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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 mpnitored 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



[0006] In certain enbodi ments, both the plurality of
first type sensors and the second type sensor are
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[0012§ &0 Bettdil REIbDEINSDEs, it Preskdt ifvended pravids 4 Hstent daranoxitoring 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,



of the agent in the nonitored area, wherein at | east
one of the first type sensor or the second type sensor
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di scrimnation plot for chem cal warfare agents over
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concentration for s ecitic toxic industrial chemcals.
mg/m”) and nerve agent (0-1 mg )concentratlons

[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 detection 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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~use of a SWCNT network chemresistor as a
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sensor technol ogy based on earlier work at Caltech as
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and its DERAILEDDESCRIPTRON OFTHE INVENTION

i ncorporated herein for all purposes. This technol ogy
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of chem cals, envirgonnental |y robust, accurate (e, %
techpelpgy; hased AN eArlier Workytsealisshiasidpecnbed, fgp cxagaple, in U.S. Patent No.

ol . U ] o
5,STL0N R0 Gt AN  RHESIEAM L are (A0 braLed SRGRToall purposes.
Thisddieghnolbgyt éds roeen tdemiongtratyd tte rbebsasiliventot hiwide range of chemicals,

technol ogy. This system i ncorpor.ates ;ﬂi ghl y . )
envignspeniahlyt ieRustogFcarsds (¢-g-dws suwhRRtile V@ fHsriesivss), low cost, reliable,
to detect at the I mmedi ately Danger ous
and?%ﬂii%gpaggﬁiﬁalth (I1DLH) | evel and bel ow (as one
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s USRS Yol RLFEO ik hACPLLAR eyttt s o
and st BighBtcapibls eyssan s Thisrsystemtwilizeethednlformatian fromehe 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



system al so includes a central command nonitor that
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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,



networ k whi ch enabl es an originating sensor or node 10
or 20 to communicate with the central analysis unit
wW@006/p0A3R] The first and second type sensors PCDUSTIOS/@l14032
| ow cost, |ow power and highly sensitive cheni cal
envi {0y reBRALARuRe @Voh YedsptiblS td FAIH FkitiRE), 1OWIcB&, reliable,
of both chemcal warfare agents (CWAs) and toxic
and easilysipgiadeatdére hisadoge (cPhigdpgmisaepicweil delow and fespltsosupgorting the
noni torin gs and facilities. [0033] As
perf?ff‘?&ﬁ&%@%‘gé%ﬁr? g?tal?“éf;pl i cant has devel oped | ow cost, .
[003@[ O AfRRtmedi T QH@BR@éittlﬁvel%ﬁ§ﬁ Pr&RI&OH dissbil RdMitoring system
based on ear? I er work tech. This technol ogy has
baseB earthid ésvhnslogyt Ebiis 1S§astd:m 1mnmratwb1gblym_$ﬂrlhutdd R cost nodes (or first
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and easily upgradea e. This core technolo is
sensomy itkatveate tmbmvxseasuﬁve emd| desecs upypadr toveg qoheermetlbm pfitlce agents of

standards are detaile 034 One e di of .th
intergites AR SXAWE t‘:hgcpﬁ%t ol PR gﬂ %R:F??ﬂ |t‘f&5m°l°gy with
minia¥{$izE J’E&@é&‘én ﬁh'ﬁekﬂqm}?h&&w mbk)idStetd/18Md 100 times lower level
I ncor por at es di stributed | ow cost nodes (or
thanf tlresllow yqoet medsso rosn) aadb Itgpitadlyd etoee texpensivee ahdmteldd dowger to make

Danger to Life or . (1DLH) | | of t '
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and Hﬁgﬁﬁ?hlg%pa%?@ mYREbRensors) that are nore

sensi and tec much | ower concentrations of the )
[0035y ddss sindplé,riber@st chefocal axmsopd produdeddedayr are hlimcidé st ﬂuydetectmn

integrate this detection technol.o vvith .
of apsfx@%ler?eawpp%& o STassRbsempyS ko oot fSigphemical

celld (Pne]teq 11:613’&%&0{'39%8'0&1&@'%@&31 5&1%1%5)ﬁﬁlaﬂ@ﬁe%@gﬁotionization
are 1y y nore expensive and take |dnger to nm
deteateexsur Mﬁwt&ph'ﬁh&ted)rdysmmsl desigifedt hesidentify deidtigde | demicals are

approaches result in the | quest st and nost h|
compREHE Sy GEUHTpOSIE: COMBOSSATRGSE S EFe.Or| BREYLg detection

schegxn: eé{e%nt ?ﬁgﬂ; ﬁaﬁﬁ%gh’s%?sdhatv‘aqﬁlfn ﬁEﬁoﬁ’étfa?&lt @6 &mHBiR€the ability to

I on "6 single conpound or class of conpounds.
idenfispiacwldeemagplof anklyts udith ehe dow aokeand almplitysof siaglal compound
oxi de sem conductors (so called Taguchi sensors),
detegforsast ers, and photi oni zati on detectors. Mre

[OOS%E A é\ ?%rﬁqc e;[% ;%E‘l?éjv r SAROs ere HWe‘ldﬂéh &t Caltech and

s are co ate but v}apguum systens, conpl ex
haveSBm’ml dpignisscs by applicant. ebnphrs&ppeoadhe,t the tpresancecdfearelemical is detected
Recently, .array bas ve, b en deponst.rate

d sensor
throughhg chasigsiin dhe Hecttes |rq:s[155;ar{cs O?@r F’inf“}?‘ ¥ SEsgL e IEgar ?hese sensor
ﬁlm?glael Jek§ad ohpc&xg[?o st QG OInt A0 b gRd ¥R laCohductihg Phid! With regions of

onpoun et ect
an 1nsulatmg 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
wo@pioso7iaed by applicant. In this approach, theP@resmnoei4032
of a chemical is detected through a change in the
trial§ Lk ol \Faﬁla?rcﬁ%rﬂ)tlé}ﬁ %Snd:iﬁoﬁ& WIETHHE RhleYoenBd §f dWe nanomaterials that
resistor. These sensor filns are derlve from
can erveoss tths cohdiictiognplaise) eeni gresteofchameah dliversifyg aphawesitivity is
i regions of an insulating organic material. This
ad“ﬁﬁ%fbach al l ows use of a w de range of polyneric
t epl
0 R e B A e DAL UG AP BB Nemoria
Instinee BMIEhedbesni cognpletadii ITycstancamltsafmlr é—IID,oGBelﬁA dpsdMP and phosgene

(R i oS oiia ro e STRG! o, BBSgH Srcad e shemical
pom% Iagtrégl%r. E&ﬁtlﬁll, ieaclturgh ?@%reé %f &%g@ﬁk%gegﬁg%ﬁﬁr ﬁ%? %Eﬁs@ stfblllty was

ue to the swe igure
demoheratddevex ap die le/esltémm/ efidetédtions wal xangple ef/the slat dtsared for HD

101 . and 1Q01')and the re i ance retupns, to |
and G4 i shavnyn Figsiresthandsd ﬁ?&nw&tf{&%g@ng%h@fhﬂéwm\}@ and GA

is se{%ﬁ%ﬁkaﬂkﬁ)\é%&%e&%ﬁ% @nd §Y %ﬁ'spﬁs%réa}’?? bnd €99t O concegﬁratlons tested.

ousa vapor exposures as well as reproduci
As shoem i Figuge3 nthetresultofI0i fak sheisaisorsafoy dlistet ygott detection is much
anbi ent condi ti Wth the energence of ne )
SUpGTioR iihe PSUlis 305 el the AFFVE BB SSASOTSHE The PIGERICE Egﬁan@é%lster agent).
¢ bY 1R eRsht Moty is!
LikeEHE0 a0 ERPh T3RT01 s DS bp 1R BEnS RSN sl i nhuch superor t
the feelliiamsfsthe Ibllvtf:r mmsertsestmrtge ptesBattof|GA (A/lanmelagbnt) In general, as

shO\:qu’fc’r} Iﬁéﬁg g Bg\%ﬁ?{ggﬂig&?ﬁr; CO%L Ft@gegq rq:s}ggg.%er LoSHt Sﬂ,]S?E) in figure 5)

o AR G AL i s bt

[0038] g addigbe o Of aﬂcb@[wenwageﬁme dicad bd)mptysmn;dnsmemslsa) show remarkable
stability was denonstrat ed e t [owest |imt of
Sens&é‘ﬂ'@éﬁ’lhéﬁhef A?P%Pﬁ?%‘l“é (571 gy @afei rcsito{]&kﬁ&ﬁg%tﬁ pi9sggrg (CG) and
g
SR SRR FLOULER ORI L ASRE TN bom phossne

sho@ﬁﬁmﬂ&rﬂlsﬁﬁﬁlaaﬁorﬁplafs%aﬂllnaigius énsimrs edch artﬂlsillﬁwactonaéritratlon the
concentrations tested. As shown {1 Fi gure (}
newrsggggrtagrago:fnfqlﬁarly HBS'@@H@?BH@WFW 3l thet %Fméd%?‘i? as well as common

chelgl%'éle?r{tér%}eftlé (fﬂ'fﬁcgles YRS el)t Oyt R€e iR ?th %1 ?Qﬁvbfd%cﬁ&e levels for
rve agent sensors In the presence of H I ster
deted@@né{) blodd éreaboking agents evin therlofvipgut mnde. the results

