AMVETHOD OF | NSURI NG THE | NTEGRI TY OF A FI LTERI NG ELEMENT The use of
W rel ess communi cati on has becone preval ent, especially in the nanagenent of
assets, particularly those applications associated with inventory managenent.
For exanple, the use of REID tags pernmits the nonitoring of the production
line and the novenent of assets or conponents through the supply chain.

To further illustrate this concept, a manufacturing entity nmay adhere RFID
tags to conponents as they enter the production facility. These conponents are
then inserted into the production flow, form ng sub-assenblies in conbination
Wi th ot her conponent?s MEZHOD fQFNANBYRINSS THE | INTEGRIZY fQF iAs REUTRRIGUELEMENR: use oOf
RFID tags all ows the personnel within the nmanufacturing entity to track the
novenent of the specific conponent throughout the manufacturing process. It
also allows the entity to be able to identify the specific conponents that
conprise any particul arhassesbl y odr fuimebdmad proaducication  Ha’ adsiddm@n, the

use of RFID tags h | bee ed, Wi thin and_phar maceuti cal
i ndustries. In Feb ue{%}%gbb& Q?%g\{'%gﬁ% eglrét a'{i'éas I%\ggg(?%#&gnd ﬁugasse%s’
Admi ni stration i sskrgtigutepor tthedeocapl gtiors usssosta Dritysitentalrgl and

noni tor drugs. ThigadageABn@l RFPlxbfb RN, O¥hdeuRedirgeepansyd OpéﬂnmtE ttlﬂ@
infiltration of counterfﬁé{ prescription drugs into the narket and t

CONSUNETS. dHe&or oF nt-P§d REPABTELP( Hidet ¢ ntR B‘@@ﬁm?}‘stedoifn many
appl i cations, suchas®tsooi denpbiantanthfougkitte swfgdrymataion for process control

infilter prochJcts. U'%% further illustrate this concept, a manufacturing

entity may adhere RFID tags to components as they enter the
production facility. These components are then inserted
into the production flow, forming sub-assemblies in
combination with other components, and finally resulting in
a finished product. The use of RFID tags allows the
personnel within the manufacturing entity to track the
movement of the specific component throughout the
manufacturing process. It also allows the entity to be able
to identify the specific components that comprise any
particular assembly or finished product.

In addition, the use of RFID tags has also been
advocated within the drug and pharmaceutical industries. In
February 2004, the United States Federal and Drug
Administration issued a report advocating the use of RFID
tags to label and monitor drugs. This 1is an attempt to
provide pedigree and to limit the infiltration of
counterfeit prescription drugs inte the market and to
consumers.

Since their introduction, RFID tags have been used in
many applications, such as to identify and provide

information for process control in filter products. U.S.



Patent 5,674,381, issued to Den Dekker in 1997, dieses the use of
"electronic labels" in conjunction with filtering apparatus and repl aceabl e
filter assenblies. Specifically, the patent discloses a. fiiter having an
el ectronic |abel that has a read/wite nmenory and an associated filtering
apparatus that has readout neans responsive to tne |abel, The electronic

| abel is adapted to count and store the actual operating hours of the

repl aceabl e fi Ptesnt The i, Ber i ngguapparatas Pskadapiredl 29/ al dowlusesor
refusal of the _filter, based,.on this. real-ti n er.. Ihe ent .al so
di scl oses that tkt“?]e Léf‘%ct?%ni ce%leattéiﬁlccan ageggjéd lgbsfg%?%%c&g%%‘i fitwcl%h on

i nformati on abéuttd¢hegr epbacedblse fidt ereplaceableA patéeatr appidnddtiesn by
Baker et al, p S ip 2 LS. i cati Publ.i catign. M.
U52005/ 0205658?8%%13%%%%2’ an‘?oc %t;éngquugggncglr%eté?gick?%gﬂtggst}lé%lrs?ﬁi ggsyst -

i ncl udes the uske@froREED t@ys i hhaonjhanactd omeadtwr igreocBssoequignventn The
REID tag is described.gs f@%@iﬁgofapg;a%wg "@lacl east opeddackahlg event”,
These trackabl e events are enunerated as cl eaning dates, and batch process
dates, The pubf¢ozriséiicalrgotiti debesesiien eREFD ¥ é4dérPehats iadapérfeéPabl e to

a PC or an Internat, WIEre:8-process LquLkpnepte datiahasecansst s« ThhLS
dat abase contains nultiple trackable events and can supply information

useful In deteFtRHiGegrta Setvice Thef ElofetHYW e aqurf pRERPE®AsEd on the

accumul at ed dajaioy The 8pphé€akilopsinG udesetheuse of this deppetohesystem
with a variety of process equi pnment, such as valve filters, and

