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APPARATUS AND METHOD FOR IDENTIFYING & TRACKING
MULTIPLE TOOLS AND DISPOSABLES TECHNICAL FIELD 5 The
present invention relates in general to complex environments in which
tools or disposables are used, and in particular to a device for identifying

andy RN TRISaAN B IESRRIED BASH GHNINPY NG FereReCrRaNG

environments in which multiple tools and disposables are used, including
for example opé}@ﬁéﬂ_ *B&ESTIQ;(QQ&FS,A@Q =PeranBikEAn operation

room is a facility in which intrusive operations are performed on patients.
Typically, multiple people participate in an is operation, including a chief
surgeon, sometimes an assista0HMNIgah, ik Aesthesiologist, a scrub

nurse, anf a circulatinﬁgnur.se. The articeifating personnel members use

multiple t B'E, siRSR calmg,nl%? psr, ﬁ@%thérr‘s, \ﬁb‘?ﬁﬁ cc@din@qmplex
e A SHIIBM S RRIFPIBNG: AHeRdirsshpiesavlinlsstisrasabie femeular to a

such as sponges of various sizes, used for 20 absorbing blood and other
deyisesosrderdifping cved. tiaekisigdeftsranddispasablieskeeping track
of all tools and disposables, in order to make sure no tool or disposable
unintentionally remains inside the patient's body. Therefore careful
counting is performed before BINOMGRO&EDthe operation, including
counting the used 25 disposables thrown into the trash bins. The counting

is at&ﬁ]@ﬂ%jo%rﬁndW@tﬁWre@Wgﬁﬁ%ﬁ@%umesWWEMQiM%I tools ~and
di@eﬁé’é‘éﬁéspﬁféoﬁ%ldmﬁ(ﬁﬂaiﬂ%""fb‘?”@?&fr}tﬁgee%%f‘é?é@@rf %Y¥Bms, hangars,

Counting the tools and disposables towards of an operation also
garageseoitbeailiethe patient's body is open and the 30 associated risks.

"~ An operation room is a facility in which intrusive operations are
performed on patients. Typically, multiple people participate in an
operation, including a chief surgeon, sometimes an assistant surgeon, an
anesthesiologist, a scrub nurse, and a circulating nurse. The participating
personnel members use multiple tools, such as scalpels, forceps, and
others, varying according to the surgery being performed. Also used are
multiple disposable items, such as sponges of various sizes, used for
absorbing blood and other liquids, or other purposes.

Intensive efforts are invested in keeping track of all tools and
disposables, in order to make sure no tool or disposable unintentionally
remains inside the patient's body. Therefore careful counting is performed
before, during and after the operation, including counting the used
disposables thrown into the trash bins.

The counting is a tedious job and requires intensive resources,
including mental recourses, personnel time and down-time of the
operating room. Counting the tools and disposables towards the end of an
operation also increases the time the patient's body is open and the

associated risks.
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In addition, counting is not always error-free, and in too many cases tools
or disposable end up being left within the patient's body, causing severe
damages and even death. Another problem relates to the life cycle of
tools. For example, the 5 tools used in an operation have to be sanitized

or sterilizadifaer, leouriting ksaer RigfTensiiaiite Mayd etetOmany cases
maintenance operations required for the tools, for example, a blade ma

. , OIS : y .
toRd% e G@B%ﬁ@ﬁe@%éﬂ@v’@%&ngré@fﬂité’wﬂﬂ'ﬁdlﬁﬂnﬂ?élﬁﬂt'cﬁaé}@%ns@ﬁaus'ng
Sé(\/)a'Fg Hé Slglﬁfcé%qoaégﬁnple, tools that have been used in an

operation performed on a 10 patient with a contiguous disease may
requifnethersgndldetorbkttes tiorther lifeagycly tietlics Magingsameple, the

tosie P AL RAIO, AR 0ok GHBERRR Sh i eLRR gt fa further
udais 20RiHBR Hsh <Ry dieTR IatROtEOMRIREREA daBpR RSN rRegired

tracking the tools, in order is for example to avoid cases in which

fodhrdeaimsiamaxasyple b it e arrY Mo aers gt elesstRr every

I e inwhi - tin personne
o NS B R R RS ot
exartpibe poaketisaer havditibeeh inswdmentatoapendiicnmagrferiag on a

disastrouys consequences to 20 patients. Similar considerations_exist in

PaliRRioMAM iSO US. SiseastarBa, isHlies ¥R Sk iz alint Refore
fuRifECeasado piakmauina RAlRgINaRabiRd ehuhioan RN and

or examplé, before indicating it can be declared as functioning properly,

manatainecirpraps rhayalsquiin X3sesr i el msais tead cée Quiiedt resources,
R R S BT B, cureny
thieératifcatiopomentas entastisdPreddrinedt artaiiybeadgsiieedn order
and an identifying device, problems caused by metallic
for example to avoid cases in which damaged instruments are brought
back to the operating room. There is also no formal procedure in which
the operating room personnel communicates with the Central Sterilizing
Supply Unit (CSSU) personnel, as to the problems or condition of
instruments tools, which may be have disastrous consequences to
patients.

Similar considerations exist in additional environments, such as
hangars, garages or the like, in which it is necessary to make sure no tool
or disposable is left within an engine, for example, before indicating it can
be declared as functioning properly, and wherein tools may require
periodical maintenance.

Current techniques do not provide answers to the technological
difficulties associated with identification of tools, including insufficient
coverage, identification when no contact is formed between a tool to be

identified and an identifying device, problems caused by metallic



-2 environment or an intensive-radiation environment, such as an

operation room, or others. There is thus a need in the art for a system for

tracking and identifying equipment including tools and disposables in a

complex, s optionally metallic, environment, in order to keep track of the
evETMeSh DeioE dHinasans. BiIaHBINENeITo rime it osdehtamaintaperation

the equipment according to the required standards. -3 SUMMARY A
raaBEIned @feEBparatus for identifying and tracking instruments, in multiple

instr envir enfs S, a ting,r rage.

natr R o B e oo e St S PIoy Loy, e and
|demfifi7ibgtagqbguimetenerml lmiago ridmds nsindnelsp os abispesables atemplex,

Iaceéj on, comprises an antenna and thys contjnuously identifies the

oRla i g 7

Y e atiCn E MBS W ik AP RaffeBn nthfh&quipment

bamspanaigainasd Witk masmbc ard ungrIneathodfwhish ingiltian the

form other metals, and in order for the metallic board not to absorb all the
e@uipaent aeaanding o itheldea beths@ngrrdsetal board and the

antenna. Flat antennas may be implemented as a collection of wire loops,

overlapping in about 20% of one of their dimensions. One aspect of the

disclosure relates to an identification antenna for is receiving signals from

a tag attached to a tool or a disposable placed on the antenna, the

antenna comprising: two or more loops made of conductive material,

each loop partially overlapping with one or more other loops; a

substantially flat conductive board; and a spacing layer, for keeping

distance between the loops and the conductive board. The 20 antenna

optionally emits a signal having radio frequency, and the tag is optionally

a Radio Frequency Identification (RFID) tag. Within the
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antenna, partially overlapping loops optionally substantially fully overlap in
one dimension, and overlap in about 20 percents in the other dimension.
The antenna can further comprise an insulating top cover or base cover.
25 Within the antenna, the flat conductive board and the spacing layer
optionally have width and depth siibsiangly equal to the width and depth
of an operation room instrument table, or of a table top of a Mayo. Within
the antenna, the loops are optionally attached to an FR4 board. Within the

clombr D ShiEa A RS A R i hents, in
mudl taol & R troaing: nb eeredionth ents reliLattias| aye ope retngp e @md doveegarage.
I . Within th t : h of the | tionall [ .
TS S CRER e R e
stiEsiggred by tie pnteaga te ddigagdpanndopheseitiBfPraMSIOTERTVHENE or
reader is transferred to a computing platform. Within the antenna, the

dispapabieppaitoRtREpEoARNCOMPIIEE DR GAMtoRNapRNcations seBtidously
id{(ﬁ?@i@f g&?éjpt@%rl‘é'ﬂlﬂg SkREng ?t”tﬁea C%'fﬁ%'ﬁﬁ O{oa"\%‘)(l?r'?éei???% Fhetallic

eginning of an operation; adding tools e collection; removin

etvdlerfimerthethellectiennsudh asg)tipfseidkgitiou ohttalizobosedeivnieaneath,
10 report on all tools from the collection naot identified in the precedin