405 of the nerve agenhnt sensors i s .nuch superior to th

[0039% p@@alwmtbﬁ@ntﬂnrssfl@rseagevﬂtw% descrbed phpveiran B dudhes gnhanced by
1ncog£orﬁbe( arne 'ili’iﬁlaﬁgé% rrg:c!oﬁc&%rdza al Pr1?r°‘ W%}Q%SI aegrl Wdtcated that

se tes sens s di Sp I near response

sens{ti@gesSEr1l (Mﬂ)l(ﬁé& dchiebatgdel W\&th&hlrﬁamflzem pmctelcemmms 0ofThis allows for
blister (0-5 bgand nerve, agent

(0-1
Pene@ﬁblsnEmsn@ Mmlt[@ Blevehdetagtion; %’ﬁntlé instaricas &%@@rﬁhesfundamemal

e 0 I
e SRR U S0P O B0 Y AR e s
inveRAtion phﬁ'lﬂiem@r a@@bining yimpkgrensng GbgdesdorIDLH (or less sensitive) detection

with 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

wale@eniwnat i on plots 601 in figure 6 where evRCI/EE2005/014032
this | ow concentration, the new sensor array can

Whﬂ‘é ﬂﬁr zllﬁéoﬁil'tesHét@&iﬂrﬁf@:vﬂ@td@e@@esakdcht fehRSSEnScylafRle Shd ﬁ%sgene are

as common chem cal interferents (toluene, dies
hlghfeu tha)l thase fpsCP&AS, it é@ieqti@atcapmhtdes stétl significamtly belbwrlmmedlately
det ect i.qn b k| ng agents are in the | ow
danggroys t%hfg“eand[%lﬁg%]'ﬁ'bcl Yt n enbodi ments, the
[00451? ek dltsviol bRRifReBisi(ver] s AuE aggbnieild 810) hey ;tn%%?eaqﬁd;lgure 8 in
i ncorporation of ‘a mniaturized preconcentrato
the Rrrmoof viorektohdeea | mdsycommjltmaoe gdutveat Appheint ihas talresdyofieveloped
100 fol re ac m ni at ur i
sensgF BEbRe R oy Qereot S af it P TSI ASE B3 813 and BEL (805,
8 14}%{7&1% I{\Banesé i kw8l BliRGEd Y BMRL ifrd RATeRRGRS acMiaBle,
undanment al sensing technol ogy cannot achieve this
[0042¢ ely. schismgebystem mestt b rabkentmqblerfenn sunnifer tehevigh esreget of external
pravi de. for .c nsi nodes

ventlo
Con‘*lg?nsl ipgluding wige ¥ariatiopdn &“Wég‘] f“é’Efal Fr {SRI{RYAEIng environments.
The B Bl i AR et i R AR AR il homidicy
[0043 &enection tohefully amaomaﬁhld@ﬁceﬁlv@srcbteMmGkimscmrte@ﬁa mhdatlon study

on iy kB P Bes NI FEPREGHS HEVed REIRGY FOARh ARG BmEiipetween 1-
80%apé:f Cﬁ#ﬁ@hg afd! %té@é‘glguél Q&E qﬁé]h&ﬁﬂ |12y ee'a@h %ff /Qﬂ"ﬁ €diesel fuel,
ph an

such gen cyani osgene are hi gher
bleatllnamefrém @M&mat himegrat Bodri voax, 3dindén, lantd Ppray Stledder. These results

S|gn|f|c ow i mredi at el y dangerous to |jfe and .
are ﬁé‘&‘lﬂPW b@\‘?élegl 5 ndgated g e deviess %?5@@1% © dFiket G series
t
nen{g_:'% o?%gltoﬁvg o{a)mto &%l?ﬁé@éragérﬁégeﬁslg%ﬁg (1SOR) requirements
(0.1<lob ﬁgnh?‘)ahd ovas ablieve detégillistangentatselal § 8@RYreqiaree can(@ mg/m? ).
sensor materials that detect TlICs of int ecLest at

[0044] With EﬁﬁP‘F%EQ-Fe(‘B’G@WrS’lé? WIWS!(‘I%“XGWS’?%W‘F vels in
WG'A PS4 § ?an%HQ hH{chB‘ﬁfe u;m Bt challenge).
) gtg?ﬂf? s %9 °

tq a\fl al%ggec' % fte §
}’ o lvéJ S0 BRI nﬁe ég F‘ﬁt§

10%5&, rlﬁaé% an rfbe @hOYS 6€‘r$H‘é~‘htt§qu1ﬁ%‘“F .ao% aiffy @@stl?tnﬁgwgzgam risks to
o PSR AP PRSP A v

[004&]“111 aeal, wasr 460 eakdatied «peratiits Gfera curducetat o0 diffendyit hand held
on five hand _held devices with terrperat ure vari ed
deviges: wiuerall predigtioncyesess dor enet §f theseviats has beganabyzgd jusigg receiver

ope%wp’&ﬂéé’gtma?( d(§d¢ &{r@ersbl ea?ﬁm%tf% és@%&%&irﬁ%ﬂﬁ%ﬁffﬁ%&&momﬁated

antl reez

very\/ﬁaﬂ@gblé spédifacty (felse poditivdextio)and sapitivity {fatdearpative rities e
esults are summarized bel ow. The results indicated
[004{7|]I Lne; pfcthg cadyvantageseafeseasre PEQyidest Bk theqpregsnt drvention 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/or 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 requirenments (2 nmg/n8 ) . [0044] Wth respect to
agentt§ ”’Pﬁl%%éﬁgemén*ﬂ%f iRl .o sBRsorERUbE Ty WRted @&Sa?GVY@e‘i’y diskributed, low
all 5 tested units were operatl onal (function
costhmﬂtonngyystamn agent challenge). At 1Q0C, all 5 tested

10048] Shizspting fsbradei tpeh desid iR idvasePerke] 2a wisraduct has
demB@strgﬁda&Qe t 'reha@ hilty 8 HeSridid: OI/n 1t1o[noc94ﬁl]s Ra¢ @ﬁipe?fenééq €xtensive

ove results, tenperature and are not
labomt@yltéstmgmf the sdasort tachmulloghltselfdps rbaen omndnf:tetih ehesnwersdndicated
used i n certajn enbodi nts ( t he res fﬂ entlon
littlg sgney Aperadation, ¢ar hallegggd o lﬂéxE@ ?rné i peeted agent
conc%ﬁﬁ‘%ib% ed on 5 different hand hel d devi ces. Overall
Iction success for one of these units has been
[0049h Anp#trel elenieng of acsacceesfubsmsmt wBrthaththe amrmfacairlrxg Hreasy be robust
curves. The results of the nts cl ear

withdugh mepnfacEng ieldss ARpliswLag gevefcme atgbsf magutaciuring process for
[ a
poly?h% CB@SST%%%&??& q‘ﬂe aﬁkﬁg h{é van?él \gvgdsfeg?ﬂ{ggﬁggérf%ated for the arrays
sent pfoeivdeskehy tdsting. prAS@ﬂlﬁpaIrlGMG rof i the tragnitdakatal foruse sunits under test
t echnol ogy. char act erjzed by the | ow cost nature of the

demepsieatedce high degreg of upitopfty agress these il out el ectroni cs
[OO%Qntoﬁx%r W6 lof SiEdIn gﬁ% Qﬁrﬂen'tsn 41 }éQQntCIf) xloﬁ il errexpandablhty
rrangenment di scussed herein ere Ph a plura

of tlhd)wmst Beensser the (defectorsvase mrasnaylbasddyamddodlrand these sensors are
specificity) are arranged concurrently with_a higher
broadbstensiing & 8 vide rangged chemisdys theisysiemrigngasily be upgraded to detect

new%ffrggfs fbyﬁk)ﬁlyt ng¥fe | C{éﬁ{l Ca eg ?gg) ﬁfxﬁ@ eftAdt d?neo 3&{]&% YOS | of through a

y m)nl ém cal

centtadited dg@andnalysibhystear Tafge et coafméroial hm‘d hsldrdwrce that is sold by
ideally suited for a widely distributed, |ow cost
applifgng 1s ﬁlﬁge%t}ﬂs‘?ee rHseq toned Sprfhat @@ﬁgmﬁ@rqdélehﬁd}%@w pyast array of

n I
o TR, LR T . P .
desibiedagtdttat Miesé @hiples chh Eblednﬁdepby itlenew] usert dinsoneeembodiment, these

aboratory testl ng of .the se t echnol ogy, i tsel f has )
upgpaeire FRIidada theress ia daoadalecsafiaara warides §il et 43 anatysis

N T .

