENBE 'R RYADS che
RF-tag reader/writer 4a starts outputting of the RF signal
from the antenna 3a.

Subsequently, the schedule creation unit 51 issues the
read request to the RF-tag reader/writer 4a (the step S24 in
FIG. 6}. In this situation, the antennas {(in the case of
FIG. 5, the antennas 3b and 3¢) other than the antenna 3a
have stopped outputting of the RF signals; therefore, the
RF-tags 2a and 2b in the vicinity of the antenna 3a can be
read without interference.

After reading the RF-tags 2a and 2b, the schedule
creation unit 51 writes in the RF-tag table 52 a list of the
read RF-tags 2a and 2b (the step S25 in FIG. 6). Because
the RF-tag reader/writer 4a has completed its reading
operation, the schedule creation unit 51 issues the RF-
output-stop request to the RF-tag reader/writer 4a (the step
526 in FIG. 6).

As is the case with the foregoing processing for the
RF-tag reader/writer 4a, the schedule creation unit 51

ascertains RF-tags 2a and/or 2b that can be read by the RF-
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tag reader/writer 4b. The schedule creation unit 51 issues to the RF-tag
reader/writer 4b the RF-output-start request (the steps S27, S28, and S23
in FIG. 6) and then implements reading of the RF-tags (the step S24 in
FIG. 6). 5 After reading the RF-tags 2a and 2b, the schedule creation unit
51 writes in the RF-tag table 52 a list of the read RF-tags 2a and 2b (the

step 2ade FiGr B} Beqayse fhe %ﬁ@i@@%@%@t@iéﬁ has complated e s

its reading operation, the schedule creation unit 51 issues the RF 10
batputstep réqyuesitodhe RiFtag rediierfiveteR BHofthestem t326 icBlgGest

6). As is the case with the foregoing processing for each of the RF-tag
RfEeTs 28 and 4B t ﬁ@t%.lléncr%%ﬁon hitst abBERaiHEp lement s

RE;18g5.2a anglor %&th@g nke g.Ssrt F% lg%?tge RF:ag regger/wrlter 4c.

The schedule creation un 51 issues output-start request to the

RF-tag: feaderaditerdc (the steps 77, 528:a0d:823 ihElGB)and dhen
implements reading of the RF-tags (the step S24 in FIG. 2). 20 After
fé&dihgARe LF?F—’%aéé 2d P2 1h eldh &fiid age &bl anfitdb awlilesincthet he

ble 52 a list of th rea RF-ta nd 2b (the s Lep S25in FIG.
aé%%{gse 9Re aéit rggde et 2 A%Qré?g &%8 its r%adn?gecause

@pgr@amtatae Schedulecrealienginal 'S:?H{%ﬁ‘tgéé%': 2e0ulpyLSIop
request to the RF-tag reader/writer 4c (the step S26 in FIG. 6).

operaticn, the schedule creation unit 51 issues the RF-
output-stop request to the RF-tag reader/writer 4b {the step
526 in FIG. 6).

As is the case with the foregoing processing for each
of the RF-tag reader/writers 4a and 4b, the schedule
creation unit 51 ascertains RF-tags 2a and/or 2b that can be
read by the RF-tag reader/writer 4c. The schedule creation
unit 51 issues the RF-output-start request to the RF-tag
reader/writer 4c (the steps $27, $28, and S23 in FIG. 6) and
then implements reading of the RF-tags (the step S24 in FIG.
2) .

