Title Wrel ess Tracking System And Met hod For Sterilizable Object
5Technical Field [0001] The present invention is related to wirel ess
tracki ng systens and net hods. Mre specifically, the present
i nventi on wehamasto a wirel ess tracki ng system and meChed2ofiessest ag
subj ect to extrene tenperatures. 10Background Art [0002] The ability
to quickly determne the | ocation of objects located wthin a
facility is becomng a necessity of life. To the uninforned observer,
t he pl acenent of transponders, also known as tags, on nunerous
non-stati onary objects whether in anngéfice or honme woul d appear to
be an unnecessary use of resources t he 15uni nf or med
observer faits to d%ﬂ?%%ﬂé%%“@ﬁ%ﬁﬁﬂﬁﬁﬁQQW?Wf%FSHﬁH€#W3@WFﬁ nd thc
desire for efficiency, whether at the office or honme. [0003] For
exanple, in a typical hospital there are nunerous shifts of enpl oyees
utilizing the sane equi pnrent. VWen a new shift arrives the ability to
qui ckl ys1 ocate medi cal equi pment tRghiQnkyqresults in a nore efficient
use of resources, but also can 20result in averting a nedical

ener gency. [0PAlls, t hdhepersdait igewfonneidiatd|to edfalegsrienking pystenhigspi tal is
beconing a %&@&d%@ BRI 1l PRIt LARK ORI QBGS 11 Ot her
facilities''s rapi means Ievin reat
eff|C|encywmmnhyﬂum%ﬂomﬁwdnbgmﬁgqumwaymmd@nmmﬁmcat|on system i ncl udes
at least multiple tagged objects, each of which transmts a signal
multiple receivers 25 for receiving the transm ssions fromthe
taggedl@bjects and a processingBm&@nsmﬂ@mtanalyzing t he

transnism to de e the tians. of the ta obj . Within
a predeter envﬁ% Wﬁoquwkygaﬁngﬂgﬁ(E'Wmiaﬁggﬁ%HFdéﬁgf ¢t to
extrene t emnaﬁ lnesnineh naesitg of gl cab theiihimf@mes dissgiven thetplaysemhi ch
are typically sterili e in an autoclave at high tenperatures.to

30destroy & “F‘I?O\?F“Fi@ P FEAYS RS A RERGTAUS HepsgHonany PURESVIRRE Ehor es) .

Aut ocl avesan GEIRELHomE WREI : @elr t@mamm&ewama bErekurdeSHEOek, ig:
| i ving organlsns These h| nperatures are often jn excegs of 120

degr eed FahviBiorBed obseriver fails ﬁﬁ@%e%e@e@ma@@%la&f npedfindifh@ndythe desire

for efficiency, whether at the office or home.

[0003] For example, in a typical hospital there are numerous shifts of employees

utilizing the same equipment. When a new shift arrives the ability to quickly locate

medical equipment not only results in a more efficient use of resources, but also can
20 result in averting a medical emergency. Thus, the tracking of medical equipment in a

hospital is becoming a standard practice.

[0004] The tracking of objects in other facilities is rapidly becoming a means of

achieving greater efficiency. A typical radio frequency identification system includes

at least multiple tagged objects, cach of which transmits a signal, multiple recetvers
25  for receiving the transmissions from the tagged objects, and a processing means for

analyzing the transmissions to determine the locations of the tagged objects within a

predetermined environment.

[0005] Medical equipment subject to cxtreme temperatures includes surgical Kits or

surgical trays which are typically sterilized in an autoclave at high temperatures to

30 destroy any living organisms (bacteria, fungi, viruses and spores). Autoclaves



[ 0006] The surgical trays are typically conposed of stainless steel,
al um num or 5anot her netal. Various surgical instrunments arc
contained within the surgical tray. An exanple of such a tray is
di scl osed wa2090d470U. S. Patent Nunmber 6827913, for a RO@BWSZM0/028976
Sterilization Tray Systems For Medical Instruments. [0007] The
autocl ave sterilization tenperatures arc far beyond the typically
roomtenperature operating ranges for nost RFID tags or simlar
wirel ess tracking tags. 10However, there is a need to track the
: ocati on Ofg{(:jdchﬁly%tsﬂ’ iPacakd highaysset f&(&%fﬁ&}f&hﬁbﬁh@ bl)gaﬁlﬁnﬂfb“ﬂésbﬁtght hlel
ocation and the sterilization such surgi ca s allows a
hospi tal of PRIy A% PR PP g it EaryoR iy et e st gery
procedure. d&9&§8$m%MQa, et al., U S. Patent Nunber 7118029, for a

Smart Instrunment Tray RFID Reader, dlsclg ﬁs t he use of .passive RFID
tags that HIO80 ]aTliﬁ‘a”c‘fIf?é‘Hﬂ frays Siriypieatly composed plsiainiess sfesl, pipNiigRor

i nfor miS' O Fncibr bRl COE\%&QL&QQIE iR trS G Q@'ooﬁt&ﬂé’d wfﬁlﬂﬁtlBF{u@;Jaﬁ% can be
encased in such materials as Phenol, d ass, rrg@(}éaresm
t

Silicon, Rﬁb@éwﬂmpefyvhﬁyﬁﬂeﬁhéﬂﬁéé“V%@ﬂﬁﬂ@n?ﬁwﬁp@ TYdelostyr ene,

common pl 38l PSR b T AT ARRMB Gl egRet al., U S Patent
Nunmber 6255949, tfor a H gh” Tenperature RFID 20Tag, discloses an RFID

tag that i @Oeaba'iﬁh@amclw sthshizanell sgperatyprs m@tfwlévgor@frthmtyp@el@r ioe
Celsius to . : usi ng
conposed Ogﬁggﬁ@gg5§ﬁg¢§§{g&H§gg§§§£ﬁ§%1g§%$$g suc §Q&ﬂﬁ%#%%
conpound oHoWEFrO:re [00BIDPAIthte @tatidfreofplna rgig traysaslcq:)ﬁb\abldiwo

numer ous SPIl'OHi IQ%]GSIHCE;[U%{? ﬁl?c{ tile s‘{FrahzaU n ﬁat;f:s otJ SUC stugg(lg f&’zggnho»@s aE E()%Q%aai

probl ens asSoci'a ed8"och
sterlI|zatDomhenmeﬁmnmgmmdmﬁmnnan%mﬂfmthau@myﬂmtmmn:[00011]The

D oot | HROhL 80", GSOBRLY Rimhioh BRELELA PR

present i nrRedtlet,AcBORRIGMIsESpagsi SO RIDI t0FF thyt atcraaBdddl td Jungead

steril IlSZ at in?t?un?c\,/lgsn'cto p?'(l)vul’c information on the contents of a surgical tray, The RFID tags
can be encased in such materials as Phenol, Glass, Wood, Epoxy resin, Silicon,
Rubber, Polyvinyl Chloride, Acrylonitrile Butadiene Styrene, common plastic and
Styrofoam.
[0009] Nicholson, et al., U.S. Patent Number 6255949, for a High Temperature RFID

20 Tag, discloscs an RFID tag that is capable of withstanding temperatures of -40

degrees Celstus to 300 degrees Celsius. The tag is placed within a housing composed
of a high thermally resistant material such as RYTON PPS compound or TEFLON.
[00010] Although the prior art has provided numerous solutions, the prior art
has failed to recognize the problems associated with wireless location asset tracking in

25  asterilization environment,

Summary of the Invention
[00011] The present invention has recognized that operating a wireless tracking
system in a sterilization environment creates unique problems. The present invention

30  provides a solution by transmitting a sterilization cvent alert.




WO 2010/ 120477PCT/ US2010/ 028976 [ 00012] One aspect of the present
invention is a method for real-time |ocation nonitoring of a
sterilizable object. The nmethod includes tracking a | ocation of a
sterilizabive nbyeet7 bearing a tag. The tag includes a rgalsedehBasi ng,
means for detecting a sterilization event and neans for transmtting
data concerning the 5sterilization event. The nmethod al so i ncl udes
detecting a sterilization event. The nethod al so incl udes
transmtting a signal that the sterilization event has been detected

by the tag odod@013] Qoid Bpek bthe bla@nBLAG@N fsr hdiRsd foPhuges cbBRIUT | NY
the sterilization event.. tionally, the method further includes
measuri ng tHETREE T asatizabl Qicsht THeopdhasindudss Fasking IAgtienet 4 i e and
t enper at ur gBHrdb RO RERE & JaF.zm QR I RURB 2 scol h@RAL! Meant R8 net hod
further includes associating the sterilizable object with a nmobile
obj ect. Al deieibgiasisriization v poaednp £ fgegnitiss del sencpyingriee

sterilizablyg00ji6f byat. U TheandilotBtotRlIRL dSUGRS B SicAR A0 QRheVge 2
surgery roomor a surgery departnment. Optionally, the nethod further

i ncl udes i mictlicdtalspdnchidaeipnsmstesssigial Mat the ststiligalion antihehbaBevent i s

det ect ed. %F%ggq@% %tag@ he method further includes updating a user
i nterface. e-sterilization event is preferably a pressure

change in {¢@1Bpousi Ndpticaalifie trectdtion fafthan itchdsomesuareghgsisriigadet ect i on
of noisture withjn.th usi r-edet erni ne H.evel.
chenical i 5 4" st le F?nélﬁ%’gﬁ%mtﬁ%{ fé’gtP gﬁgg%&egﬁ‘s‘? , S“}iﬁg %Ieét((:n[dr{%:lgﬁ%‘& tange in
an el edir i campfincofichseriof tht hienctaad)ientph@tthodigingghdxgdriligatoarpendm sed,

d ti t. 20 det i.ned t t t in. i,ngl
ocati on VTG BF BugPR T RenCtErsarar et SRR PR “event s

conpri si ng nhab@labhbjen. i Altctnasively,ithd mahodinclnodnassoslhaty tasteylidable bhject
sterilizatian zon ()_or a . predeternmned tinme or detect iqon of a

pr edet er ni MEE & Bﬁg@ ISP 3 AR AYOHR R FERTH 0T ierEesRrdeBY ™ Lhd an
order of evHbsal§UsE ndhod fMeKinbILi@W.initiating a new process with the sterilization

15  eventis detected. Optionally, the method further includes updating a user interface.
[00014] The sterilization event is preferably a pressure change in the housing, a
detection of ultrasonic energy, a detection of moisture within the housing, a
predetermined pH level of a chemical in a sterile bath, detecting a gas, an clectrical
change in an electrical profile of the tag, the housing being compromised, duration at

20 a predetermined temperature, duration in a single location having a predetermined
temperature, a specific set of events comprising location in a sterilization zone,
stationary in the sterilization zone for a predetermined time or detection of a
predetermined temperature for a predetermined time period, and an order of events
such as a work flow.