[0051] A% distassed 2hilier B@BmOtertatn éthbddiinbeats wh thef predent i lnngntlon use polymer
process be robust with high manufacturing y

comppiei asers m&wmdoygddeaec.neau Jhe pesiomOTE b e peinggmaterials
can fbg fﬁ?dv%g%roﬁgﬁr@ eé{d\/@d %1@ mIR8ds GRP Ltk JrAti fﬁfckness As

ecent |gate or t e arrays sent for lve

shovﬂlg ﬂﬂihe fgedphi 909 .in figaRr avhiils ale @bpdnse of lhasemengard attaptﬁc(typlcally less
sSix units under test denonstrated a hi gh de e_e
thany3{) segpres).yihe easpanse timesis prapogtional to where t 1s the film thlckness 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
[0052] Qlld oY ith V§M§ﬁt§ Th GRE BAPolive BSsBRIEAISE atcébrﬂilt%sﬁea through
new threats by updating the identification algori
modéiyinigéhotlothe moascdndurting end canduoting ptmo@s@h apagteoftinedstig@ihg materials
dat a, anal%si S stem ,l.n fact, . the co rci al ﬂgnd .
and QBIRiziRE, el ResiFrmprces ol herggre 1&81%%': PSSO P HiE myterials may
have’@nsiH$ ks EHa@iu@QldIO 1?1?1& hafer Hﬁﬁ Br Reitistrhteq used in
a vast array of erent app | catl ons by sinple
[0053 ) angetin ﬂ‘nbdithmﬂmsbthaIpCbSGﬂlthY&IﬂtleEISCSTI’ﬁB'e] fil¢rrmatenidls ttst improve
desi gned, so_t hat these chan, an, be made b
Sensa"seﬁenSIP?ﬁ‘%né{eéﬁ%odY%nW‘tEt ﬁ’glgé’ L}ﬁ’glr a%l%onarrgn%wg C@WNTS) has
demfn?strtapz% Y %fenﬁbl]afoq(éméﬁég%@ﬁﬁnﬁﬁf &W@r widH Qgﬁg%dglscl(énilcals including
ocal data analysis 1s Inplene or in a seanless
mtrorga]m ridoxidd andeotifee sttamg ogidedings ds rﬂdslcung'pﬁgententledhas B3O TEEN recently
scussed earlier herei certai n,enbodi nents of
demwﬁérafﬁde@%trﬂertaﬁ\/@ﬁtﬂ BHOREECS SOPFHAOTS GHOJEPRSCSEREt With enhanced
cherhi@hl sg}{g ‘tlai:f'gaﬂ-d Ele?egge%%rb R 4190 GseR Y Jﬁpééﬂﬂp&n%dlﬁl@ﬁé?f the present

exl st terrals can be 1 nproved throu nprove
mvedeqimsUt;e oNS WaN Teoddel SIWIN Teoattvorks ioflestribed, tftm odanpds in AsP. Novak et

shown in_the gra ure 9, whi he, r esponse

al., APy s LEBhstll & é8$é9083>( F@ﬂﬁhclamm%@gd L‘H&W fgpAll purposes.
t

(005HF Bifhion ' RnbERPE SR ¥ ipORAYE Uty bl rRarprials are also
robubi tanchdrighignesdrohmemal conditioms. ( For emotasqﬂser mtatesiaf ideseribed above,

thi ckness in certain, enbodi nents) ﬁ 00 nm i ngr ove
compreigRiGe 1§StiRg B sansbil. JRPONES L}Pt ‘r“ﬂldﬂte‘és SRR feysiability, and

e

sensﬁl\@tg d{oneﬁ‘ﬁ{}'féré( de ﬁﬁnﬂp&&ggse ?]t? I%Fﬁng&%vent@l gon t%?%@? rGﬁfsﬁr%?@ gﬁ the sensor
matertmm\eﬁdxrsmaﬁal cohdikions fi |l m t hi cknesses | ess than or

qgual, to 500 nm and j deal |y thafllm i cknesses
(0053 SatishsaslisGorTed pOGSO Pl Ae FIRETA wewtt atjfiesg fggnsors are

o OSSR AP Sy SIS 4R oo 101 i

10. phigaesl®@alsa shaws anf optivak irhaggat (05gamdinsre ARN smagel 1010 of a SWNT
optim zing their performance. There are indications

networlg cherpisesisier andibie measipd shaneray TasislALice URAR EXRASHIEAS 100 ppb if 2
chen@lgglt 51ﬁﬁﬁn?fcé'%e%37§%fgetﬁ@ SWn@cWBO dsoééﬁlﬁé patteﬂled with high yield

enmonstra [n certal n enbodi nents
usmg cemeshtiondl \photolidogtapaie tachniques. The nseneft SWNAT methﬂds eliminates the

nprove sensor sensitivi ty Recent vvorﬁ Wit h_ si n
'3

need @i RoSian BB IRk (RES APEPRPRYF e RIOFRTAS Y FARHaEuE: B device with a

hanced sensitivity to a w de range of
mor@ﬁe@%&%&g slellfe‘r% rﬁgl ng nitrogen di oxi de and ot her strong

[0058%Tdi monigorosensed perferehancrs ndxsensive laberawirg destiagns conducted on the
recent I,% denonstrated that certain netal nanopartjc
$. I&cfuan initial

sensgb RRIedY-s APIEENOH Berse IFBAGT UM GV SnMian cRACEH P

deteizhg ! ?{alu&{n X{e %8%?%%)?‘1?2%2 fzﬁfeﬁio‘ggﬁlee?ra?ldqif,?@rdbﬁﬁﬁlty\’bf fAlse negatives) are
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 Pn < 0.1% and a target Py < 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.
WORMR07METT. , vol . 18, 4026 (2003), which is PCT/US2005/014032
i ncorporated herein for all purposes. [0054] In
[
(007 A med R0 B RE PSR Lokt Yenghl | SHATRRES oh ¥esingle, simple,
platform| r’[ihnsr&hé aptimalrsdndor angy inebrdes sevkrad diffavent m:hemrremtor approaches,

descri bed above, ehensi ve te ti.ng of sensitivity,
possRE fishicking SenRRRiiRR wgfetssa%?é AEEY, Pade g Tegiops ohgppducting and non-
t ¢ ence f t
condiBfifd el dphk R R AR Y Fl o (RS CPs) and
composites arade fifoad ICR¥) krisosmsade ffdib Sinplel walt cabor( asdtdtes (SWNTs) and

focused on CW sjnmul ant d?tec ion clegrly i ndi cate that
compprdigs mades fiom AYWNJengietal \RX14G SEIgENductan s519aTSe SRRSO based on

ror B, BRIk OB Bl ol s
oxidA§:Mr gﬁi@ﬂll,llﬁ]:@rtaﬁ embSWiﬂ'enmaWhmh klse bﬂl‘mg@al sheing acttinbdlogies, each

nmeasured change in resistance upo osure to 100 ppb
senspr atgay: s e FiTroR | CepRs of SFRSOEY ’Jlewglggﬁ angiyctiyechianism in all

t
B, EEBDE PALELITII D DML s,
at le¥\Whe bEtheBeksorehas e giaisast cbhdhcnﬁg dnd norposidiicting material.

i ndi vi dual SWNTs and produces nore easily
[Ooﬁﬂaﬁ tﬂ‘ué‘?:tl Lisd Fl@gﬁlévﬂ’@élll}dﬁttrﬁe%l’ aF“éCp‘P%i}BgIBIS%“SOT array consisting
of d es {afocgzé ireltofP A O SERSL [ gﬁ ”@G&eﬁn array made from
ens ory ‘esting 1's con ont

mulﬁlﬁe S@ies I’&ﬂtﬁhl fills cheléifesistoro Bleri%&rfs&bthﬁﬂt@&phlghl@ dxffatemlated pattern of
curves are generated and an initial detern1nat|

f
respppsp 1 difiasansiclasssp Qffanplytesappiss iirpRie s} 1 Gigplprsrhe response of the PCS
poly{-r& ?sﬁ%@oslt@ yseggor; %St?lﬁe ﬁ@é 's\éﬁsc't)r ﬁ‘?aglr ‘t:cf) @Mﬁleqn #@"EHr at IDLH

arrays are ent out I ve agent

conde@frhtidig ldvat, Qapﬁltlllamdlspi@tsethm repbriel reft FWENID ramtdolGP conducting
and others are incorporated into the ipitia
polyprestsensppedn ftt SHiply 3ASPl PN PrEseRcsr PPN # Akn el at IDLH

concepg‘atzcy SkG {Peaﬁa g%@ q?é disp feﬂter}%ptgtl% %q%/gg{’@@a s%%?f;sléﬁ the single

sensBf @rray WQhéSpﬁedfhcewﬁ'd{CNrmaﬂhb aboapIi cohestretdoratevehe The use of
’ | DLH | evel of concentration w thout
Oﬂhﬁg@@b p@émgrts@h@%pgpmsﬂ single SeRvOT RERY PETYIdss faF prepten seligbility and

