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SUMMARY OF THE INVENTION

[0005] In certain embodiments, the present invention provides a method of monitoring for
chemical or other toxic agents, including: operating a plurality of first type sensors having a
first level of sensitivity to an agent in a monitored area; concurrently operating a second type
sensor having a second level of sensitivity to the agent in the monitored area, wherein the
second level of sensitivity is at least ten times more sensitive than the first level of sensitivity;

and receiving and analyzing, at a central location, input from the plurality of first type sensors
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[0012§ ©:0 Bektdid RenbDaTNSMs, ithe Predkt ifventieh Picvide 4 byatdat dsiemonitoring for
chemical or other toxic agents, including: a first type sensor, having a first level of sensitivity
to an agent, arranged in a monitored area; a second type sensor, having a second level of
sensitivity to the agent, arranged in the monitored area, and a central analysis unit connected
to the first type sensor and the second type sensor, wherein the central analysis unit analyzes
data from the first type sensor and the second type sensor in order to determine the presence
of the agent in the monitored area, wherein at least one of the first type sensor or the second

type sensor comprises a plurality of orthogonal sensing technologies in a single sensor array,
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[0019] Figure 6 is a discrimination plot for chemical warfare agents over wide ranges in
concentration.

[0020] Figure 7 is a diagram that illustrates the detectibn limit of sensors to a wide range of
analytes.

[0021] Figure 8 is a graphical display of the time to detect versus concentration for specific
toxic industrial chemicals.

[0022] Figure 9 is graph illustrating sensor response times versus film thickness for polymer
composite sensors.

[0023] Figure 10 is diagram illustrating the use of a SWCNT network chemiresistor as a

SENsor.



[0022] Figure 9 is graph illustrating sensor response
times versus filmthickness for polyner conposite
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(IDISPRvEll %Rl Ba1OWShs dat egimple ¢f 4 firarleved Of tsemsitivityoweFhe system also
. level of concentration, for exanple, than the low .. d
incogpmsate “fruhsnasien’s het inseaive s geiectigretephnologypitia more sensitive nodes,
expensi ve, and t. : { NEf,Sce HRRK nodes”
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Thi s systemutil_i.zestheinforrrationfromthetg(o ' ak
thancthe flew eost, lgedsensijipe godgsthvg are; oflgnymers SXPSASHE and take longer to make

meGHEHA 4Pty RuSET e LRPLLOR eyl kst os
and st BighBt caphibls 8Rgan s Thissystemt wtilizee thedofomaatien fromethe two different
node types either individually or collectively at a central location or at a distributed network
of locations that are each centrally located for a set of sensors. In certain embodiments, the
system also includes a central command monitor that allows all of the nodes in the system to
be monitored from one central location. Therefore, for example, each of the distributed
network of locations, or a subset thereof, may communicate with the one central location so
that the entire system may be monitored from the one central location.

[0030] Figure 1 is block diagram that illustrates the arrangement of sensors in certain

embodiments of the invention. Figure 1 is exemplary only and one skilled in the art would
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[0033] As discussed earlier, applicant has developed low cost, array based, nanocomposite
based sensor technology based on earlier work at Caltech. This technology has been

demonstrated to be sensitive (IDLH and PEL detection) to a wide range of chemicals,
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schegxhe m e@Lnt ﬂQg? %a&ﬁ%gh%?sdhe{\@d&)!n AR oflitfaest @et &mBih€ the ability to

Ion é a single conpound or class of conpounds.
idenfifsp lanaideepaag@ lo€ ;anilytds uatizh ghe dow omise pind aimplégitysof siaglgl compound
oxi de sem conductors (so called Taguchi sensors),
detegqorsast ers, and photioni zation detectors. Mre

[ooﬁﬁ: E log @é\rﬁ%c@% n%(ﬁ?i’ﬁaxd&)gd%ﬁéjvﬁﬁbr LElRBEs Wate G'b"lléld)ﬂlth%t Caltech and

t vacuum systens, conplex
havé Béﬁiﬂ dpiEnisy be applicant. ekmhlssappeoaﬁh,t '@ctpr@nn@(:cbfeam}gemlcal is detected
Recently, array bas d sensor v en denonst.r

thropgin chyigsiipdhg ﬂgctg |rf:st1§;axi08 q é{ sgRsiive. rgﬁﬁta I. &hese sensor
ﬁlmggﬁep %etlljln o@c&r%‘rﬁo sttOMHG L&t ‘f‘eg@éﬂwf'acdoh&u&fngﬁjhﬁﬁ With regions of

an insulating organic material. This approach allows use of a wide range of polymeric
materials with a range of chemical binding properties, so that an enormous diversity in array
composition can be achieved using readily available conventional polymeric materials.
When a vapor is present, sorption-induced swelling of the polymer produces a change in the
electrical resistance of the material due to the swelling of the film. As shown in figure 2,
when the vapor is removed, the swelling reverses (see 101 and 101”)and the resistance returns
to its original value. These responses of these sensors have been proven to be are reversible

over tens of thousands of vapor exposures as well as reproducible over a large number of



[0036] Arrays of conductive polynmer conposite vapor
sensors were devel oped at Caltech and have been

wopiosioiiaed by applicant. In this approach, thep@r/esmnoei4032
of a chemical is detected through a change in the

trlalseurﬁféi" %'Vgﬁé 3Dl E&lcﬁ’tﬁorﬁ WHEThE @Jn'eb@eﬁ@@@ﬂ Aewé® nanomaterials that

hese sensor lms are derived from

can cséwpoaﬂ tles cbrlitﬁtctln@rphase@ mg| gnstenfcham;:@hdhnnrmyg aphasspsitivity is
with regions of an insulating organic material. This

achigigbleoach al | ows use of a wide range of polyneric

[Oﬂirﬁt ?ﬁ'v@h Wet &ngitl(/ﬁ?% ¢ thse BRGNS 41vebdg39i %tlﬁé QP BhftEIRS Memorial
S n enornous’ diversity in array conposition can

Instlbﬁe @hiNehaobasni copplaedi rfystavwltsdbt éID;oGBeﬁ‘A dMMP and phosgene

ynmeric materials;, Wen a esen .
(cob it sanomsireton Shlt PTG 15F S suryheBort G gdmad ed chemical
n
poin 00K I A S0 P e de Rt B Sl g vos
dembiatddhee aptie lowest dimtiv efidet¢dions el ¢xantple ef/ée sles dbgared for HD

101 and 101 ')and the resistance returns.to, it

and Gy} igishamn yaFiresthukd r EQpBreaentors. chesmizio el asmHD and GA

is se?ﬁ%ﬁ:aﬁ%g) Klkeh QeBrdd Gnd §Y GhE 'spﬂs%rsorfﬁn& €95t A concentrations tested.
SUgands ot vapor exposures as we as reproduci bl e

As Moo i@a Figage3,nhatresultof30i fat sheusmbsorsafor zbhstet ygeat detection is much

anbi ent conditigns, Wth the errerge ce of ne .
supexign e desulip 303 ﬁ%ftth% BSTve AESPL SesogsHR t GYROCS \ﬁg{{&@&gster agent)
V e C t Infuch
L IR gL ST Shtenes R Bt asgatt iy et i
the &%&Odﬁsthe Iblivter agrankersestinrbe ptes@at tof |G (Mammagbnt) In general, as
Institute gBM) has been conpl ted. Test res ts f%
showypin f@lre CW%WS ?m}‘ r?sa?o%qer(s 1,3nd 510 in figure 5)
det e f iy 3
e e
[005@] gllﬂ a&ﬁﬂb@@o of arideGperieLagenpe diead cd)mpqsmnidnsmsn glso show remarkable

stability was dermnstrat ed even at owest limt of
sensere\ﬂ@dpuhegher FFPQE,PEFEE (G 1 e aedindhakinheetr: PiGsa (CO) and

e d 361360 h
hyd%’lgg% F?’%ﬂl W{] E bk gﬁ)lagﬁandé& | é ng%g%%c I"ear | yip m phosgene is
shoxbﬁﬁMW‘dx%ﬁﬁﬁﬁﬁoer@M6dlllnaﬁg‘ms énshﬂrs etéh amndislipwatonatrtration, the

concentrations tested. As sh gure 3,

own
newr sepsdrt asrag (BN fabearkyistingnish et wesn ol i aeaemagtsﬁ?& as well as common
o SURREN Rl O1f e QRe fdfeclibie levels
Cherﬁécrasént%\rgere g @r'!g%lreé ‘ﬂi?e%élt el)pr gsgn%%%ﬁ#é %ha? b ster os
detedG6MbH blodd kesoking agents Brvin thenloi e eande. t he 1 esul ts
405 of the nerve agent sensors is rrugh superior_to

(0039 Ju[cemainfembedingnts; e seagiEMitics AP ??P‘ierf@n&eefgléh%eenﬁanced by
1ncq§porﬁ§%r£ of & e 181&1?&%8) rpédﬁa&ﬁpﬁ? 2 pr %? WR Mkl BlehilP Yhdicated that

Sensor play a I near response
sendif@fePO 1 O?mﬂ)l@ &Q: adhlefvlaﬂu rvﬁtlﬁimrﬁmaflzeli pwied(mceamgersofThls allows for

blister (0-5 and nerve agent
PermissbinERSEIBHSY dsmn{ 3g]levieh tdian S50 RS (g [hgfundamental
t he
snE B i 2SO THRRE 3508 B AN BRI e prsen

invedfidn QReAd Br 20abifng Phipioensing Godesafod IDLH (or less sensmve) detection
\\Nith more sophisticated nodes that incorporate preconcentrators for PEL (or more sensitive)
level detection.