WhishfRFHIRIES JerBH dNEndn il 8P HBUEY Hissimgtabic Board not
toC ALY OBﬁ’fﬂ‘ii@gefﬁngf,eré%‘pﬁbﬁ{y’ Boffétr‘afsg[ﬁg%ﬂg etReHYhe metal
g condition of In

personnel to communicate regardin struments; and
boardauicl d e duptenicin Hatepote abas: mals heemhpleimg stedeng thatolection

ave tp undergo special maintenanc ?no%her aspect of the disclosure
of Wi 991 AUeHRRRIBY JhehRut £PYahAng Shinen Simenspns.
attactmbt@gpt@@t Ffatispesablspiacethiwihip the Ridafifaathiengiferma for

comprising: an internal bucket, having attached to its external surface one
resieivng 1stsaisatieny sotri@itached to a tool or a disposable placed on

the antenna, the antenna comprising: two or more loops made of
conductive material, each loop partially overlapping with one or more
other loops; a substantially flat conductive board; and a spacing layer, for
keeping distance between the loops and the conductive board. The
antenna optionally emits a signal having radio frequency, and the tag is
optionally a Radio Frequency Identification (RFID) tag. Within the
antenna, partially overlapping loops optionally substantially fully overlap in
one dimension, and overlap in about 20 percents in the other dimension.
The antenna can further comprise an insulating top cover or base cover.
Within the antenna, the flat conductive board and the spacing layer
optionally have width and depth substantially equal to the width and depth
of an operation room instrument table, or of a table top of a Mayo. Within
the antenna, the loops are optionally attached to an FR4 board. Within the
antenna, the spacing layer optionally comprises crisscross spacing

elements. Within the antenna, the conductive board optionally comprises
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20 material; a conductive layer; a spacer for forming a distance between
the loops and the conductive layer; and an external bucket for insulating
the conductive layer. Yet Another aspect of the disclosure relates to an
identification antenna for receiving signals from an RFID tag attached to a

atoFRA apdadispesabip|Ffed avidun the anenage themritendpper and lower

comprising: an insulating bin, having attached to its external surface one

PlaneSr MIEHS HhRicasHEnRdcORCH BériIealonBsI@REURYY reomprises a

i the o : o . , .
cABHER TP The, SR R e e LR L YiBnally
trapatangeldyey [lreahteéhonader theemdycinel layrereyrifdmtitson from the
aspect.of the disclosyre relates to an.tool t? be identified. by an identi?éina(‘:]
reqtiEhrs, HRTSITEGR PR g COMRHIRG: P BHGTve MARL 475, FoidrR. the
cORPUEMBRFRITS M BPLRALNY B EFURS e BraRRstdkepblitsititigsesdidcted
second ring attached on their'flat parts, 5 wherein the first ring has an
fremicthal draveteoagisiing toé aeaertingretnlisrahersafoavailadithéools at

LSRRGSR ameler argen dheg e disael JREIGIROT G oving

secord ring,the’in lame e“second ring compatible with

todnfeten ahthe tiig aivhiheudist siw go by irkemaab cirt@rdesulateceiving a
cover for covering the tag and the first 10 ring, excluding at least an area

reRQThi@NHRlikQQlsg fromanHeR PR sHoppdiatividipaffiesl gin gpe  preceding
pr@ﬁé@ﬁﬁﬁ&'\'&EiJH*EOPRM!NﬁﬁiﬁQGQr%E%}Ii W?B%WQ' PRissing tool;

understood and appreciated more fully from the following detailed
eniebtngtia@petatmg coojing@ersaithehantla@wiegt i Vdiehlicangspoipgihy Unit
or like nymerals or characters indicate 5 corresr%nlnding

PSRRI CrSTCAR JFSARgmsorttion 8F 'fRstruments: and

generating and providing a report about tools used during surgery that
have to undergo special maintenance.

Another aspect of the disclosure relates to an identification antenna
for receiving signals from a tag attached to a tool or a disposable placed
within the antenna, the antenna comprising: an internal bucket, having
attached to its external surface one or more loops made of conductive
material; a conductive layer; a spacer for forming a distance between the
loops and the conductive layer; and an external bucket for insulating the
conductive layer.

Yet Another aspect of the disclosure relates to an identification
antenna for receiving signals from an RFID tag attached to a tool or a
disposable placed within the antenna, the antenna comprising: an
insulating bin, having attached to its external surface one or more loops
made of conductive material; an insulating cover for covering the loops; a
first spacing layer placed under the insulating bin; a conductive layer
placed under the first spacing layer; and a second spacing layer placed

under the conductive layer.
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drawings provide exemplary embodiments or aspects of the disclosure
and do not limit the scope of the disclosure. In the drawings: Fig. 1 is a
schematic illustration of an operation room, comprising multiple objects
on which tools or disposables can be placed, in 10 accordance with the

disclosgreAniatizeis aspeemaic thstraiioyirdadintesauenay tool to be
Identification system, in accordance with the disclosure; Fig. 3 is a

'dﬁfﬁlaflﬁgtlé)mu@ﬂatmm At a0l A8gAnEABHSIBNdis MR more
d WI | Fi f

o g et et B TG fr the

tal@;ashsqmmécd:@ fﬁsss arnyfmndaacsénslmtmmgfamremmfortmmnﬁlfatqgarts

WG B RS GRS B TAK(S EACI P8 Gbc B d e external

didiSreRsHTst ki@ 8ddAGrirINale ivstratay RA3 Bl iRtviPdrliameter larger

identification tag attached t thereto, in accordance with the disclosure; Fig.

them ithe toeienl sliameieorinf sermdidttandhedgieraatanmeter of the
SEGRIANES, OB B e AR FR el P BECTEREHYEVIRY Hlst ring

tag-hording par a Ccover,in accord

halisapsunotcD ERA laEDnDﬁfEéIﬁﬁt&’E@A&rTfm fobowiedibelogugeanthtere first
to an environment in which multiple tools or disposables have to be
rifgerEtelgingRbdeAThaNyRAGE H%t\éﬂ@&hStEQeHKEFaFWSMB&%@ﬁ@ed to an
op %lﬁ;{ﬁ\}g g;:culﬂperatlon room environment, the constraints as well as the
presented implementation details are similar to other environments, such
as garages, hangars or others. The disclosure relates to equipping all
tools and disposables with a



10

15

20

25

Radio Frequency Identifier (RFID) tag, and equipping all possible 10
locations for the tools and disposables with antennas for identifying the
tools and disposables. The identified items are continuously monitored by
a computerized application. Existing RFID systems suffer from a number

of problems wig¢h EFaRESTFNPTACN @Fe THHE DRAERUMEDM
environment. First, the 1s operation room is a highly-metallic

envirdhBdHeshitkiRvation i Unpetsie s ®BthaprsrEatadanore fully
lig.-envi t shif

RS RRGRA Yl sl el B BRI e

draolrheye stenviiicbne dneesodipditity of dloetroumeayadsioradiaicacsers ceslicate

C Aot Ghollth pRTINR ERIS 1o UonrdBlcAad BlthbYise. the

dihR/idgs aproiiBéEApRinP REFHISAI FRERTS Grea SHfrgneisclosure

and additional requirements, such as placing the tools in a certain

anesRiawblinpbdiierscapaafibeticeosurauy) ibatasavangsen the tool

and ante 3 fee ic - -
iden;}%ﬁgi%n &Tﬁégg%%r%g}réjsﬁggréﬁs%ﬁ%& %;%nséé?n%ﬁ%?%o%%o%%mp fsing

miutipie thelijealtsarshdisphisblasale piaceadisiptsablesnasathatare pleiced, in
influenced by the metallic environment, and are sensitive enough to

aﬁﬂ@rﬁﬁ@%@owg&th?afj&?@lﬁ%&r&i up to a few centimeters apart from the 30
anterp_qg,i LI \&iphane afusthtiop8rs Reeh6 'ﬁ"i‘%&ﬂ@ﬁgﬁﬂgﬁﬁﬁﬁ@aﬂon

-8 operation room, with said locations functioning as antennas.
Systennsinogadondankthdtbiciaéisois chesamesnnas are provided in

the cbtaaty Sanrd BN SRe B A o B gy roots
orRdiSpeRabiRY URiraien kAt @RALAtCRr@RBIoBUKEICch an identification
and tracking system and method
Fig. 4 Is'a schematic illustration of a clean sponge bin for identifying
tools or disposables, in accordance with the disclosure;
Fig. 5 is a schematic illustration of a trash bin for identifying tools or
disposables, in accordance with the disclosure;
Fig. 6 is a schematic illustration of an identifying wand, in
accordance with the disclosure;
Fig. 7A is a schematic illustration of a tool having an identification
tag attached thereto, in accordance with the disclosure;
Fig. 7B is a top view of a tag-holding part for attaching a tag to a
tool, in accordance with the disclosure; and
Fig. 7C is a perspective view of the tag-holding part of Fig. 7B with

a cover, in accordance with the disclosure.
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are required. A typical operation room comprises an operation bed 104 on
which a patient 110 being operated on lies. A surgeon 108 stands by
patient 110 10 and operates on him. Surgeon 108 receives the tools as
required from a scrub nurse who takes the tools from an instrument table

