AUTONOMOUS MONI TORI NG METHOD AND SYSTEM USI NG SENSORS
OF DI FFERENT SENSI Tl VI TI ES CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application clains the
benefit of priority under 35 U. S.C. 119(e) to
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aut ononous sensors haV|ng different sensitivities.
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monitoring for chemical or other toxic agents, comprising: 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 imes more sensitive than
the first level of sensitivity; and receiving and analyzing, at a central location, input from the
plurality of first type sensors and the second type sensor in order o determine the presence of

the agent in the monitored area.



sensor are operated continuously. [0007] In certain
enbodi nents, both the first type sensors and the
second type sensors are chemresistor based sensor
arrays. [0008] In certain enbodi nents, the
chem resi stor based sensor arrays are conductive
[oomqlm RErfain CRMBARIHE, ¥R SEAEEY & firkQPRPdenbdts 68T thakBond type
mbodi nents, a preconcentrator is provided with the
SﬁE@@@@ﬁﬁﬂﬁvbwﬂmﬁwgdﬁ. [ 0010] In accordance with a
[0003? glgnd as@t%ﬁct) Fnts 0(1);1? ﬁl%osiﬁ‘&ttg#éwye%%r's R4 F]hehs%éo d tggge Sensors are
cmxmhhsmrbﬂ%ﬂﬁﬂﬁ@ﬁmhﬁg conprising: a plurality of first

type sens haV|ng a first level of sensitivijt
lﬁﬁ%ﬁh@ e“&%"ii’é‘%?&@dﬂ\eﬁ SRR S SSseATays 8k o cltve polymer
Cmn%% SRRSQkorshaving a second | evel of sensitivity to
e ag ent arranged in the nonitored area, and a
T0009¢ it p@ctauaﬂabgcbmsntarﬁ precansprttasds provided vathuthalstaopd d¥pe sensor.
st e sen S
10055}, 05 aeokPin? SURPH S % BEBR ProlohblnscBANE Hore i provided a
systélh orfrhetti@ting Yor@herhicalsdr dilyep eoxsensatsscongpridinghe plaedionss first type
pe sensg% in_order. to determ ne the]ﬁresencegﬁf t he
sensa{jehﬂvmgrﬁ e AT pEFEUIty QB 2o o PRped i 2B Ry IcHhyige: a second

typeWehddr, Balih b3R8 @&&1 &fseﬁéikﬁn@&@&fé%eﬂu%ﬁgéﬁﬂ thd ﬂa@ﬁlﬁ)red area,
i's prOV|ded a_ method for ndnitoring for chem cal

and @tchiesral amlysa.:s mg@wgect@dnﬁm piunlity of Siest e wepsarsfand gie second type

e V.
SGIISO% Qy‘g_lglé | n a noni Osau%ﬂ %?@Zés &égflef% g‘ﬂa S1 Cd(g ttt)%e SNSOTS

and thepecadtgey sehsotiim grder Redammbideake preﬁéncs efighi tapatit firy the anonitored
the agent in the nonitored area, and receiving and
2% nal yzi ng, at a central location, input fromthe
[O(fﬂl'] $h abYRBarRENHIR] 2aREd LRCcEEE ﬁfédpreﬁe}‘lp BRI ther® is provided a
order to determ ne the presence of the agent in the
metheshfor oraaiforrer chgmaicd ai offige Loxiq agents; (HETISEYS eperading a first type

o Py BEE T BEP RS PACH SO Sl Ut o

typeasanayr, hanirer € sevonad tlevahetl smsmmy e theaapestnini the eamhioofd area, and

recc e ] BBt ANED PO S0 FOBIG PRLRBS S the second

typd RHdr h &ERE6 ldeRiminb their@BRRof itHVRBIH i the rhcfiﬁtbfédlaﬁea, wherein the
prOV|ded a_ systemfor nonitaoring for chem cal

firstgyproyensas ang ﬂ&‘g@ﬁ‘?@ YO EPIrSPHYy coBPrisE pRurali of §€h@@nal sensing
tech?l?lxngfgg g EI 'sﬁlglié: ﬁ%?lang whAShd ¥hddudiR_ndeAAGHh in each of the

nonitored area; a second type sensor
sammgmbdmmk@&sddndshehﬁgeoidsﬂmgﬂkﬁmwny:to t he agent,
arranged in the nonitored area, and a centra
[00 2 elinyicordeiniet with mnfsattk dispeat bii¢hef presdnt tnyeatiee nbae iaptvided a

t he. second ens erein the central anal
sySIgRh o SR I SPERIEL A PG PR AR Bbnas: & dnt Firasensor,

hav@CPRMt Ie&&&%f%@ﬁb%&ﬁty' 10 an QB! arkMoleInes Monfotel@rea; a second type
presence of the agent in the noni t ored area, wherein

SeNY, haémgta soepaddgvet plesensifivigtio thaneesiepsameedin theymoniserearca, and
a cetlﬁfrgl an %gﬁf&:ﬁe& &t ﬁ?it lt’}é[@' 8 1996 Qlfld Ak E&%ﬂ@ E%E sensor, wherein
tec e

sensi n ogies I'n a sensor array,
ﬂwmhﬁmb&mhmmumﬁaﬁﬂwﬁ$dmaﬁn&dhaﬁﬁsnmaammaQMddkmEﬁmdq@esammﬁn

order to determine the presence of the agent in the monitored area, wheremn 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, wherein a transduction mechanism in each of the

sensing technologies detects a change in electrical resistance.
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sensing technol ogi es detects a change in electrica

resi stance. 2 wherein a transduction nechanismin

each of the sensing technol ogies detects a change in

el ectrical resistance. [0013] In accordance with a

fifth aspect of the present invention, there 'S

OVIde a. meth . itoring for

whe Aonherasindp i o e bl RpenS defhsn dynee in
demgkﬂh@ﬁghn&ype sensors having a first |evel of

specificity to a group of agents in a nonitored area;
[001@?1’1&%5&&9!3&:& ¥mh %Ftﬁ{haals#ébg ofthe ﬁ%%@m%ﬁﬂﬁnﬁﬁ&%% px’&ﬁ‘d&@@n@mod of

second | evel ficity to the group of agents in
monitpreng foo nhmpémrmﬂm toXid egeetsn cctm@'lsm: onetafing/a plugdity of first type
sensélg zlg\lr’l%é glh%s}/ lelv A %lﬁq P[Qe;%) a gr%}l]éj E];, ]It’nr()%tt(%l‘eg ar%a c%ncurrenﬂy

ecel ving yz n
oper@ifiipld ﬁboﬂd@jq&t Seﬁ)s,rd)r hﬂtl]\fiﬁgﬁ sef:ditﬁdmb{fdh ef s@ieﬂﬁaﬂty tb)thd)érmﬁp djﬁigents in the
sensor s t he secopd type sensor in 0
A P e %&Segewéeveg F S BrE MRS et ﬂirﬁ%’htrhti brddevel of
 speci§8: m&ﬂe@gvﬁﬁ%ﬁﬁhﬁiyﬂ& GFa ME@QB@&%M%&I%%%@ of first
accohpanyi ng draw ngs, which are incorporated in and

typeconsets and the wccpmlrttfpfo:tensqren oxlgiioi detesmine dhe prcsnes efraitagent in the.
nKm%O%%eqtly preferred enbodi nent(s) of the i nvention,
) ogether Wi th the general description given
above and the detail ed description given bel ow, serve
BRIEF DESORAPTIONOB THEI IBRAWINGE he i nvention. [0015]
Figure 1 is a block diagramillustrating the
mﬁnﬂﬂmaganmqmnghaﬁeh@ngsv&mﬂmmehm@qmmﬁﬂhmdh&emmﬁhﬁﬁapmmnfﬂm