25  [00015] Another aspect of the present invention is a system for real-time
[ocation monitoring of a sterilizable object. The system includes a tracking tag,
network sensors and a processing means. The tracking tag is attached to a sterilizable
object, The tracking tag includes a scaled housing, means for detecting a sterilization
event, means for transmitting data concerning the sterilization event outside of the

30 housing. The nctwork sensors are positioned within an indoor facility with at least



25[ 00015] Anot her aspect of the present invention is a systemfor

real -time |ocation nmonitoring of a sterilizabte object. The system

i ncludes a tracking tag, network sensors and a processi ng neans. The
tracki ng twig20wiastiached to a sterflizabl e object. Th@CTaukeergoI®wag

i ncl udes a seal ed housing, neans for detecting a sterilization event,
means for transmtting data concerning the sterilization event
out si de of the 30housing. The network sensors are positioned within
an indoor facility with at | east one of the sensors receiving data
fromthe tb@citigch@s reddMEnddC RSS HRGradBaf S PTIRGRERGSeShgRal s from
the tracking tag. &%7 3%6 referably, the processing neans is a renote
server in BORTRiSEREE ¢ 48 et wor k sensors, and the renote

server furtdoere)i ncl welesrab®ans plobdssing inkhtis DEndtORRW RIOSERSIcUMARN a
sterilization event is detected, neans fqr associating the

steri | i zabP&h gi5jneBroripanrets o B reamele pavar furfhenitelugdemeation Bitdsingat o a

dat abaseg, H&@B:%o&@(vhb‘rpg AL RGiéh HeRis 4R AGHs f&%@so@ﬁﬁﬂ?th@ or changing
the state of rocess. The sterilizable object is preferably a

sur gi cal kfﬁ@““ le ebiseitwithed pobilcrbicst eansiforadiing dpip &x dtapage, e\gregi cal
tool, a pa?dé?g%ag\‘}g Ecﬁi%&r@d‘%c 208 Rl G REFAPAS Ske bPa PRBasS! G| ©

el ement s. not her aspect of the present invention is a tag
for real -t stpelizeble abje@tnb mfmbbm wepiof kig éti@mtlvplm&bp eteoligablstobjeThisat ag

i ncl udes a,igusi g, BuBEORET Rl a%we@zn%se%tegﬁ&gﬁ?rgggﬁa{ﬁgessor

i ncl udes a’transcei ransmtting a si e housing

and nedfs ﬂmﬂrﬁetecuhm@mam$EanmBpa$mmnweMemtsaﬁQéﬁp@%@ﬂm&Mppﬁw isin

el ectrical connunl t on @1 EF roce (p % re er abl xnmﬁthin t he

housi ng. TH&" faRg oL Ag 1E B “fvé“ R Bsing 5t 0BP“HousThy, a

gas- proof pousisqgpha Thegssdesser mbiadlefq ahﬂ.ﬂﬁ]eﬂgl, foﬂnammamgm figial omowgh al | .
in the form

The power suppl referab xtracts . environnental ener )
of Csorar eReBy st B oL UpES WRabEl ST A s astaty Foh means
i s preferablkyria cortin@git atot thitkithicCitbdesdt ald@ePROGEESA! the R\Bing. The

sterilizatjon, detec means is Iternatlvel arat e conponent
in eledtri ‘&1““86%’%‘?!‘@&#1'8?1‘"%%%0‘{ ﬁleu*z%ﬁ@é‘elgeeﬁmuflg@mrm\’ﬁdﬁﬂ

aspect of EiRiR! @SLBIMbINANANG20N Th pEvdrBLprERFabIR radtd mubmﬁ@mon
nmonitoring of a sterilizable object in a sterilization area. The

steri|izat Pisrevap & fpum pheotasprgppioranadigeenepe  dbedcrdratpnilsspianal but

al ternati vghhsiis r@ﬂara%mdnrlﬁteg&%@bﬁ&ht o@EheMJe&qB} erHiQRRliLALS dSbAGR 1t ems
such as surgical equipnment is transferred between
means is dltcmatwely a separate component in electrical communication with the

20 processor,
[00018] Another aspect of the present invention is a method for real-time
location monitoring of a sterilizable object in a sterilization area. The sterilization
arca is preferably a specific area of a hospital but alternatively is an entire hospital or
multiple hospitals since items such as surgical equipment is transferred between

25  hospitals. The method includes receiving at at least one of a plurality of sensors a
tracking signal from a tag that a sterilizable object is located in a sterilization arca.
The tag is associated with the sterilizable object. The method also includes receiving
at at least one of the plurality of sensors a first status signal from the tag that a
sterilization threshold value for a sterilization event is present. The method also

30 includes transmitting the first status signal from the at [cast onc of the plurality of



25hospitals. The nmethod i ncMles receiving at at | east one of a
plurality of sensors a tracking signal froma tag that a sterilizable
object is located in a sterilization area. The tag is associated with
the sterilW@anra2dlj ect. The nmet hod al so i ncl udes rec&CVURYIH28%¢

| east one of the plurality of sensors a first status signal fromthe
tag that a sterilization threshold value for a sterilization event is
present. The nethod al so 30includes transmtting the first status
signal fromthe at |east one of the plurality of sensors to a renote
server. Thgnset tvadcabsaecivac|Thdesthodass vichlgeabcea‘hng gaskanne: dfthd he

luralit f ors a secon tatu fr t he,.t he
P or ol o PRI ReR 4 SEaRA S R LR R s P SO0 e Gl e
TEe met lhodvzadlesﬁ)r & mtfedl wﬁe& etvmmlsmstﬁu e ﬁibfﬁO&&lSd)iﬂdluﬂésaiduﬁmslnglﬂ&l fr g 'Irph
t he at east o of .t ra a renonte server. e
athad a1 cgepfiTudoiaCan Heat ki oo 2R ARG i S e S A B st

steriligzabirg QbheCilsdhcluie dermihiag sﬁffcﬁﬁ‘iaubiﬂﬁﬁﬂb R titstdriiadtc gt f i r st
status signal] and the second status sig he nmet hod al so I ncl udes
communi cat ?tri{z'f eREleSEREY aselan a&#ﬂ%f*&tfﬁ%ﬁ *Faa% “t&‘i%l a0l BiEiSEOPA BRES obj ect to

an oper at Ofignal "eneSh&hdd dl&ﬂhél@d&s@&ﬁ&tﬁﬁcdtﬁl ﬂ{eegie@m@iox sAnesIRge that
the sterilization was conplete or inco ete Alternatively the
sterilizat $ejHizablgppisctile anmorppriss dhgjeei ety v archirabdy pmoyspge that
sterilizatjugr teﬁNﬁﬂBn @Hg&naﬁcté &qn&wp@étd O@Et@ﬁdtl@@l?%ets?ém%tﬁh Walrs lstahe
time the sterilizable o bj ect entered the sterilization area,

per sonl® n wewegeohcleding drsaikytoé piclsicyibdstien etspbwich gpiba deratiasyst m}j?ht he

sterilizat

ot ocess. 1o TDpanEemedtith NERG e bBR ABER o Hor PR BIANT, RndlF o
I's pref er aginjrobrféheofteriizaliagyent upcelrmtcgyg IS steatitdtion altca,oamd whtetim
sterilizat iy, 1681 o Sh Sl dARL L0, BT RESHR RS zat T on, cher cal
sterilizationh an 1 er ‘stieriTi zatr on “WiFasoni ¢ ener gy
sterilizatjoohihas aTat ertilidadiat ¢vom it prefesdbbl chovwdhesondc aeget ecti on of a

pre-established.amunt of ul.tr ni ¢ am.steril.i atlon
D f or bty FAEATRER g, FRR S ARG, Pu SRR Skt

wat er vaposteriitzatont sper wdtttseribifatiah. heagtasdddOiergh sheiditatoh @hdd | zat| on
20preferably.has a StEI‘AHZ&tIOI’] thre hol d vg!ltﬁgiof a d tectlon of a

t enper at ur%g‘é}f“%‘t“ threshold valgsof d&efﬁ?f@&uﬁalesﬁb APPBHODHEERShI y has

a sterili zaklgn A eshetidaval ﬁﬂ&er@lﬁly&ad@it@ﬂhhﬁﬁh tﬁﬁe%i@)i@feﬁh&&ﬂﬁe of at
| east 1. 036 Bar above atnospheric pressure. em cal sterilization

pr ef er abl yo9eEOmOY Ry apYAY { BHPERIVESHAE &avdp%f o“fheétﬂ@ti@eﬁeqnon of a pH

of no pyre I%Qﬂﬂl}iy%db ARRtihakiof heRha@kalst & deke%ﬁ&d&fht&hﬁélﬁ[n%%ﬂ{t 1bas a
sterili zatl on t hreshol d 25val ue of a detection of h%}1 er oxi de

in a conceHiOrGt porcsune tiatlizafiomprefewhlythagosteizgben fieps %‘?9 14 zat i on
pref er abl yyhasoRo6t 1’)?54411‘6%?‘5‘[’ 1540 f MG%J@{:&LC dﬁh&é & p@ebgﬁf ek Ch@Re

liquid water at a tenperature of | east tionally, a warning
t hreshol d 1{@giizetsc@rn@cablgé]e@mcmlﬁﬁ@sﬁbﬁed@mmﬁuen of ahiﬁ@ﬁem obe pHoee t han

the steril h&x%%a% @M?ﬁﬁ% %%?gﬁ@%étﬁﬁtgéﬁg d:?c:t %ﬂ/ Hb aCLtéiﬂzatmﬁ tlprggh'f)fdnent art

wi Il recognize tha
25 wvalue of a detection of hydrogen peroxide in a concentration amount of at [east 6%. A

hot water sterilization preferably has a sterilization threshold vaiue of a detection of
liquid water at a temperature of at lecast 70°C. Optionally, a warning threshold
represents a second threshold that is higher or lower than the sterilization event

threshold. Those skilled in the pertinent art will recognize that the afore-mentioned




t hreshol ds may be adjusted to neet the needs of the sterilizable
obj ect without departing fromthe scope and spirit of the present
i nvention. [00020] The housing is preferably conposed of a
pol yet her i WOF8I¥ 8% h material. [00021] The tracki ng t ad “SfUSEUEP/atsPIp
transmts a radiofrequency transm ssion of S5approxinmately 2.48
G gaHertz, and each of the plurality of network sensors commruni cates
utilizing a 802.15.4 protocol. Alternatively, the tracking tag
transmits an ultrasound or infrared transm ssion. Brief Description
of the DraWirngsldi Oppdoadpwdap nkef the sesherfthd gerllizebie ofject wikhpw| ess asset
tracking s view of a facility

9 )ﬁ@ﬂdﬁ g Mg A PRGN %:ghd %mtt%f ﬁlcg\‘g %ﬂt it Jcﬁtgc(%lo X

enpl oying a W reless ass 24] FIG 3 is an

i |lustrati 6#036] a suTPglhoa*tmg %ﬁ;ﬂfof@mmoﬁé@f aPAlycthcamide rdsirsthateddlon  of
an interio a sur. 0026] E di agr.am of
a tag. [OOB@? |G 4 e(ﬁ% !(1%1 f%é pae%%%bq gargl]}lté q I;dad4 ofﬁqucnc Lal}smlssmn%%

[ 00028] FI Gap[xl:ﬁkiinstcty M&Gigaﬂcngmajmdf ofahe [&htdﬁtynﬂhbtwermm ment of a

tagvmthanlnte %écr Z h |?FIG4 F ’.ar am of
an2al t or nabtUBVER Sl ehe 25214 hgTirt sty B faskind s RS
havi ng a pn@&ﬁuﬁﬁnmeﬁﬁﬂﬁ@&na&ﬁﬁ@&ﬁ]FIG. 4D is a bl ock diagram of an
alternative enbodi nent of a tag with
Brief Description of the Drawings
10 [00022] FIG. | is schematic view of a wireless asset tracking system,
[00023] FIG. 2 is a multi-floor view of a facility employing a wireless asset

tracking system.