112. The tools may be p}CEA |PEDITEBER ROIEGIN2 by a circulating
nurse who does not touch the tools but only opens their wraps. Surgeon

108 or another team member can place tools on a 1s moveable tray 116

placefabay ﬂ&éﬂ R8N epiten ¢8"sd BNAhnfiaRERER multiple

room typical sone or more instrument tables and one or more
todksyos,dispesdinig srhéactots Siecidasittiedoonplagkedf Akheugiethe detailed
number of sur'geo%{}S and other team members, Ij’@%ersonal [r%references or

©6rTeR220 ¢ IR IE T A0 IRAEIRIES AR SHvBPRgIENt. the
COIRAMRITRSTANE WER AsARBCHRESEAReaMHNEMARRAIRS dBGRISaNSIRilar to

more waste buckets 124. Thus, at the end of the surgery, all tools and
oldiep GABIENMENERHrEURNIRS GRIREIes, roaRTRMIBIab AResSrgery, should

be on-nstr I 0 . 116, in clean ' r .

i wal oIS aEE (e, BB el W TR AR Aa S it
Reeginniheqlithecsurgeentifisioo(ReDYliserpakier] aerjlippitgthallegmossible

are registered. In order to eliminate all manual counting, an RFID tag is

logaRORY ' attFdackR Padp s RBIRS THER ARG AR FOERRItYEY the
tofR HHR URE RUBIBTIPIH AR AREPARIAR @y CORhIALBNMY HERiIRSTed by

the number of items of each type, for example the number of sponges of
a apanpiotéxizgpeapyiligéiies.on or in which the tools and disposables are

B A A T A el BRBTERE whi
makes them inadequate to an operation room environment. First, the
operation room is a highly-metallic environment, since many of the tools,
furniture and other items in the room are made of metal. The metallic
environment shifts the resonance frequency of the tag and can thus
eliminate proper identification. Another problem stems from the multiplicity
of electro-magnetic radiation sources in the room, including monitors,
sensors, pace makers, and other equipment.

Yet another problem refers to the contact required between the tag
and the antenna. An operation room is a complex environment, and
additional requirements, such as placing the tools in a certain direction or
position can not be enforced. Thus, contact between the tool and an
antenna can not be guaranteed, which also harms identification.

These problems are solved by transforming all locations in which
the tools and disposables are placed, into antennas that are not
influenced by the metallic environment, and are sensitive enough to
identify also tags that are placed up to a few centimeters apart from the

antenna, and in various angles. Fig. 1 shows a schematic illustration of an
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5 and possibly identified. Then, at the end of the surgery, or at any other
time, the registered tools and disposables are compared against the
tracked tools and disposables, and missing items are identified. The
operation room is also equipped with a wand 128, which is also an

operanoa, ARG hhhsdisied irradensinacarshirf ksadiresiadim e viRious
body of patient 110, by_wavir&%the wand near patient 110. Wand 128 can
loggtians 2ed fharfeiailsf 1tharieiiaaddficHaMERE pn Assesapiian with
er the,initia is{rati or, mplge if :
F ét'raét’ogrl’s gréle ?’E%lﬁrgjég gvé{‘errlgg 'n(?v/s ’to@gﬁggfsr?(;evcvi géan gl%@)é Yetails for
atdmtificpiaagytstentoad. 1s used for identifying the multiple items. An

e R BT B 5 TS SO ot o
ofiErAREr(#6BhAT\FHRS I BrAIRANGFCWINGR dnePiFRsENig e alit®method

The tag is optionally an RFID tag. In Fig. 2, item 11 (200) carries tag 11
areoeyueat12 (204) carries tag 20 12 (206), item 21 (210) carries tag 21

(202) i carrjes t (216) : r -
and SRR e TR S sy R R ST R B which

a patiesadl Whiokiatg operatedtoretids cargutigeoniqsideatitier bippatient 110
example by burning the_identifier onto the tag. 25 Each tag receives

ag QRSKRIRS AR BiMhorVESRAM AV JaCcaY et iPPle a5 BRaktiathirom a
S (BRI S A AR e BR: EIREEPNAR R 0ols

used for drawing energy from the signal to energize the tags and for
meyideu pieated) batwisinumetigtalhel k2 rbydercirbelgtogeatticshagacmtoes

B T B M DB i e, e coment o

EEE mgémﬁ theolay®, iarbenEasheim inteenbl@anceaPngrIBE. &ild on a
moveable tray 116 placed above or near patient 110, often called a Mayo.
Each operation room typically has one or more instrument tables and one
or more Mayos, depending on factors such as the complexity of the
surgery, number of surgeons and other team members, personal
preferences or others.

The team members retrieve clean sponges from one or more clean
sponge bins or dispenser120, and throw the used ones into one or more
waste buckets 124.

Thus, at the end of the surgery, all tools and disposables that were
in the operation room prior to the surgery, should be on instrument table
112, on Mayo 116, in clean sponge bin 120 or in waste bucket 124
(collectively referred to as the "utilities").

Prior to the beginning of the surgery, all tools and disposables
available to the team are registered. In order to eliminate all manual
counting, an RFID tag is attached to any tool and disposable item. The

registration can include identification, for example for a non-disposable
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Tags can be active or passive, wherein active tags contain their own
power source. Passive tags use the power emitted from the reader via the
5 antenna as an energy source. In the context of the disclosure, due to the
sizes of the items, their quantity, and that some of the items are

todEPOsaRiRs RRsivHbngdtheraaraRspe ifEhesehakbenitpsdfeaekample the
antenna can be received by multiple tags, and the signal emitted by each

NyRReQfSRRBARS Bf FRARIBURY AyReh Al UttiierRRIOFRWBICH AR tools

B I ol e R ALig 0 WA B EITaS e iar the
tdd@&ﬁmmi/shxmabi@samamd mm@yéd,ttm@tﬂﬂimﬁew&heodﬂtau@sbwtracked
R e MR SN Sk oALa omer
tirflE; Lihe rdgidviréd dot bl Bt Fdip easiss aréereBinSHra Biihst the

(www.kenetics-group.com). The multiplexer can be selected, among
tragkaddonls andibispasmeles: antbAtasingdtesupssr Kieotiiadously.

20C ' f 6. ; inf .

20 COTB AR N AT R TR HEN s o

amanterynée \éerd(ngiishown)sedCilY idemiifionpaesh oraddiing i@rds within the
several I/Q ports (not shown). Computing platform 236 executes one or

by OL pailiebAd S48y Waving R nenfeaeiPaticshider Wani s can
a%% Wﬂ@%%@@‘%’rimﬁ@dﬂ@ﬁ RBMNY BRIUAY2aBHIBASETE8 pr disposables

eve opment environment. ny of ap ications 240 can store and retrieve
aftieratiremnitataxggikivadeory Aonextain plends aivtatia deade, dbrsponges or

etxarap Ii an_optical. st(é){]age device such as a CD, a DVD, or a laser disk;
XA é)ﬂ i@f&gﬁgdgrg ice such as a tape or a hard disk; a

seMmicRafdy iRy TiOWIR IigeviceRupnay AIRFRFeYirfe MGERIY AlicYs®m, as

the like. Any of applications -1 1 o
used for identifying the multiple items. An RFID system is intended for
identifying one or more items. To each item to be identified, such as item
11 (200), item 12 (204), item 21 (210) or item 22 (214) tags, a tag is
attached which is carries a unique identifier. The tag is optionally an RFID
tag. In Fig. 2, item 11 (200) carries tag 11 (202), item 12 (204) carries tag
12 (206), item 21 (210) carries tag 21 (202), and item 22 (214) carries tag
22 (216). Each tag can be readable and optionally writeable. In the
context of the disclosure, write-once tags are used, which are
manufactured to carry the unique identifier, for example by burning the
identifier onto the tag.