ent ntion. [0016] Fi qur.,e trates the
el GG RS aerepts P e S uishst B SRt Bfe. foscther
witlV &R %Eneral[c@.% iflofrh g%ﬁ @Bove A0 thedepiRY SR NPUMPNES bdlbw, serve to
the data obtained for testing of sensors with HD and

explgm the pancglesoighs Bventios. a di agramillustrating a
[001 5 eslggﬁ%[o&drl ﬁ? tr% e%ft op%én%rg[tnéegfaﬁt
/ and nerve centrations
mnééiééiid?ﬁmpm;éi1;§imo;?§;r?ﬁ§nat|on pl ot fot chem ca
100} 5367 2 uSs B Shanka TP, 4POR I B P PBEneRg! o vapor
[06 dﬁtte&atresoznadct 4(’)@)&\71@5 RO oF tHeQialh WMARedrfoN@&indfof sensors with HD
analytes 21] Figure 8 is a graphical display of

time to detect ver sus concentration for speC|f|c
[001@’? ué.{ré 8 %S&xﬁééhsﬂg@ﬁ Ay potﬁsst%c{sggs:?ggé re e(?tg{l (gve? :ra'?rlfgg bARMer (0-5
)mkhms&agﬁnapbhmﬁﬁbommmmnmmnte sensors.

[0019] Figure 6 1s a discrimination plot for chemical warfare agents over wide ranges in
concentration.

10020] 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.



[0023] Figure 10 is diagramillustrating the use of a
SWCNT network chenmiresistor as a sensor. 3 WD
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of Igptipes hateare tanh cenrizallyl legatehion a st aflsensdiss tin ichuidie dmbodiments, 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



network of |ocations, or a subset thereof, my
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ased on aéslti er Jpr k at Caltech. This technol ogy has

pe E‘E?Pceag‘f‘r%ﬁ o9 be sensitive (IDLH and PEL

0081 ichEpe W Breb AR I cor B YisniBudlOnonitoring s
o058 073440 PCT/ UJS2005/ 014032 ﬂ?ﬁ%ironh%“é'?% yororing system
basedyon this teehpielognt This eystem meorpotiins dahbbdistribated kiveenst nodes (or first
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t hi.s approach, .the presence of a chem cal is detected
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 1o be are reversible

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



through a change in the electrical resistance of a
chemcally sensitive resistor. These sensor filns
are derived fromconposites that contain regions of a

waontsesiog phase with regions of an insul atpdgusaeesnises
organic rrateri al. This approach allows use of a w de

tnaﬁsatﬂﬂ@r é)(farﬁ Hint ORI atV?th%é %&gém@@ g?nerer Danomaterials that
chem cal ing properti es, t=an enor no
candisere¢ sist the | aonqutmg phasenp@sntgrmterc elrentien] aditdreivye dndu Semkivity is
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per billion level of agents for a hand held chem ca

shopwi in ﬁgm@t%dkmteswmseawmtdwhy adinkrgbspausgr(sss 564 and 510 in figure S)

sor bili
ovs SRR SRRILANL b3 SR e
[0028) EXaﬂtmiloﬁ t@H ifdeGdatia agbmta,l m@é chpodile semsath {Bd $hdw remarkable
shown i.n Fi %ures 3 and 4 sensors,

t hes
seniLGiF i AheE FES" BESHEL A i3t ploeskand ogBartaets ahpsgene (CG) and
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B A 0 Aol o OE rEBOND TReandlod 26,700 i Bhdsgene s
shopasin|the diggimipation plets 8 du figuredr whire svar atdlfehew concentration, the

u results, 305 fo
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[0089) ThReruRh RRBDMiTeREs, 8 sbidithaied AeRIBA dbovk eadrg ﬁ.ﬁ'ﬁler erfidinced by

shown in figure 5, these tested sensor's
incorperatien o p @nmetu@s@b p@@qncamt@io Prripr fwoglirbes Es}earlwadlcaed that

5] SR Bl B 54 TR o R s

Permiwdibls- Beposis Lagie mPBL) lehél sRtecOSPOEN L SRS Whett 8@ fundamental
show gqqnﬁlr kable sensitivity to higher vapor pressure

sens(Igg fec SV AR agmavectﬁmgpwb ’gggﬁf{age, c%g@lﬁ@n{l% of;the present
{nvé}iﬁgh QARAILCHHR E‘érﬁlﬁnfn‘é@m%@@erﬁfﬁ@ L& fgf 38 (dr Eft.ssﬁ QERftive) detection

measured for 10 osgené I's shown I'n
witl]moeg $Qﬂ1ﬁat=at¢§hnqﬂebt1§\t Bﬂqrppmtef prgumeengratonefoe PELdor mbre sensitive)

levdi AbScdQw concentration, the

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

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



new sensor array can clearly distinguish between all

the agents tested, as well as common cheni cal

interferents (toluene, diesel fuel). It is estimted
wdabedBawdet ection level s for detection of Hipp

choki ng agents are in the | ow ppmrange. 100391 ?zrtl)ﬁ’s%mosz
WER @i Bs R il fvelt N hubh ik SfehldRed

“above can be *urthereenhagﬁgéézgu%%%kg%g%gra |°kcé)nan8fph35gene are
highemihan thosezfod (Y 4s,0he dattatian capabitity Brstilicignifivastlyc b@éw livimediately

i ndi cat t hat Khivities of 100 fold are
da%ggﬁolué\%/‘oa@ggn&ﬁ?aﬂmm tlﬁ‘Fe:lSZed preconcentrators. This
[ooat ] RuGuh &t spESRTESI (N0 86X BRBATflohitrdlt 81 )RR prele¥elin Figure 8 in

detection even in instances where the fundanmenta
thesform| of e & HefP @ gyerais reBeeniatione erve. hiApplieant |has already developed

sen-g&etﬁgtfn%l?thap Chd %éé:&:ft Q‘T@so&ir%gﬁf&gtsat %i' béllaﬁr IBE.?IS@.B% g‘i l%ﬂ)élsPEL (805,
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100AGF Ap s’ T R 5 g7 (0] BUBTmQUISE (4 ¥ Fo@a syt extermal
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detection ['imt of these sensors to a w de rang% of
The\Hg gaeattepting Has éncluded sagtingseanets osercovaning feniperatire ahdhmmidity.
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bleSANSRITRES, hfimohfaCyvi ( : ]
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aregpmmasieed balesse fhedesuits Bidigatad Bati the devieestwarenablf 16 idatect G series

egt S ncentration cur [ t.las .
nerk? oA 1ot B R kel St W pauiromens
(0.TF1 Gangifn’) anti evae able ad daatct bidtamigeidh bbl6BISORGERNreRBEts Phkg/m? ).

levels in well less than two m nutes and

05, 814
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" angey ok, £ RLEA e P P I Y o
vareloi eyl o T o
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ant risks to

Biedoh pnthe

reliliblerbplirition of HRQEEbrgEE & defthlin@mbbiinleyits e HRHRERMSnvention.
devi ces. was determ ned as part of a validation study

[0048] Tnj towal. 1A b v elidation expsriients warmsendicts eonyaidiffsgent hand held
devﬂ%?s.?"?_%@raﬁ Qr@fiGioft Qe ce AT dhd iéf BELGER h:«liT' B%g:%‘lg%;?t Using receiver

hum dity, "and interfering elenments Inc eac
opegflorahiEacteditedROMeatves. Bhemstlis ofnbdsé egerimenriarty demonstrated

Vin Tloaor X, W.nde and Spr cl eaner. .
verf IGRRY sut 25 (A oo SapBaY feis v iatio)
[004TdDSab e the tahBdntdgae of edtis68 priaiel BPUR frlseleIREAtioR is that it uses
tec%g [ et% nerve agents at or below the Joint Services

haspratriacd &uii e sk coTt paier of e sansiagaratasials(@y welllasghe read
out %&%&ic@% #Hesisabk %&%ﬁ%@@ R L m RO Rl %&%&ﬂ%g\ﬁt discussed

_ requirements (
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 continnously and effectively monitored for chemical and other toxic



100441 Wth respect to tenperature, the follow ng

results were observed: At 0C, all 5 tested units were

operational (function test only, no agent chall enge).