rangpl tf??tg hﬁg%r{gge&% nol ogi es on a single, sinple,

timal sensor array includes

[0059¢ Criea)f tlﬁfd fehRIFRIIf cehgifliemdsdinients cijihe predre snveptiss iskpryvision of an
i ncludi ng sensors in a single sensor array_ made from
elecirenjF opiationm dbadprOVidsy laWdNPIsh BOBRUGEENEg Rt @pr%ﬂr@te power and

comﬁ%@fﬁgﬁnsb%? ?ﬂc&n V?lﬁﬂé e g‘éﬁpé&’ d ?@b‘%&&%oﬂﬂ!o\ﬁgﬁg Thay be refined,

conposites nm sensors

a cufrE:ﬁHﬂeSﬂgﬂ @4 deseibdd ia atdre detait irothe Helbowiny\aspraphsl
nposi tes nmade from SVWNTs, netal oxide sen1conductor
[006% F?snﬁ’ll@ant% aagodeferised) thsh Cb‘é‘?‘ﬁ H&¢Fﬁ°ﬁnm§? dpi léllllged Bhelectronic noise

rath&t tgggfgns&aﬁ&?e O IRERL | thére RARFHURES: MRESYihE BB SBLAR:s 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 pwboTago di fferent types of sensors in which p¢EUS2005/014032
transduction nmechanismin all sensors neasure a change
is uéu??o@ bl likcAdaridrO B¢ AfpPoach PrdIGds e Rabilify KeEfiBdifce a wire is used
odi nents, the at |east one of the sensors has
to comgivpivsteokeycinfettativngndadcasb hensin @sétt ises praxeisting infrastructure to

carch 40 Biforgtiong 174 restridicd SR8 Tl i° bt 3pog mypt be connected

to a?b&' EhRWhikl Eﬁ?adlf in§tARAH onQD5tSHn@/o? restiict lab dilkbld fcgflﬁéﬁt locations.
ure 11, such an array nmade frommultiple types of

[0062% |Trlne fse¢cmdcoippmapb siasiidbs a sendess somuhingdation grétogdll yWith improved

iffer i, at ed rn of .respon to different .
mes&ng’gzgcg is %@%}F é'&)glle §dv%§§t§gﬁhosf%fm %lgh g))c,%te @flevice anywhere
(ass{uﬁ Guitt vhitgy Ff)%e@oma%au&earm%ﬂun%nsc%@é?rﬁow&e& h&is approach

I ngl e sensor array to DVWWP in the air at
maycremn'entarleamrelmul@&mm;ectgmap lan 3ppiBratios phenesiataow mcplmale

WCNT and. | CP conduc Mer sensors in.,t .
10063) T 6 Lot hi i prio S S RRLIS B, AR o i HlEss g1 pover line
carrf%[[I cb%xﬁ&'ﬁ%ﬁ@taﬁ@ttb GRclu8Y &l mdAdal raﬁﬁ'%aé'lﬂ%@ tHAtS e @YSmunications

e response of SWCNT sensors In the single sensor
modala iay separbth apro ﬂmrueesanfno&ﬂ\ﬂ" hin atlowes foirra catmddl 4dnsing platform that

trati eveI The . use of hogonal sensi ng
Coulfi%em@%gwgg qi FF%“@PW@‘?‘B“?@HE%‘PC'E‘P{lSay provi des for
f
00 R et O P LA st oS B} BBl drfhe powered with
battm;r‘dxadk npn e aflvarttagepofd seniowen vea lovear cost fr ovnesshop, ability to move

el ectronic platformthat pravides |. W noi.se
ey oG IR SPo s de g ot 2l Jnh Dew i kB esbmgg clements

suc AL §hd 3 23 &%nce\ﬁytyat)o? tRe ‘%ﬁbﬁit&g%dofl %§1‘ng Nha@kryt BEWEr is the freedom of
conponents may be refined, & current desi‘gh is
placdmsmrantlédwemmfensiaiﬂamoh (1f mewipeweo tdroections pas gniagd)s .

0] Appllcants have determ ned that curreng . .
l00<{§é R dieFatic empdimenisy dhe BYstp JBeY B61 =5t JOF dhstebuted gponitoring
throﬁﬁlﬂﬁ@ AL .oer?%r 19b&hien. tiEefork Sthe 161‘83#?&&1”0(41!39&@\5{ B4th sensor

fhe e ectro ics design to inprove overa si gnal
can bebss utitinet ifliteis ebfr«nr@t bavkstbtai ocnlrgll lod¢myiode @masentgplnzmh this data can
el ectroiglgg noi se. el ect ronj | se reducti

10 .
be fugnd) and| fgher lateéprf@tlf”é °80 SeSET qc ylné'ﬁﬁﬁweeh\?rffsu ting information
can [ DOGHer A0R 96 ol SH¥eRs! Q%d?&r {Riphh g@ng'mbOdFH"serHa% Qooregation and

present 1 nvention concerns how to c ni cate al ar
1nteﬁﬁﬂktldmpravmemfdr dtwerefals¢ alamhs aml. cetralized anfermhawon display.
hat may e sens pendi

[006%(1) @gﬁagﬁ? qst@%g\fqg%ﬂ etS e(l{qvweeaclp chim & raq)ﬁam?eeglgetnodgf E? _019 D0 in figure
1)) tcp@cﬁnf?lﬂﬂ S Ebﬁ%gﬁﬁfqufo%%ack kD& ORI 1&Gtion Q’o? example, the nodes

approac es are Ity benefit since a wre
30 or$0us éguteol )c dimmuduta edneinklagte alafroinfatmasionaand raw clettfor use in further

benefit ag it us ree St.i infrastructure to
compiiAgns if Gl SemSRniceRis - Ho L gyt (ERBIRg e ke Svent driven (e
OB S SR delddRaS 69 IS bardCw R BRE K E&ACL Coiplexity. The
Onl}ngev\/er #ng hlﬁ gan agd ?ﬁ@t a%r*laon cost aé%%/c ottiplexity
aggtegattd idata BVﬂﬂllhRm ey depboymeitvel alatt interpretation 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 bios/ozgapr oach of fers the advant age of bei ng abtBUSH05/014032
| ocate a device anywhere (assum ng adequate battery
fronp%ﬁflﬁleaﬁﬂldﬁlf‘ggu&ﬁl@d B Sdggteloel O & 9&dofid thdpVEdteExantPl Sin a central
approach may result in a ['ess reliable connection in
locaginn &P gb Fleean mrﬁgmial)e data flow is critical. [0063] The
tlon IS _designed to u
100G e £ einBp iotet R pent it Pipeses s5Tksive clRgrsecontrol for
bottP1A% fefelland |hi’g‘1’131e§elré‘89{%136f B0 FEREHN, 3B dé t@ﬁgg‘rékt%te and interpret sensor
comuni cati ohs nmodul e is a separate part of the sensor
datanatde .siriphd 80d¥, | andssofftwarea tac provide ﬁnnzaillhgitlphatﬁ daviaes reqtthe point of
cqoul d be utili th different co ati
marsihaSnd [ desuf il ¢ Hie wbiycbsed G5Okl Mok Gisped herein uses a
t bat {deh blidsAFOM t his 1
patt b EFing BBk ok HRL By R ARLARAR SAfbrtly, Mhis library can
resideowitirer c:mstﬂ'ne aﬂkvmam ras lai npemoteblokation. tApphioant’salady PatentriNo. 6,422,061
prO\:ﬁqui%;? qlq)rt allﬁ dgé pgﬁq}%ragxgde grr@ﬁ%%l?tingg g%i%g%‘{s dgtgand identification
llbrzﬂfe‘gci)Q'QF?'ﬁEf Qrthe E&%lcﬁgr\éa&tﬁﬂigh?; ind8tpacatpby ?éﬁreﬁéé’\ﬁérem for all
IS th reedom of placement and | ower cost of
purpased. alhiatapproa¢h hlloesvf@oapid upgrading oDmstraments @s uewettiyeats become
0065] certain enbodi ne I he sy may  be .
impyrtaryty ﬁé}&i}ﬁwf i«vg et indicpigg if(ﬁ@é gEgterthfold improvement
in sQ}é'ti\@tz%Qd Qécu%cg% adH9GAbleQRroud N SSRIAE 8p tn‘iﬁk%ubﬁ‘ B%gﬁsaeon
Co ted at sensor can be best ut| [ized if IS
[0068] A gbtwobla oK attonamoentensdrs rgpatingto. a Ckm‘nal Jx@aum_abffm dhe potential

this data_can _be fused and further. int tation ca
to SR e faloh TS0 BPBHE AN REUEHEN FEIERORHaTH Gapioved ot the
net‘gﬁlﬁ 1881 | i &'i—tfaﬂf:&gbécf?m‘él@@gh@ hre%é’rﬁtlmtléﬁ‘ gf&ﬁde@aﬁr&&@aa@e software