After reading the RF-tags 2a and 2b, the schedule
creation unit 51 writes in the RF-tag table 52 a list of the
read RF-tags 2a and 2b (the step S25 in FIG. 6). Because
the RF-tag reader/writer 4c has completed its reading
operation, the schedule creation unit 51 issues the RF-
output-stop request to the RF-tag reader/writer 4c (the step

526 in FIG. &).
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- 19 After all the RF-tag reader/writers 4a, 4b, and 4c have completed
their reading operation (the steps S27 and S28 in FIG. 6), the schedule
creation unit 51 implements table- conuersion processing for creating the
schedule table 13, 5 with reference to the RF-tag table 52 (the step S29 in
FIG. 6). FIG. 7 is a flowchart illustrating the table-conversion processing

by the sehedule gregtionynit 5 in E1G. 5, FIG.+ BAJs A table representing.,

an example of a configuration of 10 the RF-tag tabie 52 that i$ created by
thenstleeduletdreationr aanit bd ing<4Ga bl and HiGe 8Btisgstalile and $28 in
representing an example of a configuration of the schedule table 13 that
L @redted Bythe’s B CFE&AGH eRitwiih FG. Burirments table-

Ahloonversign plesessin According Jo e speond Jopmbodiment of,

S8 Q) ]
the present invention wﬁPge explalne WI%F]g reference 1o , an

Wi Hhadditionethe faregoiny (ERYAFhiQva:POgessing QRRIBLIONs in riIG.
illustrated in FIG. 7, by implementing a program in the main memory. In
fne first place, the schedule creation unit 51 20 refers to the first entry of
the RE-tag taple 52 and then stores_in an new entry of the schedule table

13 the® identifiet Bf the R ieadet AREF BF tHfirsR e nESrore e RESG R on
fabled (the stors 31033 1 FlG. 2} e gﬁ'ﬂ%d% Gealion Uit Strq

checks other entries of the RF-tag 25 table 52 (the steps S34 to S37 In
FAGiLF) antdbea agdsrtesenting an example of a configuration of
the RF-tag table 52 that is created by the schedule creation
unit 51 in FIG. 5; and FIG. 8B is a table representing an
example of a configuration of the schedule table 13 that is
created by the schedule creation unit 51 in FIG. 5. The
table-conversion processing according to the second
embodiment of the present invention will be explained with
reference to FIGS. 5, 7, and 8. In addition, the foregoing
CPU achieves processing operation illustrated in FIG. 7, by
implementing a program in the main memory.

In the first place, the schedule creation unit 51
refers to the first entry of the RF-tag table 52 and then
stores in an new entry of the schedule table 13 the
identifier of the RF~tag reader/writer of the first entry of
the RF-tag table 52 (the steps S31 to S33 in FIG. 7). The
schedule creation unit 51 checks other entries of the RF-tag
table 52 (the steps $34 to $37 in FIG. 7) and then adds to

the new entry of the schedule table 13 the identifiers of
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the new entry of the schedule table 13 the identifiers of - 20 the RF-tag
reader/writers that do not interfere with RF-tag reader/writer of the first
entry (the step S38 in FIG. 7). For exaigple, in the case where the RF-tag
table 52 as represented in FIG. 8A exists, because the first entry of 5 the
RF-tag table 52 is the RF-tag reader/writer 4a, the RF- tag reader/writer

4a4s gipreddn fhe et Antry-ofthe, gchedyle tahle 13 (the step 333 ket

FIG. 7). The second entry of the RF-tag table 52 is the RF-tag
resaidrvviiter 4brhoWwevke HecatisecmithyregardtastheoRE3A0iorEA®E. 7).
interfering with the RF-tag reader/writer 4a, the RF-tag reader/writer 4b is

not addéd t(?i"r?é“ﬁlls‘i’ ently 6f1thé 8efediieRabIENE. Rifre Rt BARYOfIReas
BER0Jahie. 52 s I RFdRoLeaderwiler dg; because Wil 1egain [ ¢

the'RF-tag 2b, not interfering with thé R g reader Writer 15 4a,

Rirstagpreagigrivaiies 46 s agdeddotine fiset entnnof g seheduls table1Rr-
(the step S38in FIG. 7). As a result, the first entry of the schedule table
18¢orsiis bf whetRE-14g réadeiwritalsida &k 4€1Bytapplying sifilahe