) S!
ul traviol et. |13MREr- The p ChérSQatent Cappl iéat itgﬁ, gr‘%’%’-ﬁfw 38??\“ n et
al and publ i shegh i ke 2004 as UtSrePatient i fAppk i €at iofvRubl bsatbeat Nehe
2004/ 0256328, di scl 0ses aﬂ%vi ce and nmethod for nonitoring the integrity of
ti p-ing instal THGEGAS THi'S “publ i cation describes the use of filters
cont ai ni ng an onboar damenorappethipt comynBelatd ens adevpeel idhrdcon] anes i on

with a filter housing., The filter housi acts.as noni '
Mtegrity testd Srhsieaagt the T arord Serbedl B IhAG 2R038% , be
used tb insureditshdoisategr ptycafs teleifpidrttertiragketengrnttenys&disnspeten - r ound

o L, oo SRS e 10 L0, TR SRk opyEry the
rel ease data egquipment. The RFID tag is described as capable of storing
“at least one trackable event”. These trackable events are
enumerated as cleaning dates, and batch process dates. The
publication also discloses an RFID reader  that is
connectable to a PC or an internet, where a process
equipment database exists. This database contains multiple
trackable events and can supply information wuseful in
determining “a service life of the process equipment based
on the accumulated data”. The application includes the use
of this type of system with a variety of process equipment,
such as valves, pumps, filters, and ultraviolet lamps.
Another patent application, filed by Jornitz et al and
published in 2004 as U.S. Patent Application Publication
No. 2004/0256328, discloses a device and method for

moniteoring the integrity of filtering installations. This



Despite the inprovenents that. have occurred through the use of RFID tags,
there are additional areas that have not been satisfactorily addressed. For
exanple, there are a nunber of applications, such as integrity testing and
protein nonitoring, in which real tine nonitoring of the concentration of a
particul ar substance would be extrenely beneficial- While REID tags offer
one enbodi nent of the present invention, solutions utilising wred

commruni cation are al so envisi oned. SUMVARY OF THE | NVENTI ON The
short com ngs ofPubhécpriar describesoviérecome byt He lgeesentonitaientigonan whi ch
describes a system.and nelbed fep;accyrat ely,ppasuring.t he;coneentration of
a substance within a filter elenent. In certain enbodi ments, ‘a sensor,
capabl e of neasaringCtite céhbent £attieon hofisinparihec flidtesubstanee, aand a
communi cat i ons jdevi 66 8f & 16QURLE 3R 4a8t § A Recabl ‘ﬂqéto_é’ﬁ)qﬁﬂlé@i?ﬂda#écﬁnsm t
the concentr ation of a particular substance in the vicinity of a filter,
while in use THiI§C&93tern ¢&h ebnPrirseta i ngee tonpoenrt fhientegratitiy both
the communi cat i,en davi eer@ndnhhe1sgasar . Ald e nativel yyothe ﬁ¥§;§§r§%§.an _
conpri se separate sensor and transmtter conponents, in comunication with

one another. |ARGeE ahtthet"EnBBdARRHNIa tiEorgher el ehEMt tealP beekdded to
the system thenebyygd | omimgrthergaviiceptonst e, aiset 10hi coagent ratd on
val ues, In yet another enbodi nent, the transmtter conponents operate
wirel essly. 1t BHEYTSEOBf T8 dédki®ce is beneficial to many

applications. For examplies ahsewhyrdevehopednhiint ggrd t ycte@sted sthaseg on the
concept of addi atr as to carrier. tection of this tracer gas
gi ves hi gher s&éﬂgi ??%i?‘{/e}{Fﬁg)niﬁgi‘t %ﬁé?daﬁ?f?%tdﬁn?gs?ge%et% 3% t o

det ect this gasoantedr ansikfadtheil esaddresosad sime thenpiét erhdausimg awoul d
be greatly beneficial. In anot hgg?a pl i caﬁi on, the ahi to, nonitor the

it
protein concent P&tion oW t BFA CAG F11't ef “Housing  erabdd t%%s%bré‘;f ati¥g
conditions to bectadijrusted tseias ton neEiinfhaimealt hempr ofceiihogcdomgentr atieon at
. pr ¢
the menbrane sugface Lot qoLe [eliable and neproduc) bl g, performnce.
beneficial. While RFID tags offer one embodiment of the

present invention, solutions utilizing wired communication

are also envisioned.