ata aggregation an terpretation provides f
capdbehgr fok asleﬁ@ralaw nﬁussuand Inermrahbczchaﬂemtnfooe maodwe of thlS system is a

oD G e 15, e e sk
r t
ma ﬁégg%%{:lglo&aa%? ﬁggxagﬁpqa@ﬁﬁ th Meﬁﬁgpério%hgéqﬁ tB? fifst E8Rt & &dt of rules is

he no figure
applidd tolhhis dheet ao ganeratecdarved ataesrandaoomalidson Valnte tfav\mathematlcal

data for yse in further. co ns in the centr
analygs GeioRe BRITE the Sehiof riip MR Rewlermitd 5Ga B8R ebplication so the
it m%‘? IREE e & sBrib@heY 2 SRR w MR R CYSloreft. B St‘EExe@brcfsothls portion

nimze and w dt h and reduce conplexity.
ope@ggroag'atee dudhadsaifi akirmtA lsanmelsl dbyothireg wjess ealnrind& ed)umia,t In addition to

i nte n soft s descri bed be]o
this et REAERIena SR TS W Giars B4 B, R b matisal fanls to identity
anoimlidd) epﬁ{ frodbiB %uﬁé‘ésq{ﬁe&{ RARALNV NG [TV tﬁ%&ﬁ’l%%n%hes based

several tiers. For exanple, 1n one trer, all the
on probabiditits tolfiepassing dresn i aneostate btoi hchec@ldostateodﬂtel HMMou!;ed different

be aggregated (for e t nod il e sensor
alaQaf KoL (o5 S oRAor aIen Guo 38 i CHECh iR ired pvard-backward
alg&ﬁ&ﬂﬁ& 4 B?Jm-(\’(l%h GBS ras WdUR BEREIWA 10 HER! dkAdTIA tRSart. All of
shown in figure
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
waeweh7yge | evel control of node function, codePeDUS2005/014032
aggregate and interpret sensor data at a single node,
certa'fiﬁ‘ Qt&%ﬁlmﬁlehﬁs Bleptbsdat fQeEntfod ihbIuadd GRerOfisidB¥atidiScaphbility such
the point of manufacture and in the field. The array
an 1@@@@@@ nsemkj sysserh healdyyith idsil doseccapehibities. Js dlys approach, a central

R N R R T —

healﬁi/ﬁlﬁ}%{ stfust NOndLYIne Qopgys&tm %rrb?mfﬁrﬁlelr QR &Mon will be available in
Applicant's U S. Patent 22,061 provides

graphotdl forongd indicate ke fahlt@t@nmotoﬁatgmana hisr capgbilityt imay prove extremely

ns data ,and identification |libraries ov
help it TR ABdaHe & [ nehfenp PRROREL T re it afisygh 2 GUI 1201
thathﬁp%%@&ﬁsmﬁwhqhﬁgheth purposes. This approach

for rapid upgrading of instrunents as new

[0070h Yea ek nizat ofiethe rspsicmarst an Amdérgandingfofl hode depsity anelsdistribution

ta di ca a . 5-10 or g
throyghont e B0 HoLa el eerPe i aehatng P hades aag dpjemreting the
resubtf E&H%d $rnl YR SodeRt FRong M MdspREtivdI6f Aiying ﬁgeﬁﬂdeﬁm a cost and

net wor k of aut ononobus sensors reporting to a central

resultafftiion mahhery thet heinpmireile ad thap afalysihef datedtome diversenetworked

al arns and i nprove al arm predictio u of
sensQiyHDREIE &VURE HPCRBPIOTPE: 15 347 Ll P AP W of s pars
Onet &%@ rrﬁﬁﬁ REsulQ natpEB"fhgofh@é’ pASSpRNs QPfé @ﬁbﬁﬁé@@loﬁcgft fARE Qlarms from

capability for sensor data fusion. In one enbodi nent
inexpersivengerieeic oEndons. s Thissiseavhiesed by yustngl ¢uttingnedgendatelanalysis with a

that reads di t e dat tLi d
NN TR OPR Eh et o,
sens@&?r oz?tclliﬁﬁ th® atr&le Hﬁd EdseP Rels] 3§/ersb Refddfs Add Sptidn@P Supplementary

rules is applied to this data to generate
sensdesr duckds stettoeslogical (Emetih| GBS, mw\b¢ gsedh eThmalﬂwmmpd@llng to design
ysis software is generic, the set.of rules

Clusﬁ’é"‘( ‘Wiaﬁeﬂorf HIrALIOgs  10n AT Cat’PTY s Of tHESHIS nefio B‘i‘gg whether
sup}gt@rﬁgtﬁﬁﬁroéegﬁq A8 ReddiNOith 44 HRSESr B RGMESHch didbter; what is the

this portion operatés on rules such as:
optimkl dismnce Betsoemsmsos andtchistegs; Lantledat a @nﬁwffsctswfuncbéherlqn specific
addi tj on Ekg this rul e; based nod g ? second 1rm h
sensgiSes THoMeoclinga Al Y5ad R AR e AT e ap el eBr arrARgP afestions suc
as: \?Hﬁwﬂfltﬁeeﬁest I\!ﬂrhﬁermléhs%rybérl dIE8&; HhdoRh&/BE QYixMIdBhRr types in a
to identify anomal ies based on probabilities of
cluspeasei is ghdre @moarhénasivatof generix wosws thas can eoveT ifier ¢dpdviothee’s failings,

wnl{j%}f:l%gs;gpl% t}%{et E?tbt Qrgs é%?qqgﬁ%lewgn’% g?ﬁ?%%ggw%r g'lh Uata fusion and

analzgnlgv\kbltola@fl aRb FroPRLMYAaR Rhoedd 1dam Ipﬁﬁeri’i@‘é'f@yﬁ@m behavior and

to those skilled in the art. t hese
optimiztehitsd performadess atgraell padiciilanditéyi dtdlemrnpaftdne ita gnistakeraargl, evolves to

MR ENCETIER S CICIE R R I

skill@& il MR astystem provi des how i nformation is presented.
In one
[0071] From 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@ewb0Td44d uncti ons by providing a data feed toPChES®05/014032

existing control systenms. Incertain other embodi nments

morlifdfedP @8 e Hor icR¥BPlel PNarl Aeh UHES 18fd2eunYbes U ﬁré@fybe@ensor nodes, a
capability such an indication of overall systemhealth

singld n@edndllcatll‘(gﬂm pmpmbwtf atpagisular agentivdien pior ethermodas do not indicate

the PEeRFHET, B Setiicr EBemraraigireaLat il OF yedafifating the agent
wasriﬁ ah Efbﬁ&\'ﬂﬁf @]a‘ﬁb@l&%ﬁars&b@fa%ﬁ BY h&desSystem error),

further information will be available in graphical
[00729 Amceain r@mtmdtreertth ehé mbnd &iparsendoos Girimoore s€hditive sensors) may be
trene heI I r.st
profigef it teoBenuliay. - SHER EHEPeBErOR e s hfpraihpyed Rsformance
t
W1tl~:§L gﬁzh c?%qu eIt esﬁgﬁnt gg%‘a Pﬁlé&gﬁggfea%hf Eﬁgﬁnbﬁ {deBttbfeters. More

recentiiensiawaiadgyeofiomsoafghebe s icys bm& htes tevdiopeddior use with hand held
thro ut the facil th fromthe rspective of

devighr SR St 8 s dash oTRE die, POTHHIISY heSBEQHY sond perhaps even

spediﬁ&%)' Hﬁgmtérﬁé'ﬁ@ hig J3ed@8me RKRMat BEcPBF %{i’ Bh%gpdu;er needs, reduced
depl'oyi ng the nodes 1 n a cost anhd resu effective

systemmolrsiness) énaredsed ppératoingl epsiss andmbreagranpled manhfackatiag. Therefore,
di ver se nei}vvork d sensors gengerate

f
s, 0Bl i AR e Y60 ol PER R Bolredsoth Rk nafboration of the
prec®hedntratdPalst $nadPNBefBfe td@&dﬁgn Hoﬁeﬁ%ysopfth@%d%éé NGollfl thelude a

principle is the suppressi false alarnms from
preconenpretosi ve generi c sensors. This is achieved by using

in data anal ysi s, thaclustere rr f
100 Pl el st & (’\‘AH@EV’WQP“ RIREPICPRUEROT, 24541 (Cascade
Ava%gﬁ@goﬁ@ﬁtolﬁlﬁtetlﬁﬁlyf SRR San beiseR2b I?sel‘éaf'veﬁr fr?}y aftfifle(s) of interest

cluster levels, diverse sensors and optio
and mhmmow ¥ ngIeoNs 0inse width palse u‘étcememtangl aralyté Tnm:h'h)arrow orifice