EE‘?{:&:’ST I c()g;g e ch(% tge RF- 20 tag reader/writers, among the _
remamlng?ge%%) o] %e % taggt?éiblg%% HiathHe r?dt'yet been stored in

the scheuigetahle 18nthe, sehedyle tRple Ly isgeated;In fhe granmple. o
represented in FIGS. 8A and 8B, the RF-tagreader/writer A'}b of the

seeoiad éntrydthélRFhagdakie Sdiscsiared inbeh regard to the RF-
tag 2a, interfering with the RF-tag reader/writer 4a, the
RF-tag reader/writer 4b is not added to the first entry of
the schedule table 13. The last entry of the RF-tag table
52 is the RF-tag reader/writer 4c¢; because, with regard to
the RF-tag 2b, not interfering with the RF-tag reader/writer
4a, the RF-tag reader/writer 4c is added to the first entry
of the schedule table 13 (the step S38 in FIG. 7). &s a
result, the first entry of the schedule table 13 consists of
the RF-tag reader/writers 4a and 4c.

By applying similar processing also to each of the RF-
tag reader/writers, among the remaining entries of the RF-
tag table 52, that have not yet been stored in the schedule
table 13, the schedule table 13 is created. In the example
represented in FIGS. 8A and 8B, the RF-tag reader/writer 4b
of the second entry of the RF-tag table 52 is stored in the
second entry of the schedule table 13. Because the RF-tag
reader/writer 4b interferes with other RF-tag

reader/writers, the second entry of the schedule table 13
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25 second entry of the schedule table 13. Because the RF-tag
reader/writer 4b interferes with other RF-tag reader/writers, the second
entry of the schedule table 13 20a consists of the RF-tag reader/writer 4b
only. When all the RF-tag reader/writers are registered in the schedule
table 13, 5 the creation of the schedule table 13 is completed (the step
S39in FIG. 7). FIG. 9 is a flowchart illustrating the reading processing of
the schedule control unit 12 in FIG. 85 the first place, the schedule
control unit 12 stops 10 outputting, of the RF signals, from all the RF-tag
reader/writers 4a, 4b, and 4c (the step S41 in FIG. 9). Thereatfter, the

s¢hedule contrglunit 12 refers tauthe first centry, of the schedule tablerl3,
starts outputting, of the RF signals, by all the RF-tag reader/writers that
rare:stpredan<dy the fiestertne (thecsteps:$42 andt43 ir Ei6lQ)candble 13,
implements parallel reading processing (the step S44 in FIG. 9). The
SRR COTr G P 2T fhet EbMTnanicalioR BBATEFAn HF of 1
S@@d. RF:tag I?I? (the step S45 in FIG. 9) and then stops outputting, of RF

1L L ‘ ) ;
signérs,Trom the RF 20 tag reader/writers that are stored in the first

entry fthe. step S46 i Fieh9)<The schedule sentrakunitd2 appliescessing
processing similar to that described above to each of the remaining
oéntries cfthedsereduyietaple 131 thérebyrinmiplémenting the reading

rocessing (the steps S43 to S48 in
P Inlé%g firs@ place, the schedule control unit 12 stops

cutputting, of the RF signals, Ifrom all the RF-tag
reader/writers 4a, 4b, and 4c (the step 541 in FIG. 9).
Thereafter, the schedule control unit 12 refers to the first
entry of the schedule table 13, starts ocutputting, of the RF
signals, by all the RF-tag reader/writers that are stored in
the first entrv (the steps 542 and 43 in FIG. 2), and
implements parallel reading processing {the step S44 in FIG.
9). The schedule control unit 12 notifies the communication
centrol unit 14 of the read RF-tag IDs (the stepr 545 in FIG.
9) and then steps outputting, of R¥ signals, from all the RF-
tag reader/writers that are stored in the [irst entry (the
step 846 in FIG. 9). The schedule control unit 12 applies
processing similar to that descriked azbove to each of the
remaining entries of the schedule table 13, thereby
implementing the reading processing (the steps 343 to S48 in