At 10C, all 5 tested units correctly alarned to GB
WRRGP44h al | tests (10/10). At 40C, all 5 tRESYER005/014032
- units correctly .alarmed to GB and HD in all tests
agefit$.0/Thi) arrapgguant oBiye tosd sensre inisoally sugted farss widely distributed, Jow
.Oieﬁgrat ure. and hum dity are not significant risks to
cost BPHbIE %gé’?'ati on of the sensors used in certain

[0048T0RH6 $EREhS tRhind1bE; s & Hested Mt fitstrik084:@dt dnd this product has
total, over 300 validation experjnments were conducted

demgpstiater} pycellens relighivgy Hethe ficlde i edditiondp dhig fieldyexpgrience opxtensive

Iab&%%ﬁéscthr Hf R Sl tE&ﬁ’l%ﬁ)g&' ﬁkéﬂsha{}%m@ @@xﬂu?%&l:ﬂgs@ tests indicated
using recei ver operator characteristic ) Ccurves.

littl¥ heensars ulegradasion) heyse whererdhabenged civishr highete riimms texpdceed  agent
very .favorabl e specificity (false positive ratio) and

con %’ﬁ%f‘?rfsvi ty (false negative ratio). [0047] One of the

[0089) VARG @fenitint SR S0EEssB Q¥hsdL s MYt the nadRSRMhg process be robust
invention is that it uses technol ogy characterized

withyhigh mrennfpaiuriog viekist dyopliesnt haseleweloped @gobust mangfhejuring process for
I -he . '

pol APl R° TR ER, TR br SRR SoP Mol BTl

senhdorelive wheat edsiing pA woalpatisonodf thovraiisg demnforsix @ofts under test

| ower sensjtivity. and/ or specificit, are arranged
demeieried HEh JeafEs o7 BTN RS S o Cof “hi ahor
[0058] Shdthet fburB RE b&ai® BABbdiMnEihts ¥) thS PresbdhveiibRiUBe Bk RAdability

can be conti nuous!dy and effectively nonitored for
of bhehstenl Berdusstthe deteeirrscuse gmraydwesdamMergh and these sensors are

brogcgg /ﬁégél%lng % Q1448 Igadlgglgfgﬁ%ms éiél‘?ef %}é&%&\%ﬁggﬁ&l 196:]c u;lg?éﬁed to detect

sensors 1's ui
newdlihsdats Byuipdaking tha\ideatifidatiomalgdrithing pithyrsdnchvard tHO d8fice] bl through a
sensi ng technol o has .been tested. in t i,ndustr,i al,
-~ cenjralized (datgap yﬁﬁssw%adﬁftf% the cqRmemial S%?‘J;Ed@%&‘é‘ﬂ’ tat 1s sold by
applidrk ¥Dddsigh¥d idbd ARed tBhed” sb FhaR 8] sain@ Brddict W iuSed in@l Fhst array of
experience, extensive |aboratory testing of the

differsns epplicetidm diyosjinpia skangeshtpsthl ewnbaash dlgenns. THbss gnstrument is
t indi ' i an,. eV

ol o 505 ol 6 003 EPRECAEL 9 SRR, s

upgeaies antpradidains .thd 024 9ia damatdadablesofivend upgtadas (if local data analysis

. .successful .sensor, i s that_.the nuf act.uci.n rocess

is IBBISTISRIGQYOT I ETHFSS R O SEOUT QoGS PR o

(0033 FA HGVRLQARENRr habiHSderaR{bRGInts M (R RERASnT@ion use polymer
pol ymer conposite sensors. The sensor uniformty was

compesignsengors fr &SV AqudddCrdgiectiane Bherngtfermanenof these oxjstiag materials
ent _testing., A ' Lo
can et 2 108eh SpBOTRR SrRElof indis bhE LG F MR difhncss. as
Show?iiﬁ diergriph mngm ggulh WeSﬁll?thle E&poxﬁs@ @5 hesetmatoneis ripdi(typieally less
of cert n, enpodi nents of the resen I nvent Lon .l
thag 3@ seeppdphdhbraspanse Hpe i WQP%%}Q'E@@m Bierp,Lis The, Bl ehickness. Ths,
a rAREE&T Bf i SRicRResRITFoRY 1DARSSh ABPERRGNe, ARE fiReHRkness in certain

sensors are _ _ _ _
embodiments) to 500 nm improves response time by 4 fold and result in response times

significantly Iess 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.



broadly sensitive to a wi de range of chem stry, the
system can easily be upgraded to detect new threats
by updating the identification algorithns, either on
board the device, or through a centralized data
WO system In fact, the comercial hantCHE}§05/014032
device that is sold by applicant is designed to be
[0052)sAdditiorgl irmprovergenthan theneorspayiie serfticean Se psesanplished through

_ oo j : ol e '

ot BUh B oBi-cofllchBE B oG BB, drt e R cBigging gterials

andd@singriag tiedr pdrfimbrves eheteaarg dislicationdthatsebee bfy theftemewdals may
user,. ln one enbodi ment, these _.upgrades are_ provided

have gensHiyities dat er.eé-boptwa?%%&g&f’]@ Rioty @e%@%ta%s (i f

(00538 cefidh @mBOENLAE Sthe bRsdnf RIVERRANBEY nRk] fillerdn RGN l%%cimprovc
manner 1f renpte data analysis is inplenented. [005

seng  dénsiivgzeReeent| work heitle ingle eweld errearb gdhotebess (BWNTs) has

denpefirBlEE TRl R o BRetE SerB Sl N o SRTHRR' G SEEH wotucing

nitrégdnsdibxide Ahd oftenkBongCaidibingioTreducid 4dentoLdh hadTpIs®besh recently

deposi ti on net hods and coqtrol of filmthickness. As
demanstieq that sraatap! PoIPartels podueioy alsprprpdiicegnsors with enhanced
chehfiSP QS RivRY abd'Be& SRR alsd us@Piith L4l 6RbOMmERS Sf the present

than 30 seconds), the response tine is proportional
invg¢rgion? Useiof BWNTs andtSWNT idetwarkd is klnsssibed, Torusssample, in J. P. Novak et

reduct | fil ' s_f.rom.1l mcro for
oL, &FBEERES Lnt, Yot (B R RBE o b it R st o ryposes
[005@) 12 QA dxtieh itRAMMES EDSiEOINR Gt 1si ifpeRiivd tHao hfly aswl niR&isld are also
in response tines sjignificantly I ess than ten .
robug (1p rfianging, gryvirogmenta) Fondifngs ivh teachy penspremgicpalosigscribed above,
: 0 . r Qv s A ctahili
conpERL P ApotRE UL SRR b O Bfm A0S Smitrhlie il and
senfitieigy lty interfdrencef ¢dmmotihdsclsnpsfoomed ¢s dest Hha rdlpBtmasn oDthe sensor
WO 2806/ 07344 PCT@JSZOOS/ 014032 [0052] Additional
maferials I SERYEeN Y PRU M iposi te sensors can be

j008sicaiil ks dod REDHYOW sipfliahy doigtibptieatn@dicate that these sensors are
non-conductin% and conducti ng phases_as a
S

art of
senpiffye o PYBR-rfy Mpegyesageatngmggq.qt,‘ﬁszspﬂgnti% ergraph 1001 in figure
10.Pidupd 'T@'%‘fs%:shl?ib.r?faﬁ'op%ﬁ gl G863 QNP ak NAIMSRIABe 9010 of 2 SWNT
these materials may ® have Sensitivities that are 4-10
netwbrkeshebetdisor ardahe preasprasisbhygede mesidancaupen efr@8&8To 100 ppb if a
certai n,enbodi nents, t nt. i nventi,on uses.novel . .
chfiiqa) SR O BT SRLE. (15 POV PEEER odR et FRe A figh viel
usifRe&RARNEntvREl khdiotithoapkik @ chRighesC b B SESWINIDRSwoRY Bliifihates the
has denonstrated a potential for enhanced

need &nBositiaR individgalS WiNd & apdiprgducss 2 goensasty Bapwfastugplsgievice with a

[ aWYef and ot her strong oxidizing or
rncn% gg%rggﬁcﬁbigfegﬁdnqg.