.. GPS | to de
el T8 desied §9~§85\5ﬂ g{ﬂvg{emq B ostieharcea ol 1fg ¢temyplgfe” with an
extr&H@@t SW‘mesduFH: ke, 19 allBel Heh ﬁHpr{oeH@ el ARABAthe dvice and

needed wth each sensor, or only wth each
intintelty qoatath&e amijonmalof (ﬂhes&tcélnctmrtmlrfae«amﬁetROHEurmmd power expended.
ef f ec at h

clusters e
Collggiicg fipw'ig &iceibd Tomd %Pgid@rqcﬂé t c @ GHSRAR, which is
mached S Q\éﬁhsecﬁl?e?}sop%lé§ bRt él‘?&aﬂ&%s% ﬁﬁ(lﬁ% 9@ I‘% ‘U?"ﬂjie surface

I'S the best nunbér of sensors per cluster;
corrbspendsrtx aaf opmmgsr Oypesw mnreaco:llla;mbsrplates chis Hehmed aa; necessary

GO i.nati on ener. c sensors .t hat an cover oy ea
Mulgpls plates can |a?%czg§e starkad 1t prptéhggtmffﬁ%se yollegting et{%&ewa .wawever a
51ng[ED§$lleE:§1)§ Xﬁ’agé h4¢ %Eé}? defnBRG atddORS an Eicidiat ﬁafg)t@ ('c::gln'ikc?d}ddemgn for

anal ysi s roach al so provides software th
explbsizesandat neevanageof simypbneMMdMB)vi or and optinmize its

oo e, SSE BRLLL sl S0 L LEARS (L0 s
whléhefﬁp BHIPILESH TWGR 23S AHEHER #)a[rﬁfetl\wrtﬂ%scdﬁ%t%h &rfac¥ T Bpproach does

he abilities of one skilled in the 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

wWo bmeprasent i nvention nodel different depl oyneeit/UuS2005/014032
opti ons and node placenments and factor that

stabili@lfeQ rdé@ésgap fbithbHeal RPRNES NavAIf R dsB Kl RhBorh@figd mﬂd 96 polymer
he 'nodes. "Therefore, in certain enbodi ments,

coatach QASPAR deiesis 5ham1§7eeg| deqogstfdted @mrow@p ghxtyetggh chlectlon efficiencies

i fferent nodes S d.on th « "
for fhsc v ety gameliim R R seRbyRY COMSIEE Rt ey sy non-
optu"i\'iz%a -prétetyp8 HevBE, &endifividN g AhE 6b§3?&§:dawér@ri19 ﬁlenr‘éggﬁrof%ultlple orders
first type sensor nodes, a single node indicating t

of magnitede e Mterathpasatnds: lﬂfamemmmesmann tdyeles;t h@rdegmdemordm device

pertpgics,opg RGRPENEE NOBR 600k Gareats fieuthgfrent sorbent

matMhs, 'tﬁg@t’fh&?&%rewt bfedt€hAd TYES YcanPEy ﬁl@nﬁﬁ}ﬁeﬂégﬁoeﬁfm sequence and
node In cértain enbodi nents, thé second yp%

frons mm}ysdlffcxlenmmreeatmgrtsmpcmeu@ensimﬁferyntmryoxfomgmempamentes to provide
ddi fi econ atﬁ(»)ei% Such preconcentrators are used

a d‘f‘B’i‘a “FF&F‘HG% a’%y]teo H¥BYwi t h anal ytical equi pment

[007{% e Q&wQﬁénﬁh hRASRHPEANIAR W BRSdSRE b MRaRMdSfrom ambient to

re recently, mniaturized versions of these devices
analj@\desdypton tdmpetaupajmftbw miléiseonndtithaddmhinl dhiealloyesshe injection of

Mhile such a device does offer the ib'Ii of
a hlgﬁﬁgmnmgn B SRR W0 i 55550 FPOHEy GASBAEG b thermally
ram#éd fp t&rﬂg&aﬁféscf‘o Qﬁoﬁ%kérbﬁ&ﬁlof pa%‘ﬁﬁﬁes”ﬁﬁf’%onespond to

educe syst em r obust ness, 1 ncreased operational
diffaremt\&poaprésmseascsmmnem threyliefgaah Ll|40hgn Fighee dfio r’Ehls phacsss offers
ca{)ab'@%i ty may no ﬁed on al | &Oes an deoflf
sepagiqn R olila ARAlKES it an N GPGHOPE se0 B golents and
anal 9'0@'1ﬁ‘tgre'§f)¥¥wmy chhEliﬁﬁ:aPQ s. V"%“a@dlhﬂﬁl MHRipfe areas of CASPAR

reconcentrat or. Fig shows 'a
coatad cwithrediffererd sprbesio pobymiargt t:arg&:ﬁﬁ@RAR“eﬂe:ﬁOlan@Kym;: ade be thermally

anche Sorbent Pl ate ARra sed t
oSt it SR RoL P A0S POEIIOES) TSP iRe i GER e P ieqe e g through
CASE@}]@ W1 Be ﬁ%\fl&’é@ By a{rﬁnl’ﬁﬂaﬂ}@faﬁlﬂbﬁﬁ% %ll&:ﬂﬁﬁ %ﬁ‘& ﬁ%ﬁlﬁﬁture pump during

analyte into a narrow orifice in desi gn of
desoDABIMAR provi des a hi gh surface area coI I ection pI ate

with an trenmely | ow. dro to.allow a hi
1007} Sarecob 8, T BSIORN KEATFeR N EIBy BSOS h 1 ediebirydetal in the
follo{vﬂﬂé LS. ﬂa&(ﬁtanh%é érﬁ(lr@filsélgﬁlr&oel.rjs ?rﬁ%f&?at@d"ﬁér@ﬁﬁn it éhtlretles

m ni-nmum power expended [ection flowis
di 34 @06 tHandhkldasedsiolg apmtdtys t hr ough the surface of

CASPAR, ' is machined with a dense array of hol es
%égéf%\fyg'kaingﬁﬁld SEPPROAFRIEAE y 50 % of the surface
co%rﬁgg@gqﬁngaeglgenggggb s One or nore collection
| at es’ can be used as n cessary Mul tiple plates can

aI $ch 3398 iCadloeld] patiplepusedan sersimgasmgs col | ect i on
e has, been

(007Rh iR deveRtion ‘o desirived hetoniihds ;r%eh%ts't@ et ataavmge@?ﬁwgs These
draw1ﬁ§s 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
wamwe/0Baen devel oped in which air collection fPONESENE014032
directed parallel to the collection surface. This
o ¢ . . . it '
PO By o S e g e Db B i b OTRUE or another
purpobe. CASPAR i s coated with-one or nore areas of sorbent

ol ynmer(s), whic ct to selectively cpllect and ..
(00 ASerR oo e AR S S {ficeBresepHginvention include
C Y .
o AR L8 AUITESS o Sl B ) WiV compute
exectitubld malruapasn bs datd kesaursa serddaherebny Sud! soneerreadable media can
speci fically_ desi

. .gned with hi _
be angndyaplakle e i3 rhich i%%,vger?@eg%gfgw % 8PS PHrRPSeC Y pResipl purpose

I r [ \ 1 EIG t
com B ETae) aE e B oAt Rl e B LT Emag v, ROM,
EPROMNEEBRIOMt CDFRR@M brothacomical disk tstoeagee magnatipeditk storage or other
di net hyl net hyl phosphonate (DMWP). Even with an "early" i
magRgfioPPTaEF FEYCEHY OF 4ty FEICH BIFHRE “é%qapi i WH ACALY or store desired
re 1 n et i ' .
AT EDHE U 1 R ERL R T s 8 Sy od i
can by dcessednby deghachipurposé or dpacial upersé eompntee  RBerb @dormation is
observed. Miultiple areas of CASPAR coated with X )
trangfpireds (08 NPrO¥ e eRMeT i STk SO ABOHRT FRIgIURicUpRs, ponnection (either

hard¥gRAL Firdfass, b (a‘\%lofr{l;) Itl?? of REaWRlel ¥r SERAsDEE 4 ébn‘f‘ﬁﬂ&?ﬁ{egcomputer

and frominitia erent operating tenperatures
propdtlfy fvisvathe desectivmas 4 esmputed-teadabld meginoy | Heusaaldi suchaalonnection
. measures of analyte selectivity. [Q076] The lo
IS PRORGTIIT ™AL 8§ OBPUISKSARDIZ T omliations £ s s elayld also be
. i t ] i -te ] i .
incl{d B (B0 sobit SPERNDRARIMON iolie “CRPBAEETMMI Btruciions
comprike, Gbr examph) insatictions anddythevidengziuee a pérerdl parpea semnputer, special

nodul e. CASPAR can be thernmual I.%/&lranped to Jjinterned|ar )
PUrROSFSEMBHIGF e ERSCRI IPHTO8R PERCEESIN dB¥ICe, iy Pyifeiin @ncgriain function or

0 to different vapor pressures as shown in
gro%ﬁ%ﬁfgﬁ?@fg?gm 1401 in Figure 14. This process offers