[0040] As shown in the diagram 701 of figure 7, the detection limit of these sensors to a wide

range of analytes has been measured and is commonly in the low ppb for CWAs and TICs.



hydr ogen cyani de (AC). An exanple of the response
nmeasured for 100 ppm phosgene is shown in the
waole@eniirwmat i on plots 601 in figure 6 where evBOI/EE2005/014032
this | ow concentration, the new sensor array can
Whif! tﬁ? Fado¥olteSddtQteidh SIByd1€ L8 ks aukh tah ShyREpeh Tyhfiaé @Hd phesgene are
we as common chemcal interferents (tol uene, diesel
highéruahs) thokt forsCWatsi thetdetectibmcapabditylés gk sigmificantlyl beldw immediately

detectjon qf blo choki t in the |
danggis foGand oSO DLED 48#Bal n enbodi ments, the
[0042511?%\%1:95\be§ %@iﬁgeﬁég (06 s8P M LaGHdn81e H10) BRIprefhRA e Figure 8 in

or po ation o a mniaturized pr econcentrat or.
the fArmosf thme ko hdesect lvemsub yconceiretitre dutvhat Applimaint hes airessly odeveloped

sonsp TBEISTEE 43 PO BLeoT RIS ofMsHRs! POt BB Ea S5 BXbad REL (805
81 4){1%\2@1% in(WiHksd tﬁ?ﬁ? twoIBHARLS £ FENESR ilnPrdvembARGRSacHSEBle,

undanent al sensi ng technol ogy cannot achieve this
[0042pwely . sehbiap edyofem nowest tii ablemvogerfemi sindér ahwider emegat of external

i.nvention provide for conbjning sinple sensi odes .
cond e B it SR, < R 98 Svironments
. | . iditv.
mhe S0 0T BERC R SRR AL BB gL g pumic
[0043h Dateciion bhdully agoasma@ldavices ivgu rdetermintelers dattexfta validation study

[Tmt_ of these sensors to a w de range. of | yt es,. has
on fiye dAndriaeld deaeesatidh feaREEHS HPS}CCE PEVRRD f%wdp‘ﬁﬁef iy peween 1-
o/a . il e, 1h I j e B8P E8iesel fuel,
w02y Ry ok yaenl el atians 19 13 o gt
bleat)@atifréce, &hsnial Vieeghe! Bodriveax, Péipddx, land $pray 9¢ledrier. These results

significantly bel ow i medi at el angerous to |jfe and .
are EmERFSQIDIGY. 196 Pl [optpd A Ui s s abler § iRy G seres
[ Qni tdaid: [LES: [ :
e GEpE 0] oF AR Tl REARROA A (SOR) reqirmens
(0.190Ma@NhHahd ovas abie e detdgplliseangenksaslal 1 8@B yreqgiercaicotsd@ mg/m” ).
sensor materials that can detect TlICs of . interest at

[0044] Wiigh esapecHio-femporturg ithy folloavingtesylipyere bservediyel s i n

weldt gh@SHi § LU RRRRE (RiHCHBS tesi SRy, QPRI challenge).

ar o Ui ficre Al

to"ﬁ { or deg AW deE nge of exgernal, co flttl %’ﬂﬁlo

i N3 Gplln §sted SRS ETERHY AR td)lé ’ar'lg,iity g‘rag el iy
[0045) Basech an rihe @hove BAsHkhHtIEMmPeTABITG apd HYgUdiy preshetngjepifigant risks to

. ncl uded t ' . i .
iR F31 ERSSRR D AR RO RTRELAL i nion
[00483 1h G&E1, Waver ded eanddtiod aperacits ofera condictialt oo diffeadpt hand held

on five hand held devices with tenperature varied . .
deviges. wouerali predietioncmiesesh dor efict §f heteiuts hes baganalyzg jugine receiver
hum di ty, .anddAHte i ' ' 9
one T b O 5SS DS A st
veryf20&@Bk spédifidity (felxe pddithdaxutio)and sapitiityd faieamgetive ritiekse
results are sumari zed below. The results indicated )
[0047) £net piothgeadivartagenedtesensnre Preyidre By theapiegqnt davention is that it uses

technology characterized by the low cost nature of the sensing materials as well as the read

out electronics and the use of such sensors in the two or more tier arrangement discussed
herein wherein a plurality of low cost sensors (of lower sensitivity and/or specificity) are
arranged concurrently with a higher cost sensors (of higher sensitivity and/o; specificity) so

that a large area can be continuously and effectively monitored for chemical and other toxic



nerve agents at or below the Joint Services
Qper ati onal Requirenent (JSOR) requirenents (0.1-1.0
worngdonB)34and was able to detect blister agents bet/us$2005/014032
JSOR requirenents (2 ng/nB ) . [0044] Wth respect to
R& D6 I EMsBgofsEis YidaBly WBIE R SeWMRH; diftributed, low
agen&) 5§1(-1'I&gg%rneest ed unltssvveroe operagll onal (funct |glonl .

costhmattomggystenn agent challenge) At 100C, aII 5 tested
its correct]y al

| | .
(0048} 653 o717 eaRIRSES 5% AR P PUB kPR s psgduct has
dem&%tr%d%&gelfégt H‘xaﬁ'ﬂ fdaﬁksﬁe(lé- QB ]agbrtlohqgﬁls ﬁ%ﬁﬁ@ﬁbe@i@n&eh @xtensive

ove resu erature and y are not
labosit@nitdstiag of tlid @knsorttecrmk@btselfd;ae foatn omdoéted hdhsgntsets sndicated
used in _certain enbodi rrent r.esen venti on
ite] Gowe  reredsar, GFBr WBBD GTicBE O bxEr L GgFYed asent

Concg fﬂ) %ed on 5 different hand heI d devi ces. Overall
i on success for one of these units has been
[0043]1A|ny&1eﬂ eldfiengof &catoessfulogpasat isrthatithe avnefacBiring prRKOS) be robust

curves. The results of these %pfrlments cl ea %tlg P
withdhigtomanyiactarng wieldst ARpl lg&ﬂt agg laped frgbysf magyfacturing process for

poly&%{c‘ c&#l}ggs[l%gs&lﬁ@r akfle ?&ﬁ% vantty(&% REei§OAVEs(Rated for the arrays

ages of sensors
sent Pop \live eggehy tdstirg.p r,QSc&mtparlnme of ithe tiagning aataj foryse qunits under test

t echnol ogy charact er zed b%/r thtﬁ | ow,cost nature of the
demagstrated igh degreg of ‘H’é%lt}’a oS HESS WS out el ectronics

[00st] A bligs %'esaﬁn‘g fof SeEdin gﬁ%ﬁ@iﬁ?eni \';\kz]ftthg fe‘ﬁ%tQﬁvéﬁ‘%ﬁ‘ 1§ ﬂf‘erexpandablhty
arfangenent di scussed herein erern a plurality of
of ﬂh@wsc@@t Behser the (defectopsvase arnsiay ibasddyammokchrand these sensors are

ecificit are arranged concyrrently with, a hi
G A RN A L T TAC AL R e

Bt by 4 A RIYH OIS of through
v SRGFGE g ARCE LT NGRS B0 SRt el vt
centﬁa%éb@ ag@rbtnilystmystemr rlarfg&n&mconfmd:romd bast heldrdewics that is sold by
ideally suited for a wdely ri buted, |l ow co

appliggni 15 Blngge%%beerﬁsel[ woined” sen at ﬁ%‘inﬁé’r‘?dé%ﬁd}%éw A yast array of
n I
SR A P R P g
demFxﬁbgaﬁﬂ tHat @ifest @hbuiges c?n EHre]:dmed'quy |t1&m ema:ih us;Trt eImscpnpeembodlment these
aboratory testing of .the sen t echnol o
M E AR T T -
is 1@%@&1&9@ alI’la %ﬁemghn%pﬁlrélﬁ&g%ta"ﬁ ]tafﬂrs@'léﬁﬁ?ﬂlerh&ﬁéﬂ

en concentratl ons. Anot her el enent

[0091] 2 cﬁb&l@@ﬂf‘eﬁﬂier sewRQtertdin bﬂnhbdlhieatsnﬁltim‘ prestetnt mvgntlon use polymer
process be robust w th high man f actu

compeie RS FRrd e ek BRadu oD e RTINS PF RS pinggmaterials
f |
can \Bgén&g%\éﬁhl %g h e?k&v@d S&gg&% i me LR dS GRS Rbntrdli SO I Hﬁckness As

I gate e arrays sent for live

showfl @thetgegih 910. inAighpnParhikcahe &ifspcbrhse of t}msensemgordaﬂ mpida(typically less
Si X units under test dem)nstrate Lg de res L
than 3] $espnds)ythe sgsparsettivesis nEeRardonal to t where t 1s ilm thickness. Thus,

a reduction of film thickness from 1 micron (for example, the film thickness in certain
embodiments) to 500 nm improves response time by 4 fold and result in response times
significantly less than ten seconds. Thus, certain embodiments of the present invention
provides for an improved sensor with a film thicknesses less than or equal to 500 nm and

ideally with a film thicknesses less than 100 nm.