Each tag receives signals from one or more antennas, such as
antenna 1 (220) or antenna 2 (224), and emits a signal carrying its unique
identifier. The antennas are used for drawing energy from the signal to
energize the tags and for communicating between the tags and the
reader. The geometric shape of the antenna is central to the operation of

the system. In the context of the disclosure, the antennas are located on

-10-
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240 can, for example, maintain a list of all tags available at the operation
room prior to the surgery, and produce periodically a report for all items
not reported since the last report. Computing platform 236 together with
one or more applications 240 5 can be implemented as firmware ported

thieriasipemehpregseswrsuple aspdisial siotse Neepssen AS8RT&sh bin, in the
microcontrollers, or can be implemented as hardware or configurable
clganiwBRNSEChIBs AR Idaeavashle gate array (FPGA) or application

g ted circLi i LY : _
e SR B AL BT MR AR O e own
polgppsalese MRigde/eppligs time theyp ewerssrthtdadfrenr titareater via the

databases or otherwise stored relevant informatiqn suc(:{n as when was
aR{ENDa A% AMEREl NS UERErdR, IR GPLEn Ak thE-arelagUien s to the
sibésordheriie. s, theapplicatians, canmPHRRRLARE BMAE ohilifs are

following 1s options: generating a collection of available tools at the
dispgisablg .dpassiysetagsraripneiasamao the collection; removing tools

from collecti tools tak the ropm; [vi report. .
on ail oS WA OB, Sa Tl R SR RELECEVEd BiFRtiupie
talgredetrdnined sigpniad eftitted l¢siing achseamdicatelzemiesiviy ¢ebl®s multiple
"OK"; enabling 20 operating room personnel and Central Sterilizing
aRgeRRIAInit personnel to communicate regarding the condition, problems

and RFRRIERANSR Yo AR AW HIRENRAL TP 1PN KIS AIE REI rRIRIplexer

about all toofs used during surgery that have to undergo special
2 2Gintbrcinosudtiphexée. tihevilsSignathretiwtett ansfergitifiemthto reader 232.

applications.and options 25 can be deigned to support the specific .
REBBET A sl s LRl SR o B D AR s apeeived.
amdl theapenéext gﬁ@p@awomépwa@_thﬁeﬁaeét esniERdy msm tescopipsuting

of a predetermined frequency, which is approved for such environment. In
pladtaee abnieite terteghi&icing iseayreTrrultiple readers may be

used, such as but not limited to HF-LR, HF-LRMG1, or EzMUX-HF by
Kenetics of Jersey, Great Britain (www.kenetics-group.com). The
multiplexer can be selected, among other factors, on the number of
antennas it can support simultaneously.

Computing platform 236 can be a personal computer, a mainframe
computer, or any other type of computing platform provisioned with a
memory device (not shown), a CPU or microprocessor device, and
several 1/0 ports (not shown). Computing platform 236 executes one or
more applications 240, which are interrelated sets of computer instructions
programmed in any programming language and under any development
environment. Any of applications 240 can store and retrieve data from
storage device 244, which is a mass storage device, for example an
optical storage device such as a CD, a DVD, or a laser disk; a magnetic
storage device such as a tape or a hard disk; a semiconductor storage

device such as Flash device, memory stick, or the like. Any of applications
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-12 frequency provides good performance in liquid medium, in metallic
environment and is relatively resistant to electromagnetic noise. Referring
now to Fig. 3, showing an exploded view of a flat. The flat antenna is
placed on the table top of the instrument table, or on the table 5 top of the

2Mpyars e ERaMPILORARENERORSDIES Alaatrred bR flgt sidesparation

The flat antenna is required to identify the RFID tag-carrying tools placed
rapBraRrion e e aptsaREYs @@Heﬂﬁﬂ@%@@f idigalborineprttcie all items

n&pﬂ%ﬂgﬁg&yﬁ@éetﬁgrr%%%@ﬁpping flat wire loops forming the 10

ysical antennas. It is requiréd to eliminate influences of the metallic
envirQongnuts\g ip ke fireo 8Giog etiven, witthe fiat @ntaona applicatiens 240
stable known metalgilc environment for the aptennas so.i(hat the antenna
e

CUMRE HPIRRPRIE B erRAILRSd Oha RGN L QLRTSReSUCh as
di?i%@l&@ﬁ#@namwgm W RS R BREMEEB R WiIFR IAPRER g nted

s the underlying plane on which the antenna is placed. Thus, other

asn BRIV AIFols couipasahletdmedvies ofshemasufirib: pigranineable gate
E"?K}t e ffec 0,not aff equency
amz’:an en g?%l%t@(la%v%e?r, héﬁ%%?ﬂﬁgﬁa e (%ﬁl aggljjrlg?akt‘%?g “part of

the enutiptenidpglibgtibaantzmadseang eedune dhederoverageck hadefniéy and
space is formed 20 between the wire loops and the metallic layer. One

TiHBIBHRe RRtidTARAN At B AR h RSB IFSFiM Y R)mprRBYGREONS may
aCEBYOMRBISE eI HRA N A ERABR L LYSFS o IRt B GRRa F 3k levant

vary In size according to the dimensions of the plane on which it is to be

infieicealtiencisashhasnshemevasathe Bglidang the ttagwicals acerdded ofvhich
S HBABER (05 LB00H SN LA DbatelB5UFB05. enclosing the antenna

from i) and ApHHERITEISCONAr SH/RIRY Mago ke ver pitrarefriadddsifowing

non-conductive material such as plastic, wood,
options: generating a collection of available tools at the beginning of an
operation; adding tools to the collection; removing tools from the
collection, such as tools taken out of the room; receiving a report on all
tools from the collection not identified in the preceding predetermined
period of time; letting a user indicate a missing tool as “OK”; enabling
operating room personnel and Central Sterilizing Supply Unit personnel to
communicate regarding the condition, problems and maintenance of
instruments; generating and providing a report after about all tools used
during surgery that have to undergo special maintenance; or the like.

It will be appreciated that multiple other applications and options
can be deigned to support the specific operations, procedures, and
requirements in the particular environment.

In the context of operation rooms, the signal emitted by the tags has
to be of a predetermined frequency, which is approved for such

environment. In some environments, this frequency is 13.56MHz. This
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plywood or the like. -13 Under top cover 304 there are multiple spacers
308, intended to keep top cover 304 at a constant distance from antenna
loops 312. The distance is required in order to keep loops 312 from
redundant pressure, and to allow cooling of the loops. Spacers 308 are

frélfgemagie pfa\atSscajeoativisetiareriahead ipanivid infrigdiantl densityetallic
Each spacer is preferably a rectangular prism. In the embodiment shown
ENYERYMERLANGIS @'@Bﬁ@é&é?@ié [3]3¢: sleatiiamaeeicISB Ut

0-50’19%@%% o tH‘%PQiji.d? éﬂg\}ﬁﬂ%ggr%%ﬂw \?‘.é‘?\\/vd?iﬁi’irl‘&f?'ﬁqe flat

and a few centimeters. Underrieath spa are multiple antenna
ahteps&13. (HackafohChettaivia tmp08 tRasiastropariotablietiver roatéhnialtable

o B MRS oR B LAE ERRaB A AR e e
ARl hALOAGKTa MR AN IHtRR ANEANRS RIEFIRFEHE REHMIXREHrying

overlap to one another relates to the loss of calibration due to the mutual
toakuplaeesk ther@erml of 1s each antenna on the resonance frequency of

the o . Fhis pr. is . sol i r overlappi en

ot e e B R e S ST A e B NENGHVE "Case,

covelamy abedtiglo rathallgtherditegsiing. taloepisaanggsin feidifing the
between about 3 cm and about 30 cm. Thus, if any two neighboring loops

PRYRIGE ATEBMESeol teifSSHFERUEACRINUNAR iHlpREc @ diter metallic
erIFdRARSTAY VA8 YH@%E@F&@PP%MW b BheU 204 eAs '8RBSform a

depth iIs substantially equal to the flat antenna depth. In each loop Is a
Stedpeckoodrs nestalhisildo oo yaarhiay the regtérnasssmdhed the antenna

o e AR R Rt Wi
meaRRRitpAIdRacs RIndapasdauean dspsisee. whittenatie ibkdudinps and

of the frequency. For example, the constant capacitor can have capacity

ther HegRsb D fragR) BoopRickhEne antenna is placed. Thus, other metallic

objects, such as the table tops of the instrument table or the Mayo, do not
create unexpected effects and do not affect the frequency of the antenna.
However, the metallic plane can absorb at least part of the energy emitted
by the antennas and reduce the coverage. Therefore, space is formed
between the wire loops and the metallic layer.

One implementation of a flat antenna, as depicted in Fig. 3
comprises the components as detailed below, arranged in layers.

The flat antenna can vary in size according to the dimensions of the
plane on which it is to be placed, such as the instrument table. Typically,
the width and depth of the antenna vary between about 10cm and 150cm.