[00024)] FIG. 3 is an itlustration of a surgical tray.
[00025] FIG. 3A is an illustration of an interior of a surgical tray.
IS5 [00026] FIG. 4 is a block diagram of a tag,
[00027] FIG. 4A is a tag with an integrated circuit.
[00028] FIG. 4B is a block diagram of an alternative embodiment of a tag with

an integrated circuit.
[00029] FIG. 4C is a block diagram of an alternative embodiment of a tag with
20 anintegrated circuit having a pressure detector.
[00030] F1G. 4D is a block diagram of an altemnative embodiment of a tag with
an integrated circuit having a temperature detector.
[00031] FIG. 4E is a block diagram of an alternative embodiment of a tag with
an integrated circuit having a chemical detector.
25 [00032] FIG. 4F 1s a block diagram of an alternative embodiment of a tag with
an integrated circuit having a voltage detector,
[00033] FIG. 4G is a block diagram of an alternative cmbodiment of a tag with
an integrated circuit having a moisture detector.
[00034] FIG. 4H is a block diagram of an alternative embodiment of a tag with

30 an integrated circuit having an ultrasonic energy detector,

6



an integrated circuit having a tenperature detector. [00031]FIG 4E
is a block diagramof an alternative enbodinent of a tag wth an
integrated circuit having a chem cal detector. 25[00032]FIG 4F is a
bl ock di agrahf’d¥'24H{" al t ernati ve enbodi ment of a tag wi{Hr/%10/028976
integrated circuit having a voltage detector. [00033]FIG 4Gis a

bl ock di agram of an alternative enbodinent of a tag wth an
integrated circuit having a noisture detector. [00034]FIG 4His a
bl ock di agram of an alternative enbodi nent of a tag with 30an

i nt egrat ed B9l t nBNA: Ads o Fhartnd geieverdd meathpyl faraeddinesylocatip

2010/ 12047ZEHJOW&%%@%Q%?@O%&QO%] FIG 5 is a flowchart of a

general nethod for real-tine location nonitoring of a sterilizable
obj ect. [0J08BPEI G BA. 54 ina flowehashefratspetfiamehetiof [eal-time fpsetiohor

real -tinme | geati torTOMIL O dngiek, A aSliekl il zablg, ‘;‘1) toutilizing
an ultrasonic e}rie %?“’setlerﬁ(it%(%c?gtﬁ%n&raagcet t‘jrlel,.: éfkg%%g‘? ﬁél 5Bis a
fl ow chart rodccdurspeci fic nmethod for real-time |ocation nonitoring of

a steriliz @é bj ec Ll.j .z Stea erilization.procedure.
00058] FI atR7P S S bl £ ol SRR RELAPRE PESH F e
| ocati on  monitoring of a sterilizable object utilizing a stcam sterilization procedure.

[00038] FIG. 5C is a flow chart of a specific method for real-time location

monitoring of a sterilizable object utilizing a high temperature sterilization procedure.
10 [00039] FIG. 5D is a flow chart of a specific method for real-time location

monitoring of a sterilizable object utilizing a pressurized environment sterilization

procedure.

[00040] FI1G. 5E is a flow chart of a specific method for real-time location

monitoring of a sterilizable object utilizing a chemical sterilant sterilization
I5  procedure.
[00041} FIG. SF is a flow chart of a specific method for real-time location

monitoring of a sterilizable object utilizing a hot water sterilization procedure.

Best Mode(s) For Carrying Out The Invention

20 [00042] As shown in FIGS 1-2, a wircless asset tracking system is generally
designated 50. The system 50 is capable of determining real-time location of a
sterilizable object 100 within a facility 70, and is particularly useful for tracking a
sterilizable object 100 that sterilized in a sterilization arca of the facility 70. The
system 50 preferably includes a plurality of sensors 53, a plurality of bridges 56, a

25 plurality of tags 60 and at lcast one server 65. One example of the components of the
system 50 is disclosed in Smith ef ¢f., U.S. Patent Number 7312752 for a Wireless
Position Location And Tracking System, which is hereby incorporated by reference in
its entirety. A more specific example of the sensors 55 is disclosed in Smith ez al.,
U.S. Patent Number 7324824 for a Plug-In Network Appliance, which is hereby

30 incorporated by reference in its cntirety.



nonitoring of a sterilizablc object utilizing a high tenperature
sterilization procedure. 10 [00039] FIG 5D is a flow chart of a
specific nmethod for real-tinme location nonitoring of a sterilizable
obj ect utiWP291882047or essuri zed environnent sterilizat PERNUBHOIEEUFe.
[00040]FIG 5E is a flow chart of a specific nmethod for real-tine

| ocation monitoring of a sterilizable object utilizing a

chem cal sterilant sterilization 15procedure. [00041]FIG 5F is a
flow chart of a specific nmethod for real-tine Location nonitoring of
a sterilizH60E]obj edthe ugstdn 20 ngrederhldy cmplberd veithér 4 Facitigt Tlosuciprsocedur e.
Best Mode(s). Far Carryi Jut - The | nvention 20[.00042] As.shown in FIGS
To e DlS on QR ek oS el L R ER R AR AR 0. e
system 50 ktsrilvapabbjectof 0@gisgiontdhrgghioaalhe ficity V@ CBiteitags 60fprderably
sterilizable .ob%gﬁt LA00 Wihin a _f(?gi_l i t_%{t]o, and ég arti §ul_ arly
useful for “PHALRPHGERE &MY PubleIGHPREE "PH6Y T HaR? SEETFYAF in a

st elr [ lji gat i'@flv@iiﬁ@h@icn?&mﬁ @ﬁitloh%déthmghophm f&éﬂttﬁﬂ?.5ﬂt;lt@gz&fvel@aﬂhb y

I ncludes a p al1ty of sensor , L a uraljty o ridges 56, a
25pl ural i tgfi%f% %’%@@*é@ngﬂﬁw SEnfash - hBHY e MagEeT. B %Eﬁ‘ff’r(?sea"?)f t he
conponent s;REivid1s thS¥RERTESFositnll HEuQFRMNE TacH Vh Bld)eferrdd S. Pat ent
Nunmber 7312752 for a Wreless Position Laocation And Tracki ng System
whi ch is hereasimsnidbs Bet 6k Eshyf opleprdcasy 8V peepids Vs iy aeen, Mdipr e
speci fic exampk e PfenNRuSERRAB oy, ST SEbASE PrdfErabiPhhkbnfl thdbata U. S.
Pat ent Nunmber 7324824 for a Pllig-I1n Network A%)gl iance, which is

her eby |80i Weoriser at &d tibysmisiarte AsEVPS| Ha sepfof peisynableyo transmit to a

2010/ 12047¢PCL/ 028976 [ TS ' gkl y

enpl oyed V\ngit}%gr? k)’asg?%eglé{?i%lg 3%7 d%hgﬁcﬁ%]é%&gmﬁ%%%ﬁ@aﬁ%o[?égg E@%R{ ?ltl%'e
facility. ThemsipstwnuslOransmissipn ioaddidgo54. rlaghrderdd codatiesani ous

ster i L1 2able ORLGRLS HORHRPHHH AUGT A QHINBN!s6t o L ALK TO- The

distance of six sensors 55 from the bridge 56. The server 65 preferably continuously
15 receives transmissions from the sensors 55 via the bridges 56 concerning the
movement of assets 100 bearing a tag 60 within the facility 70. The server 65
processes the transmissions from the sensors 55 and calculates a real-time position for
cach of the assets 100 bearing a tag 60 within the facility 70. The real-time location
information for ecach of the assets 100 bearing a tag 60 is preferably displayed on an
20 image of a floor plan of the indoor facility 70, or if the facility 70 has multiple floors,
then on the floor plan images of the floors of the facility 70. The floor plan image
may be used with a graphical user interface so that an individual of the facility 70 is
able to quickly locate assets 100 within the facility 70.
[00044] The sterilizable objects 100 are preferably items of value to the owners
25  orusers of the system 50 and/or the facility 70. In a hospital setting, the sterilizable
objects 100 could include surgical equipment, nursing equipment and the like. In
particular for the present invention, the stertlizable objects 100 include surgical trays
which preferably contain surgical instruments, such as shown in FIGS. 3 and 3A.

Sterilization is generally defined as a process which achicves the complete killing of




continuously transmt signals on a predetermned tine cycle, and
these signals are 5received by the sensors 55 positioned throughout
the facility 70. Alternatively, the tags 60 transmt signhals in a
random adwRg@gidgeddd@iyynam ¢ nmanner, and these signal s arP€TSER¢REYH Ly

t he sensors 55 positioned throughout the facility 70. In a preferred
enbodi nent, the tags 60 transmt a signal every five seconds when in
notion, and a signal every ten m nutes when stationary. The sensors
55 preferably transmt the data 10to a bridge 56 for transm ssion to
a server 65l nidro@gaems0espballyDavndddlsgorto Avwasmrtintstrfizhiohdge 56, the

sensor 55 transnmt to anothe ensor,.5 net wor k-11i ke
oot om 1 or st AP hden BT BB p e By o Fol et or  od
enbodi ment [oo@45]r ans m‘xmb@mnclan} behd sk@mnesd hilioansanss 8IS @6 mdBitdr and
bridge 56 up to a transm ssion distance of s Sensors fromthe
bri dge 56. G%ﬁ%f?@‘éeﬂ%rtﬂ%@%w@? étﬁ%ltﬂaéleeﬁﬁftﬁ ﬁ%@?rlyg P5plsgiaf e@@@fh fags
transm §si @nsSThd @Haotm&s‘%aﬁ&a@y ShreMs®y EdnendHida€loRSh &Bh sm&qgﬁdwnn@ t he
novenent of assets 100 bearing a tﬁgGO within the facili tgﬁ?O The

server 65 pPteuwwsligopnd pdihanryei GriropelbatEbcyBpgionr §0 55 ahisest

cal cul at es g, Er%%l:"sé'bﬁ@h RQi%cIo's&ﬂnftH%rab@@%mQ{on&d@ sapsel Juk@e: bearing a
tag 60 within the facil é\é éAT e real-tinme location information for
PG

each of th@3HS$3efosathE-i apliaage- Sheitegs BPEE Eramliisigiaydshayeds on an
20i mage of d&h )\pllngtpmg eck € EWtﬂQQ{JN&Q%J t\%i&lorhenot[an'ﬁutg Eﬁ‘aii @cility

d
70 has nul ti % oors Een on |"oor an I mages | 'oors
of thelfac btldgey 5¢6or erm@laf froomispioate 4 seage 6 I/hd:ﬂelws@ﬁiswqfdﬁaléy gr aphi cal

s 0t o 168 32 MRl 30T B e LOBIAGhIY dif 8l S 8RR ©

qui ckly locate assets ‘faci’li
sterili zabh@vmﬂoﬁsmtsbomo are preferably |tems of value to the owners

250r user S (% he SyES {ng%ggre?g'{lbc?y E%‘g%ﬂ%ﬁ %ho ﬁ%quétg:g bsgﬁlalgofhospl tal

setting, tFI er|I|z | ects cal
equi pnent , appus:dinaiglye@os @iamindtzan@iiz heThd Gkﬂlmlhﬁcd.pﬁﬂi faraud iaprefeaiblt he

Praye Wit cHag: PG Sehrapie Egich StSet Bl Exo8he e BeBoun 1 n
FI GS. 3 ando 3dy ofir&t bil aziads fesquirgicg emesaldbyaralef figie thedsopd afd @o@s$ Whi ch

achi eves the corTPI ete killing of all mcroorganisns, especially
bacterial Sdrasit NE1{ed herein, sterilization is defined in a

broader sep@e4t0 i nlsudewe @i nane Miisi OGHéf»ﬂc!%G P uchsitr Tid ZdiNg-
[00045] As shown in FIG 1, the system 50 utilizes sensors 55 to

moni t or and® heperinyliifpde pidflqogsafdatc r?ewgfdgﬁof POprogidey gergsy Bevecnghs ect s 100

bear i nggor vi.ea6&% €8k, Wi MhdtBOSERAGoo 15, ‘;555‘0“@%9@& BRa-dfupngl arably
wirel essly comunicaté with each other (shown as
rooms 90a-i, with each room 90 accessible through a door 85.  Positioned throughout

the facility 70 are sensors 55a-o for obtaining readings from tags 60a-d attached to or
integrated into non-stationary assets 100, A bridge 56 is also shown for receiving
transmissions from the sensors 55 for processing by the server 65. Specifically, a

25 surgical tray 100 is used in surgery. A tag 60 is placed inside the tray 100 in order to
track the tray within the facility. The tray 100 is sent to an autoclave 105 on a lower
tloor of the facility for sterilization subsequent to the surgery procedure. The
movement of the tray 100 is tracked by the tag 60 and the tracking system 50 of the

present invention.



double arrow lines) and with a server 65 through a wired connection
66 via at |east one bridge 56, such as disclosed in the
above-nentioned U S. Patent Nunber 7324824 for a Plug-1n Network
Appl i ance. WoRel0t1iggs’ 60a-c transmt signals (shown as #&INEYIP2RES)
whi ch are received by the sensors 55a-e, which then transmt signals
to 10bridges 56 for eventual transm ssion to a server 65. The server
65 is preferably located on-site at the facility 70. However, the
system 50 may al so include an off-site server 65, not shown.