Ccl ng ag s. It has al so been recently
[008& B stonitore sensdraperfemanden extetsate laborepay ttéstihg is conducted on the
condugtqrs ﬁ“§ok§roduce sensor.s W th enhanced d initial
SengqMACHMS s REFFHN Y B HHES AT MY 1 2oRPal5d Apdan initi
detd¥rikutio bf By, (pretudany 6Eflse poditivdiPand IBS@Adbabiliy & this® Regatives) are
Use of SWNTs and SW NT networks i s described, for
~ congyeiprh| Sompepf jtheo arpgyy e then sgit out Apipfive pegnt tegtipgfat a mutually
det%’rglrinegﬂ'ﬁzr%ti Q24899 3hd HMNrE Brel TcbiP6ALRCHR @k NS Rototypes for

I poses.
system testing. In certain embodiments, the system parameters including the analytical

models are adjusted so that a target P < 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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[0054] In addition to enhanced sensitivity, it is
i nperative that any new naterials are also robust to
changi ng environnental conditions. For each sensor

wiedoes/eadsodescri bed above, conprehensive tespéfigsRbsnisos:
sensitivity, response to humdity, tenperature

[003¥PPid bﬁtﬁnal&@&or%ﬁ@fbgehe hidg Jngl lsJHSl%E o?d’h?ﬁl%&eg oslilr{] (i‘e simple,

I's performed to test t ust ness
platferre r Thalssthe @ptmul senmnt:ainckudewbe%ralnhffel[eﬁ)tﬁfnﬁﬁmés’nt&ﬂ apbroaches,
t,s,focused.on si mul ant de on.cle
ol ot B REROR 108 Sinble et Sy de e FHBADS OB Casingand non-
corfli@nPakthtdHRlsy SeA@R thaseldi BY| idfinsicaly TRAMRhE ﬁJsﬁné}g GtE&‘Ps) and

1001 in figure 10. Figure 10 al so shows anh opti cal
comwa‘kj@ eI dCRH sosas intadg drompsingle tval] cafIT nanvtabae (KWNTSs) and

r t d in resjstance
RS BB i AT R I RO JREHS PR b
porplyrinematg s, sandeansoa/mem oh wtHKc aamwnites pakit Gorefledistdd metal

ield . usin nyent i onal i thographic
xR SR AL Dok bt b ppogies, ach
senBt @tral; Gndd@ek tdifherit RelieY o @@koémame RfaBHESSh ﬁe&%?m in all

easi |y manufacturable device with a nore
SCRpQEH MISATNES B clange dbelaedcal popsBies. THurkamnots: inserisiorembodiments, the

at l%g{] %‘Q c?ﬂgecs%nso?%ﬁﬁ G‘%g%ng (c))lrf @(ﬁlggxgtﬁxp%%ﬁdtng%e{: {:tu%gan%!Faé us

[0088]igums d 1tis mﬁ@:‘m}v&ﬂt x?uﬁram I]ﬁffﬁﬁﬁlc?ﬁ?la l@lﬁglle RérsbBdrray c)onsmtmg
ern nat i pyobability of false p03|t|ves

of %ﬁt Bﬁgtﬁﬂrwew éaF@@Hﬂf@aa% \gaze) 11, such an array made from

mu}i@l?:cwﬁés%f thiROME &{en{11l%§§t%rsa§eﬁﬁ§ eiGitst ﬁﬂgger%ﬁatefdafattem of

[1Tve Z?ent testln (at a mutually dete sure
respogpotoii Bergit e&mbsaft Iaearlste aapors.ngappdit 4 digplaystthe tehpnnse of the PCS

A tof ype f S testl ert
o g1 SR T L R T 0 g e o
conagrddation dadel, gtﬁpiellszmrd&pli@‘;; ulsd eckpSmet éIaSWfN'Braﬁ@tICPl &nducting

< 0.1% and a tar t , < 5%is achleved for al
POl YRS IPAS 1B é&i‘ é Sepﬁg 38y Ho| prgsneg of agwmani inpthecair at IDLH

o0 1oPEIASRRERAN1 1blays e MOhRO06f AZ3IART
o US2005/ 014055 5{001 B ST sepaogy i the single

. Sengps grap te ey presincs oh 10y in dichaio IabgDIeE conceatraiionglersl. The use of

orth%h&fﬁu ensm?et\%éeﬂrng o@cﬁsygfsé #geb pr v@es g‘érpgrgggly rggabmty and

rangeast sletebyon bycthel skinsgr as@psor s in a SI ngl e sensor array
fr of .co ductlng nd non- conducti ng.
l‘“@d@r@ t@ fe@*gtfféé’ SeTSILRPRURmE e PF the PEESFIt jRvERiRmLE Proigion of an

eled&@hi!nﬁlhﬁbﬁﬂ @8) protides W%fsbtﬁéasﬁﬁ%n{sr aHy |aggt%pnate power and
sensors nade from single wall carbon nanotu

comgyRepspnsaintrfacesp Baiile dle mwfﬁmm SN, compbadntsonindee refined,

d h
e e e
[Gomdﬁpﬂlbﬂm h®tcadesermiibd ntRdtadurreMixpedBmanca i§ &Rt iby elddtronic noise

tai n enbaqdi s. which use_ orthogonal, sensing
fatthe 5, Ruse- mﬁ*&ﬁe foree thetsris 2 iPe8s GnniEingerdRg the refesireries design to

xmp&dﬁl@ S’%eﬁﬁ SHRABSRIide Nt th&Bfokd &enl ity M ek QB AEGHL 1S ic 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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sensors neasure a change in electrical properties.
Furthernore, in certain enbodi nents, the at |east
one of the sensors has regions of conducting and non

woQushursdsng material . [0058] Figure 11 is a db@gFdisn14032
that illustrates performance of a single sensor array

is uQB 2 pdiweh Bne Qfrridhi a%?ﬁoa&ﬁ/ﬁ%ﬁdgg féﬁlgmﬁy%géﬁt%ﬁrﬁze aWire is used
ustrated in figure such an array "m
to mnmmaée ksppimdornfatiom ramd a icbsh behefiti ase‘sus's orsexsgimgdniastructure to

cargiatblpdit s teicobR 'SR GESoRIbIE! Belipsnt Tl Emectea

to adfiosvel HySwhish cﬁ:ﬁ@d@ﬁﬂﬁﬁlaﬁbn e aldliSy remétwmabreQﬁB E@c locations.
sensors in the single sensor array to DMWP in t air

100631 Ths) sacondoppenicl atoulshba L virlesygogpunicasion graiptoby éVlﬂh@lprovcd

me§ &‘i? ﬂﬂ£ ?@ offafl dx@?d&HﬂQéJSf b abl?é)#oylgggte Q%Q—\%&r z?nywhere
e singl’e sensor array to preserice o