SUMMARY OF THE INVENTION

The shortcomings of the prior art are overcome by the
present invention, which describes a system and method for
accurately measuring the concentration of a substance
within a filter element. In certain embodiments, a sensor,
capable o¢f measuring the concentration of a particular
substance, and a communications device are coupled so as to
be able to measure and transmit the concentration of a
particular substance in the vicinity of a filter, while in
use. This system can comprise a single component,
integrating both the communication device and the sensor.

Alternatively, the system can comprise separate sensor and



BRI EF DESCRI PTI ON OF THE DRAW NGS Finure 1 is a representative

enbodi nent of the present inventlen. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Figure 1 illustrates a representative filtering systemin accordance with
the present invention. The filter element 10 is enclosed with a housing 20.
The filter element can be sinply a porous material, such as pl eated paper.
Alternatively, the filter elenment may he nore conplex; for exanple,
conprising a franme, such as ot. plastic, and a porous naterial _ Located in
cl ose proxi m tyraobpiang prefpenaldsy aff iccedutigattihe fikhepnel emenbedd is a
concent ration sgnsor. 39, Ihi s.SeNSAL,30 d s.canabl & 0fgenerating, ap, put put
whi ch varies as a function of & sur r'oundi ng concentration of a particul ar
subst ance. Thi scouthputsyeaambetlierebheal bywhngf thn daal oy Vol tge or surrent,
or can be a di g aboyaiigaPloP b ied. N 110 B CLELH COROMARRL, iif out put
varies linearly wi th the concentration, however this is not a requiremnent.
Any out put havitrgnanknown craPaandashPpiateuchrdssitégari t hni ¢ or exponenti al ,
to the surrounding ggncentd ation,y¢an pe,enPl qpedyhpesuch a situatipn, a
transformati on of the output can be performed to determ ne the actual
measur ed concerfPPatiFdnlons. For Thenpdficent tHatlyoAcselys 30:trerpief edHbl y
nount ed on the ;dowpsideanysitte aforthg:fidet exaihgnent t1Qcekn @ppl gatd ons
where the concentration of interest Is honmogeneous, the |ocation of sensor
30 is not criti‘GaFicand C&ifBecanywher €6n t1HECEBWNEET eaf €F3e Bf It

]fi : ter e: enment ,se&blﬁhix&iﬁ;y fttmtann@tstirlmatraddwfuhstiba itaﬁerk$hléfal(5£lﬂ:fy tihe ]
ilter elenent or in the common outlet, |In those appi Kkaitions ere the
concentration i%§t8FsctEt%e gé‘ﬁda‘f'\%ntrE?Bﬁ’Bbfentg’c?u&S‘t‘JnteJJco&jfééﬂFrgg?o‘ﬁﬂs sor may
be located in powoxingty woaltihe ut puteoflyt hebkhétieriaal.enenth. | mmotter
enbodi nents, the once.ntrati&ng serél@oi.t?,O can be (IJagc%tred %tem n Jgohce .conmon
outlet. In son@pggbﬁ%lé) "ons. ' he *Cénpet at e of "te fil teF el &nment nay
exceed 115C, thenetormtdosensothivapatilee dfilvket hshandimy tdnablteenperat ure
shoul d be enpl gyed.. Sim | arl the t r ' ' 2 y
cycle froml O\A%%é?r?teln ercaot%ﬁi%)ééo 2 i %@é?ad?é%’%egc} \é%%?aestsh‘g%(rﬁ%%t%gnt gcélr%gf ore

t he sensor showkdtben albbectonaitibst and tlenpeestiane cyetfang Ther encare

mul tiple enbodi @gaLs Of. kit &.CONE 89 Hel-pP-meRE0T . For exanple, in

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a representative embodiment of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates a representative filtering system
in accordance with the present invention. The filter
element 10 is enclosed with a housing 20. The filter
element can be simply a porous material, such as pleated
paper. Alternatively, the filter element may be more
complex; for example, comprising a frame, such as of

plastic, and a porous material. Located in close proximity



certain applications, this sensor is a solid state device that uses a
particul ar conpound known to interact with the desired gas. In one

enbodi ment of a hydrogen sensor, a MOS diode is used, where the netal alloy
| ayer conprises a PdAg alloy, the oxide in Si02 and the sem conductor is
silicon. Hydrogen affects the junction between the netal and oxide |ayers,
t hereby changing the characteristics of the diode. This j ion variation can
then be trans'@fedadd“ﬁe@e?%ﬁﬁrgﬂf@&é@nté-eVQe diNceanat BeLnenbedi gept, a
metal oxi de sem'conductor th | m device where the oxide is SnQ2 is
utilized. The prresessetoin oﬁf‘-@ﬁ;% néo gdses rearothe’Sensor cetEHGes °the