[ 00046] Eacloondg] 60 prsehewabl HIG 4.ansgbd Qe&talb@dhﬂude&@(miﬁﬁﬁmtlsilegm:al of

approxi matel y aHertz communi cation for IS

pr ef er abl yp‘fg?bE‘Eé%étda‘%‘b%‘Pbd “%t&Y% kl‘%“ﬂg“cﬁﬁggé VIR 406 PORE HBP 1?’ i nent

?rt Wil | rewgm.?]ozlen tdaadr 10h@nd afgfnb(ﬁOOﬂa"yiammcagoel(art:swdnw?mdmn
requenci es t hout parting fromthe scope and spirit

present i nvih thegRnsoy g&@@? IR SCRFEWAS i "F‘W%}SS QC‘Wf’Sfé“tF%?el iO?y

depi ct ed i poRerRESH 16 picfzﬁﬁlyf[ﬁ&héds b¥wdiQo MRprédci¥bt 1011 e &roBbn gc’nﬁlﬁ‘r S

75a-c. An el evator 80 provides access between the 20vari ous fl oors
75a, 75b ahftEeensgatde and dsrvinates netmprkepfgrfaes d OhaSheapawsr supplyd@d bf

roons 90a- hrefdiida GACH AP dglghﬁﬁ%ﬁ%blfﬁ‘e bW %'L%lyal UAQQﬁleﬁﬁabiy the

Posi ti oned t hroughout "t he facil are sensors ‘55a-o0 for obtaining
readi ngs f peissewesofGogeforthe éttgrf@d Cto@sc«owna the eprait wd of the &g 00 allows

non- st at i OpAny &)%5%5& eg}é%@er ubd R E@Q?‘f orGebdin bR r&h@?@i (&‘qulgc%&el ving
transmi ssions Tromthe sensor's or processin e server

Speci filgal [G004Y 25sur gi deknativaymi@idméng sheswdn FHG il gerswsOIAl%agaiﬁo is
pl aced i nsi , tQ,track the tray within the
facility. !I[ﬁ%r%!pg?wfg%t %%gl%snlélg'to%rg]%a{ﬁ @tﬁ’t ocl ave 105 on a tower fl oor
of the fac[GOiOEQ/} for Psdfeaﬁ:lyitmhmnncslwbﬁdqumwtm dashewghingdpysing

d 60 and
Phe tracki b SYUTEFRER® ghed %, ihElnd i LR AR B ghmisatol 80 ©0 &0
2010/ 12047 E‘Rﬁ{chﬁﬁi&lﬂvh@ 28870t {@QM&}]MCMWMCH&IF |AGno#t prefertcdg 60
f | ud t | 1. 101 |
gt ReSEt st A seat oL SLLp e SO gl ese

sensor 105c@fsbnantSeNBOhg 508ke pléteraPly 06@SEQT wilQd theSioldhnC DATAMRAItEAL | ON
with the sensor 106, notion sensor 105 gnd W rel ess netvvork interface

103. The Boystged? swpsierybly ghrasprigadly asldgd pr Bivingusing, bhereferably fas

processor Afdasibir Mdl%ﬂdtﬁ%ﬁ}gqqln&@ﬁenéth% 9SNA thibR@s@nthetdgsig r el ess
network interface 103. The power su 64 is referablyr a battery
r

such as a [4hpEirady pespipatiopls E‘?ﬁb\?ﬁé{gd%‘rﬁﬂlfwfhwwaﬁ@mp‘f“@fie aBtey t he

only 59@” CQiRdd 199-}6%1&}191& abtRRI1F @G 8 thHASERV NG bPRe BRRIGY 1¥sRyOf the
tag 60 allows th 60 to have greater use period before need| ng to

be rechar gbfdafbr’teﬁi é)pﬁ ta&@d vari@poBoLgplerpbiats atithentsiapdries fsor dgispnst shown
in FIG 4Bzmdt @ﬁlt%?ﬂ% BFCchnQ ﬁvhrﬁto@tn

[00051] As shown in FIG. 4A, the tag 60 has a housing 114 with an integrated

circuit 101° and power supply 104 thercin. The integrated circuit 101° preferably

25  includes a microcontroller or processor, a wireless network intetface having an

antenna, a motion sensor, a temperature sensor, and an analog-to-digital converter.

In a most preferred cmbodiment, the clectrical components of the tag 60 arc on a

single integrated circuit, which are available from various commercial sources such as

Texas Instruments. The power consumption is lower in a sleep mode than in an active

10



i ntegral conponent of the mcrocontroller 101. [00050] Preferably the
conponents of the tag are enclosed wthin a housing 114 indicated by
the dashed line. The housing 114 is preferably conposed of an extrene
t enper at urworesitgamt and noi sture resi stant nateri al PCAUR$E/028976
preferred 15material is ULTEM pol yetherim de resin, available from GE
Plastics. The electrical conponents of the tag 60 are preferably
contained within the housing 114, and the housing 114 is preferably
ultrasonically wel ded. The housing 114 preferably has di nensions of 1
inch w dt hp¥e. ITi®s¢ Hel@sn e paittfeddVirt Qi rdchgilizctthd: 6HbEBSpraldaeibatisi ng
114 is preferably pneumatical | teak tested.to verify the ultrasonic
wel d. Thos&42Y dpussg Hithey deppry %W.Wﬁﬁﬂimﬂw e weﬁ@aﬁ%w hat the

di mensi onsy@bsithe houskmed 1@0@fﬂmdnhﬁnﬁa@aﬁb@d\oﬁl%raqgtoags&ﬁmzamrI ous
sterili zabte Obj ects vvlthouté %Agart fromthe scope and spirit of
1

t he presenfbirstveiHstigied if 6o loglh ¥R # Hicizahle ala\ecttiﬁ%h%vagg?stegﬁ%
housi ngs 114 yfda @R 5tb1n§z%96@&1€éjof‘%hé fé!s'ﬂﬂéy 779%1« at RAG oROVRE-SYPRhY 104
therein. The integrated circuit preférably 25includes a

m cr ocont r gktilgatior arpy i ddisicany oaaiwfm@a@gs disgitioponk andieretriiieles havi ng an
ant enna, astgmtliagl{a oﬁﬁ&slgﬁ 15 ep% ft)%%tﬂﬁrp{hgfa%ﬁlf@f ; }é Qckaig(u dﬁibt btdtl.l%
anal og-to-digital convert a nost erre I ment
e!ectrlcaIMgmﬁpon@ﬂmébmﬁtbh@omagm@OS&ﬁen@wta,@Hm@h@ﬁ&ﬁhemﬁ%m@nﬁ
circuit, t%l‘l a[10nt$ %‘flol(?‘\paliltete ffh% les %P&lcgt%rrﬁrz%{lgt!l @nesﬁc% glﬁ(?lSSUCh as
Texas | nstfUren power rrp 1"owe node
than im0 anlrmmnme)f timbdgnufﬁgoﬁmt&khziat:@dnowdmhé)rnm ~tt¢rnfmlﬂe almt:ct\M)O I

Goparting A Bars 5L BPERE St bk Y s Bbu PSRt nlRdle
[ 00052] A nedhtaosigidd pferaby toalrists dm ih@eding tnc, e bottiongbpkt a

sterilizable object i iII strat FIG .5. At bl ock 01, a
sterili zabf(é 6@3%% A g t%{%%oq%ba'%ﬁ ettt R& liioflﬁl(iﬁ 4 sccond
steri : I zat k@t qgmuqécewa@bﬁ atCEbet &0k bZlQObSS ﬁ@mkf&&&é mmgmamg?m 55. The
steri |zat|on area 1S eanl ng, isinfectin
and/ or éteﬁww.oﬁawawgiww m?éws V6[BF eéibfa%dﬂpé %ﬁ%}d@&*wwﬂ.% t he

faci ity 7@rwhidedloedcch®0rocsshi. Mt aSlealed i e&m&auo&a egiduatichy at
| east one sensor 55 fromthe tag 60 indicating gr esence of

a
sterilizat igiratiteral disond ofdr serilizptipn peesiaisdar fb? bttﬂhl@d e ebictti 198t T
threshol d V&BH@F&& s@aﬂxﬁ’cfé@biyv&nﬁ%fméq ta%al?@cgldﬂ%' tﬂlgc Qhte aroc%h&{ hhjeZat i on

procedure for the sterilizabl'e object . At bl ock '1003, ‘the first
stat us si gffihtificgtidro pughy deeinatipnat éfeﬁltﬁiﬂﬁflm qbre@@é% waine magegef iAtdlockst at us

si gnal ,pr ef gfabl xemm&c@ gt@mnég%}e&mﬂgnya fm‘ﬁﬁébﬁ%ﬂva ﬁ%ﬂ;&@

ObjeCt |dent|f|cat|0 e sterilrzation thresho
det ect ed. Msc@b@ajkcaﬁﬂﬁdﬁrbastms)g:d[ and the second status signal. The central

processor calculates the time that the sterilizable object 100 was exposed to the
sterilization cvent and the intensity of the exposure. The calculated values are
compared to stored data for prescribed sterilization values to determine if the

25  sterilizable object was properly sterilized. At block 1007, the sterilization status is
cornmunicated to an operator. The communication informs the operator if the
sterilization procedure was complete or incomplete. The sterilization events are
preferably a known sequence of at least one of a scries of predefined temperature, a
series of predcfined locations, an ordered series of predefined locations the absence of

30  aseries of predefined temperatures and the absence of predefined locations.

i1



status signal is received by at | east one sensor 55 fromthe tag 60
indicating the 15 absence of the sterilization threshold value. At

bl ock 1005, the second status signal is forwarded to the central
processor.woheoabeence of the sterilization threshol dreaivgsid/esore

i ndicative of the end of the sterilization procedure for the
sterilizable object 100. The second status signal preferably
conprises data including tine, date, |ocation, object identification,
and a termnation of sterilization threshold val ue nessage. At bl ock
201006, theoosnt ral ArQa6RsaGIet ardidns i HitLhkldekabi Miasbas us for
the sterilizabl e object based on at. least the first status signal and
the secondPHHEHYSYRS o REPSUICTIESE évit Rigaorgsisircd Y roresaye frpaslecert W ti me
that the S%l%gsuld &Rl 100 RELs AQRB S EXPROSHRG 9@@% hehid 4 zation
event and the intensity of the exposure. The cal cul ated val ues are
conpar ed t eslintieniovgat Ernsmittebrdemieepnsplerili wetbe vHelosingek o

determ ge_tf lﬁ@@m%%r W&ds’tf&b b€ nARACL A5 REORGhMY Bhfuhlchdide Al

bl ock 1 07 Yhe sterilization status I's conmunicat eé to an operator.
The connunﬂ@aﬁWGﬁﬁtﬂmﬁrﬂtymheummemah@ﬁvwmﬁﬁh@Sgﬁézmhnzgvﬁmwhprocedure
was conpl e | .St er e eferably a
Known Sequéﬁjaleangff& St? 121%%%& O[I)-Q& s i glcéb f‘ezcg&iep r{vh%'ﬁ L%B?ﬁfoﬁvgog ﬂ?éé nperat ure,
a series oﬁmmwﬁdmﬁhneddbasanabngpummnmrdbpe@mseﬁﬂéﬁé@hlﬁmedefined

| ocati ons the 30a se of predefined tenper,a s. and
the absence TGFTRTEABR el Pocdr e S o IS B s BL TS G2507s
[ 00053idhs givov | N FA GecidiCmetioe S6@Mfboreal-smalopitemsuondodes €t or 106a.

oresbur e © HaneabibarieSin EGRRGE ISR cad e B SRERERY elle 1

envi r onmenh@linddy @g 50 s@rack¥lii€ W stefiliAtish &ed b tRAfatitity EM@rtIt [dast@ns Mankdred by
the nlcrocontroller 101 .to the wirel ess networKk 5| rface 103 for
broadcast PofNEHetiabFI-eferrEussd £BY oapert tAPICoRnt Eat 1'dH to the

server 65.  Bratetablod by Rl BSS icschor ¥% hbinZRGaWhd Mdeh@AMShesdtd grat i on.
One such apparatus for sterilizing an object is a pressure cooker,

whi ch d&n presvigs %ﬁ@%@é@sﬁwst&%%da% astiadasth PEIOPRCTIS PEFSUFS. zat | on.