The flat antenna comprises a top cover 304 and a base cover 306
enclosing the antenna from its top and bottom. Top cover 304 and base
cover 306 are made of non-conductive material such as plastic, wood,

plywood or the like.
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the variable one of capacity between 3pF and 20pF. The output of all
capacitors 316 is transmitted to the multiplexer of 30 the system. -14 The
multiplexer activates the flat antenna plane in a time-share manner, i.e. at
any given time at most one antenna loop emits a signal. The

signalypedting P eo ¢EARIBS eMere Psedetalniprs Bpaeerf Boe, fwehded to
between 10 milliseconds and 1000 milliseconds. Once a 5 particular loo

keeRtQPsEMEr aiQtnat anfaiviaehiisignse HaBtaaRtepamilemScah. The

emj S| -agali ignal-amitti | i
SRR, e ey RO BRSNS Possure
aritk ftatallove noaadimi)ectures (baproSpacksrar8ertifeecaloinmade of non-

AL N5 RS, S LA N hchestef Al e Y erlery cipacer is
prMferREMOTR BISIRYifaiopissHoUlA Rk dine aHHEHPARHIAIE IoRp 3, there

than are surrounded by a smaller loop. Therefore, a significant part of the

agn@rypRastisibe theightipiombaisthetwesisabngsomers: anshider), and
th‘e@r‘;{]}g@tg\a&ﬁd“f’é ri’ﬁﬁ{‘ ﬁr% rﬁ%ﬂ%'«%ﬁ d 'ffebk\‘/erﬁﬁ\g?fq?g}g%@cae Fee\}'\%é?r%i meters.

by a smatler [oop ~encircling fewer tools, 1ess energy IS abso

by the) tafes peatinsisaicers B08ispasahlgisiple Wetsified. lbipsoBERUFedth of
to continuously identify every tool. Therefore, if the pace at which the

aRIGRA% IRy FSp SRl Of SRAMLSH WRABEETIRS SMEA G FiFRRRET STp,
h&GERYG MER s AN ABE oMY RIGAbBRRISS RYFY AP Iiﬁ’]ickness of

Identified at least every second, which is sufficient for all practica
belweesesibowtl B4 appreviateticimat thewpaxes ,aawbiob g thaakigaalrs when
emitting board changes, zimd the.number. of  boards are derived from the
Ate At i

mhBEa I R iR B A in i R Ftoafieiapother
resafesdoenderIdieds andibew effelueh@itheZmendal thifl iReniderdffigsbametal of

the minimum.

each antenna on the resonance frequency of the other. This problem is
solved by a particular overlapping arrangement of the loops, such that the
loops fully overlap in one dimension, and overlap in about 20% in the
other dimension, for loops ranging in width between about 3 cm and about
30 cm. Thus, if any two neighboring loops overlap in about 20%, their
frequencies do not influence each other. The loops may vary in width from
about 1 fm to about 30 cm. The loops’ depth is substantially equal to the
flat antenna depth. In each loop is a capacitor 316 responsible for
generating the required resonance frequency of the antenna, such as the
frequency of 13.56 MHz. In some embodiments, instead of a single
capacitor 316, a pair of constant capacitor and a variable capacitor can be
used, which enable fine tuning of the frequency. For example, the
constant capacitor can have capacity of between 50pF and 500pF, and
the variable one of capacity between 3pF and 20pF.

The output of all capacitors 316 is transmitted to the multiplexer of

the system.
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The energy being emitted to a smaller part of the plane rather than the
whole plane also ensures that tools whose tag is not in contact with the
plane but is a few centimeters above it, or tools whose tag is not parallel
to the plane but forms a non-zero angle with the plane are 30 identified as

well. The raquipleseeractivalds defeverbiroantba sizepitee il alafpe-share

and the required coverage performance, i.e. what is the height and angle
M&NB8Is tHat RhaH Bé’@éﬁﬂﬁlﬁj?@ﬁﬂ@ﬁ{e@ﬂ?aﬂmﬁﬁﬁ%mmmﬁ a signal.

ti ' t for. attachi -
THE AR ARIRIATRT 068 THnEe 2ich? BRefRed pefil of time
smm_hnteaiscirbein/h@ards](BCBfibljmdd’s‘ZAaisc‘suﬂﬁ@ﬁtiaﬂjlb&ﬁﬁwsdme Once a
oL B TR A R SRR S B e
patrard mRipl &y 388 é{%?v’&l%{;jhﬂﬂt ‘l’ﬂ@%ﬁj@&rjbﬁﬂﬁiﬁgsﬁ)mﬁ preferably

weight of the flat antenna, 10 spacers 324 may not form a solid layer, but
chaagps Hirark@iuséanhi®omtenna loops 312 are kept at a fixed distance

from metaljaver2ar. WRGEISHRER RRRATESLIREY ISIHS e of the flat
arrangement suc c@% t@ﬁ § dgeo any

as a CriISSCross. cers can be ma

ameniatirany atekalesicha&smupedoBigraieaidentifiediKEniksis ndeyagsé of the
spacers 328 is conductive board 332. Conductive board 332 can be

fofflemdnged b WNRIEAMBRR! YARTHH BURRES Y whisaepRecrastantly
pRAALRAG A PreBcs AN ARDEAL R ERBHTEI MGErYE AGR metallic

coppersheet 1 /1 oz. Underneath conductive board 332 is cable
toaisngeuie maas, hadohsao aicaed dydhe dgopvénaouace Guwrehndey by a

and supplies power to antenna loops 312. The disclosed flat antenna

S BB aS RIS TRALTCBRLRRHCH o ar e ok OAlgrgpve been
asEDH Y Hgresesy evdesiuging ttéme of the tools would have not been
recognized. If the same amount of energy is emitted by a smaller loop
encircling fewer tools, less energy is absorbed by the tools and more tools
or disposables are identified. It is not required to continuously identify
every tool. Therefore, if the pace at which the signal emitting loop changes
is between about 0.125 and 1000 times a second, and a flat antenna
comprises eight boards, every tool is identified at least every second,
which is sufficient for all practical purposes. It will be appreciated that the
pace at which the that signal emitting board changes, and the number of
boards are derived from the practical requirements as to the minimal or
maximal number of tools that should be identified, and how often should
each tool be identified at the minimum.

The energy being emitted to a smaller part of the plane rather than
the whole plane also ensures that tools whose tag is not in contact with
the plane but is a few centimeters above it, or tools whose tag is not
parallel to the plane but forms a non-zero angle with the plane are

identified as well. The required energy level is derived from the size of the
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number of antenna loops according to the required flat antenna size, and
25 changing the board sizes, antennas of any size can be generated,
without extensive tests and calibrations. It will be appreciated that the
disclosed flat antenna can be used also in non-horizontal positions. For

he ff@cﬂﬂt@@”@cﬁ@@@e%@ﬁ@ﬁ@ﬁ@@é wadl aiypatnstth@emight and
&tj)oard for identifying tools hanged -16 in the cupboard. The tools
arg

ﬁE@QHrﬁM@@%l%%m%ﬁMrve means, such as
non- %’HGH?HE nrr‘f?flﬁ §P§| &%Frﬂgﬂlg%‘f ei:t@ﬂéa 320,

showmg a SC ematlc ustratlon 0 an sponge bin for contal Ing an
fddattﬂmhgw@cﬂmt&rdmdeaplsﬁ&g rtertemi nsatkiog éaykidenidyingsalan FR4

tem t he cl bin h t
DG ATH24 3 et A B i 186 ok, BE BLEE C B B RGP RsapRy Board
32hiRCS INRRRIRUSHHY §dﬁfé8\mﬂﬁrafrﬂm@aﬁh 4Q0Reeange fiRapPer

end, although any other open container can be used as well. The bin is

suzemwaﬁmi@mtﬂy 38Atdm AeanAFIOARYED régBirsaddetd spacers,
dEYHN TEoRRA UBRE s (UG URANA oS RE TR tayer

etween cm an about

32@@1!11: ofdechomadiofitirebiss sedipnatseatectiveane iy anth20fkan éottenna,

round-based bin, or the like. The bin is made of non- conductive

SRAGAIRSA IR I BN Thd U APl FHRE HhYIs i Bq BFFaRged so that
afeHhE NSO J9§p34j9f ér%olfké f istoRtinnaty mapemebwire MR Rfer 322.

wire making up wire loops 3 2 of the flat antenna of Fig. 2. In some
Spaterdind2ds,aha |[d iglacaid et aappeegiiedadrqagenhntf steh as a

Il h dis b
TR SOt o A, e 8 A e G gl rquch as

Wa@dvrmpr@qaa@fyd}qwq@qn@bout 0.5cm above the bottom of the bin and
about 0.5cm under the top rim of the bin. Loop 404 receives power sup

pl
througnEapNe 3t SRRCa TS Idhide conédEiveehosrda3s8go @n%{%\ée ¢ hoard

332 can be generated from an RF4 board similar to board 324, which is
wrapped or coated on its top and bottom planes by a conductive layer,
such as a copper sheet 1/10z.

Underneath conductive board 332 is cable arrangement 336, which
is connected to a power source (not shown) and supplies power to
antenna loops 312.

The disclosed flat antenna structure enables flexibility in the
construction of antennas of varying sizes. By increasing or reducing the
number of antenna loops according to the required flat antenna size, and
changing the board sizes, antennas of any size can be generated, without
extensive tests and calibrations.