[ 0050] Another feature of certain enbodi nents of the
present invention is the expandability of the system
wdemansa4t he detectors use an array based apprparisang014032
t hese sensors are broadly sensitive to a wi de range of
1SbhY: il eV GhE M G cORPbi% RAsBAANSE abonifisREd through
[OOSQn]I;%H‘{hI%#)fe%ﬁtls Igy updati ng trc1e ?delnt [ fiscati on al.gopﬁ?h_ns, .g
modigyihp ®oththe homrohduetngland eadudingt fhasasgh apaded invesiigasiog materials
dat a, anal ysi s stem In fact, .the co rci al . hand .
and HRITIZIRGATGE FERGIHGes AT e dBie R I ooecP Y pyterials may
havetégns"iﬁ'flﬁés thheAr0 80 thffestbbftbr &Qﬁp&@iﬁsﬁfr&ﬂi&ﬁuaﬁt@d.used In
a vast array of different applications by sinmple .
[0033)BN@eQit @nbditments fthe prksait guventibmeses Towel fldar mpatenals thet improve

desi gned so_that these changes can be .nmade b he
SenSQFséFPSIHIW%nBeEi%o&’PF}%nW}tﬂt ﬁ‘ggé LYﬁ’E;l]r aF&ét?naF‘ém%tP% | ég%TS) has
demr]tn%trta{%ﬁ dﬂ“?g{enﬁélafog%‘ﬁﬂé&@@%pﬁs%\ﬁﬁf oG ds REERASS cHenficals including
oca ata analysis 1s Inplenented) or in a seaniess
nitrogem divxide andonte sWatgroxdeingsosradscingpigententledias pleoHegn recently

As di scussed earlier herein, c&léqtiai n, enbodi nent s of.h oh d
demensrajgd dbat pertpBFHed RAROBIECS SOHHHIOTS GHRBREP s SEROG: With enhance
chenli®dl s ARAanl tge%esteﬁ&;ré %ﬁ‘: als0GseASHifPETRAE EMBEdimBRS Bf the present

existing erials can be 1 nproved through inproved
inveBEROSULd ofS WaNTsoahel ST Towettvoxkds ifestiibed, tfon exdampds in AP. Novak et

shown in_the graph 901 in figure 9, while. the. response
ol AFPLt e LEBhsatah 4070l piiias fep ezt befip oA Piboses.
00857 B8 LR AT p0BRne ey byt v
robuki toTchdhigtgnessrohmemal conditioms. ( For esotasquiser, miatesiaf ideseribed above,

thi ckness in certain, enbodi nents) Lo 500 nm i ngr OVes . d
comprebpisinse testing of sansiyiY, SREPANSS (P NYHIdYs SHRRY repslbility, an
ensth Y {0 e i BUstRES of th
e SPL AR (TR, (e SS9 of e smor
matérY ©\@dirsanamil conditions fi | m t hi cknesses | ess than or

equal to 500 nmand jdeally with a filmthicknesses
[0055¢ é@tlglrfgwlﬁdgcqqﬁql Pg@éﬁpl%ﬂt}gegﬁapn F]l‘?ﬁr?;b\f@ﬂ’@fﬁt ati tﬁes[e [fgnsors are

L € h 1001 in fi
ST T A% R SOFRAEE A AR aph 1001 in e
10. PRigERS1@21sd ghakls df optivak ihagat 005gamh e rAEMsimagd 1010 of a SWNT

optim zing their performance. There are indications .
netwadrk chegpiyesiger .mqlet@g mMeFHES ﬁhas"‘gﬁéﬂ’/ r és\yglcg Apan expaspreto 100 ppb if a
com Bl BB L SR R OUEI Nt wih ih il
usinplcBBAHtiohal\0tal v geshic tohudsi Mheruseraf SWINT setwhosits eliminates the

I mprove sensor sensitivity. Recent work with.single, . .

i tugsh
needyésl posiianDBAVidiAbY WRES AnduRAdIFCHAMOMRFASHE (ARG huolc device with a
ot ent.i al hanced sensitivity to a w de range of
mor@ﬁ%’ﬁ?cué: Sle:;e%@?xﬁsgi ng nitrogen di oxi de and ot her strong
[0036]I T #ioAgoP kerisOfl peifognmgentxtensive hahsragdrg dessignis conducted on the
recently denonstrated that certain netal nanopart | clg hitial
sensoprodienielps BRSO YEIEE IEWABET HMf PHVEN Abinc BT EtighEq 20 itia
sensLL ) i1 i PP S QorSBiitWiok false negatives) are
ce PR SR PTG T SR B 2Ly Gt e rgatives
conducted. Some of these arrays are then sent out for live agent testing (at a mutually

determined surety laboratory) and others are incorporated into the initial prototypes for
system testing. In certain embodiments, the system parameters including the analytical
models are adjusted so that a target Pp < 0.1% and a target Ps < 5% is achieved for all

compounds tested at the IDLH level of concentration without preconcentration.
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i nvention. Use of SWNTs and SWNT networks is
descri bed, for exanple, in J. P. Novak et al., APPL.
W07 MENT. , vol . 18, 4026 (2003), which is PCT/US2005/014032
i ncorporated herein for all purposes. [0054] In
Cor oo LY — _
00s7hTh¢ ko ROUPE Se Tbfal Yl EpddRIRERL] Kt sl
platfEfiy.] ThiNJei Giting£dRekisot amay. infindesesewbrab diffecant nidneirésastor approaches,
descri bed above, conprehensive tegting of, sengitivity,
possitéis jpshiing ssnsausring sipelesensor iy mads gl egipys okgppducting and non-
ensitivity tq. jnie epce; ds.4 f
condiE b S BC RO SuBATRAND s AR {dops) and
comgcmltiag pade Roal ICRRNsEnsoromsade ffoddSinglelwilt ¢abor pswhtbes (SWNTs) and
ocused on CWsinmul ant detection clearly indicate tha%
compesitse nastes GpB SMENTBnaet \RX14eo SEITPNAUITt SHIIANSY SPRSP{Re based on
ent_ sti mul [ kA
e
oxid&FMni ggneal, 10 tertaih embS¥ienewhioh kise brhbgoasi sheing amvtinolbgies, each

measur ed change in resistance upon exposure to 100 b .
senspr arzaycinehides fitterenytanes of §ENSREY PeWhigh Ahe transductiypmectianism in all

networks c . & ' i . US| .
Sensgﬁr{{}eeaﬁ’t“ieoan%gng%gf%%%ﬁk%g’?%%%%’ pj ec ﬁ%ﬁjggm Uc'%f g&uesfrébog%ments’ the
at leSX\Oc BEMBBENBrstak R diaisas conducting dnd norpasiduétarg material.

i ndi vidual SWNTs and produces a nore easily "
[0058h Highuee: § Lifsebrliegraay theel teaicupsrirmapesRigusipglp sgnsor array consisting

respanse. o6]. nixt.o r
of 38R0 CGRMhELR PR LAy RIS, ARG TSR arey made fom

mul G510 $@es BRtEAI filiS chetedBidre Senders saxhibite aploipkly differentiated pattern of
curves are generated and an initial determ ngti on of
respPiise t¢ diffasensiclasses affanplyies@ppiss i GrpRib s} 10-digplpys the response of the PCS
robability of false.n i
polygier { GRRROSUE (SEURO™, 14 t?'ﬁ esﬁg@ge ns;éﬁs:‘)()ﬁt ﬁ?%r ‘&? iqglglﬁ?g gﬁt H"r at IDLH

conde@fhtidio 1dval, @aphitiuad ! dispigisethei resbrserat $WE@EDratlolGh conducting
and others are incorporated into the initial .

polypreptsspsapedn fibe Sigly sensPRSTRNGC PrercRET PhPAINAID IR el at IDLH

the syste r anet ' ' i sndal; .
concgpgaté%] lﬁg?rp é’lﬁ ELap, hlg?a gks?ga&g giquéptgnge @%ﬁg\f&%ﬂg ST gé eltﬁ the single
sensof @rr§¥ B9/t pr&étice EHHENI inathe aioapDitid sohesitratomtievehe The use of

I DLH 1 evel of concentration w thout

orthpgenabsensingr aehnofogieson 7 simgle sSpior #ERY PEnddss foF grppteg deliability and
or t.hogonal, sgnsin nol ogi es on a single, sinple,
rangﬁloépftg?t}ﬂn bﬁhtﬁg,seqsﬁé&g fimal sensor arr aygi ncl udgTsj

[0059% \(Ricaf tRE fehRE QNS ceRgifiehftdiats Gfthe prebtiesnvendss isprgvision of an
including sensors in a single sensor array nmade from
electrenic opletform chaidprsvidey laWd nAISH TReASHIFRICN Ty dRdt eprgriate power and

conﬁ%iﬁgﬁg%%% ol 'V%ﬁé {B%gié@#llre% %gﬁgggf{ﬂeg@c&%&ﬁ@ﬁ%?ay be refined,

osites nm Sensors nma

a culfeRAc3ieRat BestAbdd manfiemenns thetfoHowHmghihmpraphs,
conposites made from SWNTs, netal oxide _se,m',conduc}or ) )
[00604 spplisants daso deteraived) tat cygephRarformargeels;lynided gy glectronic noise

rathgﬁ@%ﬁ%fszrggra %ce)ge.o El‘hg:mrge'foarle,l tihgreni?g%&ge& {mﬁgvifng R BRL @ rics design to
improve overall signal to noise, and therefore sensitivity, by decreasing the electronic noise.
An electronic noise reduction of 10x could lead to a 10 fold sensitivity enhancement.