resi stance chataeherisgti g ohcphe devige,vdherseby al | smidgidheor the
concentration of the gas to be determined_ Yilternatively, other sensors

utilize infrar@FPHPRINYI SPRIKSITEATIY! det ettt pf)ﬁ’?ltquclf]lrarsu?&béflﬁﬁce? 1fn these
sensors, a beamQfutl RahSnhé r@nsam trednt OMedrd shalegeiVRlageThe: paktiey| ar
substance of interest, such as a gas,_ absorbs sone FTEe IR T d| ation as
it. passes fro t &'t PEnshi tdrlgiti‘]o YAEIS eRBi V&Y 3°Th Uht BF 355‘5‘? ption
is related to didm@deasgent r atieon @jtptulﬁe substeancelidd®and Uwikhght tsan al so
be need, typical Icly in cog{,ungtl on WIE a fi ber opt| c_cabl €. 4.Q Measure

sol ute concentTH5BATE hr e dse %st reF’r 2%t on. AnotHer"Yype of sensor
is an affini tyomedhaetnsg)ra besed onlamnicophical sue ect rllcrgalrlbhmlc or

pi ezoel ectric detect nethod o0y, U f sed ns
utilizes a mcr c?t?nleanc;:EL ‘on Shi g a ssuur%} lenq“ ggh‘éer?‘!sg% agéd %’ﬁe B
substance. in queEsykon ils atucachedstoudndradiver esang orne tibgard, The s
results in a sfBll.lnghease Johebhfdmss datahede oRnbhe il giokghances This
mass can then be converte concentration rate, based on flow rate.
These exanpl esccarcentniteirmded t o be illustrative of sons of the types of

sensors that can b hé’sggmcérh:'r%tién not, oAt ended ng%fQ%al@Dye?ﬁBéM_%d V&n' i st.
of all such snitable concontrati on sensors, Atransmtter 40 is al so

| ocat ed near, e i McegraERRl wi tict heTserdsr SOLt¢h t AEesiEf er¥ed 10

enbodi ment, t hgchkapsiadd eryd@eandnt hecsoneeAtE 8dd onoﬁeniﬁfeﬁé)star €is
encapsul at ed in a single int e(l;r at ed conponent, Alternatively,

transmtter 4(5‘0&‘ﬁ’ﬂeflﬁ@%eﬁ§8r G CRA Be TEPAFafldiS Bt qrrlrt&Sﬁ}mn?r&%tl on
Wi th each ot hefan SHeEh aguMéde eloﬁCtt{HeCahowrﬁsltg@ainS sfdari ofs ﬂhyapeSJ_foer
communi cati on devices ar e_hposs bl e, I one (En% wi rel ef .
comaauhi rrat i 6§ bis e Cafd  t RBE L8 lméﬁe D {4 l|n§’er5r EFer?ed °'Aan
active REID t ageal FOMS o egwwntcommuﬁhcaﬁheoncwuﬁdn t betleladerl,n those
Al ternatively, assive REID can used where he ener to
transnit and saé)ﬁ%eg?bjeoqseﬁ’wgrrﬁt Eﬁ% '$"0 rf}ﬁarl‘s‘gednf Fomt “ec I}agrrlg%netl c
fie.id transmioiredetyoushe R Deoreadératian apetdrer mﬁbo@enelmcatwdrem
comuni cati on b en the S c r u Si t ousirg
i s used. %3\[(\g ‘IF:Y I @o %EQ 3l Egdrjcgg(gf e rre%%lt%dc%a% lllle ug%d ?ﬁhe}h
coni unot i 0o V\neunhOtiheertUssnsthqtewn%@ttaﬂ‘dlqrhesmﬁ%renw areon Tensera30l This
storage el ement; .50 h isnBref stably arpandym acgess gemDLy. (SAM or
" PLASH EPROM (YL‘L\E?C% \A@Eaér:l be uge to store a set of concgntratl on readi ngs,
such as rry bée@eﬁeﬂatred Iy r&hal afiltsanplelagest the, <ees6e. | 145°C,  This

al lows the rate.atri ch deheot r@sﬂ:%@'letgf w14:le§§Hc91 d@a:tlﬁst Qeliﬁef:jé‘&fr%r ent
fromthe rate at which the concentration is sanp For exanple, the

concentrat i on SRay  BePsarfiFiréqya®d- t Piesiazer sé@ﬁndte%rlaeufﬁe "dafa i€

transmtted onbysongeopemasecONde from lower temperatures to higher
temperatures and back, therefore the sensor should be able
to withstand temperature cycling. There are multiple

embodiments of this concentration sensor. For example, in



In one enbodi nent, a wireless receiver, 60, |located outsiee the filter
housing 20, is used to communicate with the transmtter. In the prefer red
enbodi ment, an RILE reader or base station is used. The reader can be
configured such that it queries the transmtter at regular intervals,