FIG. 9.
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reading system including an RF-tag reader/writer control system that, in

the case where interference occurs a ﬁnga plurality of RF-tag
reader/writers for reading RF-tag identifiers of RF-tags , controls 5 a
schedule for the plurality of RF-tag reader/writers, the RF-tag reader/writer
%;ﬂtrtolls g %t&gg csomprising: reading-test implementation means of
implementing a test of sequential reading, through the plurality of RF-tag
reader/writers, of the RF-tag identifiers of reference RF-tags that are
preliminarily installed prior to operation; and 10 ascertainment means of
dscertafingRiKRHder oFrstuarsiyplesk Fadjgan stemadibyltdmplumalitRdttag
RF-tag reader/writers, based on the test of reading, 2. The RF-tag reading
G SR KRt SIS i dRell 1o EHEE WHEFT IS g among o

ﬁﬁi@ﬁf%ﬁ%ﬁéﬁ%@%?Q}yrcgdﬁ%?ﬁv{ggg JAWH&%%#R%.%F-st;%ommls

reader/writer ¢ | system determines that intérference occurs among
respedtikefdbthptyralgpals Hibm dheadkiraliyeed, e RB-raadedyrieieadthtrol
then implements control of a reading-timing schedule for the respective
PYSHE P UNIIESIBE reader/writers. 3. The RF-tag reading system

accord;rég d&% c_I%im 1:L or, 2 gillftla%rgin the RF-t{aq r%aderlwriter c_onétrolfsg/stem il
includes a s&egulen%gbﬁrehln WhienTentners 8‘?&]’2{%%3@3 ot Sequentia
reafigp e RN i tine, coniel @b a deRdinaiINGrSEREYHIE DASRiRR s of
applied and RF-tag identifiers of the reference RF-tags are stored, the
stheugleREbleg Ubiatguer patiohinasidyl iostaHedRiFidagoi deatifians; afithe

reference RF-tags. - 22 4. The RF-tag readin% system accprdin%Jt:o claim
1,2 Orggi,%péﬁﬁ%glﬁ}ﬁ_st% ascertaining whether or not a smgle -{ag can be

read by the plurality of RF-tag reader/writers, based on the test of reading.

2. The RF-tag reading system according to claim 1, wherein, in the case where
the single RF-tag can be read by the plurality of RF-tag reader/writers, the RF-tag
reader/writer control system determines that interference occurs among respective
query signals from the plurality of RF-tag reader/writers and then implements
control of a reading-timing schedule for the respective plurality of RF-tag

reader/writers.

3. The RF-tag reading system according to claim 1 or 2, wherein the RF-tag
reader/writer control system includes a schedule table in which identifiers of the RF-
tag reader/writers to which the control of a reading-timing schedule has to be
applied and RF-tag identifiers of the reference RF-tags are stored, the schedule table

being created based on the RF-tag identifiers of the reference RF-tags.
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reader/writer control system includes an RF-tag table in which
correspondence between the identifier of the RF-tag reader/writer and the
RF-tag identifier read by the RF-tag rggder/writer are stored and a
schedule table in each entry of which a’list 5 of the identifiers of the
RF-tag reader/writers that can concurrently read is stored, the schedule

table bej ted by utilizing the RF:tag table, 5. An RF(Radio
requonty gt SR RE BT SJRLI S neEdsd HefhiRgihe RF-tog

[RIRERWRNGCE Q66HG ANRRY FRINRIDAAT RE-A0 (aAdeHRISER 05128 nce
RF-tag identifiers of RF-tags , controls a schedule for the plurality of