[0061] One of the issues in certain embodiments of present invention concerns how to
communicate alarms back to a centralized location. There are two competing techniques that

may make sense depending on installation issues (time, installation cost, etc). One approach
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oxides. In general, in certain enbodi ments which use
ort hogonal sensing technol ogi es, each sensor array
wo pbuotso di fferent types of sensors in which PEEUS2005/014032

transduction nmechanismin all sensors neasure a change

is usir%oaeé&g rrlin%@arrfé? Oﬂﬁfstdpﬁfoacl'fﬁfdvt&rs AR Rability b@ﬁéﬁt‘%ﬁr&e a wire is used

Iments, the at | east one of the sensors
to cmm@mmstedfeyonfmdmamwm gndaactostoveneHinaiuitusey pmamf;tual infrastructure to
058]. Figure diiagramthat illustrates
cambii BHoRmEEn of e rsFirgon S AHE B hilfbe s BNLF $hiRg mypt be connceted
to a E&\Lérqfn% %hl&ﬂ@ﬁlsadﬁfms‘mﬁa@ibﬁ %§§t%h@/6§ resﬁfct hHlldEIer&bRﬁnieﬂt locations.
fgure 11, such an array made fromnultiple typesS of
[0062iThe fédond abprvacte siosldobesa saredass somriinfsiatien grdioephl YWith improved

mesk PRIRGERS 1S SRERS b ETgIoF ACVEIAEGITL PEIEG ARG BGe o vice anywhere
(assﬁrﬁ goa%@% (rgés 8%&13‘?(}'5 gin)ﬂr@ﬁucl%ﬁ rf{i’*?%la:tall%lrl%g%‘t§?r}§ow&e¥ hRis approach

mayeénmaxeﬂ‘arlas |rcﬂmbleeaoah¢ct@namhn gl Batiors phery slatahftow asqnmlnsle

of SWCNT and |.CP conduct @g %gl ymer sensors in, T
10063] 55 6 S IE IS AeBLRL 1 5F, AR ST VTS pover line
carr@{\I cbRinF A6 %ﬁdﬂttb qgclh&’é’ &l mBBslaf bARBackl 30 tHtSik amunications

the response o sensors in the single sensor
modaleriay séarith @a o gresersoo hodCN his alldwves for a catmmdplsensing platform that

concentratj OH | evel . The, use of "E (]_Ehogonal sensi ng
could bg pHBEEhHVER }ff?r%llt§f”i‘?§}‘@1°§‘8ﬂ%sotfle P{Say provi des for
[006gl 321{6}? Eeas & t@BF%&%%ﬁx@ tﬁ:ﬁgfcafugg% Sglgésrqg%ta’gedrrhglle r%Jowe:red with
batt@pivack-apnThe aﬂvztdt@emfdmrliowenwsemovm cost qfrapvniessham ability to move

an el ectronic platforn1that r Vldeﬁ L noj.se )
wayrdkes FBRAAVOVER doHiBhy 87 BT AEVIEN ISHALIOARBRY T mgRG clements
sucH QE %flé g)‘l:etec%ncemaL? U Pfe qagé'ﬂtéag%dofj?@lh? Nba@bryt BEWEr is the freedom of
e refine current desi‘gh is

placéﬁi&ﬁ‘tr dnld eﬁwTﬂtoﬁmfenﬂﬁlmg (ifmetvipeweo tdroes tians pag @gula‘phs
0060] Applicants have determined that c o
[004% Ap cﬂeﬁamémb%dlmewt dhe Byt gBgY g’ﬁ @e ‘ief%F Slistebuted, gponitoring
thro ekéo%?r ?dﬁl ‘or OMr85QkiBn. fiEfefork Sthe 15@%?(1&1”0&]39&@%{ B&th sensor
g ics design to inprove overall signal
can BObs& utitinetl iftieis Sk arght Bavkstotai oentryl, lotmyiode @neasemtgallzbrb this data can
el ectroni ¢ noi se. An el ectron({qqﬁ%m se r.eduction

be fusnd and| fagther iptespregtipy can 8 S8R t )}n&qﬂgw‘ge%mzsu‘ﬁmg tnformation
can[Qeo H f%e% Q6 Mol SSMERs! Qrﬁd?@rr i g@HbOdFH??rHa?a fggregation and

Invention concerns how to muni cat e al arns
1nteﬁﬂ@tktlérppravﬁle§1fdrEﬂ:waefdlsé elaats aml ce'n'ihaalnzz:dambrmam:on display.

eting techni ques that may e sens cg%n op i
[00661 ag isoyided st gHawpesach B SR &? or 20 in figure
1) to r%%glﬁ:g %bﬁ)gﬁﬁfquf %fl?al.céc'}}cgg CE&??H &datiod k‘fo? example, the nodes

roac es are enefit since a wre
30 dr$ Ous ﬂéufeﬁl )¢ OMigUdte 6drﬂnklayle alafm imfatmationcand rawcdagt for use in further
benefit as it uses pre-existing infrastructur

Contpafattlynft i 1 GomBPIREUAT: T T¥ILGR PRI (o event driven (cg
only ent IQ’VI}%HE&&' %Bﬁﬁtdeﬁ&% 35] ﬁ‘ﬁﬁm{pﬁs barREwith ARG tr&ﬂlcte Qofiplexity. The

can a I nst ation cost and/or
aggfe@&&dlcﬁta av aiilizddl by depkspyemeritvdl atnat inderpretation software as described
below. Furthermore, as would be recognized by those skilled in the art, the data aggregation
could be performed at several tiers. For example, in one tier, all the data from all the sensors

in one building or location could be aggregated (for example at node 30) while sensor data
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[0062] The second approach would be a wrel ess
comruni cation protocol. Wth inproved nmesh networks
wo boos/ozgapr oach of fers the advantage of bei ng abdBUS05/014032
| ocate a device anywhere (assum ng adequate battery
fromD oale Mt dins Lé%ﬁﬂl b@%@éﬂe?ﬁ&d QP aCQebid tiP Y &xamipll, Sn a central
appr may result 1n"a less reliable connection in
location Sppd shoamiindiguteel)e data flow is critical. [0063] The
st em of tgqxg |nvent|on I s desi

100631 FFaftathemBpdmenty st FVERCBPEPetes cSAtINF Sairgsgontrol or
bOthqggl 1Ll WREh Qe\?el g&ﬁk&%& nBEPRRARGESh, 28dd Reagkdibte and interpret sensor

muni cat | e is a separate part of the sensor
datarmdee singlei SOcRL Iand\softwaraatocpmmh ferslibgtiph af fdsviees labthe point of

coul d be utili th different co ni cati
maniehgR 8 (DB ¢ Her By cened Senpaapenoliey Eifbired hercin uses a
tiH Aty @bmbbiRis FRNE b §ratd t This lib
patt%g;ﬁ%ﬁ&ﬁn %Q&h%?%&a altrjlt ag}é orfnb |ng power fégya 18 Hbraty can
resideOyigter ©ﬁsthe dévmwoe it hirpmotzblotatiop. pphicant’s dWdy PateonNo. 6,422,061
ultra | ow i/)ovver desi and ?rreater desi

providesyadsitignal, dgtail EJdWeﬁle%?ﬁﬁW@r?lde anspfting. a’;‘éﬁgrgsda(tﬁ @and identification
llbraneg%QQIC$ trvngrlg’ Fth Eﬁ%lo@&‘éadﬁ@lﬂ@h ?sf ind&ipBEhtdaPbY ?erfé’reﬁ&V\ﬁérem for all

the om O | acenent and | ower cost "of
purposast alhiatapproaéli ﬁllcvm/fcpomd upgradany pfomstrements esjnewdhieats become

[0065] In certain enmbod t he sy
o hor e i oA B Tk R ot improvement
in s&féitivﬂg Afd Qécuﬂcg?{]aéh%%l'e AWroudNESERIRE Bptith At GINAQHEREAON

co ted at sensor can be best utilized if it is ]
[0068] QU gérivobla ok atiton@maesntensdrs rgpoaingoto. a Gmewl keatiompifersdhe potential

this data _can _be fused and further. inter ion ca
to g 09 £, AHFIS AANEPGN A9HE TRGUEHA (G R B aLY GAoved at the

netw?cﬁlg 1&%1 | i Qb AC&HLddAmERE tc}l:lg Ereﬁé’rﬁtl%tl@ﬂ? Bt RAdedlaf Rk@%EGYe software

ata aggregation an terpretation provides for
capdtehiwr fol akssr alater fimsiand Inem’ereihbcxhldemtnfwc maedude) of this system is a

di spl ay 6 Softvvare rovi ded t hat
symbelto dgtF émod@km#)re@ 3 fifareinotnia (e Amsosatipes! gt BRI o different
c et & ¥t of rul
matﬁéé‘lé%ﬂf;lgon E‘pda@ltle% thgﬁeﬁggaido%hgf iél ()th?ﬁ?sftl B t of rules is

appligd td hthis cthaet ao tgameratacdlandzed adtzacsrrand]faoomalueson Véhltﬁ ﬂm\mathematlcal
data for use in further corr&lél a\%escr tthe cen 1 G th

analyie GRS I anefipt e BRod PRGN SSemE] THEa 0 gh ebplication so the

it m%‘&lb\égﬂqbe( 8esBribdhya S‘Ex% dl\éﬁ%gbaégd’eyﬁﬂ orlefit. dB{ %Eﬁ@brdso this portion

m ze and w dt h uce conplexity.