[0080F [Thie dihiVemtioh eHavvbeen desceibad imthiel genembbytes «funéthad steps or system
hydr ocar bon fuels, other solvents and anal ytes of

compRpaN e fich el besinmlemeedrinene epRadment| by apragramyproduct including
comg(l#e%/—hg%cgta%!eeﬂ%str%tioq{'s\sg QS rsgrﬁigq tnﬁ)dqleg,f @*&bﬂgeds By tL%%puters in

argeting differe ytes, can
netvidiRedrahlisondRaRr beeherailys prigea enddolasrinaludierautides, ippoghms, objects,

neasures of analyte selectivity. F ogﬁt hr ough _CAngqAR )
comppngntsy edqi SUPEREFSHYFIc thitt PEIRTE PREIFURY RS Elimatemeh particular
et Ul gﬂiﬁ@é‘}-‘}é' AESAIBbhO NasséQREd | 4P Worubur d
abstﬁzﬂg (?g{:ﬁﬁoe?'og)@ [ scusesgd'ltﬁg? elﬁn are de%sgr(iq%ed cll n ©% al
progfimaheduleeieptdsentrexahgldsadfl mrogram tbds. fopakemutiag svdpesd the methods
. entire disclosures are incorporated herein in their |
disclosed pereinesThe particular sequence of such executable instructions 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 JFEEhYbL Qm% RESEE cipAee %R%‘rl& nﬁtxgﬁélWaHSSthe THEARL Those
raw ngs i | trate cert In detallsS of specif
skilledrtio dhemmt\slllt dppreciap tletesnth hétevosly sompetiEn dn\nmnhmds wildtypically
rans of the_present invention. kbmeve[ descrlb

encqmRESs ARATHLYBRS 9F EOMBRIERAPSIEED SPBRSUIAGANS, Hic i el Somputers,
Si o] I g

hand B85 dBGio08) ol pCeRlor OByt | ifbiopldofiorbfiah BRY pRfgrammable

consn‘mm eleptraiiies nawidib #€’s, mymtommltml,dnapnﬁgmanompmd_tsc arsd tha like. The

any conput er readabl e nedi or acconpli shi its
mvea}a%tp RApASO benBraghesdciniai @m f%p%wgs%rwemn%\%ﬁt%ﬂe tasks are

perfmedbt?y 1odR! SIELMLEH ﬂfﬁée%gngﬂeﬁéés_sﬁl?Me linked (either b oy ha hardwired links,

erprocessor, speci al purpose conput

w1rerbers© tiaks of by acompatadbedf ha‘_tdwtrbdl er wireleswlinka) tlmwghoas&mmumcatlons
079] As noted above, enbodi nents Mﬁthlgaﬁhe scope of

netqu’é- &r 8 <listrby Lo, ERRPWIIS) SV ITORBET, BIGEEM Progulse maydie Hocated in both
nd carriers for carrying or

locaﬁgl\{/gj%h%geoﬁgﬁtg @bgé(?(rg \rg?eg i nstructions or data

[0082] Othérnadirhartedf ﬂhh éﬂimnon Bt be appaperit e thosaskdliédin the art from a

nedi a can be any avail apl. e nmedj a jch can be.acce
congijergiiofeie el sPEEHiISRIR Hid dggetice m?qbﬁé%veea%mselose@erem It is

mtem tﬂgt tﬁé%fﬁﬁ%@c s %déé&%ﬁﬂl@c&%@?@t&g ﬁlglre scope and spirit

of tmnhvmlon diss bemigdndiggicd brgrdbilevidg skimt andiggivaiemns 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 nati ons 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
whzosnp4enent ed i n one enbodi nent by a progranr@r/oskeei/o14032

i ncl udi ng conput er - execut abl e i nstructions, such as
Whhodhamgmedul es, executed by conputers in networked
environnents. Generally, program nodul es include
1. rout methed of magitarisg fovlshenics], oretingy dmea agentslavmprising:

,S:T-rﬁggrtﬁggrxg A ’Blgglft}f 8* g?stt g{s{:rgé{rp I'Eig{ntgi aft?;:ﬁfglrgyél%%lég’ns?tlrvity to an agent
in a%ﬂerﬁra'ré%xeCUt able instructions, associ ated data

structures, and program nmodul es represent exanples of
pr ognameatyepdratingexeecond tyge senspshaving higecomd legelwof sensitivity to the

di.scl osed herein. The particul.ar sequence of such .
agent D5 RROTed AR VTR eéFC%@éS%ﬁl SF ShPSHETE 1AL TSRS (g ignes more
senslﬁtgx%{tﬁéﬁi&kfﬁmm‘l ste%iti%i;faﬁapond' ng acts for

ementing the functions described in such steps.
[ 0e&E]vidhandamabeing, atrtaveentraldocdtionsimputafidre theoplutadiynef first type
operated in net wor ked envi r,onnment usi ng | ogi cal X
sensoBHachs 55end BPEAENSER INASHE 19 ErETRING Sieriesepee dbr Agent in the
ors. Logical connections may include a |ocal
mongt{ogge&n%lfwork (LAN) and a wi de area network (WAN) that
are presented here by way of exanple and not
limtation Such networking environnents ar e e
corhhg mstRAAK OIS S aldo “dereat e SRR agseeaﬁw isyat least
one ﬂﬁﬁd’l‘@ﬁ fifhes H?)tré n6ikive Al tﬁc%:ﬁrs{ RVEIdFetnsithipse skilled in
the art w apprecl ate that such networK conputing
environnents will typically enconpass nany types of

conput er_ system configurations, . ipcludin ersona
3. co?ﬁaﬂ@ﬁ@ HaAgingiolapd, adsreiybe ithepﬁk}@gé}g%ﬁfiém%%@fom and
' 5 nmrabl e consuner
the%*@%?@Eﬁ%%g@@%g?a%?gdg%g,Lﬁgﬂ conput ers, mainfrane
conputers, and the like. The invention may al so be
practiced jn distributed c yutj ng enyi ronnents where
4. t adibs mitaodrecriginge el ba&@%bﬁﬁ%ﬁr@t P éf‘é’é‘_%’isﬁﬁs the second
type I ESorhbie RERictdiSPBhsb LS iy Nar dwl red 11 ks,
Wre i nks, or

ess y a conbinati on of hardw red or
wirel ess |links) through a comuni cations network. In a

di stributed conputing.environnent, program nodul es ma
. e Thsenatier sooIBAEoIcHim 4. a¥hareit s cBETIFRIF gt Gve segior arfays
' : gga,p% of the invention

Com%ng}lél &ngiu%t%% rent%égﬁ{tpﬁgse EF%?% st n the art froma

consi deration of the specification and the practice of

the_inventjon disclosed herein. It .i.s intepded that
6. t hd'hg p%‘é‘i‘ﬂ RS PIdiE tl?éjz’d%‘nls E‘b‘g}eé ao%gf‘%&%ﬁiﬂvéiﬁ?g dRIegoncentrator
wit V\éhEQeJohgyﬂe%@n%?.Ope and spirit of the invention also

|

el ng indircated by the foll ow ng clains and
equi val ents thereof. Wiat is clained is: 1. A nethod of
nmonitoring for chem or ot her toxic argents,

al
7. confpeinasthrs ?%B@N& t@or? 1 1, wherpin thy agcpr.ltﬁ POIEPriey g or more from the
gro%gég)?]it%ﬁnéq@fvdh@&icaal Waffife dgt€ hndPloxREAGhduiM ch¥mic@isan

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 bmoagami in the nonitored area, wherein the BEDUSH05/014032
| evel of sensitivity is at |least ten tinmes nore
9. Senhkijedidiastdingao kiaifitd, vb¥Rin BE ch@nivésidin deisorafdys comprise
recei ving and analyzing, at a central |ocation, input
orthégamal sensing taghadlpgips o afingletsensgserrevnsors and t he
second type sensor in order to determ ne the presence
of the agent in the nonitored area. 2. The nethod
10. aCqE gefthd RcSdRigd blaimhie hfther EiRpEREORRivh&YEAn Ahrm only when
sensitivity is at |east one hundred tinmes nore
dataswalyzad fvem thtre fitsetybe sensot anddhe sfcond ppesensor indidte pragence of a
ne@hodn?ccording to claim1, wherein both the
partighiar agenty of first type sensors and the second type
sensor are operated continuously. 4. The nethod
according to claim1, wherein both the first type
11. sebometidhctordingdo gladmtly fatheeparaprisieg@rtivaiieg an alarm only when
chem resistor based sensor, arrays, 5. .T nmet hod
two SR D! EP B AL P e o ther A 3 RO aF BT 858 sgpond type
smwé?ﬁﬁﬁﬁw%héﬁ%ﬁmﬁ@%PﬁE&@mﬁﬁﬂﬂgﬁﬁlVe pol yner conposite
vapor sensors. 6. The nethod according to claiml,
further conprising providing a preconcentrator with

th t . . .. _The. neth ' t I
12. o G e s ine R g ey whESiRET o el Spdeidelifes ssieming
diffdrBR vedi APt LA et deRSor9baseh %mtﬂé#ﬁé‘\@f foRstforARI Senddthr the density
toxic industrial chemcals. 8. e nethod according to