(asﬂuhfenaadeqaate [bEttddy powny end retucahinseiigionanstsg rHtph:v&rl ﬁﬁs approach

di spl a ons of t he ensor s in,
magyeath et A PGB n P REER S5 ot i e
[0063] THat sybtbda DGR Gkt is @&1&1@& e useTﬁlﬁoﬁgS&hélfs wireless or power line
orthogonal sensing technologies in a single sensor
CarmRTy GPAPRECAtiges and ?to dnddudeer maestujagippioagh ¢ dhatrthe gemgfunications
motg.gé tﬁﬁ% §g Hal?%gfet Ig:?glﬁﬁgxz& ocgiy %% a[llggré?t# a%&g%en%&?ng platform that
cmﬂ&hﬁmﬂmahwnhdﬂﬁmmnsmnmmnkmamsneﬂmﬂtron|c pl at f or m

I OVi es | ow noi asur ene appropri at e
(00ft) iR xiRe 38 mSTHE Sk 6198 CP TIPS PR 06 Slb ARG Pr Bhe powsred with
batt@Ri Bhick 8. d8e ia8varRipe OFEEE pSREFIS AEHNS daayofbﬁvn%ﬁhipn §I91hty to move
a current deS|gn I's described in nore detail in
awqycﬁrqlgmtrpglopfw pshgls pgasedterplspien Saxbiithefpower hungry elements
S0 ARk P e AFREETTIRRE b B e oo o
placElmentdndrlewert dostrof msﬂ;alhtlém@ﬂmwpnwarpmm«tcﬁ@s tR@equired).

ctronjcs orove ver al | nal to
l"ﬂ%ﬁg e phen et gre e HERE oy e giiened rf%raéwswuteﬁemomtonng
ﬂlrcﬁl%ﬁ&ﬁ Q818 ng Qr Seher l&ﬁn@ﬂ ST B R RhidAnARAUBIERY Qfeadh sensor
could lead to a 10 fold senS|t|V|ty enhancenent

can[b@dsmuﬂ@a@l w1t is heovightshaek td sicaniret larationbiags erarakizeds this data can
be ﬁl@&ﬁzﬁ{bt fulétﬂéérgﬁte Pnafzf(g‘ggaﬁmg%z ogwtécfl)_hlgrcagﬁggg t?)g trﬁ%uﬁlmg i rmation
canC barpieterfacedt e hontyole sydtdad andfey disphayed.enShisddmanadgigation and

ntegeplon v R 0T LA B by Fald iormaion dispay
a@@oﬁsépﬁélpm&%%hmuy@g BlthRoBOUSH exlainBI% FRMbI& 10 oF 0 n figure
approach provides a reliability benefit since a wre

1) tp somyagicat gpproptiala vrzf@nrr@tlla@yaqkﬁe arceniral tneatzondfer eample, the nodes

astructu

30 %gj'prq% ﬁ{gﬁx%sl) tl“}ug?:ﬁta (B.ﬁ ?n ﬁzﬁﬁe I eglidjroﬁ{l: t1|08 re}lfuilj Taw éﬁ%% %or use in further

contpacitiong irethe &ehﬂfﬂtlotdmen S dihs duli riutattrapemBsion et Bél evénd déiven (e.g.
AP ouer | i ne which dd instal|ation cost and/or

¥ e Py 25,pXP b eecied) IBPHBIRIZE Bk VigHsand fedess cpmpipity. The

agg&@@t@ﬂ‘ Ha@PRN RAGBd WYHhE HSted 1hd] &aBS B HEIHBE GBEWAR as described
protocol. Wth inproved nesh networks this approach

belqyr. Byrghermercaghvupnle e respamizady theseskilled inoba ee, the dale iaggregation

couﬁﬂye%?foﬁned 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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(assum ng adequate battery power) and reduced

installation costs. However, this approach may

result in a less reliable connection in an

wapphé/gaiioon where data flow is critical. [O0063dndfifsinisom

systemof this invention is designed to use, anong

e

o Rl e G ! PE MR T L oSG THCler (for ample gn @ conta
locatiert 5¢ sshewmindigueal).ons nodule is a separate part of

Sensor 0 ws for a commpn sens ng
(0P PR D et e st Fveoiis RipRRe PR mSPe fprivare conrol for
bo®QBWVeLald HES VB BRI of hO@OAAHL! Ebde 86 RESFEatelinl MBI ret sensor

t he sensor devices can be either battery or line
data el deglginede, aadt sodpreptecRiouide fom ealibaniiont efgdeviskes lat the point of

ol I C r
o a% r%lr%qﬁ t?ér/\gé dO\?vfﬁ p?o%ey% esi %ﬁéslg gﬁ%{r}%y?lscus ngslfefﬁﬂn uses a
patfdne matuhingtappmﬁcfpn\mtecﬂ‘mﬂgdqnn@ enmEpouads Soif . Hsard. hﬂns hbra:y can
P tﬁncen or. The advant acgde of u q batterty
resde TR ecsiieh o 5 JCBABIOATG ARTRTsqS: Sptenf No. 6,422,061
proviiet akiliiabhd Nictdils SCUERPE and ORRSHIHIAN IRbK LAY %& §8dntification

[00651 In certain enbodi nents, the system nmay
libjgeies gyee@ tepYorks the disslosesd ofwvhichas |lm¢grpor¢iwbb:g mf@rt:n@ herein for all

m?H elEg)(rjlrra IO%IF ?g%‘% g;?g%p? %Jg fgg rn% can'%% & gy fhreats become

impririah. ZAadilysfs dffiive sgdmt esiglata Ibtacﬂdutaceda 5% Bidr greatePfold iBprovement

. Once centralize be fuysed and further

in seRiaYIf B SR hIb e STvReE ORpEIZEtighat theode.

- [0068B Al detvitaik |oBEﬁ’tbﬁﬁhdnErhens%?snre Smh@w& tamad 1&&1&106}?&“&9 >the potential
systens and/or displ ayed dat a aggregati on

to fuptherrrpduse éftlwcﬁc\arpxsmd @‘esw?mlamemdwﬁm @eoxahaofwwam ﬂdployed at the

[ f S So '
G5 0L, Al AR, SRl DO LU b o
capabitigs fokGseogor At Fustong Uhe onel pmbodimentnone eaddle of this system is a
a\%&rc riate, infornmaf.ion baclitoacentral | ocatijon
s chthat fradsdierzete dafg (8- algymsnseftingsk adpppliestpg different

maﬂﬂﬁ:@n&ﬂiﬂr ArABkUA ApAloadRY 10 AR hrhcih1idd) iRV Re, QB+ of rules is
use in further conputations 1n the central [ocation

apptﬁé te Jhis dpta & EPRARIPrideE Yednstalah ahd apomsliesdr Whdln the mgpthematical
C ni.m ze

e RS R AL D

it mﬁyl Haasfzmddésynﬁddeassalglhﬂmlddg&kbhsed’ab@npdhbﬁlr plheitﬁérlxﬁdids this portion

sof tware as . des, OW. Furt rnoye, _.as wou
OB WUl SELFS 4 B BRI oA IS Ao B foubfadaadditon o
thishafts BERH iInfIduieC § W dnP B10RSE f|.19£!'s rﬁ?&e ﬁﬁvaﬁgéﬂqﬁﬁhTrhétﬁ;ﬁlstoolg ®f identify

exanmple, in one tier, all the data from al

anogahish r Bhis madue atilizgs lHﬂd@g l\ﬁﬂﬂ‘kqﬂbMad@lbﬁ‘IMbﬂltfd idgatify anomalies based