opeR@Sodgales duchedsaifi a:l?armtA lsoureld doynothieg w}lssts@&arine& edpundat In addition to
|nterpretat|on soft s descri bed be

thisles RTRoReica SRTNN TS LRSS s A0 a3 RELEmalsd!tagfs o identify
anoanhEsh g{lﬁ% qudﬁlré%'t_]ﬂ%sq{ﬂg&? RAaLdV8AY (M) ﬂéqaérﬁfmﬁ’olﬁ‘éhes based

lers. For exanple, in one tier, all the data
on bfdbﬁ‘blalltlhs tofiepassing ot | ameostetebigi hdsengld)rstamcﬂtq biMMoquj different

b ted (f | d
Ko TENTEAE O DR
algcﬁﬁﬁrﬂngr 4 B?ﬁm(\ﬁlgfsll QIARRINE; as Would 6€RAGH td B 4iGMed tASart. All of

i gure
these methods are designed to find hidden patterns in data. The output is a prediction of an

anomaly based on a number of discrete state variables.
[0069] An element of the system provides how information is presented. In one
embodiment, the system of the present invention is an autonomous system that interfaces

with existing control functions by providing a data feed to these existing control systems. In
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[0067] In certain enbodi ment, the present invention
proposes extensive software control for both |ow | evel
wanachiyghe | evel control of node function, codeP¢DUS2005/014032
aggr egat nd interpret sensor da at a single node, ..
cert@zﬁ@ﬂz‘féﬂ@gﬁ@l%nés- PheoRERRaT fyene) g fdes _efrlileb’f'lsaegw%@scaaablhty such
an i &@at%?l' thovgxfallrﬁ?gwﬁ% o] @vitgﬂgill' c[bv&x{]&ﬁ)fabiﬁ!tigs. ThRis@bpd¥ch, a central
ased sensing technol ogy di scussed herein uses a
disphat il presatt ahied dighpgreeadiphtt inddeti@c t(oanther diamilar fiydicator) of system
compounds froma library. This |ibrar an reside
healgh/lER ST ORI dOb F53Em FTioBdpEherGetagHon Will be available in

i , ‘ | .
s A0 ol (B 57, SO SN By e ol
helpgainedfiirgt thapendardon sthert dnfidrgaicy @ersontxl arAresxamisle ofi such a GUI 1201

networ k, the disclosure of which is incorporated by

thatmggycdieaised 1sibpwnan fighredi2t  pur poses. This approach
I r gpj aci ' e .

oo L3l 208, LBBEEL U8 B ISLUTEY 340 AR g vt
throdglicut tasfacitidy bethetbn tie- fdspeotiveysddpboying thlechodes and interpreting the

i nprovenent in sensitivity and accuracy .is achi evabl e
results rengiedsteamm g Bodspt Frem 4B Berspactivhal Aerleying derrqdepin a cost and

e . 0 S ; r: i: \

ISR Sl MORRHERRATE'F ERRELDST B B8 URle pevorie
sensdrHgeiBratezch dysemowRosalparfoinmnee iscdigrificdntly begér thaf theaum of its parts.

depl oyed at the network level. In certain epbodjnents,
One; pfethgraaiarresylisefmnpbing thiy PHBSIPIENIS dhe SHRRTG®Ig0P fadseerlarms from
. i L . f n 3 a . i . i . .
neEARRL e R8s FEAAAS eyl Q0B STRE Qs i
clustdied afr@pds nelivetkeet @enslat gwhether ofatharfirst type tsensogs pndioidsecond type

applies two different mathenmtical or anal ytica
seniir oAt hetd the arraeand clpsten devals, diversersepsnss fli¢ gptinad guppiementary

r i “. ¥ t h by b
snfl o8 AR RARIPLEEL| Go8y B934 CTBEUREEL Bt o s
clustiréd yatay sohfigvaittonss tgemeweic,a vadetyebf ofuestibies iftistlinge whether
determ ned for a given application so the it may best )
supplemgriaty sepser &8 necdedwith sagh sensebr AWPuHerach ¢lpster; what is the
opti(rfi{,ai1 ﬁ[sta\ﬂg!: ggt’we'ég“ g‘nsgf%rehfdo LT HEwhAR fidl e?%c?’l'}f:arez?tﬁer on specific
't al"arm A"sounds "do not hing ’unl'ess alarm B sounds. |In
sensddli Thomodelindissalgorhsed thassieriypstemdevel ce@santelationgeestions such
uses nore advanced mat hematical tools to identif .
as: Whria the st THMBColRgAEoTE PFY Slusier; MTAH BrhREER GUMRIRERSor types in a
Lo 1 dent jqf: 0 ' ighd L e fails
clustdit B is Bk SRR eh BT BSHS (B0 o B6AQ b Heifl's failings,
witldhff feadt ©nt tedeothai Wbiks ih enadetélevant hesthepeaiditivinki tThesdata fusion and
such as a Viterbi algorithm a'formard-backw%rd )
analypig APPIGIRD 310 AromidemsolNar Behsrn deam palems pipyplgm behavior and

optihng?ci\qg%jggrf&a&gge gk%%h%%gk‘%ﬂgﬁgﬁﬁ?g{ leaftls' fr&@h ifsNERBikes and evolves to

are desi g den patterns 1 n data.
becdhie bettdr pidingi téchhiquies okt dsarrumd neswoalsowhicl ateawithlinahe abilities of one
_hunber of discrete state variables. [0069] An el enent
skilledl in fie aglyst em provi des how i nformation is presented.

[00‘} 1'1 0 the perspective of interpreting results received from particular nodes, certain
embodiments of the present invention model different deployment options and node
placements and factor that information in the analysis of the data received from the nodes.
Therefore, in certain embodiments, the analysis models may give different weightage to

different nodes (or sensor arrays) based on the location, type, and or density of nodes in a
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enbodi nent, the system of the present invention is an
aut ononous systemthat interfaces with existing
W@ ovb0Td44d uncti ons by providing a data feed torpeheEs®05/014032
existing control systenms. Incertain other embodi nments
monft§®d Qﬁ%sepsr LS| 10Rn| A6 HECS 1250 BlimbkS U kit %e‘)&nsor nodes, a
capabiTity such an i1 ndication of "overall system health
singléinole dfdlldaltmgi dwrprescpedaoif a partieular agenthwberathp otteee mpdes do not indicate

central [ ent dJi .. ght
the TRGPELES BHEDCES Sa5Dhisr ST Iern e RhEE b BF nEge indidhiine the agent
S ste
was@ﬁ{ak@i@kﬁ ég?t?r\;aeﬁ g‘ﬁxs\f\:/lqﬁlvajabe g@vrg)lglésabl)/e [ nm S:ggm cal

[0072pImdraain emboditrentshehef eudrtd ypasensbcat nmeme sé’ﬂmts/e sensors) may be
capabi lity may prove_extrenel

ST O —
Wlths%%ﬂf%ﬁ%}lulkﬁg&ﬁ GO a dﬁ?zﬁ rhhsS BfWInds spb@tnfeters. More

anent e sys em is an
recemthd efiniadiiited genfons of thede dequs lamel beérs deviehaped dor use with hand held
throughout the faciljty fromthe ers ective  of
devigrsp| Nhilegsucher dories damt Ooff i DPEIoHY 1 HfeSPELYtY nd Perhaps even
d K
o 1 0 ST S el s, e
Systdi mtﬁistnessh thcrmbked @peratoinpl @stssandhabremaiw@q mawmffactatizg. Therefore,

from di verse network dse enerat e stem
this GBI TG Weinb® U6 SRl RRUBALATY. BOFAdEP T Al ADRoratin of the
prec81tlce|n[r§toF A It éfa?%‘l?ef&fe BGaiR! Row eﬁl‘é}& Sofofih@ARYJd¥d NGodldi fclude a

suppression of false alarnms from
precbﬁkfaﬁﬁemslve generic sensors. This is achieved by using

cutting edge data anal ysi s th a cluster
loomfmekew J0086r 5 puRetERng} RwnErHEo JSTARY I (Cascade
Ava uset éor%?eve tPYIngizf’ QA S beﬁﬁseﬁ% QelE&FveW {rﬁy aiflfle(s) of interest

érse sensors Op 1 oNn
and Stbﬂﬂhl@y‘fﬂé}i)ﬂi ¥ nSens tihg: widtihpalse niectcemerui‘abﬂgi analyt( fmea ‘hjrrow orifice

GRS, b d. Thi | t v o
i A5 TS i o
extr%ngIStlg%:ﬁre%sh&c hﬁ) nY-anvies by h HRip FHEPHased thfw ﬁ’rth@rd@wce and

each sensor, or only wth each clus
intitdtally dofitattithe QdjorieRiof dhes&ﬂhctmrbsﬂrfae&wvﬁeﬂsanmlmum power expended.

clusters; and what is the_ effec at
Collgptéart flpw is elivseted nompal ardadiFsey t thaotigh & i EAGe () GASRAR, which is

t K
e oL 107 et

corrB@RhddTitx a0f opeisgsr Onpes mora collastibarplates cas lichesed @ necessary.
conbi nati on of generjc sensors that can, cover

Mulgiplseplates fean | alsagBe staeked tor proile; ingrgased, collegtipn e {Xk%}%yn wever a
smg:;rD %ﬁllerc?log\ﬁﬁg h\g?q}egﬁ?rdeﬁﬁﬂg}att as an-létfﬁ‘mgﬂt &halH8 1c8Mecblddesign for

foach SO provi es software thdt can

explo@ﬁwamﬂt ﬁawmgemf simyuddne (DBVIB)V i or and opt| m ze | ts
erformance at each particul ar site. {O M e veloped
[0074] Alirnatekemicpmadyead, BxcoRrepiRgHEcHapiogtes Vﬁgbeen eveloped in

whlglhe%lr] %éﬁ%c?%n%%v@ &2 dﬂg&E@P?{ggéli nrtﬁicc‘fm:'cﬁgn irac® THYs Approach does

Pr'es of one s e art
not allow high airflows, with intimate air to collector surface contact.