BRitwtegn 1@ idadeflorritéthe tRE-RiE-tagirebdiéréwater thertbl sy StRitifier read by
comprising: reading-test img}lementation means of implementing a test of

rifg TGl en e gtRd i ansheduke table imsershvwntersforigh a list
S eqdaRmles Pl S RIRAR AP DI UTINA INPINGS PR,

to operation; and ascertainnient means ot ascertaining whether or not a
sisgitRbHagitaBdirg trapacbPyiNepl MR piihelee reader/writers,
based on the test of reading. 6. The RF-tag reader/writer control system
according to claim 5, wherein, in the case where the single RF-tag can be

ead by the plurality of RF-tag. reader/writers, the RF-tag reader/writer
omror A AT AGHEAEN S b h Dt cas
ey slepalRiam e RIumRiR: of RhHagy AMRFMISSAQANRINER: reading
implements control of a reading-timing sChedule for'the respective
RitrafitydehRfretagofe 8detdpgite onirolh e REbG e dderitglueslitiobf RF-tag
system accordin%to claim 5 or 6, wherein the RF-tag reader/writer control

SPERETTHENRIES RECAR APASTANIEISH SORIE] SysisticPEIprigiBeRF-tag
reader/writers to which the control of a reading-timing.- 23 schedule has ..
ot R NG A oS Bt SR Segentia

%@ﬁ@)@ﬁ%@é@@@ baingisyeAted-hasechan ieiRfs; 189 idenifiess fidh€ficrs of

reference RF-

reference RF-tags that are preliminarily installed prior to operation; and
ascertainment means of ascertaining whether or not a single RF-tag can be

read by the plurality of RF-tag reader/writers, based on the test of reading.

6. The RF-tag reader/writer control system according to claim 5, wherein, in
the case where the single RF-tag can be read by the plurality of RF-tag
reader/writers, the RF-tag reader/writer control system determines that interference
occurs among respective query signals from the plurality of RF-tag reader/writers
and then implements control of a reading-timing schedule for the respective

plurality of RF-tag reader/writers.

7. The RF-tag reader/writer control system according to claim 5 or 6, wherein
the RF-tag reader/writer control system includes a schedule table in which

identifiers of the RF-tag reader/writers to which the control of a reading-timing
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tags. 8. The RF-tag reader/writer control system according to claim 5, 6 or
7, 5 wherein the RF-tag reader/writer control system includes an RF-tag
table in which correspondence between the identifier of the RF-tag
reader/writer and the RF-tag identifief fead by the RF-tag reader/writer
are stored and a schedule table in each entry of which a list of the
identifiers of the RF-tag reader/writers that can concurrently read is

sstpd e thyes é@hémi@b@@cb&ﬁga@ré&méﬁ@ysmﬂ i gelecroe-fHirtags epigored,
uenc er/w r mterfere ce ayqgidance
e R PR Rk et Sl o o ey BggPftonce -

der/writer control system that, in the case where mterference occurs
among a plurality of RF-tag reader/writers for reading RF-tag identifiers of
RF-tags , controls a schedule for the 15 plurality of RF-tag reader/writers
the RF- tag reader/writer interference avoidance method implementing:

teadinglte SR Hripferradetunt ﬁoﬁ%%%f%ﬁ?ﬂg%ﬁﬁ‘%éoré‘éﬂﬁlﬁm or 7,
\ffﬁ%ﬁ DSRUDRIE! R}}ﬁté?séo Ecr)? ﬁgﬁﬁ'&g %tagle in which

ity of RF- tag re writers, F -tag |dent| erso ference

@Ed@@ﬁdhﬁé@lﬁ:t%eﬁr@lhmiﬂaﬁtkﬁﬁﬂ&w{ﬁé RiIof:0 Rpesatiaiicangddihe RF-tag
ascertainment process of ascertaining whether or not a single RF-tag can

identdliss B@aﬁwbybthﬁaﬁtﬁ-maﬁhy/@ﬁéé griiseedoaind @ eebgiskedelde in each
G R e R A SR R o
JERIDYIE Rl %‘%f(ﬁ%ﬁa Riied®hiRRIFCRBR NUie srde Sy @ lizing the RF-tag
reader/writer control system determines that interference occurs among
tebpective query signals from the plurality of RF-tag reader/writers and