A pressur ey afchls @36 BkHAPANS AL {m&pﬂmLze;lgp;raséweguaesunamg gferred
m ni mum pressure value for the threshold val ue.” 10[ 00054] A specific

met hod 5000rebsurizedesai rgringpat. | Bwargserrewd Hicsisril irmgonthregghald aplug sz abl e
obj ect s !inlr(]i it (ﬂ'tt}?eqmgi{ﬂg 61lgg’t 5{911;@1%:%18&'&11%99&11 ?ccr?ﬁz%ile lo 6{1%&@0@

obj ect 100 havin na sterilization area of
facility 7@t bgbclaﬁﬂqfietasﬁmometussgmbr% feEvatded it eanirhl nzatcpa@n th firktzi ng a

pr ess UI’Zb Zed(dtUS ﬂf;naqglg?e%bey COIT l%!bgb %?58 dlﬂ?h&l%ﬁ rd?k{ﬂ %g& gnal I S

recei véd by sor rom atlng t he
presence ofdefiﬁiﬁme&s und the etcﬂlmahomrhammﬂd Mluadietd(:&&is At @105k W akbovgl a

Vai e T or G BRI FE A Shr kP Tt o4 iy ok BRI GRghL oS0 ¢
environnenhbﬁmQQEﬂke&ﬁn@ﬁm@ﬂubh&dshmé|Atmaﬂdﬁmsuhégshﬁhdnwamyﬁubs
IS,[] glr IC?;[ Iz\égfogvalgfﬁg@?e %:gtr:] .f—!ﬂ?jgocesso? ﬁ}e% Iselnulcezo tlllcosrt]cr ergt?oef\l(%ﬁlrreseilo[do vrah;[er%se
25  preferably indicative of the end of the sterilization procedure for the sterilizable object
100. Alternatively, the absence of the sterilization threshold value is indicative of a
state change in a workflow of the sterilization procedure for the sterilizable object
100. The second status signal preferably comprises data including time, date,

location, object identification, association with another object, and/or a termination of

30  sterilization threshold value message. At block 5006, the central processor

12



At bl ock 5003, the first status signal is forwarded to a central
processor. The first 20status signal preferably conprises data
including tinme, date, |ocation, object identification, and the
sterilizatwortotohe@zhol d val ue detected. At bl ock 5004 rcausscooedsrs
status signal is received by at | east one sensor 55 fromthe tag 60

i ndi cating the absence of the sterilization threshold value. At block
5005, the second status signal is forwarded to the central processor.
The absence of the sterilization threshold value is 25preferably

i ndi cati ved@tmiii® sareligdtioh Batus kR thd stz ditAoUED BRI b Latfefst thd Brst
sterilizabl e obj eﬁgtﬁggo. Al ternatively, the absence of the |
sterilizat P8RS Pi8Re apfoing seeand Batpssignal Thecre! B‘PC%S%"tCéFéla@ﬁﬁﬁé‘é“ci n a
wor kf | ow ofhat e sekiRfableioBREN 100 WAk OGRS tHeQferitiRRios ket hdZBblengRi ect
100. The second status signal preferably conprises data including
tinme, dateof hpesiopyn, Aopsetikiiddnticeprsigentan wikeseizgnthgihapihen anot her
obj ect, 5 angfQl manoBEdialAlion Rfid3RPEeS Il ZRIPsh hPu&shal ¢, yal ue
message. At bl ock 5006, the central processor determnes a
sterilizat fighibgteamasnd oy agivep of éavides wibine nobyjoslet Tlisepstsdlaisd valpey asast
the first i.Analy. -Lhesacond.. ' : central
processor g% caE att§ étg&t%ﬁgé? ?lr%&? “Z"t%% ﬂgz‘ﬁ)gﬁ%"‘?‘fﬁggﬁg’l‘%ﬁr@{e 100 was
exposed t ostthlgzable@bicttivwatpiaparhestenizednidizitye: stevtlepordsy. bdr ekdaplexposur e.
A person skil.l. in e _pertinen rt. will r mi-ze that that the
el o o nent PUiAHLAPhOFsRE LA 6N S0y Busassin s B IR LARRIN b e

devi celor bhl.a3dBsthbéveutredpineiapemssudy foa tvymoupinofes deveffegscemdst.hi N a
network. The cal cul.ated values are conpared to stor ta for

b esor i bea S BRI RIY RS R D atiEs s SEVRA Rk Pl Ge bbb See

obj ect waspspasil2y026 Bar dlova @chokithieti¢ gesigredosoar min@tep FP@EBSivetedy.
exanple, one sterilization procedure requires steam at t enperat ure
of 121G appf PBEK 075 pedgafien e s onaehieied o orolsher | ¢
pressure feasmhwandiyn Mhsaise dpofatcR ifIRCIEVRRRHSIroABGEREE ceihlEd bi zat i on
procedure requires steamat a tenperature of 134C applied at a
pressut® ofcoMplss Bar above atnospheric pressure for four mnutes for

ef fectivengmgssjAl bl AGkowPRTIGE NS, ishesihdtivZ BhboimSitAF Hs uigﬁeo the
communi cated to an oper ator. The communication inforns the oper at or

i f the stepInberZng camepriscEgios ks The mmrnetadirg detadem@6brasteaten
[ 00055] As &ﬁﬂg@in' ik &b fbnoeal k p@lla%u%, RAidpMEa Qm%ﬂ&:?éuenﬂf‘angrgﬁe& By 60
the sensor i1s a tenperature detector 106b. The tenperatme detector
106b det ecths reicioprarrghicrilAl tchibe wnvicysontrent aikerfenifBriat bipelcaski @b i s a
sterilbgat h&&oﬁ‘@@ﬁkbrs@ﬁ@ﬁ&h%@@ Q%uﬁigﬁio ($hAS0La! ler 101 to the
W rel ess net V\Dl’ck Interface . ?OI’ roadcast to the 20network sensors
55 for evel0&] comfumibensredfic mothphd0@dbywenl-t68c location monitoring of a
sterilizable object is illustrated in FIG, 5C. At block 4001, a sterilizable object 100
having a tag 60 is tracked in a sterilization arca of the facility 70 by at least one sensor
55 for sterilization utilizing a high temperature environment, At block 4002, a first
25  status signal is received by at [cast one sensor 55 from the tag 60 indicating the
presence of high temperature environment of at least 75°C, which is the sterilization
threshold value for a sterilization pressure utilizing a high temperature environment.
The presence of the sterilization threshold valuc is indicative of the beginning of a
sterilization procedure for the sterilizable object 100, At block 4003, the first status

30 signal is forwarded to a central processor. The first status signal preferably compriscs
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[ 00056] Anot her specific nethod 4000 for real-tinme |ocation nonitoring
of a sterilizable object is illustrated in FIG 5C At block 4001, a
sterilizable object 100 having a tag 60 is tracked in a sterilization
area of thwofzevizd€’y 70 by at | east one sensor 55 for PSITERSRDMEZELT60ON
utilizing a high tenperature environnent. At bl ock 4002, a first
25status signal is received by at |east one sensor 55 fromthe tag 60
i ndi cating the presence of high tenperature environnent of at |east
75C, which is the sterilization threshold value for a sterilization
pressure Utdafaiidl Lrtgngalrhé ghxctleqmpie abjscEdenyiciton mu the skhiéizpioasieateldof

the sterilization t ue i i ndi.cati ve of he begi nni ng of a
o1 T ont vae AR Gueh TRk Aoy Pl Yo S SERL g reBied bY S0OSRh) ook

4003, the fsizlfsﬁﬁ 5@ U t30R) i9iNiadtink $hef DENGE SRHe fi@ilEati@Nhfcgtloldvadeessor .
The first stai?uE signal preferably corrprl(ie dat a lncl udi n tlrre
date, |ocat'toipckahy SEE SPRBRERLT S8R SrioHHIFe R e S P9

t hresholsd vglcie: mﬁces%rﬁgat1oﬁtth1@§1ﬁﬁ%v¢1ﬁQQ§lplcﬁla%%ﬁ'dﬂ@ht@E at s ofd (9'@1@3 i's
received by at | east one sensor 55 fromthe tag 60 indicating the

absence of steHbzadioapracedusg fopine sigribakis oddiogh) e Altamativebe khegbrsgce qfhe

second st atyysqSiignan, thr%siﬂ‘oﬂirme%ﬂdifc&\}c%? a Qﬁiatcha'# e B{%&%ﬁ% of thRe
5absence of the sterilization threshold val ue |s preferab

i ndi cat i ve sfilizdiien prgedyie ﬁoh@esteehwblez%nepbwﬂp ﬁb@%m@*tﬁwaﬁnhb
sterilizable lpo n%? %r%gs %42%} 1‘&191%@@1& h}{\ ! é’a’te {28 APSHAE RieRifidh i,

sterilizati ue 1s-indicative of staecangelna
wor kf | o ofasiohseti@t*enh driogmt obymct pndioedterrinpam df heriktagipi thicshdil salobj ect

100. The Second S}\?‘blo& Ag)b ccp {rﬁf c%pso{ de(fé?%{eaggtﬁulgzad iGh tﬁﬁs! fdglh@g

time, date, elo("f’atlon entl tion Wit
anot her oqu&unzabmmﬁi@rbcacd@rmlaaatth@fmematmcegml dngalid ww:xﬂhta&lshxghd vaI ue

nmessage. A bIo k 4006, t e cen esso t

Steri D zat R Gt oy S RUAETbE Five Db e SRR E Bl 3 qrortas
the first s¢atysriizgoabvanthdikheinsadgnd isteapesaresiTyoadlculidifibvatentical
processqr cal cul tes t me t hat th steri a obj ct 100 was
exposeol(g o ‘PHaeas E’r\“} ?(Q%faitlﬂhp‘&f gd ﬁ?‘i izZghipn ya Ll Ws‘%efe '8% 4% exposure.
The cal cul 3tefitzabf dbpst &éﬁx rdReonRaned Jiaziss ehgd tdﬂ@{caattﬁ@énvﬁl{)ﬂﬁi&ftl bed
sterlllzatlon values to determine if the steril]jzable object was

property str&F FIPpEe o S9riliFHing P RTYR f dppsr bt it B MY YR ENt . For

exanpl e, ongnsk8hk bl mtocq& tHﬁ%%%QME@fofr Oticctlidheie Anolbdidrliiz#i@dal ON
requires a tenperature of 180C for thirty mnutes for effectiveness.