[0075] The surface of CASPAR is coated with one or more areas of sorbent polymer(s),
which act to selectively collect and concentrate analyte at ambient temperatures. The sorbent
polymers for a number of analytes including chemical agents have been designed for trapping

chemical agents. These materials have also been specifically designed with high temperature
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[0071] Fromthe perspective of interpreting results
received from particul ar nodes, certain enbodi nents of
wo beprasent i nvention nodel different depl oyneait/Uus2005/014032
opti ons and node placenments and factor that
stabiliﬂés‘? P9 fdrthdrhfa] 8yng SNavaD RebdrectiBdtrdteG€s WL THION polymer
the nodes.” Therefore, in certain enbodinents, the o
coateaiNBAPBAR devibes baveeheeyidomonstfatesiteprovigs ety digh qadlection efficiencies

ifferent nodes (o ensor _arr on th « »
for ey ety dnenra aaaRy o OMMEE PR M e, sary” non
optir?flvzgcisi Prc{i_' % EYANRY, RenslitlvifgatsesbsBded Avek@lrthe HEgIBE of Bultiple orders

e sensor nodes, a single node indicating the, .
of npgesedece Adler ahpesands of dheragk desarpidon chidewt e degredatipndin device

not indicate the e ce of su ent. i,S giV
pet g e B R SRR e fent soben
' ifereW hbntLhiRt TS, Yoafi RAY hEmEONEIREDAT: d
mate\ﬁ%%ég£g?glg%]?t@ﬁen céebrn tain enbodciama nts, t hﬂecorﬁ d 1? ;g%uence an
fromsieitmily sliffeentnapemting nemnpératares éo diffesynt dggorbimggempergiaes to provide
W th preconcentr at o,’_ﬁz.. Such preconcentrators are used
additignal mepsuscaedf BMAIAEIRTHYD wi t h anal ytical equi prent
[007§);?He fow @ﬁnﬁf‘ﬁﬁ@&f’@%@?ﬁ% ANSv B UeFRE A HRMRARHSrom ambient to
re recently, mniaturized versions of these devices
analytadesdogtéom tempedanpednitior millisccondstimeadomaial dhéreallopesghe injection of
Wile such a device dpes offer the si bl i of
2 higlp QRTINS S GAREFS it SPAY, PPANEy GANEHRGHEhpg thermally
rampéd 0 erﬁ%HErWt&ﬁ%éaﬂafésct% Alovr AidrbaatRlof RAUSTes @8 Sorrespond to
reduced systemrobustness, increased operational
diffee@s tvaporpdssuprseascehopinein thedisgeae UADhdn Figvee df orBhis pricegss offers
capabi lity may not .be used on.all  nodes, an t r.adeof f
sepagRIOP oSO P EHo HOBHIS RS SOHOBH VOGO Wt BT grigonts and
anal &S 'o?'iﬁ]tgregpyﬁcmytflgfchteﬁﬁ:apgg&%.V\@Uhgditiﬂﬁf,' MARipfe areas of CASPAR
reconcentrator. [0073] Figure 13 shows a
coated owichredifferead sproeniopobmierst BreeGASPHFeeB0 langlgtesc g be thermally

Aval anche Sorbent Pl ate ARr whi ch b d
st S RTPorp RO YHB TP TS O GRS RO g throveh

CASIESR W Be %?(;\J’i@é@ By a{rﬁliﬂvﬁt@}é‘faﬁl&bﬁﬁ% eb11¢c86k 8Ad h atigfiture pump during
analyte 1nto a narrow orifice intake. The design of

desdgWAR provi des a high surface area "collection plate”
o0 S S B R S PR, B Bl i
follciiﬁgé ?hf:g ﬂa%t%@)hgg édir@ﬁig&lgﬁlrgcsgz}rlh adobptatedhérBifin thdit éhtireties:

ni‘mum power expended. ection flowis
di reexsugd6ifunddieldsedsidg mpmardtys t hr ough t he surface of

CASPAR, whi C;Q if machi ned with a dense array of holes
or 6855 gPatandheld skpsIPg 2PRAAWMY v 50 % of the surface

Corééﬁ%%@q-?asltg%eﬂjsr nSREIpMPsus One or nore col | ection

pl at es’can used as necessary. Multiple plates can
al 05376498t Gutloidhl partiples wsadldnisercsiregpasgys col | ect i on

ef ficiency, however a, single collection plate has, been
[0078d s sinvetion 1§§16%1bg$ fhie{ﬁng mltharﬁgqrg)}cg tQ &c?cgg?wlr@egﬁa\éf}pgs. These

dra\Liﬂés illustrate certain details of specific embodiments that implement the systems and
methods and programs of the present invention. However, describing the invention with
drawings should not be construed as imposing on the invention any limitations that may be
present in the drawings. The present invention contemplates methods, systems and program
products on any computer readable media for accomplishing its operations.  The

embodiments of the present invention may be implemented using an existing computer
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expl osi ves and a nerve agent simulant (DMWP). [0074]
Al ternative m cronmachi ned preconcentrator technol ogi es
whaooe/otszen devel oped in which air collection fPOWESENE014032
directed parallel to the collection surface. This
ORACHy FOEsecPt O V¥ ot i r AhrbEdsQWS incWpobatéd bR £ th
procgs:%?f,t% E}(f)% ctcor psuﬁédfsacg gg‘ntrg%t. S[ Ool%lg?w%he surfaéeOr Anomer
purpofe. CASPAR is coated with one or nore areas of sorbent
0BT kbt e LS o S, S0 s vention incude
X { Hﬂ%ﬁi & cngds ¥besartyied SihAveh ter-
progizﬁé%?@rt@?ge%‘tﬁ{ﬁ%\%a Perean esiagn?ed fgr trappi ng § comprer
execQta®ld ipaductigendsdatd biesauren sterddaheretiav Sucdl @mpuerreadable media can
speci fically, de i,q{led \Q/ith hi%{; ol
be any ayvaakle macdia pyhich & be pseesseth by & gsneral dirRse Y nefig! purpose
| r ' NRaNabléfmedRPtATES tlesiM, ROM,
com@éﬁA&%ﬁ%ﬁéﬁ%ﬁ% Sgglgﬁblgglﬁ%nst r%t ed eto pr ovime very
EPROMNEEPROMt CDR @M drcotbercomizalf disk stoeageemagnedigatisk storage or other
di met hyl net hyl phosphonate (DMVP). Even with an "early" .
maghHOTIDIES SETICTY OF SR FBeHBGIE Whishoiet b 1554 dAHSY of stbre desired
Srih b ' hdtloRs OF d8faSstiRbt d which
P ro%%ﬁ?ﬁﬂ‘e%@ ?{ér%ftcﬁglgggg. g&gﬁ" fb%él;[}éllrkltrrrgl Odsesor ptai on wes A W lc.
can by ck&ssed by degnadhpiuposd or speciat pugesé compnice Heberbgdermation is
observed. Multiple areas of CASPAR coated. w.t h . ith
trangfPaFech 08 RTOYISP T i MEMOK <O AUt FRTURICAYy, ponnection. (either
hard@\g%ﬁt Sirdfass, b g’%t){n%ﬁ'gtipxs of REREl Yr d8RRDEE d ddnfRAkIEIMe Romputer
and frominitially different operating tenperatures to _
prop@ilf fvisvanthe demrrbiomas 4 espprtetieadable megiuow | Heisaaiyi tuch agionnection
~ measures of analyte selectivity. 076] The .lo
is PIOREIISTAL3 SOBPUISKEIBARPISTHShET Y InoMSTATIoas b s busghgpld also be
- Rl Gat d hf2Rial ©OBRpAeeRSutdbld tructi
lnd{r‘ﬁiel(alr%lvg@gotﬁgss C@% rrgfq g%lﬁglﬁﬁpl%'ﬁrﬁﬁl{bzé g% Pglvvs@tghé) I nj ectui on of e lo.ns
com@rilid, §br exan@hy)insatiétionsand dyth evisengiuse a gereralperpose semputer, special
nodul e. CASPAR can be t her nal I.%(gnrangeg tolifi nt erne larfa/ i
PUIROSerSEMRHISF.cF SRECIEH PYIROAS PEEEIN dBYL0S foy PEiian @ ¢griain function or

0 to different vapor pressures as shown in
gml{%h(gfgﬁdgfg%ggm 1401 in Figure 14. This process offers
[00808 e iV @ioh eiavbeen desceibed irnthiel genarahkytest fumbthad steps or system

hydr ocarbon fuel s, other solvents and anal ytes of . .
compRpeNEShIChIE baimETENEhieRe e iment by 2 tegtan product including

commd*etr.ie%c%ta%!eeﬁst%ti&és!: %Qa}%{égram tkbddsf @kedikeds By b@tputers in

|5’o yhers, targeting ditferen nal ytes, can be '

netwdiRédrehvisondeanr b@ehdrallys pepgeam enddulgsriovlude radites,i pyograms, objects,
nmeasures of anal yte sel ecti Viibrtf%' FlL ow t hrou

h .CASPAR .
comgPn¢ntedgis GHUGRIEES\PIR BAhPSHOME RHFUAS, oSl Bpii fet“?eé’ﬁ particular
n 1.nlat ur, g ' - 4 hon ] g d
o) AR S, SR bR s,
pro@a@aiedulde tepirdsentnextareplésodfl prograg thds. fopaxecitting sipsse’ the methods

entire disclosures are incorporated hg{ einintheir .
discqseql hegeine s The particular sequence of 'such executable nstructions or associated data

structures represent examples of corresponding acts for implementing the functions described
in such steps.

