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To further illustrate this concept, a manufacturing
entity may adhere RFID tags to components as they enter the
produétion facility. These components aré then 1inserted
into the production flow, forming sub-assemblies in
combination with other components, and finally resulting in
a finished product. The wuse 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 wuse 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 into 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.
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as U.S. Patent Application Publication No. US2005/0205658,
discloses a process equipment tracking system. This system
includes the use of RFID tags in conjunction with process
equipment. 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

monitoring the integrity of filtering installations. This



A patent application by Baker et al, published in 2005 as
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package. The patent discloses use of this MEMS device in
the end cap of a filter, preferably for measuring
differential pressure of a fluid, thereby allowing it to
monitor the operating conditions within the housing.
Related patents also describe the use of this MEMS device
to estimate and predict a filter’s life.

Despite the improvements that have occurred through
the use of RFID tags, there are additional areas that have
not been satisfactorily addressed. For example, there are a
number of applications, such as in-situ filter integrity
testing and. filter 1life monitoring via transmembrane
pressure changes, in which real time monitoring of the
pressure at various points within the filter housing would

be extremely beneficial.

SUMMARY OF THE INVENTION

The shortcomings of the prior art are overcome by the

present invention, which describes a system and method for



its production rel ease data. Patent No. 6, 936, 160,

i ssued to Moscaritolo in 2005, describes a wreless MEMS
sensing device, for use with filtering el enents.
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HQ&e cleaning fluids, within a system. These sensors are in
“communication with a communications device so that the
combination is able to measure and transmit the pressure
measurement, while the filter is in use. This system can
comprise a single component, integrating both the
communication device and the pressure sensor.
- Alternatively, the system can comprise separate sensor and
transmitter components, in communication with one another.
The transmitter component can utilize either wired or
wireless communication. In yet another embodiment, a
storage element can be added to the system, thereby
allowing the device to store a set of pressure values.

The use of this device 1is Dbeneficial to many
applications. For example, the ability to monitor
transmembrane pressure across each filter individually in a
multiple filter configuration improves the reliability and
validity of an integrity test. This also allows the
integrity of each filtering element to be individually
determined in situ. The ability to monitor the

transmembrane pressure within the filter housing also



accurately measuring the pressure and/or flow at various
points within a filter housing. In one enbodinent, a
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Figure 1 illustrates a representative filtering system
in accordance with the present invention. The filter
element 10 1s enclosed with a housing 20. The filter
element can be simply a porous material, such as pleated
paper or PVDF (Polyvinylidene fluoride) membrane. In an
alternative embodiment, shown in Figure 2, multiple filter
elements 10 are enclosed within one housing 20.
Alternatively, the filter element may comprise a frame,
such as of plastic, and a porous material. Located in close
proximity of, preferably affixed to, and most preferably

embedded in, the end cap of filter element 10 is a pressure



Figure 2 is a representative enbodi nent of the present
invention as used in a nmulti-elenment filter .
configuration; Figure 3 is a first representative
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The pressure sensor 30 is preferably a differential

sensor, and 1s mounted on, or preferably embedded in, the
end cap of the filter element 10. The sensor is positioned
such that it is capable of measuring both the upstream and
downstream pressure. In some applications, the temperature
of the filter element may exceed 145°C, therefore a sensor
that is stable at these temperatures should be employed.
Similarly, a transmitter capable of withstanding this
temperature should be employed. Finally, the temperature
with the housing 20 may cycle from lower temperatures to
higher temperatures and back, therefore the pressure sensor
should be able to withstand temperature cycling.

There are multiple embodiments of this pressure
sensor. For example, this sensor can be constructed using
micro-electro-mechanical system (MEMS) technology, a
piezoelectric element, a conductive or resistive polymer,
including elastomers and inks, or a transducer. While a
differential pressure sensor is preferred, since it is the

difference between the upstream pressure and the downstream



sensor 30. This sensor 30 is capable of generating an

out put, which varies as a function of the pressure of the
surroundi ng environnent. In another enbodi ment, the
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Figure 4 shows the use of flow rate sensors 70, instead
of pressure sensors. There are nultiple enbodi nents of
direct flow rate nmeasuring sensors. In gas flow measuring
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PEASOhs  wireless communication devices are possible,
although the use of an RFID tag is preferred. An active
RFID tag allows regular communication with the reader.
Alternatively, a passive RFID tag can be used, whereby the
energy to transmit and sense the temperature 1s obtained
from the electromagnetic field transmitted by the RFID

reader.