then implements control of a reading-timing schedule for the

9. An RF(Radio Frequency)-tag reader/writer interference avoidance method
utilized in an RF-tag reading system including an RF-tag reader/writer control
system that, in the case where interference occurs among a plurality of RF-tag
reader/writers for reading RF-tag identifiers of RF-tags , controls a schedule for the
pluraiity of RF-tag reader/writers, the RF-tag reader/writer interference avoidance
method implementing:

a reading-test implementation process of making the RF-tag reader/writer
control system implement a test of sequential reading, through the plurality of RF-
tag reader/writers, of the RF-tag identifiers of reference RF-tags that are
preliminarily installed prior to operation; and

an ascertainment process of ascertaining whether or not a single RF-tag can

be read by the plurality of RF-tag reader/writers, based on the test of reading.

10.  The RF-tag reader/writer interference avoidance method according to claim

9, wherein, in the case where the single RF-tag can be read by the plurality of RF-
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respective plurality of RF-tag reader/writers. 5 11. The RF-tag
reader/writer interference avoidance method according to claim 9 or 10,
wherein the RF-tag reader/writer control system is provided with a
schedule table in which identifiers of the RF-tag reader/writers to which
the control of a reading-timing schedule has to be applied and RF-tag
identifiers of the reference RF-tags are stored, and the RF-ta

e AT TRt dhSy SRemage sadethstiene a0 SaBiRmp AL B fie that
R HIaE diba SRR a0 AT R (RO JRAGGII . tag

interference avoidance method according to claim erein
tbeiBFvidtgric aste et d rgdertioh Sy sterrols ¢ff avitlad inpthiamR schagdrRbler the
in which correspondence between the identifier of the RF-tag reader/writer
HBeHy REvwad tehlklctas madgrERI-tag reader/writer are stored and a
schedule 15 table in each entry of which a list of the identifiers of the

RF-tag reader/writers that can concurrently read is stored, and the RF-tag

[gaderpuitRIFCQBIRSUF IO RASER NS SARRHMR dahlen bty AHZNAINS claim
RF-tag table. 13. A program of an RF(Radio Frequency)-tag reader/writer

nve FerevheeciavibitiBRer gretidod wtilireebinrahsRftetagy padintpd ystbm schedule
including an RF-%%g 20 reader/writer control system that, in_ the case
1

SriintBirbrafdedibens ¥ dhfoRd 4381 TRaREY SRR G rehdr thRispatel of 2
1ERRGRALIANIESIR A5 R 1ag%ied H%&g%ﬂak%&ef %@'%ﬁell%ﬁce

of RF-tag reader/writers, the program making a computer implement the
Rroegsses sbire@ e REALpdcadeshol aeepiardialyeaiing deomghdhedule

plurality of RF-tag reader/writers, of the RF-tag identifiers of reference
e hpsahandbe Biehngiidemitivrstefitw prferencofdrdtsn; and ascertaining
whether or not a single RF-tag can be read by the plurality of 5 RF-tag
reader/writers, based on the test of reading.

12. The RF-tag reader/writer interference avoidance method according to claim
9, 10 or 11, wherein the RF-tag reader/writer control system is provided with an RF-
tag table in which correspondence between the identifier of the RF-tag reader/writer
and the RF-tag identifier read by the RF-tag reader/writer are stored and a schedule
table in each entry of which a list of the identifiers of the RF-tag reader/writers that
can concurrently read is stored, and the RF-tag reader/writer control system creates

the schedule table, by utilizing the RF-tag table.

13. A program of an RF(Radio Frequency)-tag reader/writer interference
avoidance method utilized in an RF-tag reading system including an RF-tag
reader/writer control system that, in the case where interference occurs among a
plurality of RF-tag reader/writers for reading RF-tag identifiers of RF-tags , controls
a schedule for the plurality of RF-tag reader/writers, the program making a

computer implement the processes of:
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implementing a test of sequential reading, through the plurality of RF-tag
reader/writers, of the RF-tag identifiers of reference RF-tags that are preliminarily
installed prior to operation; and

ascertaining whether or not a single RF-tag can be read by the plurality of

5  RF-tag reader/writers, based on the test of reading.