It will be appreciated that the disclosed flat antenna can be used
also in non-horizontal positions. For example, the flat antenna can be

used as a rear wall of an instrument cupboard, for identifying tools hanged
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The ends of loop 404 are connected to a capacitor (not shown)
responsible for generating the required resonance frequency of the bin 25
antenna. In an operation room environment this frequency is preferably
13.56 MHz. As with the flat antenna of Fig. 2, the capacitor can be

inintiRéerBapledael WheaRaekorsha aRN SNt garRekisdavsigF arasiboriductive
between 50pF and 500pF, and a variable capacitor having capacity

MERWBEPHEHFAIGEITH EHUGUIM, OF NANGAOREHBEHE: t loop
404 'ﬁ%‘?&ﬂ’i}?éiyrf&x/eﬁ?q:ﬁ’g ap éﬂﬂ\‘/lfi‘ﬂggacg\é?{e(ﬁ’%{'@ﬂ rafi6n of a clean
Ccov eina lo

insulating r can have a hol ation corresponding to the
spapgeitbirinfordeo ndeinenty reanthedsmiHyilngJookstoe Dispasdidgdackd part of

o e OB R R e BT BERE e
spRRERABIA HRENBlaRieimatalie Ry raRMertEC that e ER§Bn3BAfes as an

frequency of the bin antenna will not be influenced by the arbitrary plane

aniefyrackan dentfiing | @ierisndieebjlaisetsinally e Betedty Wetheantainer
4@% ‘ﬁ'ﬁe}é r’a?'ﬂ%euﬁéép%ﬁg'céﬁ%%r@ya% ﬁ%rlb cgg%\bvz&e(t)rﬁ%iﬁggé{an (g)fe used

d by the antenna, a spacer 1ayer’is’placed ottom

asheveiin anbdhbimetligideresd eisinothessiiaceblayeonairbellanedponges
underneath the metallic layer, to prevent possible disturbance of the

rEALERRL 1396 tHRthed RRBANBXRINBIAMpIE MANSIeRSe 194t e BHPRIANtIAlY
rellRGeGUIA R SRR RS BT RRSSA AR StHUARE 2BBBPYDCm for

Thus; a three-layer basis may be attached to the bottom of the bin,
theomdisingrdspae digighie il lieaaye maltl ahtiiee bspacedigautier bk between

S R R R B A N G SRt ot non-
cmiﬂ\%ﬁ?&zgw@mw@f TieoRDEEAPAIIIR(HH hnatsl piseneiged by
a conductive loop 404. Loop 414 is optionally made of wire similar to the
wire making up wire loops 312 of the flat antenna of Fig. 2. In some
embodiments, the loop is made of a copper strip having a width of a few
millimeters, such as 5mm, and is between 0.1mm and 5mm thick. The
wire preferably but not mandatory encircles the bin on a constant height,
which can vary between about 0.5cm above the bottom of the bin and
about 0.5cm under the top rim of the bin. Loop 404 receives power supply
through cable structure 408 which connects the loop to a power source.
The ends of loop 404 are connected to a capacitor (not shown)
responsible for generating the required resonance frequency of the bin
antenna. In an operation room environment this frequency is preferably
13.56 MHz. As with the flat antenna of Fig. 2, the capacitor can be
implemented as two capacitors, a constant capacitor having capacity of
between 50pF and 500pF, and a variable capacitor having capacity
between 3pF and 20pF, for fine-tuning.
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Referring now to Fig. 5, showing a schematic illustration of a trash bin
which also serves as an antenna, and identifies items such as used
tagged sponges or other tagged articles within the bin. 25 Similarly to the
mechanism detailed in association with Fig. 3 and Fig. 4 above, the trash

bin compjiieisen b@@f@dﬂt@@ QﬁaﬂLI@b@ lgon aad o@ﬁ@ﬂiw cesreentsy an
so that it forms an RFIF antenna. In order to eliminate influences of the

INSHARIIRCeRAVSHNIBAE ShMEMtd e IRselaling aaueNicryhavsuadhale in a

Iogr%ﬁ&{ woir8 BHHEJ‘%%TH%% ﬂ&’?ﬁ‘@@%g gf‘é‘ﬁiﬁ?{ﬂﬁ@ftﬁedc%ggity.

er to prevent the metallic rom absor 8 energy em
by theSouge atlspatens damdxebptaeced timyveltrdlie |ayethend per diocketoom,

NGB SRR T ARG BILKG: Ko E-SRBA e eauency
ofoYRKe e FRAIPTSRS SMEldRlanVviEs derPto 2pbHie extatnaliickgidte metallic

covered on its inside by a metallic layer. The two buckets are keptata
erviiormeantiardirinihensesannacey fprgiesho et &iBrapigsed will not

oA R AP S R I A by e

e extern et structure thus comprises

plag2dmatiterithies blatiognutteialbinich ewplast|csihte shivatueedlithialyer may
comgises an internal bucket 508 also made of insulating material, which

alpeRriiRaHal 1H% BRGIN-GENEELLPY BR AN NErRaPRaRR IS, ipplaced
EXFEUNEHESSo RIS SHENAB I Ahelthd e deains "i‘é?{é’lr.ef?éfl‘bé\hother spacer

substantially equally 1s distributed around the internéal bucket. Each loop
laiganadayferplaaee unsteriadathicthes metadda agend theekea@nt possible

RS S e e I8 B, SRS SR e
c&ostephreffe toihassiaecas caread ikl Mateahy WwheitAlgegdovassociation
Wﬁﬁbé}g.ntéag cc);zlei:r}drical object

Thus, a three-layer basis may be attached to the bottom of the bin,
comprising a spacer, a metallic layer and another spacer. Each of the
spacer layers can be made of plastic, Styrofoam, wood or another non-
conductive material and should have a minimal height of about 5mm. The
metallic layer can be made of a copper-coated PCB board or any other
conductive layer.

Referring now to Fig. 5, showing a schematic illustration of a trash
bin which also serves as an antenna, and identifies items such as used
tagged sponges or other tagged articles within the bin.

Similarly to the mechanism detailed in association with Fig. 3 and
Fig. 4 above, the trash bin comprises a bucket with a conductive loop and
electrical components so that it forms an RFIF antenna. In order to
eliminate influences of the metallic environment on the antenna, there is a
metallic layer around the bucket which provides a known stable metallic

environment, and in order to prevent the metallic layer from absorbing the
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20 such as the internal bucket, the shape changes accordingly. The loop
can be made of, for example, from a copper strip having a width between
about 1 mm and about 20 mm, and thickness of between about 0.1 mm
and 1 cm. Loop 509 contains capacitor 510, similar to any of capacitors

erdyyf &igitabbyahEhpeppatitpdseasiectnd dinatwsedinvisaualie layer
25 the multiplexer of the system. The loops are connected therebetween

an@dhrbeick§Jower supply from a power source through cable 514. The

struc f [ses.canductiv r-812.ang-exter t
madeEIDI g] ?ni%%#ﬁ;wmggér% ggﬁd&%ﬁ%’e ar?/elrﬁ 5%@6:% Eg‘ }r}r%pq m%egﬁa%kets,
placecetaditenettloinathencibbesivh dayaresnhcke bisoppal @0 s ithe exxternal

DERERCRTS KB TrES ARHPRIS LR eIp AR AR ThADE sEiaiRE bucket s

cOPBFLEtR RYaRSide 1) tRtReRaNetive By eTRE2 R DIBKaRS Uk kept at a

significant energy emitted by loop 509, and thus reduce coverage. For
conshany tHistase@ckomeang RIRRIISOPDladitpAscaibriasnaesss placed

oSREET B S R DB SRS i
thd feeteneabbtyek@n. the diameter of the internal and the external buckets,

so that when the internal bucket with the spacers is placed within the

exterNARKEKEhSTHUCHE Geliti HRMRHERSHEWSE BV RloIRKdRade of
inéﬁlﬁtiﬂ&%@t@ﬂ‘éﬁ“@ﬁéheé%eoglﬁ%k‘,?fhr‘ﬂ%pé?@cﬁﬁ@?ﬁﬁﬁ%?"&%?n es an

be drilled in external bucket 516 in order to enable access to capacitors
insaimat wilidke bxfle cdsed madersdna suiishon thatenahanthich di@scattached

O B A AL SRR L BRI e
lobps theibRIGY abble Badkerhanbbys careoptddersiMdabitderiabP%equally
but of smaller size at the upper and at the lower parts of the bucket.

distributed around the internal bucket. Each loop is made of conductive
material, such as loop 404 around the clean sponge bin of Fig. 4. The loop
can be round, rectangular, trimmed-corner rectangle or of any other
shape. The term “round” or “rectangular” in this context refer to the shape
as spread flat. Naturally when placed over a substantially cylindrical object
such as the internal bucket, the shape changes accordingly. The loop can
be made of, for example, from a copper strip having a width between
about 1mm and about 20 mm, and thickness of between about 0.1mm
and lcm. Loop 509 contains capacitor 510, similar to any of capacitors
316 of Fig. 3 above. The capacitor is connected via a wire (not shown) to
the multiplexer of the system. The loops are connected therebetween and
receive power supply from a power source through cable 514.