This allows the rate at which the transmtter 40 sends

data to be different fromthe rate at which the pressure

is sanpl ed. For exanple, the pressure may be sanpled 10

times per second, while the data is transmtted only once
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stndsrdala. updi tegositpredty, a Ghier y T96IAR heCoi r ePgss manually

receiver, or_ b S [ U r L p t ' by th
t ARt ¢ %gni e?ﬁ Fa%%%ﬁ?ggfhgﬁghﬁﬁgiéuppgﬁtIy l@aliéﬁley ©
f eQuiphenpr essergcsensdm 3@nokhepneesicedament , t hehe wireless

w reless receiver, which is coupled to ut i

; . co .
deGFeeVeEuAY a3l cORpUters fher FHos 1 F1E tvaE_ﬂé@, reduces
o@){léo%lr&pﬂe‘%itt@ afe ab edthibmestame Wwuehi@SthB &dbing.
file. I'n"a different scenario, if the wireless receiver
i Snsephatat edmbpoimehe, cobipat eriraless ecEapdvan | IquRdEEs o the
store.a nunber of, pressure nmeasurenents. . nter 1 ,unt |
SUEhetFie ggaintsrqlg%@gr{ﬁg&ssargo “ERE Ofmi 4 cé%g?%%élgngécgrﬂar
SiQFapeatevi ce: kBcthirsscasem atisé orage lelsenentaneetistén the
be integrated with the receiver. I n anot her
eRBBEE BN T oF WTce| BISAYF aN8APLESReRhd2Fe R BRI HIRA npt  that
used, r er, t he opr r sor S hagd i
m?%@%'tgﬁg%ewéﬁgg?%% EEEFEgeEOSQiQ§§§” gtgElgvingldefinege o
t hes phytsircale st aatnt e dhet heagrasent of nvéuet | shoraher e lement
are a nunber of applications in,which it i|s beneficial.t of
TH&" f 91300 ngTis eAnt % o FIPESEFETe L%":tﬁ*?ed of "t hBse @+
af&’&w? ALl ongeshowauengbt hatnakel AbeNded; asqatbpcichat irglte at
of all such applications.
which measurements are received, the rate at which the

stored data is processed, and the frequency with which this



In one enbodi nent, the present invention is used in
conjunction with in situ Integrity Testing. This process
all ows the operator to certify the integrity of the
filters within the filter housing at the custoner _site
FILORGEE adthitidital Jeqquﬂﬁ}’rerﬁom%ﬁlé&af ioR |yt gakts Sutside
tyRicallyw,air, is pressurized to a predeterm ned pressure
upstream o % liquid wetted filter contained within an
air tﬁ@ﬂahmmxm%déhquES@M$ @i thiltdhe elegsintg Walvling a
decay over,_tine ult of diffusi | ,and .
HoELENERA) |VacrbﬁWeat§& S0 Gt @%saPthﬁﬁh Shfe fFTRESd with
Iheyads.0f PEESSHT 80deqay S Js@tbdirest@bl ts8 RIED tag is
integrity of the filter elenent. In one enbodi nent, as
shewA vien Frigate 13 alﬁlﬁﬁ@ﬂ@nﬁ?@ﬁspK%%éMr@P@@ns%ﬁCQ%Pt of a
refera pasiti t e e
bReS) P tnr el PRt it o i (P ko  PEagpn - Upon

ye@tedpe ISt abh®t t gueeasutket Ineagamf:tew thrpaggh tisheche value

filter via the veniurl effect. ment i oned abovg%
GHELER&EYY akhcdrifite F@mpo%h?l6ﬁ@§suﬁeth%e%%%5 Oy pgn one

g'c her-110 sugh thatethes pressuye drop,; such As @upl@d to a
mn, is measurabl’e with a high'degree of accuracy.

Ebm@u@nmblc@evscgreﬁamablqsremnvamp@t@hd @MQW néé@geﬁo rese

| aced in_the fl pa duri.n th| est
Baltee sttty B3th Gh AbboRlst é obpy gy & in
geasygi ngidevi Cen wcmlﬁe@@n@newaﬁgﬂopr msstiid OWJ1reless
device, is enployed to nmeasure the gas flow directly.
F@r:ewre@ru -wmp@y%&eéimfrw thel soppessnr etbBndErCe iVt metll

gaog%cesdgo debfgloa.f qeﬁtés%ﬂ%t Jgsnuefe%&tdg ffa[sépf{auy,

or eac ering e enment rrent
aysﬁem$uﬁﬁnelmulbsMutfibtebsnaceedsmmith@amahhacqmgutlng
dlfflcult to test, In this situation, the specificati
ane/Ral t PhPFaEe byl HE SunbBr IhLE i 1S i A tﬁ%oﬁ%%%lré;ement

hBenef erepet haralbhity Locdetect-deafeadis is significantly
reduced, because’the errors are also nultiplied.