[0081] The present invention is suitable for being operated in a networked environment using
logical connections to one or more remote computers having processors. Logical connections
may include a local area network (LAN) and a wide area network (WAN) that are presented

here by way of example and not limitation. Such networking environments are commonplace
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6, 234, 006 Hand hel d sensi ng apparatus 6,085,576 Hand
hel d sensi ng apparatus 6,418, 783 Hand hel d sensi ng
wappanai4ws 6, 537,498 Col | oi dal particl es used P@T/US2005/014032
sensing arrays [0078] The invention is described
in ogﬁe%ﬁe Wt {l‘rtér?ﬁ% _GAUE cSRpREC AERIRNE, riﬂtr&i{e%waﬁwsthe The38t. Those
W ngs i trate certaln detai | $ of specif
skilleiviro dhienarti iwl] tapptecianpthatrewh mdtwoﬂwmmpmlramhvmnmonks waitidtypically

rograns of the present inve kbmeve descri bj
encopTiash MABH YRS W APRel Rt COHBVERIOBE. MEgRoeranual Sgmputers,

hand-§ER¢ Sh cé%n h‘tlﬁﬁ RERbE Oy s, | InflrbAbLQBsr-bdidd BRYpPgrammable
resen t he aWI ngs. 'The present Invention
consomet ele(afaiﬁcfss nembkoBEs, mmsmmpmtemsq cnginfognacomppwenscars the like. The

any conputer readabl e r acconplishing its
inveriay P OHE DRGSO OM BUET CHPUBRESENTOTHGRA CYle tasks are

perf(g’g%g%? b8 R8T 0h& ﬁt‘édegﬂfln@ae\%@sstﬁétrhge linked (either by hardwired links,

erprocessor, “or a speci al purpose conputer
wireREOLESS of by acompimatsred Haodwirdd or wirelessdirtks) thpanghb@swmmunications

[0079] As noted above, enpodi nents Mﬁthlg t he sgﬁqe ?%. both
netviorl m R distrbUG LAmBUSHE SHYITQIRETS, BIGREM THguae gy iy located in bo
locaCHRUL 6l h&a &a vgignd carriers for carrying or

avi-ng conput €rexectutabl e instructions or data
(0082} Otigdr ¢rdddiienedl theéneotion Biltbe appapant 6r thosmskalédein the art from a

cons@%;%g&?f&h?ﬁsp%&% AR gé)g;(g];cg ﬁ\@/ﬂ ngl%ggwagals&o (%Berem It is

ol B TP 908 AR o i

of tk@ﬂﬁ\l'dhﬁbn diss bemigandigaed brtdoliovidg skims andgpiiaienss thereof.
magneti ¢ storage devices, or any other medi um which
can be used to carry or store desired program code in
the form of conputer-executable instructions or data
structures and which can be accessed by a genera
pur pose or special purpose conputer. Wen informtion
Is transferred or provided over a network or another
comruni cati ons connection (either hardwi red, w reless,
or a conbination of hardwired or wireless) to a
conmputer, the conputer properly views the connection
as a conputer-readabl e nedium Thus, any such a
connection is properly terned a conputer-readabl e
medi um Conbi nations of the above should al so be
i ncluded within the scope of conputer-readabl e nedi a.
Conput er - execut abl e i nstructions conprise, for
exanpl e, instructions and data which cause a genera
pur pose conputer, special purpose conputer, or special
pur pose processing device to performa certain
function or group of functions.
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[ 0080] The invention has been described in the genera

context of nethod steps or system conponents which may
wheoosopd4gorent ed i n one enbodi ment by a progr anP@r/08200$/014032

i ncl udi ng conput er - execut abl e i nstructions, such as
whiifghaededul es, executed by conputers in networked

envi ronnents. Gbnerally program nodul es i ncl ude
1. rowt medmd qf rntrgntarmg fcukwhemtcal, omthqmwentagentsj &bmprising:

struct ures, %B erformpartic tasks or

| mﬂp@ﬁgﬂg a[SHF?IFtZQ pst SPRSOFS hqving g ﬁgkvel of sensitivity to an agent
ina ggmmukﬁzwggecutable i nstructions, associ ated data

structures, and program nodul es represent exanpl es of

pr mgnranfretndyl epératingx sxrond type s¢rspshafing deecord hvdsof sens1t1v1ty to the

di.scl osed herein. The particul.ar guence qQf suc
agen)ig gtﬁtf%flll@f?‘h%ﬁ??n}’@ﬁr% eo%FC%rgislsml of sepsiiiity l%'t‘trlﬁﬁéf {gpdignes more

sensifR BAPHHe RIAERI BPsAbitGRYLAYPONdi ng act s T of
I mpl enenting t uncti ons described in such steps.
[ 0G&k}vidhendarmbeintg, atrwmntrablncatis)nsimiptrafnbm thoplubeitynof first type
operated in net wor ked envi ronnment using |ogica
Sens@ \ &?gng /P8 AENseF mn%g%f tp dRistrRIng dheRreesnge Ahthe agent in the
morifo rs. Logical connections may include a | ocal
area network (LAN) and a wide area network (WAN) t hat
are presented here by way of exanple and not

[imtation net rki ng environme r .
cor%rrmt%%r%o ing toc1a) V%rr%th@rsﬁrqr@ egseeléﬁmtmat least

one 'ﬁﬁﬁd’i@& hﬁl’es Hyré ?e'ﬁ@ftl%c M tfugﬁrst Ry (H%Ensn_ﬂ] e skilled in
e art appreci ate that suc networ K computi ng
enV|ronnents will typically enconpass many types of

ut er t em, confi rations, clJ udi ng pe ona
3. copﬁlﬁﬂwgg'dy HeSAHINEIO S 1 e\'éere?rﬂartg th dlb@i@@%{ 1${/yp@ sRpsors and
the !%c&ﬁd’%@géﬁé%e B\?\%@Edg&tﬂ{&% mmabl e consumer
el ectroni cs m ni conput ers, mai nfrane

conputers, and the like. The invention may al so be

practlced in dlstr nputln i ronnents wh
4.t aslbs mgt t@@i%mlo cheim hoth et \aps&eeersrrgﬁ the second

typeds%}{é ?@orﬁﬁ?sle cﬁ&&rhb%ﬁ%s@@%@nat ghardw red Iinks,

Sl ess a co n of hardw red or
mnreless l'i nks) through a conmuni cations network. In a

distribute uting.environnent, program | es may
- be Thgangt ‘r‘cﬁo%&tolcg?d é‘ﬁ’&@%ﬁﬁt"@eﬁgﬁﬁ@r @1)56‘3 &geor a“ays
' sOf the invention
com%ﬁ\ﬁ gcgtgluct[l m&Edoifpo ;?FF‘?H& \

apparent to ose In the art froma
consi deration of the speC|fication and the practice of

the_inventjon djsclosed herein. i.s |nt§Pded t hat
6. t nd'hgprsthed respiding oeldpinls I%heéaoragneg%mv 0g g pregoncentrator

ope and spirit of the invention also
an%$ﬁa%?§§h%§§% by the followi ng clains and

equi val ents thereof. Wiat is clained is: 1. A nethod of

nnnrtorrng for chem or other toxic agents,
7. confeinmsthRsl acspring o Eava ez thy agents porprisa ing or more from the

gro%édg)?]itgigﬁng]@fv IHefhi@1 Waffile etg@ﬁt? lancPfox?c%ﬂﬁusItﬁM'ch¥m§cgls.a n

8. The method according to claim 1, wherein the first level of sensitivity is the IDLH
(Immediately Dangerous to Life or Health) level and the second level of sensitivity is the

PEL (Permissible Exposure Level) level.
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in a nonitored area; concurrently operating a second
type sensor having a second |level of sensitivity to
WO b@wcagamt in the nonitored area, wherein the BEeDUSm0S/014032
| evel of sensitivity is at |least ten tinmes nore
9. Seffl feitddab@RdiB o Elalns 4, WRMEIn tBE cifedifdsistotistysor @R8lys comprise
recelving and anal yzing, at a central |ocation, input
orthdgooah sehangteahrlogies @if a finglesenspparraensor s and t he
second type sensor in order to determ ne the presence
of the agent in the nonitored area. 2. The nethod
10. aCERE QﬂeﬂﬁdtaeccﬁhfﬁF% Slainth efudthBr ddeprEapORevAREeIn #4rm only when
sensitivity 1s at | east one hundred tinmes nore
data araigietifuen bothra firvetypé sesor anddhe ssicordiype s¢nppr ipdicate presgnce of a
.nﬁthod according to claim1, wherein both the
partigplgragepty of first type sensors and the second type
sensor are operated continuously. 4. The nethod
according to claim1, wherein both the first type
11. sefibomstimddcedrdingde ol tly pethseenseprisingaeivating an alarm only when

chem resi stor based sensor, arrays, 5. .The nethod
two SEPETHTRY oel TRpdR AR Ta0F O SERA Y BIFSPRPT Brg sigond type
sensSEindRateFhd FréSenc BPA Rz’ﬁ@ic@l@ﬁé’é&ﬁt' ve polymer conposite

vapor sensors. 6. The nethod according to claiml,

further conprising providing a preconcentrator with

T e Y -
diffe{ré}ﬁ _v&ﬁ%?fﬂ@tociﬁﬁ&eﬁtt deRebrobaseh %H‘éﬁ@#ﬁé’\@i fodstnadFeRd Senddtr the density

oxi c Tndustrial chem cals. e nethod according to

of satkarsiat 4 ocafmr.ei n the first level of sensitivity is the
I DLH (1 mredi ately Dangerous to Life or Health) I|evel
and the second |l evel of sensitivity is the PEL

13. ( P%gié;feﬁﬂd%' RcFIRRIY Rih 8V SlvhereBVRLivRingthe alBh ktermined based

acco g to claim4, wherein the chemresistor sensor
on aanedey sordipuped ssieh that Hhegeswits frontbie tiyo separaio pradytécs] madels indicate a

e RS e o T R M 5
for aglgatcggﬂg nakoize the M RQEHofeohédnBhtib pe sensor and the

type sensor indicate presence of a particul ar
agent. 11. The nmethod according to claim1, further
conprisingnactlvati arate

n al armonly .when.twd _se I
14. and piieenfor mapspEna i3 PenieboEe PREART REPPETE! oo
ty Q?llﬁﬁf?@'q{f 24t tFheSRANY haViRg aFRAISVe] bPsHinSiivRy td&n agent, arranged
presence of a particul ar agent.
in a monitored area;
a second type sensor, having a second level of sensitivity to the agent, arranged in the
monitored area, and
a central analysis unit connected to the plurality of first type sensors and the second
type sensor, wherein the central analysis unit analyzes data from the plurality of first type
sensors and the second type sensor in order to determine the presence of the agent in the

monitored area.