The structure further comprises conductive layer 512 and external
bucket 516 made of insulating material. Conductive layer 512 can be
implemented as a metallic net, or as an adhesive layer, such as a copper

strip 1/10z, which is attached to external bucket 516 on its internal side.
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Referring now to Fig. 6, showing a top view of a wand for identifying items
carrying RFID tags. The wand also serves as an antenna in an 20 RFID
identification system, such as the system detailed in association with Fig.
2 above. The wand is a ring-like instrument, made of non-conductive

matefiajs sttiuaetiRe. kéepvanfheas distaiicereelBdrneiiaiina Ioogs 509

substantiallil_ round and a handle 604. Alternatively, main area 600 can
I

A HYBIHERRGY B As FOCIRRIUIANTHRIINENEYAE Adar ﬂ@%@rm&t@?o,sorb
si ﬁiﬁ?&&%@@ﬁ@rgﬁfgﬁﬁ(}géyomqggggﬁg”%a THHSRahedt e60EFage. For

S perimeter a e similar to the wire on any 0
fotmainaneeodlisteante nnatelared ob faket. A08neT@mnooitgqupséO&théeast two

SR A S A R e e o
CUBRDAhEAN BN Hip EeqvRNEY ik REFE8Ptnd B3PA M ZHEaRREEOhaIf the

612 is -20 connected at Its other end to a multiplexer which is connected

diiesarrm beiveeien Iherdametsabletheefiaitabane Wis exiregabheigkets,
sG R InBIT e leaha HNREe R S 5A0RE e AS8AEin the

capacitor having capacity o ween a variable

exayacildiuckeyingarapaciiy hetawes Brdvente?@ifetMeemttas theopauicidets.
loop which connects to capacitor 612, the loop is also connected to a wire

conndet&idsh 1R JiRerine dhepbRaHsaGELFIPRRAEIRY BERRS S0 RENINgS
m'uagpbéh%m%@ GAN BgrEASdl N ERETPESE o “ReCs A Yccess to

age is for locating missing tagged items that were not detected by any
capacitbes i€ antennas. When searching for items, the wand is brought

I oLl BcRARLRS L R o KU CEG A (gps can
hepeTalo arsinesliPDICReYon TR ispR IS N Ay sediple, a

preparing the operation room. Such items may include items out of pre ps
PRsSHARALARISIRAMCSIBBHEE RN ANEHEIRY tembHalet uahgut half

the height of the buckets, and two or more loops similar to loop 509 but of
smaller size at the upper and at the lower parts of the bucket.

Referring now to Fig. 6, showing a top view of a wand for identifying
items carrying RFID tags. The wand also serves as an antenna in an
RFID identification system, such as the system detailed in association with
Fig. 2 above. The wand is a ring-like instrument, made of non-conductive
material, such as FR4. The wand has a main area 600 preferably
substantially round and a handle 604. Alternatively, main area 600 can be
of any other shape, such as rectangular. The wand has near its perimeter,
for example at a distance between about 0.1mm and about 2cm from its
perimeter a wire loop 608, made of wire similar to the wire on any of the
panes of the antenna plane of Fig. 2. At one point of loop 608 there is a
capacitor 612 designed for generating the required resonance frequency
of the wand antenna frequency as required. In an operation room

environment this frequency is preferably 13.56 MHz. Capacitor 612 is
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the surgery, such as extra sponges. Referring now to Fig. 7A, showing an
exemplary surgery tool having attached thereto an RFID tag. The tool
comprises its normal operative components 704, 708, and an additional
inseparable tag-holding part 712 20 which is designed to hold an RFID

cépmetiedagsittseior sieatiyiaornatipradedispasrblesceimadter to an RFID

lightweight and durable. In order to meet the existing standards for tools,
rﬁtﬂ@@égéns%d%f e resrkiAt ﬁ@ﬁttlk!akﬁQGUO@?CW@WS%W%%?WM&WC”OV

6f??ﬂﬁf%lB‘Bralﬁlér?rﬂ[oci)’éﬁ?@ﬁ?&@a‘é‘agﬁoﬁnﬁ%ﬂgﬁf%\%@ﬁé{ jtg’apacitor

minute some embodiments, tags tags manufactured b
hatanskeapaTityd elfiuibe Biagap &6 fivvwamdo bEKgE-; oar)doalBarmaldgscapacitor

factured by T FID G Inc. of Burlingt MA, US be . .
N FRORCLY SRNERR SRk AN o AIsER Kl BAlh A Jogp which
cORRL Yo Hdticine PPerREoR 9h the 405 Y5k ABBIREM (8 IRReRS mected

that -21 the position at which the tool is normally set (for example,

ORdISsaBeIrendbialy PRWEH SRHERANy RFRVIBNEGRRAB)) b ealp@l not
e TGRS S, DB ORRES B Lhepieny

712, which'is attac ol'and pre y e same
useaterisl g txtimpntssinqddiiged! steribzetianwerelans deseciBte by any
ta%housing is substantially round, and is shaped like two rings, a first rin

offte LIE" SBERAFS0VHRBRIRERPERE R4 IRIASRIAG MR Shis M&%’O% near
al RIS SHRR I IRE REAUNAIEY Be RUGCALE D372 HE RIS Bbdy. In

h2 which is larger than the internal diameter of ring 720, h3. The internal
anidheteexs Mplary 2rapelientative deantlaisthesestdar A edycingoéo the

o e A S A AT R wrer
plepalifny b topidhaisianal e@mittsddly iketagdmilniidiade items out of pre-
prepared sets, such as special or additional tools, or items added during
the surgery, such as extra sponges.

Referring now to Fig. 7A, showing an exemplary surgery tool having
attached thereto an RFID tag. The tool comprises its normal operative
components 704, 708, and an additional inseparable tag-holding part 712
which is designed to hold an RFID tag.

The tags used for identifying tools and disposables should be
lightweight and durable. In order to meet the existing standards for tools,
the tags should be resistant to at least 2000 cycles of sterilization, which
means temperature of at least 134 degree centigrade for at least 18
minutes. In some embodiments, tags as 10mm tags manufactured by
Vonskee of Tradehub, Singapore (www.vonskee.com), or 16mm tags
manufactured by Tagsys RFID Group, Inc. of Burlington, MA, USA can be
used.

The tags should be attached to the tool in such manner that does

not interfere with the operation of the tool. Yet another requirement is that
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completely absorbed by the rings. In some embodiments, a notch on ring
1s 716 may be enough, so notch 728 can be omitted. It will be
appreciated that in some embodiments the tag housing part can be
manufactured as a single part, and the two ring structure is used for

theXplasafory auraeRer oy idisiesrinemahly FHet 1foskauinplae seigsors are
structure of Figé 7B, as 20 covered by an insulating sturdy bio-compatible

ugiely placriiatzematytand matiesticat b eatpandithegaaentartical.
bod - h j t
cren e e R ERE A EROIA U SIS TR et 712
whexengitaghedds mxdqnan@rpmfe_emlmlw orautbepivibe sttt theategal as
RS i bl SR AR S R s
SUMRELAHERS WBIGRdN&eMS YRAYEA: NSRS StRT§ZaEOR: & Yithg/sPieeand a

appreciated that the tags should have a bio compatible exterior, and

Sepo0f beQitatinaestion toris ipd PRINEIDGL AR adrengar @@ kae the
S A A TR arter 1 e s

|atiofie: Mammt e imteiniad.diam) eten OF rirsgd720 shd) Alredsesridiediameter of
disclosed sgys_tem comprises mulggle antennas in order to identify and

rin@cllRulgie'tagitanyed RhibatibaierraRhIDitag ey s ifiseried into
th!emgnrmt wrb@@dﬁgrgzg #Qmwm%&erﬁé%%gt such as the

instrument table, Mayo, bin, and clean sponge box. All disclosed
anterfReng MG dando nrgfofalimawtablietiohemd2i4 anthMSneedizectively, at

e B o R Bt 95 Pt e

coumnetdly ansonsed Mt aifgsiomhometaliahainmaits abseilzir®e ring
arts of the energy emitted by the antenna, a known and constant space

716 may be enough, so notch 728 can be omitted. It will be appreciated

that in some embodiments the tag housing part can be manufactured as a

single part, and the two ring structure is used for explanatory purposes

only.

Referring not to Fig. 7C, showing the ring structure of Fig. 7B, as
covered by an insulating sturdy bio-compatible cover 736 so as to
eliminate contact between the tag and the patient's body. Cover 736
should also be resistant to at least 2000 cycles of sterilization. Cover 736
should expose the rings in at least one area such as exemplary areas
740, 744 in order to weld or otherwise attach the ring structure to the tool.