Addltﬁnnaahythef aced@trent, f cundyidaldss ndtragesiigter and

di scernible which filter def t|ve Aangd e h m
RESRCTD b bat e PH Ui AUBIPY TR UOLIBT prbebire gessure

ééﬁmsemsOharunw@aéa fol ties ougEiakesof hesensiding .ty of
the test and allows each filter to be independent|y

t est elaViRJadifingsd e BPéFéFﬁédsﬁﬁﬁﬁFéﬁﬁlﬂflﬁF§gﬁqﬁﬁent
LESLn L YBRON cHIRASWRS GaR.THOW BYelard IAL SiANGE: Olnich it

I Nncreasing pressures, can be neasur on each filter
iﬂdbundmabhyl aThesEo@ﬂonngl1mhmehntstnoulpus$mbte some of
curr one enbod ng a plastic_filter

F%%%?ng E?l&FPFFQBE' al'PBWRG the wiPel B8 FE%?H@FgeraFo
tE@DSHLioRr 88SHIE &@tid 4y ouah it housing at any time.

In one embodiment, the present invention 1is 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 equipment. Specifically, a gas, typically air,

is pressurized to a predetermined pressure upstream of a

10



The present invention also enables the nonitoring of
transnenbrane pressure. This nonitoring of transnenbrane
pressure has several benefits and applications. For
lexanpl eyettbhed pf el eer edost attedipy prloicedur eafortight housing.
icrofiltration (MF) filters is to ranp the operating
.‘%s%ﬁ?%?uFﬁtWéfgﬂﬂa péﬁﬂﬁdﬂ%)%%ﬁ%r%%ﬁﬁ%lplﬁrpﬁé§§ﬁr%5 a
AdBEdi abel ygi Ahi$i AROr 0agh LS 1ain | 0cksv a8 they of
filter and increases the filter's useful life. Interna
PresHureugentbesfcdhebe Uhel rzéd d pomistoret ke gresssir gsed
i thj e_hoysi ng. and t.hus, affect t. roper _ra
t\ggpe?% ?%glﬁges@lﬁr el.&eng)ilhé/ p?gf (gr%reedélg%oégrdi %gﬁ{“,engp % one
eiddcmesiit al a pr essune isensiafuries spcat eff Afe tdig iend gapsahire
each fijtering el ement, thereby allow ng both the .
SEp$treaht and® BERLY cBAT HEER : el othe 66§§r§%ﬁ.th%.5héter-
WaEDLy L BEPEESBULC 1reAd MR AL NANSN Lhed, A AN or
RFI'D tag through the pfastic housing to an externa
weintelressi § eglel et 0 measur@ntket hesassemblthrioaghy eédehedilter

i.ts eratin ressure, the internal ressure sensor

AR WS ONERNEE FOrEer | A GFOTTECHTT { BPSVE Fob KeLaRY an
okliyagiengi of doae thiichtar M | théeadsto srreductiondn floowsycn
rate and thus a correspondi ng reduction in pressure on

thhé ddmnIresnss dasf, tehf ast ert. 1Bassd mom t Hes rmgasarable

ich the tr ran ure..changes,...an estinmatge of

WRLC b Pt | ARAPET PRSP FASYL nBE R 18], oY PR Fe o1y
rpmessbne i snganplled eeeds cant i eiows abasi sin amheaberbantpath

pressure fluctuati ons are observable and these can be
dycéadnt BATFori BB G atrag - t nEY r émaPRFAGIusHrRPAPeRE of as
shBenf it & iqure 4, _T{f'e §£’0¥Fox9r19&§91&'£§n31; Sq §8e?p?|u'c%a3;se an
tomﬂu-memmtflt% arrangenents. Tn the preferre
- aephodetrent Ora NEEs sl séasiare i sissedpl oyetasar eclseire the
ugsﬁéean1and gﬁmnstrean1pressure of each filtering
9aFehehl By &FFi¥ing the sensor to the end cap of each