f exanpl npd ile-se dat a.
on HGER 0 81 5o Sines SRR bl Shisatn R b ot TR OV G538 ierent
algtyithinglito gisfino tHesk probabititiesgaick thsai Viterbe aoeithin, ef fdrtv@xrd-backward
exanple, _in ntral, |ocati 50 as shown in
alsGERT e e S Ehrm, D e Ratwiiio SE SIEd In (e rc. All of
these'MERbdsQie @és@%%@&@@ﬁﬁd(hﬁﬂéi MitesRfik WAL e T8O Bﬁt"p&! is aci{redxctlon of an
both | ow | evel and hi gh-1evel control of nod

anomafychasesion %@a@ef@f@g@vfeg@t@aa#des nt er pr et sensor

[0069] An eclement 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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data at a single node, and software to provide for
calibration of devices at the point of manufacture
and in the field. The array based sensi ng technol ogy

wb f0é/638@ herein uses a pattern matching ap
detect and identify conpounds from a Iibraryg&$ﬁ$QM%ﬁMB2

i _ . i i . j -or..af.a o
certd e o m e R Bleh oy R ENHE R Bhich capabitity such
an idiator0élovemlloystamheaitawith drith Howle tapabiditied. idekieapprt@h, a central
.and transm tting. sensory .data and jdentif. cation

dispap, paf Pserg e e et oaioalf ctos Sifiee sila it o system
hedBQGHROFRLE G alafh EHERERNEES), NubtREr AFdrmatidt RS B8 -available in

This approach allows for rapid upgrading of
graphisa! fgpr rie dndieatedhy famltialers lpeatione Thigrpapabiditt may prove extremely

' Lye t s jndicated.a 5-
el P rBbordelf oy AR e e B nR A PHBIG St gt « Gt 1201
thatupeybersgd issshawhiiefigldat @2t hr ough sof tware optim zation
he node. [0068] A network of autoponpus sensors

[oo7 t5istent ot Eesﬁf%tF‘Hl 15| ¥ Yedeganginge pls nedve densite ng distribution
thrdudhblhd Rkl - ok ;

R S ok 15 DeAbAITE oL ) Bos A terpredng che
resplgie¢eiverrirare theanattes bt the perspectifie o derdeyimg theeddsi inn cost and

' Lye f r capabi l.i.ty for ,sensor
resfl LIS ninfiy WA el HRDAY oF el it pREGE Berworkea
senzgts gm(asraitas a&ylstsmmﬂﬂisé perﬁﬁinan(;mdﬁ%niﬁmltly bewd shadlitheCdudl 6F its parts.
a e.g. alarns, settings) and applies two
Ongy P% fé}@r l&ﬁ‘?‘ resplts rPg‘rs?an)’H% t"]t?rPfﬁlﬁ’é’ﬂfytSi @ FURDSTSEien O dasg plarms from
inekSB8VE bineRRABRIONE'S ThisNs taBiSeddd 5}t ug i i
lmc:ilgﬁﬂap%lril ed to thi ghjgats aatﬁg dgetﬁé‘r‘%?gz@“é’é’?% ?/d;gg (g%'tftaa%IeﬁlgﬁisS with a
clugierad apravrafl networkpdi seesorshevhetheh efrtitei fixal typasetisgrsiasd/or second type
t ' L Cy t.of. rules nust, be.

sendir ot Both OERGS bl UG Sds, Bkt Gofind gifonupplementary
senbes tuches desirolbgidalgSmex”), KIPSWrad e ukals erhis ﬂmqﬁ@iélin% to design

I In other words, this portion operates on rules suc
cluggred | 5Ty SPHENTLGIH IS 8P ™ibtthi e Yn Pl sBiegions.mingluding:  whether
suppRHRBAEry delsdié hbQRdWath EddhSefddl &% W%@Qf L.ﬁste\a, what is the

second ‘nodul e uses nore advanced nat henmatical tool's
optimal idistanes Petweemsamadrs and chwsiprs; anddwiag iathe leffew of Medidlenon specific

k . [ [ lies based on..
senlB 04 MM el 604 SRR BB 0 s
as: s/hattie theThest hlivhbear f sehisbisqree blusteg vdar istthabest mixl6f iehsor types in a

thgse.gﬂobabil'ties sgch as a Viterbi algorithm a =~
clusid fals dDB 8 ICRRPEANSN GhRTERAFensPrs shapgaheaner LR cach other’s failings,
witi bOREdt LREypR ShlAMirks BembA WMByahO whitRS Tonlilibhse drﬁderHM{%sion and
art. All of these nethods are designed to fin
analypig gpropelt alse rgovidesdsofiavareTHhat eart paatn pattemnspofespiste behavior and

qf. d . f discrete.state
optifncfly pARRHRS B P bR efas BoBT LT i evotves 0
bectrowbettet asingtdchiniqius sattesemied netvdri@ vehictear @athiremé abililé of one
il stgﬁlof the present invention is an autononous
Slg%é 2fhat interfaces with existing contro
[00F 19156k QRS pB¥pREOY bl iEpRndatdulie fleilt 0l GRESFrflS oA, certai
control sgst%ns. In %3 vd?2086[07%440 pasti 0=, certain
emipdimags2065he 1resnt ivventien maicheliffeetfodéiniement dpliens and node
pladgglggtg :lflcll #%Y%%ﬁqgfc}nﬂ%o%dﬁ @ %rli]a );sisvtlnts e ld.l:zta;t %cle%réd 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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an indication of overall systemhealth with dril
down capabilities. In this approach, a central
display will present a red |ight/green |ight

wigdog@bison (or other simlar indicator) of systB0smn14032
heal th/al arm status. On alarm (or systemerror),

Wbl beal NEQ FRRD i ' LNyt fHEARDL Ca
}I.u{nor m t oeai_ ndi cég(t%tgb% h éﬁé’{aﬁrﬁ?ﬁ%ﬁ?&#‘?g@ﬁ% r¥ . i%‘?ﬁﬁ'ge Sensor nodes, a
singleye¢ Indioptingthe preseree of & pativilyr agaet! vlfen!thd othéri Hodiks do not indicate
et SRR B Sefon Bt i BYER TR0 B8 BRRIE o ‘nbating the agent
wah (Al Real?ith RGO spidsedovBmpd oftfodtdle systemis an
under st andi ng of node density and distribution
10073} Bugsratm: conbadirenss, (the: secensk TP panaors Ier peresersitivevensirs) may be
| ' i the, .results

AR RRS 300 BRI 85 84 4 SR peromanes
witieglalyyicalgequiyanend dhash ian gas chsimatoptaphs edd| hakf pecdivders. More

A AR S0 e ot

devibe's eWnEE fsQEHTR NMeQick dosd BTkl ine kivitiRebt Fénsﬁfﬂ}?&l dhl%erhaps even
sumof its parts. One of the main results o
spegifisity jepbanceinents rif leppFame svithhe prigp of edditional gfowealnsals, reduced

_ _ orel glovi
sysBP iRk fsR Thr LK BEARIOND DS S 03003: wlfldhne, Thereore,

eve usi ng edge a
thig lcepbiite dnar naty befusadtonoalk amdee asd fas ridddet BE inddtpdrdtRn of the

first pe senso and/ or, second type_. sensors). At .
prege R B FIAYS ARIOR! QeS| BRI, dhe choden il include 2
predétideidronal suppl ementary sensors such as

met eorol ogical ("net"), GPS, may be used. This allows
[0073)igws g 13 osheasi gnmierpmeshinedd peeconcpnicasorf iGASTHAR 0FR01t ¢Cascade
A s of Lt AR QL Qestd Lncl udi ng.  whet her ,

v@u p pl s r?go 5 %{?ﬂb@s ensor w%i"?“i‘ cﬁg g ?] & éé dvn\t/f) tsglg%té‘gw %aé’n@’éfyfe@r"f Interest
andotherynally tbsoglag harcdw sitverwidtMymilse iof coftentraqt draBke AtSE ARy orifice
. between sensg clusters;.and what is the effect
Im‘%f" &g}ﬁ ﬂe@}gno‘?fr @ﬁggg& Fovides,a 3’1‘@ sufage fisdelcPiRptips rAatgowith an
extitBREy [oW-BREIRS dRYS I BHIR WChigh 'TRWS 1 BE p8lsal itiByeh the device and
_questions such as: what is the best nunber o?
intigiajebiogontasethe aajarity of thajeallectign suréachexith this xnivimee pewer expended.