Al ternatively, the reader can be manual |y operated. so that readings are
made when requested by the equi pnment operator. in another enbodi nent, the
wirel ess recei vert&hh abgd licaciudes thist erager el ®nentelifhi statedudesidche
conrsexity req%hggduggst$eagrghgf mh%glQu%yqqnﬂMskggintgr§£ESwfmp eyent’
the w nEQO a e € réceiVver Cﬁjerlesaf e rel'ess transmtter/concentration
sensor at prefdeabted regul an pnt esvaldément gfeceihvdsofeons tieomi ree| MEs

transmtter the.cur rleéﬁtuscégnc%qélrea%%gt SEeNnsak 1 gea _egr’rg%p§§sg§ft§r§gA@6d at

that time. The wreless recelver en stores this value in its storage
el ement. The capheyt ytlof ddicestor e ehdnemt tan opafyctandieant biecon.

det ermined basgd,on 8, vaaﬁméﬁi%féﬁ Ohe f 261018, ThESE NGldese DUt AT €10k

l[imted to, the rate at measurements are received, the rate at which
the stored dat aaverpr odessed, canithithe the egiieifef ol tH-Gthith M s9ist%rage

element Is in eQpauniGation Whthadics OMSi dRe@NVicl ONFEMIated intdS a@N
eranpl e, consider a filter el enent_havi n% a wreless transmtter 0, such as
an PFID tag, cEopfadsAittRA”alebhicent™ &NC0ASSeRBRTIBEMT n 3t K3 missdidrent

the RFID tag | ScRassid@rot hatidk Silht dol e serds dat acupon recei@t ief a
query fromthe wirel ess receiver, or &ase station, Upon receipt of that
query, the tralsh1aer (PEnSFEET ThevAdE 6thT fitiSy 4V abl%e FF6IM%t he

concentration sefns@s 3@hel Nrofniestaaenard@rather witiekesstr ecied vedeviwhi,ch as

coupled to a conguti ng q vice, such as a co uter, .t hgﬁ\ stores ttohe e
val ues, optionalF§Rirt i iﬁw’a&%oy‘ﬁt e%or}cieﬁégggr%ﬂ Such as ifra Log file. In
a different. seenamiioedlf Mhermvatrigkegs pecet veendrsseparlatzed friomrehe
computer, the 1 acei yor Wb, negd Lo &1 oL a hubel, o congentiatlan,
measurenents i hterWATTS S GRtIP SGER TitE AS 1T i s connected fo The main
conputi ng and/ senstrer, agebdavicie, IRl ast hisgspasesd aowgtrdr ageeetierent Theeds to
be integrated Mgéghéﬁﬁgrr%%%g¥§KCe of interest, such as a gas, absorbs
some of the IR radiation as it passes from the transmitter
to the receiver. The amount of absorption is related to the
concentration of the substance. IR and UV light can also be
used, typically in conjunction with a fiber optic cable, to
measure solute concentration through the use of refraction.
Another type of sensor 1s an affinity-based sensor based on
an optical, electrical or piezoelectric detection
methodology. One such affinity-based sensor wutilizes a
microbalance on which a suitable ligand is placed. The
substance in question 1is attached to and adheres to the
ligand. This results in a small increase 1in the mass
located on the microbalance. This mass can then be
converted to a concentration rate, based on flow rate.
These examples are intended to be illustrative of some of

the types of sensors that can be used; this is not intended



Mechani snms for transmtting wirel ess signals outside the housing have been
di scl osed and are known in the art, United States Patent Lpplication