filtepr ThetRresSsHHE sFBASKESNROLSpléoWrEBsueReLRNRL A0 can
understand better the operation of each filter within the
bej LRErOREGSIcng Sondisyi fuabe yabFor texdapeening hpr eidfrusion
p e ct the rea ownst r.
rgF es%§¥ agggﬁte??%g§£¥gﬁgntgh%¢g§%ﬂ% cgpﬁﬁgﬁ%UId%ﬁﬁgﬁ%%ﬁ%¥’
saspeunggiwigewr fnolkipgeoff tltatrsel erentuseds expl@amneliel are
aﬁgve, the rate at which the transnmenbrane pressure )
dthhhgest aliDwseah- est nafton Sdtuaserir 519 eSPECHd 4G thons
aPBAG 191 iH 1l @l Yb%z! ftHNen RRSSSUBE aef 0SS Lach Tidd ehol$ing.
sanpl ed on a conti nuous basis, any aberrant pressure
Th¢ vefont i ofdicarad obiser vabl deandtt tesfectan be adgodrdtiedntly
régr én esténating tht remai ni ng useful life of tﬂ?E. lied
BAPTT Ul arPFT LY . € Addi%Tonalffy, tAReSPresBHt--tP-1eC-
Addwenshoanl ypy e usedelrecaonitorrspas fiie oper ahibRg easily
paraneters, such as_transmenbrane pressure, in tangentia
d¥3eRripte avhonh ( fEtFedevpeesiefEREdBedavidc & Gy evould need
ypica ed: i nomi|tj-fjlt ul ' tiagns
- rgJit%%ﬁggﬁy,lé éﬁ%%%gg'fe gé%pgR%%t§£e3%%%%%#%§ fﬁpTE&OW
salev cesimar eanbt firbhet ofeplrovdd stimnsdositigrican ®f the test

rfarmed by intrqduci ng pressure sensors between
arffgdtﬂ WS e?‘r%\/m%ilru‘rt?Fgug‘é e By NSRENGEMhg Yt hESBFESsur én

aclriop figt wege "M ESed heufbawdalie ¢ap-be;i eyt ivmied. yhich
This flow rate can help determne that all nbdul es are
operating as designed, especially during cleaning. The
cl eaning operation can be vefified when the individua
menbrane flux is recovered in each nodul e



i ndi vidual I'y. Addi tionally, pressuresensorscanbe enpl oyed
within the nmenbrane stacks in a nodule to nmonitor the
transmenbrane pressure or the transchannel pressure to
enssnecevemndd ovf aoceswarn eachhedrminelrangd t @fenstpereasing

th dul e fl f
s ctne ol (Lusel 00l Tor ey ose, e, ol & sy o

ReisAt § rwitbhion hh@ch0y§lﬁ@k pdsSﬁbHMxﬁnﬂﬁehﬂky'deternrne
internal flows. Once this is known, this |nformation can

be thén usee t cHRALIMEg (t he f IRV ithi "f1hESEhaReaIS e, 15
1192%@5ur§ﬂ?§95?@hq3ﬁptM&?e@@g$|etfén&ﬁf@té? a YNif OFMymi ¢

nner.” Fi na ; e integrity of a TFF nodul e as
peasyned byta dhfrbugh oth¢ ésiys igan die adet drimiened for each

nodul e i ndi vi dual | measur the as flowin

out | eff D ﬁorRr%‘-’re%cﬁ Y%?z‘iﬁr Jn pFQ??gﬁé r%h%u?‘@ﬁéﬁ pring of

Eﬁ%ﬂfﬁﬁsﬁb%n%he SPEESSM € SERSOr SoRl €0t ARSIt t et Dutisémierane
ter housing through the use of the transmtter.

brAssetkod lofs desevaial ngbehefiftegEind ofPPREFRLdGRE:  FOT

filtering eI rrentsvvl hin |t h
@5ﬁﬁlﬂl§| € pl akih gﬁrep uraH%yyof q{qtouéggggfigﬁeems for

m@c@@ﬁfalﬂtelafcleach (Mayi ngi Breddputs sitde amchpan towt putperating
side, and a correspondlng plurality of pressure sensors
lpr3$§|5§e1r§a| drathey - £hEReOHEdSngt0 eddt lof ORAF At HREr AP1§5S1re

%%q%%r ybel R8s ﬁ%ﬁ%ta%‘ijl Wt h;gai dy put putciei deyDfnan  the

espec i'VE-Oone O plurality of filter elenents and
Ifacaked andclnsce:erars@sr nthyt € iddied’ sespeefive bhge. Internal

Gecerie SHEWT 1 BEToRer G TG ibard JES0dR oars Fressuze
LAdivihdugd o filderidg gh@membis, affect the proper ramp of
operating  pressure. In the preferred embodiment, a
differential pressure sensor is located in the end cap of
each filtering element, thereby allowing both the upstream
and downstream pressure to be observed. In one embodiment,
the pressure readings are transmitted via an RFID tag
through the plastic housing to an external wireless
receiver.