Anot her st ertcefwratar gy ppodetigrtonfresuingy 3 tepairtues o Il | B thees horepdpy es a
t enper %ur %ff@étlv%ﬁ]t%c AMEO&](WO@? tmrﬁm;tmn b{dglg lseéJnﬁﬁLtdiéé%H@é% oyﬁdt@!rg(:k

4007, the sterilization status 1S comruni cated to an operat or

conmuni cat iTdn commoningioniompsehaensratdrfif thp sterlization praedisnvapeoorldar e was
conpl ete or, *nrg@ﬁgg{ ete. [00057]As shown in FIG 4E, in alternative
enbodi ment 0 ag 60 the sensor is a chem cal det ector 106c. The
chemi cal d¢t@STbr 108cshdenactis. dEpH alitrange c@bodimenief preezeiicee of a

chem cal Vb\@ﬂsorhis a cheamigf'f Etlccl:tbizﬂ)% P& éfl%%ca &e%?omif)é u%tctgt)é dtpp[echange
25  orthe presence of a chemical, which is a sterilization event transmitted by the
microcontroller 101 to the wireless network interface 103 for broadceast to the network
sensors 55 for eventual communication to the server 65.
[00058] Another specific method 6000 for real-time location monitoring of a
sterilizable object is illustrated in FIG. 5E. At block 6001, a sterilizable object 100

30 having a tag 60 is tracked in a sterilization area of the facility 70 by at feast one sensor
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m crocontroller 101 to the wireless network interface 103 for
broadcast to the network sensors 55 for eventual conmunication to the
server 65. [00058] Anot her specific nethod 6000 for real-time | ocation
moni t ori ngWsF2040/BPE7i | i zabl e object is illustrated in FITAS26/02376

bl ock 6001, a sterilizable object 100 30having a tag 60 is tracked in
a sterilization area of the facility 70 by at |east one sensor 55
for sterilization utilizing a chemcal steritant. Chem cal sterilants
are primarily used for heat-labile sterilizable objects 100. The
sterilizabl® fmbsjt@mtzstmanm 1&1:1@:1 biidnnerﬂbtbrylasto@hbm'@altdtteiiatwé biimaidy e

ot or. At BiBLR BOBEO TG Pat uRHe O RS Mtk BBl MUY B

one sensor sbékifg thekibiibabl abje60 00 i @rtnicagsdili@en sl B&eﬂeenoim@mcshae:m cal

sterilant, whic th rilizatio thres | d val ue for

Steri | zat ierpRebBel BT P eruhisrearo B Sttt e it ence
of the st erthd ﬂaga@ hﬂ&amtg'tﬁ@ﬁt@kcdw@d@cmﬁmnMai&@twhvea s@fhc'fbf&ﬁhbﬁ@h nnl ng
of a sterlllzatlon procedure for the sterl abl e obj ect éL

bl ock 6003, hieHE!d yalustforsy stgriligatigngespure ytilfziy Bifak gerdant ey IéfF”C“CC

processor. oFhR stehilisdtiof tiabHsIdShBBH mtﬂEe@ﬁx@ bRk YeQIRY dr9Q%rifiadidn
10including tinme, date, |ocatiaon, ject identification, and the

sterilizat iDspretiie 3t Seriigableotiest é@c ef’er blosk 689 e fBgomtussigseldond
status si gq‘ékva\d%drt@%én\’@qﬂ@aéb@ HiRaHL AR sﬁg%ﬁa%fcr'é@ cBBH;‘:&D@at& ag 60

i ndi cati ng the absence of the sterilization thresh oP’ val ue. At bl ock
6005, tMe dedethies tsltiatd@ltﬁ: 19¢ftﬁlnlalobjo§t lﬂ@ﬁl\ﬁﬁﬁt@eddmdéhet treiligetinnrtbieshokocessor .
The absence,pf d}]@&e%@{ﬂfté&%ﬁéct PMedohlf tll'aQL gnd\{ A & ive b? dﬁtfaﬁli y
indicative o e end of the ISsterl I zat"on procedure

sterili zablsensobﬁe’ir@m 1302z @ mélpatalglﬂwedbyf;mt bEthabeidivedorothresimgd V&h!e

sterilizatign n in a
wor kf | ow of[ﬂtb CE 6? eri |\§%§)ﬁ |d g%mfﬁl hﬁ ut(r(%g’va1‘“\{é?i t?h]e%e aiif) %F%SS%I gﬁ%bj ect
100. The sebanck stk slmleutgmahmﬁm&f ‘&uhatbi yrefoeatyr md;lefmvelafmelemtbﬁlﬂe ng

1 t th
bl ot DaricaREdion Brise Rt B o sERlibl FRELAD, ARRRRLR, L pEe S
message. Atthd}lt@ﬂkdtﬁﬁ(lﬁres}iohbvaa&ﬁt fnaicati).re(m essRichdgt ér fmzvﬁlﬁ:ﬂo@z of the

sterilization status f ste e object ba ed on at | east
the first §{e&f‘Ef’§l°§|P5’t‘i% ur ‘%?H%‘FHE“E bﬁ% EQ}% Lﬁ%?“ﬁﬂ stalyg SERa 1t 1 g

processor GadfeubialOSplReddd Meluliidtimeh@ts iRhidn, 838k @lcabfi@abn, 100 was
exposed to the, sterlrl zation event and the intensity of the exposure.

The cal cul 46%aiaUe Wik angfher eyeRsEar ¢ E?f@‘tnéﬁ“é‘d’fdbétlﬁmfﬁe? theesaald r"’r‘lH%d

steril ixat iR F@l H@ﬁo@l@ﬁO@@ttﬁé fangl Iﬁ{ﬁce&bh?de%éﬁﬁd%ﬁ b bleARRLEN ARG aS
properly sterilized util i Zi ng a chem cal sterilant. For exanple, one

cheni cal stsiFilipakivobiscebased onf 4 deapribroBatvtasus el #edhg seppndstoon sigala 296

gl utaral deh@ﬁg% =Ql H%béagbr cQEulﬁt@@tﬂE Mmg‘ti{l%h@§th19£dbﬁ:f0be€1t 100&7EIRp oséihot her

chem cal steri Tant sterili1zing procedure requires 1 mrersion | n a

0. 35% per adethicstesbratipi event oy thenteniyf & ckpesuest fTae tiludiedwilusantst her

chemi cal onin a

7 5% hydr og o RE e RRE bt &} PRaRPOERHMIR AL B AMIRRAL YT, eness.
25  sterilizable object was ptoperly sterilized ut1hz1ng a chemical sterilant, For example,

fanot her

one chemical sterilant sterilizing procedure requires immersion in a 2%
glutaraldehyde solution for twenty minutes for cffectivencss. Another chemical
sterilant sterilizing procedure requires immersion in a 0.35% peracetic solution for ten
minutes for effectiveness. Another chemical sterilant sterilizing procedure requires

30 immersion in a 7.5% hydrogen peroxide solution for twenty minutes for effectiveness.



At bl ock 6007, the sterilization status is conmunicated to an
operator. The conmmuni cation inforns the operator if the sterilization
procedure was conplete or inconplete. [00059] As shown in FIG 4F, in
al t er nat i VEOGHBAYHYent of the tag 60 the 5 sensor is PETHSHHYYE76
detector 106d. The voltage detector 106d detects a change in the
voltage of the tag 60, which is a sterilization event transmtted by
the mcrocontrol ler 101 to the wireless network interface 103 for
broadcast to the network sensors 55 for eventual conmunication to the
server 65. AEDl@ﬂGGHOAsthslst@wimtim FUG is4®1mimica¢ctteranapéwtei éreodi nent of
gg?ei?gr 6(])-6(%#6%1’1;'%2%@”: ?lﬁnb%hc (ajgécl:%Ol lHFl(f‘ stczehza&ugnogrocc E-C V\ﬁ"l‘; comrﬁotlc%} ure

sterilizat innomgvent transmtted by the m crocontrol ler 101 to the
wreless n k interface. for. Q cast, to the.ne rk sensors
55 Tor - ovelPlodl comfnraat oot S ehaegayarm kot seRs fRa irer
speci fi &£ neinkads ¥ 0)Qgt dredi@abed. i THR vbﬁﬁ‘g&tdbﬁb‘toﬂmiﬁtitdﬁﬂ’cbtﬁll cldng@in the
153ter|I|zaIe g%ect S |Ilustrak in bl ock 700

sterilizabV¥8hPet 2868 WAEH g sk %O%evq“&ﬂfnﬁ%tes&y it raﬂcglf%frtif’il'wzat. on

area of theyrf @ehd wikdlesé Qeti¥pricihtel RRSIN3 BROIGLORO0 thPnchwdirk Sé61s 55 Zat | on
utilizing a hot water environnment. At block 7002, a first status

signal is PERBR\EMIication @4ke sepikb63ensor 55 fromthe tag 60

[ n_d| Ca_tl nngOb&) 1Pr eseNGRy@f innak. M@tx%it&ﬁ‘éﬁvé %H&ﬂhemﬁ% td ASthe _7001
which is the sterilization threshold value for a 20sterilization

pressul® ubdnpar higoigturodeteriar époce i merren detectid Opg dalesirdbe pRsengre
sterilizat haR,iLiks %hehsi @érﬂ'& thod ekzéflﬁ'h’r?&frrh l;@/ft d MR REARL | /f a

sterilization proce ure for t e sterilizabte o ject 100. At bl ock
7003, the themgtcloss patwerkdatepfask DX of broadnasidel theactavodessnsas Spiovcessor .

The first eﬁﬁlﬂlscoging@ an@{t%fﬂ?cf\%% gfonprises data including tinme,

date, | oca entification, and the sterilization
t hreshol d 0&D&ld det oot bp&ttﬁaﬁbth@dRO(KUbAgcdlatirs@bondmsmcmttunsn&&rfgnal is

recei V%j b)!t 181 zagl 4 Jte Q0 ERA] Fﬁ? Si:r 9\”13 1?7(5021 illZab L N9 t he
the fi'za E)II 6? Phe

absence™ of er on t hr esRol 4~ var
second st ahaysmgsa tan &0 isitsiclod rima stoheltatian Jlbeofehmﬁac:aty mrlgme B:sm fone %han

absence of e steriliz thI’l t hreshol d val r.ef i ndi cati ve
oD heC s b Rl Flt o RO o ey ool Bl BhE A rdusie. o) bt
100. Alt er gigidl wateivetl B¢ aplbS NG eMor §hRoE e thd ®(Zlaﬂlicﬂﬂ1gttliﬁ' @sdméed)fval ue

30i s indicative of astat chan n a wor kfl ow of erl zation
procedure FYMAKEVIONEERYY 2%45% 15’= @fétchmE “‘TH@‘%‘%%W&"‘ 5 &% gnal

pr ef er apl yse@nRfidrSRSssthdtudlizineh Helivhgr bhRnm@dt The hRGAEE Hnthe Ob] ect
identificati on associ ation with anot her object, and/or a ter m nati on

of steriliYerliztion Rieshgidrausiamdicatiesaf sgbeginping b KerriiFabon paesddiEnt r al

processor f%ﬂﬂnersfalﬂﬁa%l@ob?&ﬂ(}d | 2 dcRPOGE, BloURstf fafusfs@ﬁalsg ehdhaabhe
obj ect based on at least 5the first status signal and the second

stat us si gerairal prpsssee nthicditstigiags s sarprdalably lcompéscs fda inche g A, t he

f:}e“ i zablg QRLESE o400 i MARAEXBRSGH i QchilSaiBh BldshbAhLO BeEY &N A aNd

25 block 7004, a second status signal is received by at least one sensor 55 from the tag 60
indicating the absence of the sterilization threshold value. At block 7005, the second
status signal is forwarded to the central processor. The absence of the sterilization
threshold value is preferably indicative of the end of the sterilization procedure for the
sterilizable object 100. Alternatively, the absence of the sterilization threshold value