Publ i cati on 2004/ 0256323 descri bes the use of an antenna to rel ay

i nformati on between transponders | ocated on the falter housing to a
monitoring and test unit erternal to the housing, Havi ng defined the
physi cal structure of the present invention, there are a nunber of
applications in which it is benefi ci aIf The fol |l ow ng is neant to
i|lustrate son®of® tHosE appti‘Catiths®t HoweFer i TS 6t CPRtEH IS 188 a
recitation of abhssuch applications. I n one enbodi ment, the present
inveni fIP is used in conjunction with.in situ Integrity Testing. This
process all ows the Aop%‘?ﬁ&tsjﬂitft%r cer ti¥ flt‘sﬂeipﬁf‘g%‘?i? of ?]ﬁel?ﬁqqf&tsegwi thin
the filter housitg aththeceuystorsr. sidetwet houtfeadel t icohabiequt pmrent. | n
one efl bodi nen a tracer s, _such_,as helium or .hydrogen, is.added to a
carrier and i nf‘t:-%rfsé[&ti fit o ?ﬁe %?/cgt e Acsoélﬁ(se%rfatﬁroéf ersgglrgf/)ra s3gl i d"State
gas sensor capabt@saflaneasuring cencentingle ons iofegire edr acecorgasienits
preferably posjtioned.on,th 0 [e. i t filter, -S0

measure the br}é%f(‘? nra%ﬁaﬁl%’f %h%e\éngg%%%%gs%%;éd sgﬁesoéréncsgn c“;’g)t ic%?fahgy be
prot ect ed by asdydraophobiecdf iiht ecmenigesiidnf suth ngaah t REpedL eFAcaAndsot her
materials, The,concantealinn glgddaceryganal eySRecil coORfiAldAlon
transmenbrane pressure Is i ndicative o ubbl e pointing specific pores in
the falter. Theeciorsentake i PeHdéregas litndi @t eseihe ifenter ' sigelegeity,
and thus, passifailneLitgriascanche establishedef o each wfrirbt erad ype. This
test will give a nore sensitive indication of the bubble point and the
presence of dePetiesreHan?a 3tEidardlai FrUs bP teSEIUTRT sCPERINS4PPI i cabl e
to any filter,, byt 418 Mostcidealdrrsuited, t o Norgmakef aownParyovisngef n)
filters. in a second enbodi nent, two gasses, in a known ratjo, are

i ntroduced i nt'&%he MPEERYY hddSi nG TR s 'EhbodPRERtE i ¥ UesEPbed tI'h
greater detailtdupdaSur®Pr aw sbenalncAppticat itas SerdaakoNegné0i725:238, fil ed
Oct ober 11, 2005. In thg refﬁ{aereg 1grr’oodi ment, _t he fit ter el enent l&z wet t ed
with a suitabl &45gaiacTany tHE sef et 88°Yasses have "drff er St fefeabi | ity
in that |iqui dvirke cgassescaised saiwebe ofie vadnsous aconposettiaris modnde nbi ng
nobl e gasses, (pecrf.idnogélhaot %d asses, ,or carbon dioxide. Because of the

di fference i n permeabi I'Tty,"“thé Gasses diffuse through the filter el enent
at different ratesOptherely,creatditngage didfleerent Jlat cononb¢ heisggwnstr eam
side of the T1ldgtogletent, Based A thts.datlP JAdecANt egtddnt At sbhe
filter elenent can be veritied. The use of one or nore concentration
sensors perni tsnshe @ni Tbi$ ngt ofagehied edownstteamicat ilg. preferably a

random access memory (RAM) or FLASH EPROM device, can be
used to store a set of concentration readings, such as may
be generated by regular sampling of the sensor.

This allows the rate at which the transmitter 40 sends
data to ©be different from the rate at which the
concentration is sampled. For example, the concentration
may be sampled 10 times per second, while the data is
transmitted only once per second,

In one embodiment, a wireless receiver, 60, located
outside the filter housing 20, is used to communicate with

the transmitter. In the preferred embodiment, an RFID



A. second application of the present invenLion relates to protein
monitoring. In this scenario, a sensor capable of neasuring solute
concentration, nost preferably protein concentration, is used to control
the filtration processes, In this application, the sensor is preferably
either an optical fiber through which an ultraviolet or infrared

measur ement can be nmade; an affinity based sensor based on an optical,

el ectrical or PicéZ68l ettt riPéstetEctiion net hededr anTabfindadebased seasor
using a m crobechkanse-and sui tableidigande! apgent i I fi ion
(TFE) applicatLons,gthe sensor islI%catedegn@?%egfiIté%%e%rgpgf%hp£g%t t he
menbrane surfac8t8rvity i AtlégEArt et t hehd | | feadeat ©he oat | eeneadlof the
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with which this storage element is in communication with
its outside environment.