Once the assembly has reached its operating pressure,
the internal pressure sensors allow continued monitoring of
the filters. For example, plugging of the filter will lead
to a reduction in flow rate and thus a corresponding
reduction in pressure on the downstream side of the filter.
Based on the rate at which the transmembrane pressure
changes, an estimate of the useful life of the filter can
be made. If the pressure is sampled on a continuous basis,

any aberrant pressure fluctuations are observable and these

12



b, introducing a gas at a predeterm ned pressure into

said nulti-filter housing at the input side of each

filtering elenent; c. neasuring with each said sensor a

pressure at the output side of each filtering el enent
ich eac ctive sensor

éﬁ?ﬁ F S%Fao??F?grlﬁﬁefﬁﬁeﬁﬁglF?tlngﬁfﬁgégf%§%a¥£q$§ useful

mH td -d¢ | 18 fmmgéfm d. determ ning whet her each said
measured pressure is within a predeterm ned range; and e,

i dent iThg n@%\gﬁ i mancmeéiuéﬁ f LBt eP l6PeneRPs 1GPPR Credsur eyilti-
Fgf%ﬁ%ﬁ@sfgfﬁf R gdet erm ned é?@ﬁ@rreghgmggﬁqﬁgnt a

onprising positionin respective

b eSS e Sem@nm:o:on idne usHlt i denedseaeh ’olflesau;istream and
Tc;lévh%esréllpegaét?l Srrrggtsgréo%fdeeta%rhm E}Lfge£:[]r?gpre Sé?nlérn olgys afdf1x1ng
the sensor to the end cap of each filter. The pressure
measurements allow the operator to understand better the
operation of each filter within the filter Thousing
individually. For example, 1f a pressure drop were detected
between the upstream and downstream sides of a filtering
element, it typically would indicate a plugging or fouling
of that element. As explained above, the rate at which the
transmembrane pressure changes allows an estimation of
useful filter life to be made. Similarly, if the pressure
across each filter is sampled on a continuous basis, any
aberrant pressure fluctuations are observable and these can
be accounted for in estimating the remaining useful life of
that particular filter.

Additionally, the present invention may be used to
monitor specific operating parameters, such as
transmembrane pressure, in tangential flow filtration (TFF)
devices. These devices are typically used in milti-filter,
module, configurations. Traditionally, the pressure drops
between modules in TFF devices are not monitored. This
monitoring can be performed by introducing pressure sensors
between modules, as shown in Figure 5. By monitoring the
pressure drop between modules, the flow rate can be
estimated. This flow rate can help determine that all
modules are operating as designed, especially during
cleaning. The cleaning operation can be verified when the

individual membrane flux 1s recovered 1in each module
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f, replacing any identified filtering elenment that has a
nmeasured pressure outside said predeterm ned range. 4.
The nmethod of claim 1, further conprising combining each

sai d sensor with an orifice, and wherein said pressure
eutpridest gas pﬁ%@@ﬁﬂ@naélYThe REEHOECDf TRRTPAS fUrdher Pe

%a*éd ”Ql{ﬁPﬁaEhQngﬁgEa '%‘tca'c Gr 8asi NG, PEEESULS %ltor

ing steps c or eac i ncreased pressure.
thee teshsdenbrehai présshuet ber tdenpriai nghrovl dpmgsaure to
vvirelesstragimtter in cormug1 C%“on vvlthech sai d

LG R al FeRePGERSP oLSt £4° ade St A don RoGEPHg Carfdrat

tHANsFat1d NP1 Rk €SS UNLE: FBASUSEEL-HY ershmsaldeSenseri tMichally,
said wireless transnmitter to said recelver 7. The net hod

ff  gailoL inaheklet npacEower et r iverionsi sbpiated whthhe the
{490 RALhy of seach, £l tering g%@gﬁ%ngn 3R ult pf'@ow%qeé)nce