15.  The system according to claim 14, wherein the first type sensors and the second type

sensors comprise chemiresistor based sensor arrays.
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12. The nmethod according to claim1l, wherein the
anal yti cal nodel includes assigning different weights
w0 o00dioff4@r ent sensors based on the type or | ocetT/08200$/014032
the sensor or the density of sensors at a |ocation.
16. 13Thd Q%téﬁ?ﬁ&@ﬁiiﬁ%wlﬁhﬂ%,Rﬂlefeli@t}fé\chémirﬂhﬁbﬁbﬁed SEnsor arrays
activating the alarmis determ ned based on a nodel
comprinefdogduatiore pakymer bagedtvaporrseigrt:s from t he two separate
anal ytical nodels indicate a fal se al arm percentage of
| ess than 0.01% and the fal se positive percentage of
17. | €38e b8 adbotdihg &) dlaid0PN bheleds tRGe@dndithse debbdd fhRN&Icomprises a
of concentration. 14. A system for nonitoring for
precatvenirgtal. or ot her toxic agents, conprising: a
plurality of first type sensors, having a first |evel
of sensitivity to an agent, arranged in a nonitored
18. @ §fe sRteHeaQRAIhY RECIHBN BN Wheba tHRGeArAQ@aISis i @ cofigured to
sensitivity to the agent, arranged in the nonitored
activateesm, alamdomnly sdwen ingiut froml lyath 8 figstitypecenses and thetsgearetype sensor

. .plurality of first e sensors and the second type
mdl‘gaéﬁn@ﬁPfesgﬁ@roéiarpaftﬁ’éﬁ%gﬁr&'al anal ysis unit anal yzes
data fromthe plurality of first type sensors and the

second type sensor in order to determ ne the presence
19. of Thheystapeatcording heclaioni 4, ovhedein theacentt s anglysis spiigeanfigured to

.according to claim 14, wherein the first .type sensors
activgipn { LR hen b SR GALPRG: £l Y B TRRE Ree ofa
partiRRf %}eﬁ?%% {n%rvfcﬁﬁ SwitBinpUttRort ¥RAS X fASIGOp&lienSort & aGeddnd type

15, erein the chemresistor based sensor arrays
sensopnpri se conductive pol yner based vapor sensors. 17.

The system according to claim 14, wherein the second

type sensor further conprises a preconcentrator. 18.

20. Th 9} S¥HLE RARSAIFHHIToL Ghehli@l B dther 0RRIRkkks ! doenER Mg al

analysis unit 1s configured to activate an alarmonly
wheperatipgig fifst typelsonsor having & first Javel efesgpgitivignty anagent in a
second type sensor indicate the presence of a

moniaredi st ar agent. 19. The system according to claim

14 o pufaEheh Sedol Q%%@Eﬁs‘%l‘ hARAY ¥ Sdcond Nive] bfsehsiiifitgiortBelagedt in the
activate an alarmonly when two separate anal yti cal

moniwoctel segand | ndi cate the presence of a particul ar

agent ,when provided with input.fromeither jrst
CyBereuins o g gerh e B AR BPuan e it g Mgnser and the
secdBN3eeh if BfdeF eI G Rlinedthe Blei&ice 0P MicCag@BEA e monitored area,
conpri si ng: . _
wherein the first type sensor and the second type sensor each comprise a plurality of
orthogonal sensing technologies on a single sensor array, wherein a transduction mechanism

in each of the sensing technologies detects a change in electrical resistance.

21.  The method according to claim 20, wherein at least one of the sensors in the first type

sensor and the second type sensor has regions of conducting and non-conducting material.
22. A system for monitoring for chemical or other toxic agents, comprising:

a first type sensor, having a first level of sensitivity to an agent, arranged in a

monitored area;
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operating a first type sensor having a first |evel of

sensitivity to an agent in a nonitored area, operating
w@2@®ennad t ype sensor having a second | evel ofPCT/US2005/014032

sensitivity to the agent in the nonitored area, and

I 6 8L6hA JyRNEnRR Hay FighSbec@id lBvél D bémltivigea ttieipent, Bivaiged in the

fromthe Tirst type sensor and the second type sensor
monitoredrackas andb det er mi ne t he presence of the agent in the

et Gt SEabrHnge ke By sERGy BRTRY S5 dsensor,

wheRid (heQOmadl 85D Gkt hiRSyHee UAdifRm MR sty PiieAsciRRE Bie second type
array, wherein a transducti on nmechanismin each of the

senseeingirdgy to detarmine ficarestoceef the agauth ane maniteredared cal

resistance. 2 1. The hod according tq.claim 20 .

o BYgTet i e+£ 9 ofJHE A PR =R Sb e SFornf perePef Sppprises o
plurﬁﬁg P5rtRRInAN@n SRS RUANJIYHEs MHRYle BiSor £EHyOWBer@in a transduction

conducting and non-conducting material. 22. A system
mechanismrimeachof tiy sensing teehiajegicodetentheehangs icelegjeprl gesistance.

conprising: a first type sensor, having a first |evel

of sensitivity to an agent, arranged in a nonitored

23. ar §8e JyGh BDrdNP S SI8MS 97, wikddih A GHIRRERH dedstikelectftologies in the
sensitivity to the agent, arranged in the nonitored

singkersensor arrdy eoropriserraspeatined tyei o mere sensorsrmaadediiom sesppedive two or
fi.rst type sensor and.the second type, sens wher ei r

mort i BOPR FORRIp of St Ao sLbY BV AP o e Bps made

front MR, SHESR m AR Frdn{§ingle SN atBRGaBERBEY (SWICRITEE EothPosites made
determ ne the presence of the agent in the nonitored

frona® BECNTH) eretaloxate semasndurter sshsarhantl isernsprstpgde fsem porphyrin
t he second type sensor conprises a plurality of
matgldhogonal sensing technologies in a single sensor
array, wherein a transduction nmechanismin each of the
sensi ng technol ogi es detects a change in electrica
24. r edihs spsier ac@Bdinghecleins 22 whareiorntlt atdeasvony efithe figst type sensor or
wherein the orthogonal, sensing technpl ogies in.the .
the S6PRRq P SSEH COBRTESS & BT ITL B TEEBBR ) R peiEregphd gfgonducting
matS§fisors nmade from respective two or nore froma group
consi sting of intrinsically conducting pol yners
(1CPs), conposites made from | CPs, sensors made from

25 e R SR B P R S
mng?e%%ﬁ?cﬁ%n@?g@mgfi%?e%ﬂ%’ i dor bR skdots made frdkiQesp¥iveBvo or

according to claim22, wherein the at |east one of the
mort ififost a grope cersisting afinttihgcaboondudtingeoberss(ICRapempesites made

frorrha Hﬁllsg ré%{gé%%/rpazgsfr&r? gilngfgswrﬁ{ ca(r:t?or}ldrya%%{ulggs (%‘19 CNTs), composites made
from SWCNTs, metal oxide semiconductor sensors, sensors made from porphyrin materials,

and sensors made from metallic nanotubes made from metal or metal oxides.

26. A method of monitoring for chemical or other toxic agents, comprising:

operating a plurality of first type sensors having a first level of specificity to a group
of agents in a monitored area;

concurrently operating a second type sensor having a second level of specificity to the
group of agents in the monitored area, wherein the second level of specificity is more specific

than the first level of specificity; and
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material. 25. The system according to claim?22,
wherein the orthogonal sensing technologies in the
WG R00gHeE343ENSOr array conprise respective two OPCTIOSE05/014032
sensors made fromrespective two or nore froma group
CORRERAdg WhdShalyRinb] 419iceAdrdYoda@BA UaputTEbnP He)pIBrafity of first type
(I CPs), conposites nmade from | CPs, sensors nade from
senssisragl ¢hevsabdndoppdeemsoran orde ¢ At SWONT Hie presengsodfianagentei the
from SWCNTs, netal oxide sem conductor sensors,
moniRIee 32 made from porphyrin nmaterials, and sensors
made from netal |l i c nanotubes nmade fromnetal or neta
oxi des. 26. A nethod of nonitoring for chem cal or
27. ot Mae ntethddaceqrdingdo claom26j Birther comaisingi ng a pturality
of, first type sensorg hayin first |evel . of .
detegpianar R OGRS BPe oL PRing 4 Bpe sengpra o the
monﬁgféﬁ%é'aecg'trh?{de@iﬂg k@ eBGpacified ?&%ﬁdﬁﬁ@e SENERRTs M \hiREniRing costs.
second | ével of “specificity to the group of agents in
the nonitored area, wherein the second | evel of

specificity is nore eci fic than the first |evel of
28. Efglmeél? e Hﬂ?géeéragf‘ﬁg I SOaPY9P8g, at a central

detet?0fte a‘s?lrb ni'gﬂ?xﬁ {ayb GO g bR & st 4nd REorld t/5¢ sén¥HS in the monitored

sensor e second type sensor in order to
areatbgtnesdeling td inectpppes et performancesgyadardsand mnimuping ¢o%ts)
area. 27. The nethod according to claim26, further
conprising: determ ning an optimum | ayout and nunber
of first type and second type sensors in the nonitored
area by nodeling to neet specified performnce
standards and mnim zing costs. 28. The nethod
according to claim1, further conprising: determ ning
an optimum | ayout and nunber of first and second type
sensors in the nonitored area by nodeling to neet
speci fied performance standards and mni m zi ng costs.
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