As an example, consider a filter element having a
wireless transmitter 40, such as an RFID tag, coupled with
a concentration sensor 30. In this embodiment, the RFID tag
is passive, that is, it only sends data upon receipt of a
query from the wireless receiver, or base station. Upon
receipt of that query, the transmitter transmits the value
currently available from the concentration sensor 30. In
one scenario, the wireless receiver, which is coupled to a
computing device, such as a computer, then stores these
values, optionally with an associated timestamp, such as in
a log file. In a different scenario, 1if the wireless

receiver is separated from the computer, the receiver will

need to store a number of concentration measurements



What is clainmed: A nethod of insuring the integrity of a filtering el ement
within a filter housing, conprising: enbedding a concentration sensor, in
connection with a transmtter, in the downstream side of side filtering
el ement; wetting said filtering Ed.cffaent; introducing, at a specific
operating transnmenb ane pressure, a trader gas into said filter housing;
nmoni tori ng the concen #rat|on o%us§| . tracer. gas g%nﬁgg%é%og%s%%ean15|de of
said filtering Brereén USlng sa|8 sensor; and

computing and/or storage device. In this case, a storage

element needs to be integrated with the receiver.

Mechanisms for transmitting wireless signals outside
the housing have been disclosed and are known in the art.
United States Patent Application Publication 2004/0256328
describes the use of an antenna to relay information
between transponders located on the filter housing to a
monitoring and test unit external to the housing.

Having defined the physical structure of the present
invention, there are a number of applications in which it
is beneficial. The following is meant to illustrate some of
those applications, however it 1s not intended as a
recitation of all such applications.

In one embodiment, the present invention is used in
conjunction with in situ Integrity Testing. This process
allows the operator to certify the integrity of the filters
within the filter housing at the customer site without
additional eguipment. In one embodiment, a tracer gas, such
as helium or hydrogen, is added to a carrier and injected
into the system. A sensor, preferably a solid state gas
sensor capable of measuring concentrations of the tracer
gas, 1is preferably positioned on the downstream side of the
filter, so as to measure the breakthrough of the tracer
gas. The sensor <can optionally be protected by a
hydrophobic filter to avoid fouling with protein and other
materials. The concentration of tracer gas at a specific
operating transmembrane pressure is indicative of bubble
pointing specific pores in the filter. The concentration of
tracer gas 1indicates the filter’s integrity, and thus,
pass/fail criteria can be established for each filter type.

This test will give a more sensitive indication o¢f the



conparing said concentration to a predeternmned range to determne _
integrity of said filterdrs4 elenent;. The nethod of claim1, wherein said

monitoring step is perfornmed. at regular intervals. The method of claim
1,said transmitter conprises a wireless transmtter and said nethod further
conprises the step of wixelessly transmtting said nonitored connentra ion
to a receiver |ocated outsdne of said housing. The nethod of claiml, .
wherein said sgpsor conprises a solid state gas sensor. The nmethod of claim

1, wherein sai #"SBhSoPO1R pitt eblie PP CHCRY @F 0PREBFES f Hidler aOsltapHaradt t er
utilize diffusion test. This test is applicable to any filter, but

is most ideally suited to Normal Flow Parvovirus (NFP)
filters.

In a second embodiment, two gasses, in a known ratio,
are introduced into the filter housing. This embodiment is
described in greater detail in U.S. Provisional Application
Serial No. 60/725,238, filed October 11, 2005. In the
preferred embodiment, the filter element is wetted with a
suitable 1liquid, and the selected gasses have different
permeability in that liquid. The gasses used can be of
various compositions, including noble gasses,
perfluorinated gasses, or carbon dioxide. Because of the
difference in permeability, the gasses diffuse through the
filter element at different rates, thereby creating a
different ratio on the downstream side of the filter
element. Based on this ratio, the integrity of the filter
element can be verified. The wuse of one or more
concentration sensors permits the monitoring of this
downstream ratio.

A second application of the present invention relates
to protein monitoring. In this scenario, a sensor capable
of measuring solute concentration, most preferably protein
concentration, is used to control the filtration processes.
In this application, the sensor is preferably either an
optical fiber through which an wultraviolet or infrared
measurement can be made; an affinity based sensor based on
an optical, electrical or piezoelectric detection method or
an affinity-based sensor using a microbalance and suitable
ligand. In tangential flow filtration (TFF) applications,
the sensor 1is located on the filter, preferably at the

membrane surface physically integral with the filter at the
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wireless -- Pu_inica tc The method of claim6, wherein said wireless
transmtter conprises an RFID tag. 8. Anethod of insuring the integrity of a

filtering element within a filter housing, conprising: afli.xing one
orfeare concentration sensors, in connection with at |east one transnitter,
on the downstream side of said filtering elenment; wetting said filtering

el ement ;
outlet end of the flow channel. The sensor is then capable

of measuring the protein concentration at the membrane
surface. Based on this reading, operating conditions, such
as transmembrane pressure, can be adjusted so as to
maintain the protein concentration at a particular level.
This type of control is particularly well suited for
tangential flow filtration where a concentration boundary
layer is built on top of the filter membrane. The membrane
performance, Dboth flux and sieving, is determined by the
wall concentration of the deposited protein. Thus, by
varying transmembrane pressure, the concentration of
protein at the membrane wall can be kept within a specified
window,