i . : [ onpi_pat | s

Col XAER b0 2 ol piimal 3ha aheC) i SRTRIEES bPEASPAR, wwhich i

madtanddi wigs 2 dewset drrayt ofl Iedestor reefotayipss. ApptoxiREKy JON%NBSthe surface
evaqt weat her copditions. The data fusion and

rel
COTIERRANGY ¢ A PREGUIER: ARG Op FURTE FRUCCHER (Rigtrse cahhe userh as necessary.

Mult®id BlaRatch@® RS 1 siacksd eNpR/NRVinleadA Loll&Rbh BE&elcl Showever a
. performance at each particular site. It learns From
singlg goligctipn jplate gl bespodameonstased be on reffidiet tapalytesiatigetor design for

] r EP[r,lﬁ}vvorks which are within
exPEOEg’Iaggl : [ i f%?%g?%gg&é% ed in the art. [0071] From
[00?41941@112?;13&ahic(tjcmanhinjedht;mmpn@htrnggrd mﬁudﬁbgies]g e@ﬁa‘ vesh HERMBped in

partic r nodes, certain _enbodi mnents of the present
whiPow cBleeRon AauF ain direcied mereliEl P Syreatiectsp Toaes. ARt avprech docs
not RlI&G BERRAIrAcRE dviliaatifkte bRaS cdIREOE KRELOS Y t he

anal ysis of the data received fromthe nodes.

[007} hist sgface pCASPAR is contsd dvithepnssor e @ ySsabent polymer(s),
: I ' [ i.ght a t i fferent

i T I R CET —

polymgs tor acembert of andlyres itekiding chemical agents have been designed for trapping

chemical agents. These materials have also been specifically designed with high temperature
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14 WO 2006/ 073440 PCTI US2005/ 014032 nonitored area.

For exanple, if an area has a | arge nunber of first

type sensor nodes, a single node indicating the
wiy msaevsaoof a particul ar agent when the ot hepcPg8R8s/014032
do not indicate the presence of such an agent is

staBiliE nbRin!8} BRHAA Ly AN fal RAS: %%bhﬁ?drﬁéhhﬁﬂ)ef}g@épolma

agen was I1n an area w th relative sparse - "cov
€O, GiBRAR dpvicssdiave heanaiemmnstiratadizo grovisdetvery hibl cslBeadiefficiencies

type sensor .Qr r Sitiv S). may he
for M8 e B b e B ELARSp® TURAY Buhoutt ca ey non-
optithigedIprotbtfperdev i, eustvipesdiay diRaGel wekel il BRI #lultiple orders
equi pnent such as gas chronmat ographs and nmass
of é@?{dsnef*gﬁrsthom'gs of dherpal Wesomptipnaeysidsz 8d deeradatamsin device
' v for. us | t
P e oL SR 3K B S A bl BEw b leremt sorbent
matehiels,plorgsting Hiffereno bgeaenaid TIOS, yamibel tipembhipdesdited in sequence and

LT O T O —

additiaabheie6ies of AnalyePeRdLiGRET at i onal costs, and nore
conpl ex manufacturin Therefore, this capability

[004¢]y th;bera@émaéﬁo%EASRABe@uoaﬁdh@d@vrimdfefhemed from ambient to
; At : rat is de, before. ..
R R s
a hﬁgheqmpmm‘?ﬁwlagmiyte [sBmPB] infel @Hrmsbgnﬁhlolbs OGASlégR caél be thermally
m cr.onachi ne reconcentr at or PAR 1301 scade
mm,gs%ﬁ%ﬁ%ﬁlgn%mgﬁ{mewg{eg tarllg %amheaa Amalytss thggcargspond o

diffeRheedpoV Ple¥surdsadd ABh\h SRS dia@hm! THOE!i8 Hicur@19. This process offers
thermally desorb a narrow tine w dth pu%uge of

sepprghieie Retivaene mosnh aplptile anebydesasughras dwdracanbpr duels, nathdeesolvents and
j [ a{hi surface area

ana'ipg&gl cfigﬁ{te%gtng%rlgégﬁé\%h %ﬁ%ln%%%s(t rlgr?g o OP’OH#I%P!ees%rﬁﬁl’SeOf CASPAR
coathdopith t diffalehioworhetti gblyfksyy tirgethig fidfesend dnblyRugbad b8 thermally

device and intimately.contact the majority of the
desirFy B 19RBFIoE P PRUBSS RGO BeROFRSR AT giGe e seRhdBlew through
CASPAR el ibe prdvided bys MliniRek $5h ARIHBRbIIHEN dhd £ &lidi i

t hr ough t%é éurfgce of CASPAR, \%%i ch irsl, ngg%%%ncfpumpdmng
desqyptipf.a dense array of holes or perforations.

[ 0 . C rresponds to aitr .

(00 PRI FPR Yeohibi sk S E Mo i) SRLARRTR BBl gl i e
follawing 8L yemnis, whodelehiigel discpsatee sre tavorpiraa] Reeis taglkie entirdties:

provi Lacr d coll ection efficiency, however a

si r?g#g%ggﬁaﬁggégﬁerﬁf%aé’pﬁﬁgs been denpbnstrated as an

ef 16, 085876 HaRdhyl ekl Spdrdtus desi gn for  expl osi ves

and a nerve agent simulfant (DMWP). [00741 Alternative

ni &U&8hiHapdiheld sensingepparaiuer t echnol ogi es have been

de I A ' [ lleet] | ows are directed

pa\rs(z’?ljl3I(?’E'?§ltCl 8ﬂ?lﬁ}éwco l%c S?&c:)lﬁ Sérgsr aagl[e%:Yg Thi s approach
[0 e imentian isodestuilgid tedrsif vathSrefarrich té Bbdoffakyifd Bralvdngs. These
g col | ector surface gon act, [%%51 The surface of
TAYREPARSTAC CHAL RIS AT SHTEUS CMpsrEnegtschal iplaesnb dip systems and

metRQIsY4I fr8grams 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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whi ch act to selectively collect and concentrate
anal yte at anbi ent tenperatures. The sorbent
polynmers for a nunmber of anal ytes including chem cal

wagesi@esfapve been designed for trapping chem&Edbszonsniaos:
agents. These materials have al so been specifically

| prog“%% U%gg’(gm% 3?1?%351“& abi t| e c%%@%&%ﬁ%%gg% glfsrrﬁll' another

purpgsel [ ng Naval Resear ch Laborat ories (NRL) "HC

at ed PAR devi ces have been denonstrat ed
IUO?@ %Sr SRl }éwﬁ S PRI B PP OF SpecPlegent fipyentiom include
pro@x%anﬁoﬁﬂfsn&n ccﬂl‘lﬁ@érmﬁd%ﬁa hdaRhRRRBRRAL Br é%@ or Y29 computer-

wth an "early™ non- optimzed prototype I ce,
exegeiplde insirigtiong af dafa sterdiroesiorad therdon. Sheh ¢cergvm~rg¢dab1e media can
After t housand

f
be T e Fls RO SmicH o B alidia 60} Tl HERR< G el purpose
confyiuter O ByawaE oh a&ni;ﬂe rsudbsmmed-red\dablbnﬁ&(m aetneéts:fll;ﬁfse RAM, ROM,
22 g AT RO T T AL S —