of sapisaiisat 4 Jocathiar.ein 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. ( PhBRshdd £cHARRSY CRithaT SlvheleRVAR v Ring thE aliBh hPdktermined based
according to claim4, wherein the chemresistor sensor

on aamodey sorfawprd sieh tat hegendts froanthie tiyo serarato headytésal medels indicate a
si.ngl e sensor_array. o, IN hod according to.¢claim .,
fls ey, PRGOS ET LG -J16 PO FTrIg o ho S R gee o i i 5%
for APRnANGHZR thed IDIMN RALIoRohédnbhtién/Pe sensor and the
second type sensor indicate presence of a particular

agent. 11. The nmethod according to claim1, further
conprising activati arate

n al armonly .when two se t
14. anat pricEnor masuping B chan e foibel Prigeets REmPIReT s
Y RGISGERG VT 1194t t¥peSRRQIME hhViRE a FRAIel bstinSidil Ry td%h 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
wo eoodioff4er ent sensors based on the type or | ocBET/082005/014032
the sensor or the density of sensors at a |ocation.
16. 13: Thglé‘?sté'fEEM1ﬁ$ €PEIGHND 95 tphepdia kB chbmikiStof biked sensor arrays
activating the alarmis det er mi ned based on a nodel
compusHf ¢apdnatrepobimarthasedivapor sspsdrs.s from the 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. | €9%e 548 28%ck@ihg & lamd eNtwher&lA HRGse8énd t?ﬁe &éak&# f*uen@ﬂ comprises a
of concentration. 14. Asystemfor noni foring f
precoheemirgt@t. 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. A GRe sAt&ER ﬁ%gdlh% RECIZRN 34 whei@N Itﬁwceﬂtrﬂ%a@glsheﬁ% c&Iﬁgured to
sensitivity to the agent, arranged in the nonitored
actiatean alamdoniy cdren igput éntvai lycsthe finstitypecssnsne @né thet sscaritetype sensor
rality of first pe sensors and the second type
mdl%é digpresges d iapartify %@ﬁ‘fqtal 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 Thheysige accdraling ieclainn il 4,0vledein tleacentral. anﬂyeissmi;tiemnﬁgured to

actl\%ﬁ%gr{ ﬂl@rr&g ; o e?l);{gng %é@ﬁz\ég séa %M&%gf%ls g il?eggrgsre%ce ofa
part#eaee g\%e?l? Qhek {)ﬁ‘)wcﬁ}ﬂswﬂ}ﬁlnpﬂ_trﬁorﬁ ¥Fh&n ﬁga%égaﬁgoﬁ& aGe 8 type

erein the chemresistor based sehsor arrays
smwonnprlse conductive pol ymer based vapor sensors. 17.
The system according to claim 14, wherein the second
type sensor further conprises a preconcentrator. 18.

20. Th ?\ m¥ib8e %ﬂﬁ&ﬂf&lidg@fof hehli@l B dther WRRTBEALs [ ddghfrRIHg: al

analysis unit is configured to activate an alarmonly

wheperatipgis fifst typelsendor haing s first ypel sksensitivigntd anhagent in a

second type sensor indicate the presence of a
mo%’ﬁfetdlat‘fiﬂ ar agent. 19. The system according to claim

Pmﬁﬁgb E‘ec%ﬁ@ U%@@Eﬁs%& hARAS ¥ 8dcdnd vkl biSseRQR LBl R adedt in the
act vate an alarmonly when two separate anal yti cal

monitode sseagan | ndi cate t he presence of a part| cul ar

agent ., when rowded wWith i rome
Cy S B R ginGertdh iyl Betions Pt T st B Sqnpr and the
seco‘gig E%ﬁe%@h{bg if OfdeCeIERlineAhe Bleb&ice bPMeQgBASR e monitored area,
rising:
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®enndadd t ype sensor having a second | evel of PCT/US2005/014032
sensitivity to the agent in the nonitored area, and
r e%%b&drfd&yﬁ’é‘s@n?&?l’lﬂﬁg“@secéﬁd RvEIRITsEitivi8a thdbent, BR#ged in the
fromthe Tirst type sensor and the second type sensor
moriitoreglragtes, ahd det er m ne the presence of the agent in the
noni tored area, wherein.the first type sensor and, the
S eaSHRTpaYSa el FoREEid iR s rEidVRE ST AH d s5POnd ype sesor,
heflih HRARARI GRS Afit bLEAPARIIBEQI Rsin Bt RSy PILRsSHUMAN d
v earlr ay, V\Eer e|§ a tlransgiubgti on rrechanisitlrynﬁi n (Seach ofe %eﬁgn type
senseeimsorder t eletenoinedheprestere of the agatiamthe monitorekdred,cal
resistance. 2 1. ghefnethod accorﬁ%ng E@ cl ai m 20, .
wheherein at lepst ga¢ obthg first tYRGSCRIOR b € SFEP H?épef PR cPppEises a
plur§ﬁ2 ?Bn%‘%)ntah%né‘iﬁ% aREndI¥ges FENSREle RaRof ﬁ%ﬁ@%e&ﬁn a transduction
cohducti ng and noh-conducCting material. 22 A system
mecharismmamedchrdfitle fensing hkehhaagiendetedthe change i elageinalggsistance.
conprising: a first type sensor, having a first |evel
of sensitivity to an agent, arranged in a nonitored
23, ar %é@yﬁ@nﬁ%@goraﬁﬁﬁ fo SIa1% 95, wita¥ih Mk GrtiRReANSeh S Eleciologies in the
sensitfvity to the agent, arranged inthe nonitored
singhr seasorandy acmpriter mbpeatied tpgi & miorie tsesormnmadeeiion aesphetive two or

first type sensor and the second type sens wher ei n
more gt FOURICORT SRR TRl FRRYURTE BSLAGES (PEh EOTPpysLies made

fronh YOS, SGRER M2 %rdnl Sins R WL A B RERBE (SWCRTEE kofmBosites made

detefm ne the presencde of1 the agent in the nonitored
frona BBEC N T enetalroxade deadsindocter sehsdrhanflisersors made Sem porphyrin
th? second type sensor conprises a plurality of
matgfgdlhogonal sensing technol ogies in a single sensor
array, wherein a transduction nmechanismin each of the
sensi ng technol ogi es detects a change in electrical
24. r editetsgsterd. ac&adinghe claims 22 mhsreiartbe atdedsoond afi the 885t type sensor or
wherei n the orthogonal sensjng technpl ogies in . the .
the sechRyl BPE SFSR CORRIiGS & BREAINE Ay T8ei9BE o} SREtHGRMEnd R wonducting
sors made fromrespective two or nore froma group
consisting of intrinsically conducting pol yners
(1CPs), conposites made from | CPs, sensors made from

single wall carbon nanotuybes (.S S), caonposites de .
25. R SYERRSCHARSIto SRR =it CRiEo B TEGRLE (eghgptoies inthe
i d6mbFi R fld orRERIsE AP made frdflGespbstvetw
Smggeg%gr%ﬁﬁ{ga? t gmgflge{?r%%, mh%r eint hse gt IIneastr oneesspgf t he oor
mort ififost a pyoup consisiong afiinttinsca yoondudtinggobyems s (ICPe)ypompestes made
frorﬁ gﬁl)sg ré%}lgb%%/m n Sfrorrr(le giln(g)fgswa?lf ca?t?or}ld#a%to{u%gs 5‘3’19 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 nade fromrespective two or nore froma group
CORSleFind¥hdUnaly2ing! % &aﬂrmo@aﬂeﬁ UebhtTeor® qle\mxraﬁty of first type
(1CPs), composites made from I CPs, sensors nade from
sensersragld eha/\ulcd)nd':typb eamsOrEAN Ordeln és d@@mﬁ the, presengrosd anexgemtrinl ¢he
SWCNTs, netal oxide sem conductor sensors,
n“m§8ﬁ£g¥§‘nade from porphyrin materials, and sensors
made from netal i c nanotubes nmade fron1neta| or neta
oxi des. 26. A nethod of nonitoring for chem cal or
27. ot fike nethddacagdigdo clomi@6] Birthgr comgeisaig: ng a pI urality
of. first ty enso ha |n first |evel
deteqpiauier ATCaRIYA 1B 140 256 5 ivpf gl 6 Qe sersprsdn the
I
oY O 8, 8L 30

the noni tored area, wherein the second | evel of

IfICI is pore ig than the first | evel of
Ff‘?eé}i‘qdz%“%rﬂﬂlrgéeé aypﬁg T APy Ihg, at a central

detehﬂﬁl c%eelrba{) iayBﬁtoingﬁﬁlb@f b st 404 REodd t&ﬁé S&X&‘é‘ in the monitored
sens e“second type sensor in order

areadbgtmeodeling td imeetrspecsﬁabperﬁﬁmancmammds rand Irmnmuzumg cogsl
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 performance
standards and mnim zing costs. 28. The net hod
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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