In operation, the sensor 30 measures the
concentration. This value is then communicated outside of
the filter housing by the transmitter 40. The external
receiver 60 receives this measured concentration value.
Using a conventional control loop employing an algorithm,
such as proportional-integral-derivative (PID) or
proportional-derivative (PD), an updated desired
transmembrane pressure can be calculated based on the
current pressure and the received concentration
measurement. This new value is then applied to the system.
By dynamically adjusting the pressure, batch-to-batch
variations can be easily accommodated.

In one embodiment, a plastic filter housing is
utilized, allowing the wireless transmitter to transmit

pressure data through the housing at any time.
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i ntroducing, at aic operating rransffenbrane pressure, two gases in a known
ratio into said filter housing;, wherein said two gasses dil fuoe through
said filtering element at different rates; nonitoring the concentration of
said two gasses at the downstream side of said filtering el enent using said
sensor; andpconmparing;fbg.ratio of said Lonitored concentrations to said
known ratio to determne integrity of said filtering elenment. The nethod of
claim8, wherein said nonitoring step is perforned at regular intervals.

10. The nethod.of glhithod Mherneipis@itthet i ftBRriGANMPFia filterCed @Sembhensm tr
r and sale netinm Ler conprises the step of wirelessly tranemtting said
noni t ored concent r%t ot & §1atRECRPVEINY 0 CAMBE  BUESi de or said housi ng.

embedding a concentration sensor, in connection with a
transmitter, in the downstream side of side filtering
element;

wetting said filtering element;

introducing, at a specific operating transmembrane
pressure, a tracer gas into said filter housing;

monitoring the concentration of said tracer gas at the
downstream side of said filtering element using said
sensor; and

comparing said concentration to a predetermined range to
determine integrity of said filtering element.

24 The method of claim 1, wherein said monitoring step is

performed at regular intervals.

3% The method of claim 1, wherein said transmitter comprises
a wireless transmitter and said method further comprises
the step of wirelessly transmitting said monitored
concentration to a receiver located outside of said

housing.

4. The method of claim 1, wherein said sensor comprises a

solid state gas sensor.

Sl The method of claim 1, wherein said sensor is protected

by a hydrophobic filter.

6. The method of claim 1, wherein said transmitter utilizes

wireless communication.

12



The nethod of cL-ri,m a, wherein said sensor conprises a solid state gas
seneor, LLthod of clahn b,'e '"Loy a ziromnobic filter, 13. The nethod of
claim8, wherein said transmtter utilizes wi reless comunication, 14. The.
nmet hod of claim 13, wherein said wireless transmtter conprises an RFID
tag. 15, The met hothefettbai ot &,1anhes ciwhesaid conCeiireatsonsensdtsear e

enmbedded in said féé%ggis%seg%nkFID tag.

8. A method of insuring the integrity of a filtering element
within a filter housing, comprising:
affixing one or more concentration sensors, in connection
with at least one transmitter, on the downstream side of
said filtering element;
wetting said filtering element;
introducing, at a specific operating transmembrane
pressure, two gases in a known ratio into said filter
housing; wherein said two gasses diffuse through said
filtering element at different rates;
monitoring the concentration of said two gasses at the
downstream side of said filtering element using said
sensor; and
comparing the ratio of said monitored concentrations to
said known ratio to determine integrity of said filtering

element.

Ol The method of claim 8, wherein said monitoring step is

performed at regular intervals.

10. The method of claim 8, wherein said transmitter comprises
a wireless transmitter and said method further comprises
the step of wirelessly transmitting said menitored
concentrations to a receiver located outside of said

housing.

11. The method of claim 8, wherein said sensor comprises a

solid state gas sensor.

12. The method of claim 8, wherein said sensor is protected

by a hydrophobic filter.
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13.

14.

15.

The method of claim 8, wherein said transmitter utilizes

wireless communication.

The method of claim 13, wherein said wireless transmitter

comprises an RFID tag.

The method of claim 8, wherein said concentration sensors

are embedded in said filter element.
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