30 s indicative of a state change in a workflow of the sterilization procedure for the
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intensity of the exposure. The cal cul ated val ues are conpared to
stored data for prescribed sterilization values to determine if the
sterilizable object was properly sterilized utilizing a high

t enper at urWoepipAahent . For exanple, one sterilizati SRTVISEHHEEHr e
for hot water sterilization requires a tenperature of 70C for two

m nutes followed by a hot water rinse at 90C for ten seconds and then
drying at 75C for effectiveness. At block 7007, the sterilization
status is conmunicated to an operator. The conmuni cation infornms the
oper at or 'ﬁmﬁhebkmﬁﬁbﬂMMaﬁh@mm@wbﬁﬁdu&@aMH@bmbhpbepEaﬂdahhmbwb@ete.

ot or 1 ougp e FRAR dfsT RRRRai PO e SR bb i oRE R b e o

bl ock 3001;enamh@fdﬂstem&ﬁituen dbgsen:iti valﬁenhaugmmtaaldcagomthe&eﬁtrcﬁcked in a
sterilization ar%f thetf C%ll 73 tﬁéﬁ 1le st OQE gnSO{l for
sterilizat PER™GY F"EP‘H& y %t%&fﬂ“ FrihebeiZARlC BRISEPa%HEB 2t I8 ¢ st
stat us si gaalfiritStati@GRhMadd thy s@bnd aaad signRe $tanmﬂfat55>ct:¢q@matchﬁtcts ag 60

indicating the presence of a ste 20envi r at | east 100C,
which s ¢ HE RGeS GFPIS s UL s apared Rope %{erthéﬁlfffn SSaToR

pressure Uhﬁ&mzy@Qh@cﬁbﬁﬂﬂVB@%hEﬂaﬁﬁﬂimﬁﬁ%%&ﬂ ﬁﬁ@&ﬁm@ﬁd&@ﬁn
sterilization threshold value is indicative of the beg |nn|n? of a
o)

steri | i zat PEHFibeSeteidirndon wue edetoramg [ thatierdizghlp abiect 150 propehhl ock
3003, the £tbm$£ed%£.@émgsa ﬁgg&aipeﬂaarémwﬂﬁg EQ RarRRPLhALIREARES SO .

The first status si preferably conprises data |nclud|ng tinme,
date, 28| op®esdyit oo te‘@fet palization isatirsn rapeptanet 3 Erfer wpaminips
threshol d yal,Weq 86L 8St.e6k, rAle & o3 849 SE| shgpal is
recei ved by at ?ggst onlgeléencsorb@gck 0?%0?1118%0 y gg%gléﬁ ﬁ%l&?gt?%g t he
absence of clf¢gstivercen iAtiblogk 7047, thaseshisitidn vatusis., comnublcatcdk to300Fsratohe
second sta I

absence of%Fimﬁﬁt ‘f#gg%ﬁo e%ﬁgs% ﬁglva Eg&%@Fﬁggﬁgggﬁfémﬁg ?catlve
of the endonhuﬁhﬂﬁsterlllzatlon procedure for the 30sterilizable

obj ect ,100 4.er nat the sterilization threshold
val v 7o 1opfiolia: I plongh U7 oRBRER0D BhelGn Pl G o o)
sterlI|zatuamﬂmmembﬁuneﬂmmﬂmﬁheFKI681Mub&bkémnbpaeﬁmﬁaﬁnbﬁheoeecond

status sigpal pref mprises data including tinme date, .
Coantton OBiinebd & RO AR R R e ST R M DR ol R et Shemar
and/ or a teffor B@hh@ﬂo@ﬁtﬂ&ir%l’dlskdd&lfﬂrm@cfhrﬁdﬂf esfddt 3vad, UdiriBaaagRnalAt

bl ock 3006, the ggntral rocesihg detelnlneg a. sterilization status
for the stBrfIiZaBY & b} Yerchasad YR thiteg Ghiadicting the erensrlf §82 8 gnal
and t heo segondnstbis 184s0MaPc, Wiéh i§ etstallizRA easHon vaRk GHaat es the
time that the sterilizable object 100 was exposed to the

sterilizat PHeRiZaiAMRICHHE Utildng heteria prropmenth dheriptacs of thepyailiggiony| at ed

val ues areﬂﬁ&ﬁ&@&%ﬂethﬁ&ﬁC@Q&gé&%u%ﬁQcﬁ%%éﬁﬁb@@Qp&k&ﬁddb?@E'0”
values to determine if the sterilizabl'e object was properly 10

steri | i zedstenlizeblgiohigetd 0hi Ghbloekifes dhwfies! i vigahis flerwarled toexesnistle, one
sterilizatjg q%xo?ggfl&?btﬁt &F%?% gfs o%dgﬁ?&'d R if S B, ﬁ%t gam at a

t enper at ur 121 or_t r eftectiveness. bl ock
3007, the km@nml@zaikbmﬁkﬁmvugxhéc@Gﬂﬁ@hﬂd@ﬁ@ﬂﬂdtﬂﬁﬂﬁa@deaﬂobbd¢he

communi cat i@, | k8L L BPELALAL B i it SELLI AP Rlgggedur o was

conpl ete or I'NCO
mdtcatmg the absence of the sterilization threshold value. At block 3003, the second

status signal is forwarded to the central processor. The absence of the sterilization
threshold value is preferably indicative of the end of the sterilization procedure for the

30  sterilizable object 100. Alternatively, the absence of the sterilization threshold value
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15[ 00063] As shown in FIG 411, in alternative enbodi mrent of the tag
60 the sensor is an ultrasonic energy detector 106f. The ultrasonic
energy detector 106f detects the presence of ultrasonic energy, which
is a steriVP24{1§H7%event transnmitted by the nicrocont r"SF’IUé?O"g{éf”"lﬁo
the wireless network interface 103 for broadcast to the network
sensors 55 for eventual comrunication to the server 65.

20[ 00064] Anot her specific nmethod 2000 for real-tine | ocation
nonitoring of a sterilizable object is illustrated in FIG 5A At

bl ock 20011s indiettioe pf 4 stetb Plengbinacrortdov hbte sigilszatiaigprré@ding fortheked in a
sterilizatiQn: e Lty 70 . .Sen o for
sterilizat thlﬁli%'% Ii%I%PJ(zglgtnltgh'qulcfbggédﬁi %mé%éérﬁ é;y@&%@%ﬁgggg%g% ﬁlg[lw?%st
st at us si ghak, dag, leg@nyagedbyleatifickgas tssotietimergiomohb djamatdier tag 60

i ndi cating,th resence of ult oni c _25ener gy, gr r than 20, 000
er t o whp ek SR hn Y8R *Phe alRERE St P8 e L08R e on
pressur & upioktsEernigtetrhinesasadtilzatenearagys. forlthe stpiileakin oBjcafbatcden at feast

sterilization. threshold value is,indicative of the begi nnjng of a
Sterili oot I HER OGRS VT ot bk FRb asnid oot in e Pis R
2003, the tHenisde tBdt @leliSerisibgiadbjdcs 1 0K Waskfedd toohdstad il evplitQ@e §Bor .
The first status fs'gnal preferably conprises datzca{ i ncl ai ng tine,
dat e, 30! oB¥{HIHN° ttb%‘fx@e*i“r?'dgﬁt"f‘ Fl('%’ﬁg?" €S AP AR ﬁ?‘ieﬁ %?‘?‘on

threshol d yaldBcdat@chech vahics B REKmindO0e starilsaBI0 BBlcstvak Yropsilgnal is
received by at | east one sensor 55 fromthe_tag 60 indicating the

absencél of Steiiezed pahi7ing LiHeh BAPEHRESHYIrEN)EItYBOr CARMPYE.HER SopliEsLion pe

second st apiscdhl bR tedn® st MRABEITD stbhR 1 CERNPALuRIPIEFROhr nfRe
absence of the sterilization threshold value 1s preferably indicative

of the endmémutaster effeelienssy-att Uackotl9E dbusterilizgiion frbusss eammpnioa te
obj ect 100,, AMldLLNFHL Y&hNunil 48 FRSERGR: HerdidiSr fil smlza@%-g&daﬁer eshol d

. c
value is indicative o astatecangeﬁia worE‘% oW 0
sterilizat wancqunddedunenfideic.t he sterilizabl e object 100. The second

status sig referg i a.n I; t {
ocat; on CRBPSH: ° Gdeity EATG: AE T S A PR BB R
and/ or a t emmirnadn Wmasohic shaegy ddtatril O6f. (The eBheind cnalgydcneesHge. At
bl ock 2006 ! Qethcentral flg )rocessor dilt ?r.rrj nes: at.steritlti,zat.'kto(pb st at us
for the st oFTi ZaBIESH] ST BUSE ioh " B AE T T AL P IR % gnal
and t he sedemdcstatitlerdgnahe whblessaentdariaint@faoe gBsor broalcauk@athes t he
time that the sterilizable object 100 was exposed. to the

NN B e fig

steri | i zat PORCSPERP S andOt HEMHH ERREMP? S@)‘%?i%é ure. The cal cul at ed
val ues2ar ef(nogagar ed Anost Seeade eihad 2000 Pr RACihdRLabh &fdnlibizatdfan
val es 10 detern g If. W Ber 4 a0 bl vas preperi oy
the oper at Rividgfa th$ 60 Bt@Eiekii? RbthiQRyaRE OGN Re MEiSHCOMNR 2185t @he sensor
' nconpl et 655 for sterilization utilizing ultrasonic energy. At block 2002, a first status signal is

reccived by at least one sensor 55 from the tag 60 indicating the presence of ultrasonic

25 energy, greater than 20,000 Hertz, which is the sterilization threshold value for a

sterilization pressure utilizing ultrasonic energy. The presence of the sterilization

threshold value is indicative of the beginning of a sterilization procedure for the

steritizable object 100. At block 2003, the first status signal is forwarded to a central

processor. The first status signal preferably comprises data including time, date,

30  location, object identification, and the sterilization threshold value detected. At block
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Clains |.A nethod for real-tine |location nonitoring of a sterilizable
obj ect, the rret hod conprising: 5Stracking a |ocation of a sterilizable
obj ect beari ata the tag conprising a seal ed housi n/g means for
detecting ‘§°§ WX ati on event, means for transmitti G TYaR040/028976
concerning the sterilization event detecting a sterilization event;
and transmtting a signal that the sterilization event has been
detected by the tag. 102. The nethod according to claim 1 further
conprising neasuring the sterilization event. 3. The method

accordi ng 2&4ch sicemd stathevigishistéveived by itttk ornsevrron: hedeghlessur e
change in I ) I G tion
of ot st ur Saic R Biend® BLEEHLARRIhHRINR, RoBIEK B o SRS
cheni cal i watas siget id fervbaddd, to thetcettal prgeasqgashe dnermn oblhesterilizméibn change
I(:Pa?rr:] gl \?\A(‘:]'(f;)ll: Lﬁﬂd@;ggslpte era{) mcF aé}fl fltl%ea nlﬁc%-ll-l tcp‘ﬁzat%n mccaolltedfr?gglgurl ng
the tine ammlﬁzehtpebﬁbutme etutbmmg«ct}hmcab:&md dfztat soiiz@ioanircshd@ vahic The
met hod accor.di erei the terilization event is at
Tenos one. iR OIS Cherd Sor L BeS AR R e

pr edet er mi gte@lhztaemefeammet"h@lm@tdl s@iysistipnal (HEBEbIe cb@padeh Qaﬂa hﬂum@ a
pr edet er m ned Cée erature, peci.fic set of events co |n
Pocat i on i Ams dafee rToRagosh e Katiory apspepignyviipnplher ayes o9t on

zone for aiRbRh@AeSRlMinedn tHdRolaRaudalegesd o0 viick 200y, adetffdm ned
t enper at ure for redetermned time period. 6. The nethod according

to cl ailth 1P‘P9‘f‘5’€'%éiﬁgﬁ‘6%4 %etﬂ@at&g@@@pé@q th@qt@tﬁgdblc object based on at least

the first status signal and the second status signal. The central processor calculates
the time that the sterilizable object 100 was exposed to the sterilization event and the
intensity of the exposure. The calculated values are compared to stored data for
prescribed sterilization values to determine if the sterilizable object was properly

I5  sterilized utilizing uftrasonic energy. The communication informs the operator if the

sterilization procedure was complete or incomplete.
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30sterilizable object with a nobile object. WO
2010/ 120477PCT/ US2010/ 028976 7. The nethod according to claim1

further conprising initiating a new process wth the sterilization
event is dePetPdY*”” 8. The nethod according to clai m PCFYPIoKp2seTe

conprising updating a user interface. 5 9. The nethod according to
claimlwherein a plurality of network sensors forma nmesh network to
track the sterilizable object. 10. A systemfor real-tine |ocation
monitoring of a sterilizable object, the system 10conprising: a
tracking tag attached to a steriliz@bins object, the tracking tag
conprising a seal ed housing, nmeans for detecting a sterilization
event, neans for transmtting data concerning the sterilization event
out si de of 1t he Aowdioddor realpimerladaiipy mofitomer woe keslenbloohjectethe methbdt he
plurality gﬂmgghmork sensors positioned within an 15i ndoor facility,
at | east one’of the plurality of sensors receiving data fromthe
tracki ng tag; and neacsng olocgioa®és sterlipableebpiigralig £ mpnhdthe tracki ng

tag. Il1.The system according to clai 0 wherein the processing neans
5% 1 emot ©URVER TR R Sor bR OThRe PRGN Bt lehr el TEFRIE vor k
sensors, atshsiieng @nDé@caeny dic sEdilivatioh eventodgarctises stelaatod @ent;
initiating a new process when a sterilization event is detected,
mans 1 or HESBEN AR Sael SRap Ity o et bk fcost St Boob ect
means for adding data to a database, neans for updating a user
interface, and neans for changing the state of a process.