%ds 'd pressure 1's neasured across sal res rrction.

thhies methodcrafwrc! aighik, finfohestéonpr cahngbpr ovihéinng ed to
wireless transmtter, in conmmunication with each said
%ﬁt%ﬂﬁﬁ%méi%wnwééﬁﬁnmfh%légénpﬁéﬁs®%t%ﬁ %%nﬁP?§é§ dmpat

R RA% e Gnodife MBS NOE DT 61 A1 M Lo MM hERR EOMPELENNY, the
integrity of a TFF module as measured by a diffusion test,
can be determined for.each module individually by measuring
the gas flow in the outlet porf of each module. The
pressure measurements recorded by the pressure sensors are
transmitted outside the filter housing through the use of

the transmitter.
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providing a wireless transmtter, in communication with
each said sensor and a receiver |ocated outside of said
ho%ﬁng&stgfﬁgﬂg&}ing the pressure neasured by each said
sensor via the Wwreless transmtter to the receiver; and
wherein the receiver conprises a wreless receiver
adapted to receive signhals transmtted fromsaid wrel ess

transpitter oy e J@c}él‘?ﬂnqggdt@kmi%te%g:ﬁ' B3GR 9f qua1
said filtering el ements has a nose, and wherein each of

sai d sensdiis tesingheddewnity sdidiosé ofhuehthf fitqrer hngsing,
el ement. 11 The.pethod of claim1, wherein each of said
filtering el énents’ has a nose, and further conprising

providing 2 YiJ&lRSS LT anamibhety | MCORMULCAl 0 Mhddts in
each said sensor and wherein each sai d sensor and
wirel ess trapsiiledr escenfeddad | sargutbsdofarsagh output

filt ering el ﬁ:m?é',t 'arild?'a Té&f?s%‘ﬂ@iﬂg c ﬂﬁfﬁ_l]:i.’tyf urotfhe?ressure

conprising the step of wetting each filtering el enen

bef ore step #ensors, inside said multi-filter housing, each of
sald plurality of sensors being associated with
said output side of a respective one of said
plurality of filter elements and located in close
proximity to said respective one of said plurality of
filter elements so as to be able to determine the

diffusion rate for saild associated individual

filtering element;

b. introducing a gas at a predetermined pressure into
said multi-filter housing at the input side of each

filtering element;

c. measuring with each said sensor a pressure at the
output side of each filtering element with which each
respective sensor is associated while each of said
filtering elements 1s within said multi-filter

housing;

d. determining whether each said measured pressure is

within a predetermined range; and

e. identifying any individual filter elements with

measured pressures outside said predetermined
range.
2. The method of claim 1, further comprising positioning

a respective pressure sensor on the input side of each
of said filtering elements for determining the

pressure on said input side.
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The method of claim 1, further comprising the step of:

f. replacing any identified filtering element that has
a measured pressure outside said predetermined

range.

The method of claim 1, further comprising combining
each saild sensor with an orifice, and wherein said

pressure comprises gas pressure.

The method of claim 1, further comprising repeating
step b. at increasing pressure and repeating steps c.

and d. for each increased pressure.

The method of claim 1, further comprising providing a
wireless transmitter, in communication with each said
sensor and a receiver located outside of said housing
and transmitting pressure measured by each said

sensor via sald wireless transmitter to said receiver.

The method of claim 1, wherein a flow restriction is
placed in the flow path of each filtering element on
said output side and said pressure is measured across

saild restriction.

The method of claim 1, further comprising providing a
wireless transmitter, in communication with each said
sensor and wherein said wireless transmitter comprises

an RFID tag.
The method of claim 1, further comprising:

providing a wireless transmitter, in communication
with each said sensor and a receiver located outside of

said housing;

transmitting the pressure measured by each said
sensor via the wireless transmitter to the receiver;
and wherein the receiver comprises a wireless receiver,
adapted to receive signals transmitted from said

wireless transmitter.
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10.

11.

12,

The method of claim 1, wherein each of said filtering
elements has a nose, and wherein each of said sensors

is embedded in said nose of each filtering element.

The method of claim 1, wherein each of said filtering
elements has a nose, and further comprising providing a
wireless transmitter, in communication with each said
sensor and wherein each said sensor and wireless
transmitter is embedded in said nose of each filtering

element.

The methed of claim 1, further comprising the step of

wetting each filtering element before step b.
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