It will be appreciated that tags connected to disposable items, such
as sponges should be able to resist the same procedures which the items
undergo, such as sterilization. It will also be appreciated that the tags
should have a bio compatible exterior, and should be attached to the
items in a manner that will ensure that the tags will not be incidentally

removed. Tags as used in commercial laundries, such as tags
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Is maintained between the antenna and the metallic layer. It will be
appreciated by a person skilled in the art that the disclosure teaches the
design of additional antennas according to the is disclosed principles,
comprising a constant known metallic environment, which is at a constant

mkiyadlisteacpyraaife RFENGolt vill iR e rgpresiateditaiifthina.com)
disclosure is not limited to a particular environment, and that antennas

capherused HICHRRGY RRSRSprinciples can be used in any

envir ent. ing s,%ﬁﬂ g S, .yl studi

prodljr(?t{lgn w?eé!a grgglle%@qﬁ]e ISC ﬁsﬁ?ﬁi@rﬁ)ﬁge\?ﬁlﬁﬁ%’hy Brder to
Idieletifificatch trpck aoelki plditdgeaaropermgtitenitolihe ataterhens came tirdaggated
._and the antenna,, and is not thereforedjmited to RFID. The antennas and

INfQoIE e AR AR RN GE I @A RIB AR BRARE tREGSE DRs SHE 25 the
inEAGRRSAE fabREY MEyRRPliGRIONits WAHRE aRsRCemgY RessONaIFKiIsSosed

in the art that the present disclosure is not limited to what has been _
aptaroasryhelearie Gestarad ife®isdable. Matheethinseohedstyhénetallic

r isclosur defi I aj ich .30 - .
e%@ﬁﬂﬁ%ﬁfh%ﬁéfs%@'ﬁéé@gaﬁ&ﬁ%@& |cat}i%1§t§1nn§nlﬁ§ gg\’,re\%%l\cﬁrf& rovide a
kistgnalsstabiea fagilidchedironneher whiishosabiakdaceddton durxount while

antenna, the antenna 5 comprising: at least two loops made of conductjve

URRGEE SETSED PARRINRKIRIIAR Y Githatadistarrs sRbidoepsarb large
p%ﬁ%iﬁ%éﬁ%ﬁ?@ﬁf}@sm@é‘%‘i‘l?eﬁli’%‘?'%9W%{H@%ﬂgtam space
Is maintained between the antenna and the metallic layer.

It will be appreciated by a person skilled in the art that the
disclosure teaches the design of additional antennas according to the
disclosed principles, comprising a constant known metallic environment,
which is at a constant known distance from the antenna. It will also be
appreciated that the disclosure is not limited to a particular environment,
and that antennas constructed according to these principles can be used
in any environment, including garages, hangars, warehouses, artist
studios, production lines, or the like.

The disclosure is also relevant for other identification protocols
which can operate without contact between the tag and the antenna,, and
Is not therefore limited to RFID. The antennas and tools can communicate
using any known protocol, and the results may be processed by any
application.

It will be appreciated by persons skilled in the art that the present
disclosure is not limited to what has been particularly shown and
described hereinabove. Rather the scope of the present disclosure is

defined only by the claims which follow.
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10 loops and the conductive board. 2. The antenna of claim 1 wherein the
antenna emits a signal having radio frequency, and the tag is a Radio
Frequency ldentification (RFID) tag. 3. The antenna of claim 1 wherein
partially overlapping loops 1s substantially fully overlap in one dimension,
and overlap in about 20 percents @[tpag\ather dimension. 4. The antenna
of claim 1 further comprising an insulating top cover or base cover. 5. The
antefhabicrlmMasHsiein the flat conductive board and the 20 spacing

1 2o R M S ST TN Gl R, PP Bhed to

an operation room instrument table, or o top of a Mayo.

antenntool claim a wiepis#iret [sasado tropshae atitahed, totlad FRtenna
board. 25 7..The antenna of claim 1 wherein the spacing layer comprises
crisgm%gging elements. 8. The antenna of claim 1 wherein the

conductive BpagheMRiEIs G FMAdReabT eI iVE meRBAHE!ch loop

layer on its upper and lower planes. -24 9. The antenna of claim 1 each of
the at lefariiadlyopsdapipneevitiaideiast eoemidantemma of claim 1

wherein infogr%a%%rﬂa{ﬁﬁgw;%{nq%}@j t{ygrbsé%rlrgd atﬁldthe antennato a

reader, and wWherein infor 0 he reader’is transferred to a

computing plasioaminglialies  sfoleRoe pihg aiis tih vd ereiwdencemtirest two
platform executes at least one application selected from the group

consistin§@PS Mg ELIRIYR PR ailable tools at the beginning of

228N The antenna of claim 1 wherein the antenna emits a signal having
radio frequency, and the tag is a Radio Frequency Identification
(RFID) tag.

3. The antenna of claim 1 wherein partially overlapping loops
substantially fully overlap in one dimension, and overlap in about 20
percents in the other dimension.

4. The antenna of claim 1 further comprising an insulating top cover or
base cover.

5. The antenna of claim 1 wherein the flat conductive board and the
spacing layer have width and depth substantially equal to the width
and depth of an operation room instrument table, or of a table top of
a Mayo.

6. The antenna of claim 1 wherein the at least two loops are attached to
an FR4 board.

7. The antenna of claim 1 wherein the spacing layer comprises
Crisscross spacing elements.

8. The antenna of claim 1 wherein the conductive board comprises an
FR4 board covered with a conductive layer on its upper and lower

planes.
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operation; adding tools to the collection; removing tools from the 10
collection, such as tools taken out of the room; receiving a report on all
tools from the collection not identified in the preceding predetermined
period of time; letting a user approve a missing tool; and generating;

9lettimpé ysaeAPRIQYE AanashEiRsh enaplinctoreisting/oopsreomplise a

and Central Sterilizing Supply Unit 1s personnel to communicate
reg&ARRAEEBRdition of instruments; and providing a report about tools

1454 AHNIRARAISNOINUARYS {OWHIIRIGP 8?@5@84{;?%@8? mgf-tﬁe tag is

identification antenna for receiving signals from a tag ached'to a
tooltrarasfizpedaethiacautevithin tiha aeedes, #red avitenemdoforisaimpn from

internal bucket, having attached to its ext face at least
PN GPE RS G5 CNBHLIGL AGHATDS  spacer for

1{ormine 2 AieiaRsedIRdisaen1Da M &R IRe oM RIThPRARSHAIERecutes at

layer; and an external bucket for insulating the conductive layer. -25 13.
An i@agificanen apelisationresaiesiesigniiRfroringn RIFVDRagcanststsy  of:

' 24BR L AMIEROBOIR ARSE A AULDAROSAA: UF ACHinning cof an

t
riSing: ary insu IN, having a ed external su

leashpeeatoom; natitiod ctowlyctive theterddle ationsutaiingvingetéols from the
covering the at least one IOOE;/ a first spaciré% layer placed under the

insU RIS BN, SEGHH BSHTRAE B AL Q4 LIRH AP €1 EOREY S FREEY NG & TPt ON
a segpngghaciteiay enaCcebHEEEH M FONIHGEKEIRYF - if0 the preceding

predetermined period of time; letting a user approve a missing tool;
and generating; letting a user approve a missing tool; enabling
operating room personnel and Central Sterilizing Supply Unit
personnel to communicate regarding condition of instruments; and
providing a report about tools used during surgery that have to

undergo special maintenance.

12. An identification antenna for receiving signals from a tag

attached to a tool or a disposable placed within the antenna, the
antenna comprising:
an internal bucket, having attached to its external surface at
least one loop made of conductive material;
a conductive layer;
a spacer for forming a distance between the at least one loop
and the conductive layer; and

an external bucket for insulating the conductive layer.
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14. A tool to be identified by an identifying antenna, the tool comprising:
at least one operative part; a tag-holding part, comprising: atag; 1s a
housing for the tag, shaped like a first ring and a second ring attached on
their flat parts, wherein the first ring has an external diameter equal to the

1 ®xtexpalidintigicandthexpésana 1oe. ﬁé@éiiﬁhgn@@ﬁ@@ fEathadn RFID tag
diameter larger than the internal diameter of the second ring, the internal

dlarﬁH@Wﬁ R IRPLOFirRy disReETNenRIReRCRIeRr baraigNa, the

andéH é} Eﬁx}g a notch; and an insulating cover for covering the
tag an irst ring, luding at least one area in which the first ring is
connected tanthasalE@syobmpdaativg pathctied?@o its external surface at

least one loop made of conductive material,
an insulating cover for covering the at least one loop;
a first spacing layer placed under the insulating bin;
a conductive layer placed under the first spacing layer; and

a second spacing layer placed under the conductive layer.

14. Atool to be identified by an identifying antenna, the tool comprising:

at least one operative part;
a tag-holding part, comprising:

atag;

a housing for the tag, shaped like a first ring and a second
ring attached on their flat parts, wherein the first ring has an
external diameter equal to the external diameter of the second
ring, the first ring has an internal diameter larger than the internal
diameter of the second ring, the internal diameter of the second
ring compatible with the diameter of the tag, and the first ring
having a notch; and

an insulating cover for covering the tag and the first ring,
excluding at least one area in which the first ring is connected to
the at least one operative part.
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