10 2. The method according Yo claim | further comprising measuriag the

sterilization event.

3 'The method according to claim 1 wherein the sterilization event is a pressure
change in the housing, a detection of ultrasonic energy, a detection of moisture within
15 the housing, a predetermined pH level of a chemical in a sterile bath, detecting a gas,

or an electrical change in an electrical profile of the tag,

4, The method according to claim 2 wherein measuring the sterilization event
comprises measuring the time and temperature during the sterilization event.

20
5. The method according to claim I wherein the sterilization event is at least one
of the housing being compromised, duration at a predetermined temperature, duration
in a single location having a predetermined temperature, a specific set of events
comprising location in a sterilization zone, stationary in the sterilization zone for a

25  predetermined time and detection of a predetermined temperature for a predetermined

time period.

6. The method according to claim 1 further comprising associating the

30 sterilizable object with a mobile object.

20




2512. The system according to claim 10 wherein the sterilization event
is a pressure change in the housing, a detection of ultrasonic
energy, a detection of noisture within the housing, a predeterm ned

pH | evel oVO3"HEHcal in a sterile bath, detecting aP§&dS24Y/028876

el ectrical change in an electrical proflle of the tag. 30 WO

2010/ 120477PCT/ US2010/ 028976 13. The system according to claim 10
wherein the sterilization event is the housing being conprised,
duration at a predeterm ned tenperature, duration in a single

| ocati on h&V|ngﬁwfﬁﬁ@ﬂ@@@mdm@édﬂm&nb@ﬂav@D@pﬂam5@é@hm;tﬂ@@mﬂgbbevents

5C°”pr'5'”%uhﬂ%%&hﬁ.abﬂc@xﬁk kd.gation zone, stationary in the
sterilization zone predeterm ned tine and detection of a

pr edet er m ned tenperature for a predeternlned tinme perlod 14. The

system accgrdi ng, | fgctl% 0001%|$ %Y\hﬁai I J{uﬁner c?%lgtﬁ%m% atmr%fi%s{?r m%ifld c.

surgical 10Kkit.

steriliZable object, the tag conprising: a housing; a processor

wi t hin t he,housj,n t he processor. conpri si transcei ver,_ for
Fransii ti g a LRgpedoPRge i oBHEs Al et PR S T hg
sterilizat mesh @wedtk to @it tige spRNRIbISspEty W thin the housing, the power
supply in electrical comunication with the processor. 16. The tag
according to claim15 wherein the housing is a noisture-proof

20housi ng, 1@ 938 s@kPfor RAUEIME Sc@ondndMi B Sib Br R DREb INQY&H NGk sysiéh:  The
tag according to claim15 wherein the sterilization event is a

pressut® cHREYEIEN the housing, a detection of ultrasonic energy, a

detection of noi st ungWitHip d&nﬁcdﬁt@weﬁgmwo@&t ehagkkihg@l change in
an electrical profile of %
comprising a scaled hou%mg, meanq for detecting a sterilization event, means for

transmitting data concerning the sterilization event outside of the housing; a plurality
of network sensors, each of the plurality of network sensors positioned within an
15 indoor facility, at least one of the plurality of sensors receiving data from the tracking

tag; and means for processing the signals from the tracking tag.

Il.  The system according to claim 10 wherein the processing means is a remote
server in communication with the plurality of network sensors, and the remote server

20 further comprises means for initiating a new process when a sterilization event is
detected, means for associating the sterilizable object with a mobiic object, means for
adding data to a database, means for updating a user interface, and means for

changing the state of a process.
25 12, The system according to claim 10 wherein the sterilization cvent is a pressure
change in the housing, a detection of ultrasonic energy, a detection of moisture within

the housing, a predetermined pH level of a chemical in a sterile bath, detecting a gas,

or an electrical change in an electrical profile of the tag,

30
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25 8. The tag according to claim15 wherein the power supply extracts
environmental energy in the formof solar energy or notion energy.
19. The tag _according to claim 15 wherein the sterilization detection
nmeans i s an' Y8 ated circuit of the processor. WICT/US2010/028976
2010/ 120477PCT/ US2010/ 028976 20. The tag according to claim 15
wherein the sterilization detection neans is a separate conponent in
el ectrical comunication with the processor. 5 21. A nethod for

real -tinme |l ocation nonitoring of a sterilizable object, the nethod
conpri si ng: receiving at |least one of a plurality of

sensors a tpackifgstgn f ai al; terild .abj ect is
| ocated in a ster i_f)?szcat i?c_lcc)(f)ffdzgl g&a?dl%rﬁg) Jt“gtg&ggls‘:?@ﬁ?‘é‘%géé&ﬁ?f Jtnﬁib%gdt he

st eri | i zablkwugng baing commeieddy durgticatat k predetemmacdatmpdraiursl dinalontiya of
sensors a fj 1 s gnak .. f. that .a sterilization

t hreshol d v% %%IO?%E?B gévsu?éea?é] ?écéé&%?%iegg g?lat%gf’sd Sgécetﬂ;lcesr?t?frwcmb

transm tX i mgmphsng locgionst astuslizsiignaine fstaiomdrhé tht sthidiagstiononac i at he

plurality of sensors.to a te server; 15receiving at | east .one of
t he pl ural iqlf/dscgc m%‘?lg%? %“da‘{egeg:g%“n dﬁr%@&%m%%%&pc‘#“b‘%@i ﬁgre‘ﬁémﬁ% t he
sterilizatitom gchinéshol d value for a sterilization event is absent;
transmtting the second status signal fromthe at | east one of the
plurality of sensors to a renote server; 20determning a

sterilizatin strat ustehtdccdri|g$d @kikd 10zaR):@n AR sRGlizadle bRt & @AMERaSEr Ver
based OIQ) at .| east the first status signal and the second status

si gnal ; andcomuni cat i ng the sterilization status for the
sterilizable object to an operator.

15. A tag for real-time location monitoring of a sterilizable object, the tag
comprising:
a housing; a processor within the housing, the processor comprising a
15 transceiver for transmitting a signal through the housing and means for detecting a
sterilization event; and a power supply within the housing, the power supply in

electrical communication with the processor.

16.  The tag according to claim 15 wherein the housing is & moisture-proof

20 housing, a gas-proof housing or a pressurc-proof housing,

17.  Thetag according to claim 15 wherein the sterilization event is a pressure
change in the housing, a detection of ultrasonic energy, a detection of moisture within
the housing, or an electrical change in an electrical profile of the tag,

25
18.  The tag according to claim 15 wherein the power supply extracts

environmental energy in the form of solar energy or motion energy.

19.  The tag according to claim 15 wherein the sterilization detection means is an

30 integrated circuit of the processor,
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2522. The nethod according to claim 21 wherein the sterilization
status is a nessage that the sterilization was conplete. 23.The

met hod according to claim21 wherein the sterilization status is a
nessage thatw‘??'l’g“’yt"gﬁi lization was inconplete. WO PCT/US2010/028976
2010/ 120477PCT/ US2010/ 028976 24. The net hod according to claim 21
wherein the sterilization event is one of ultrasonic energy
sterilization, steamsterilization, heat sterilization, pressure
sterilization, chem cal sterilization and hot water sterilization;
wherein an ultrasonic energy sterilization has a sterilization

t hreshol d valjue det ection .of .a pre-estahl.ished anpunt of,
ul trasonic ?r?ér g?{h -t acco'g%éqg?lﬂl 12 eé%%ﬁ@?‘l‘ﬁ“?% FIEToR acas 1s a
sterilizati onpardte eshymindntiakleetriofl cama@h@aionafthafic Yat&Eorvapor at a
tenperature of at |east 100C; wherein a heat sterilization has
a sterilization threshold value of a detection of a tenperature of at
| east 15@C;, 10wherein a pressure sterilization has a sterilization
threshol d value of a detection of a pressure of at |east 1.036 Bar
above at nospheri & Pithadkigr pal-time locatiqprnaerdioringofesnserilizable sbject the mathbdn
has a sterilchgafidign threshold value of a detection of hydrogen
peroxide in a concentration anmount of at |east 6% ; and wherein a hot
wat er sterilization hgeeidangt extidastzat pOnplutatigstetmon alitaeking signal from

15det ecti on aQ:Ig thjltqléitegili%tl&gbj gctt isaloéa?ercr{pnel Etggell'{lrizeatigr]; BI%.:EI, t ee 85 Etssz;g%éd \%gh
10 the sterilizable object;
receiving  at least one of the plurality of sensors a first status signal
from the tag that a sterilization threshold value for a sterilization event is present;
transmitting the first status signal from the at least one of the plurality
of sensors to a remote server;

15 receiving  at least onc of the plurality of sensors a second status
signal from the tag that the sterilization threshold value for a sterilization event is
absent;

transmitting the second status signal from the at least onc of the
plurality of sensors to a remote server;

20 determining a sterilization status for the sterilizable object at the
remote server based on at least the first status signal and the second status signal; and

communicating the sterilization status for the sterilizable object to an

operator.

25 22 The method according to claim 21 wherein the stevilization status is a message

that the sterilization was complete.

23, The method according to claim 21 wherein the sterilization status is a message

that the sterilization was incomplete.

23
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24, The method according to claim 21 wherein the sterilization event is one of
ultrasonic cnergy sterilization, stcam sterilization, heat sterilization, pressure
stertlization, chemical sterilization and hot water sterilization;

wherein an ultrasonic energy sterilization has a sterilization threshold value of

5 adetection of a pre-cstablished amount of ultrasonic cnergy;

wherein a stcam sterilization has a sterilization threshold value of a detection
of water vapor at a temperature of at [east 100°C;

wherein a heat sterilization has a sterilization threshold valuc of a detection of
a temperature of at least 150°C,

10 wherein a pressure sterilization has a sterilization threshold value of a

detection of a pressure of at least 1.036 Bar above atmospheric pressure;

wherein a chemical sterilization has a sterilization threshold value of a
detection of hydrogen peroxide in a concentration amount of at least 6% ; and

wherein a hot water sterilization has a sterilization threshold value of a

15 detection of liquid water at a temperature of at least 70°C,

20

24