405 eldd £ i [ t
ma%%er a*télgdr%g t‘eiﬁgsg'réatgﬁf gsaﬁge(gﬁlfﬁ meﬂrifeﬁn%dnggs%? % ﬁgﬂﬁ& store desired

programpeada tiy thesforry of rcgmpurer~emwlt1¢ dnstrhctipms ovdetg sufictures and which

ectl 07 | ow t her mal S
cangokhefed P fclepial gt dpedd skt rORPI o el sbtomation i
trar@feaed t @ ﬂnesialb@tmeﬂ a4 amaeﬂahu ra@sthen chfmufichtfidns e&ﬁaﬁ@iﬁmn (either

i e, donmin. This_ allows_ t ection of a hig
hardwgireds puseless: <9ﬁa§H‘é1|bWE°%%@ﬁﬂ“§‘”F‘?4]t% er?éesyéﬁedaonw@mthe computer

Pro ARVERE c@:ﬁw‘:ﬂﬁ{ 5@ dotnpuleriRBsbIE Qleﬁlmne r"ﬂﬁlg' e§1§r¥zuch a connection

enperatures to al | ow desor ptl on of anal tes
is peaperlp dyonad atcompuief-feadae medupmr Qn@amoes oﬁ&e ehmshomid also be

. ram 1401 in Fi gure rocess of f
mc}élg%dar aﬁl ot%e 5&? pv?/e%flncom & r%qdatf |el éan aﬁyling'é e%ff?ﬁmﬁ 8 instructions

conipyride, dooedampld, itrctions hﬁﬂ dasDWhieR tfus@d denetdd dluyb&sScotiputer, special
I nterest such as, t he chem cal, agents. In addition,

P“"Pﬁthq"B!Péte&r%fa@e%‘F PUBPSRRPORSSSRE AVt fP BEHITEY afentain function or
grogPbP8AliRe! ymers, targeting different analytes, can
be thermal |y desorbed in sequence to provide

[008@] dT e iovrationdas bc@sdmnl@dahyheegmtaé coriterit tof meEhahsteps or system

cona;gperﬁgwgbcﬁ o Fé 1¥1\4péeﬁlaen?cdpx[1 g)?ﬂ% ?IBEOCE% ﬂ&y &r}:}rgé}'grrneprocﬁlct including

conffatdeRédutible hﬁ&ﬁ&donﬁomhois bid@rane eividaled gyxeding g USS sinputers in
herein are described in greater_detail in the

netweRkPORIATYREERSs. (Saner i, PrigTeem el esyiacladesontigsy posrme, objects,

conil_ﬁ{a&%%{tﬁ efa%& QHudtfles] Bicl Mhdt RIS Bﬁaa—ﬁcelak Gcks | h&%ja{?&fé particular

sensi ng apparatus 6,085, 5/6 Han
abstsant sdatey tmyear Souputch £ 8tabe Sinkammtions | abseiisl mgta structures, and
537,498 es u

prog 8RS P 63 wapraC iRk Bt SHUEEE rior the methods
disdiexe€ hereitl. t Ther iR eeqicAccasfGacipatitaible isaMEMES or 466 8ed data
structures represent examples of corresponding acts for implementing the functions described
in such steps. |

[6081] 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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drawm ngs illustrate certain details of specific
enbodi nents that inplenent the systens and nethods
and prograns of the present invention. However,

wWiLR6ddBi0 the invention with draw ngs shoubdrN&hedfiaes:
construed as inposing on the invention any

.| kdm i Qns._t hat nmay he resent ,in.the draw .. The
in gifeofied P JaleesnradsSnpla BEVhuerralient v o Tamel” Those
skl G e artpi il s &ciade) tHan yudhOmEmsib R I cofrpatiad bevirtatieats VAl typically

1
acconplishing its operations. The _enbodinents of the
eNGOPPAEHNaTL ek Pb ﬁowerbﬁfsﬁe%?@ﬁéﬁﬁa’é‘éﬂsu #ciyglingnpersonal computers,

harfiehd | ice I 06/ O é :
BN SRE T Tt iet s ans ARfheessorkused or programmable
consumpiLilentropicn etk PCroomnpomptied, mainfitini sompuiarpiiahe like. The

. rpose. [0079 ot ed apove, enbodi nents w thin
inBiieRCR B elst b Rl s RO op BRUAIR PRI iees tasks are
perfir@dl 6} SocaNandQEibterodeSafvice et are AMled RithérSyShatd¥ired finks,
.carrying or having conputer- executable instructions
wirglessiiks, oy gepmbaiation of hagivirsd s grelesylipks) through a communications
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nel AP o S FBHED i A iRShmctE pRBerf ML ufy BE Ut n bot
locglang oseote mempt BeragBjevivay. of exanpl e, such

ter-readahl e di a_can cqnprise RA ]
00R B o of BTGP K DogReeH e Hoss b s art from a
co3RIgREbA Gf teSdpesifivitRAnAl th® bRelice HPMP Shivcaiish alsBBgd herein. It is
devi ces, or any other nmedi umwhich can be used to

intended thabihe spesiisatinmhe consideseday examalsaeonly, withethe gnesegpe and spirit
- . | . .

of G R i R MR S L SRR i BT 0ot
speci al purpose conputer. Wien information is
transferred or provided over a network or another
comuni cations connection (either hardwred,
wi rel ess, or a conbination of hardwired or wreless)
to a conputer, the conputer properly views the
connection as a conputer-readabl e nedium Thus, any
such a connection is properly terned a
conmput er - r eadabl e nmedi um Conbi nati ons of the above
shoul d al so be included within the scope of
conput er -readabl e nedi a. Conput er - execut abl e
instructions conprise, for exanple, instructions and
data whi ch cause a general purpose conputer, speci al
pur pose conputer, or special purpose processing
device to performa certain function or group of
functions. .[0080] The invention has been described in
the general context of nmethod steps or system
conmponents which may be inplenmented in one enbodi nent
by a program product including conputer-executable
i nstructions, such as program nodul es, executed by
conmputers in networked environments. Generally,
program nodul es i nclude routines, prograns, objects,
conponents, data structures, etc. that perform
particul ar tasks or inplenent particular

o
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abstract data types. Conputer-executabl e
instructions, associated data structures, and
‘$ro&fan1nndules represent exanpl es of program code
BrOVSRBAK i ng steps of the methods di scl oseBCHESWIMI4032
The particul ar -sequence of such executabl e
Whatds ¢laipteddns or associated data structures represent
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. hetwor ked environnment using |ogical connections
In gagondpreggiea; r enot e conput ers havi ng processors.
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Internet. Those Skil I_eél1 in theh’qlrllg wi I aBpr%@?%ftﬂe}&type
sengers and (es-seppndinelcennpuarierdgo deleimyrinnifre presensg bf the agent in the
m&M&%&ﬁﬂ&y ~enconpass nany types of conputer system
configurations, including personal conputers,
hand- hel d devi ces, nulti-processor systens,
2nicb$$ro eésor- ased .aqr Pr rammbl e consuner =
‘el ectF SIS AcHEdiRg FAcIBEs!, WhFTTLBrpseRt level of pamsitisipis at least
ore BIRdHERTSes BHE sERBIVeI KB thel 81 leb &) \GERInkiaP;yBY al so be
practiced in distributed conputing environnents where
tasks are perforned by |ocal and renote processing

", devi t are linke ei,ther hardwi.red._|j nks
iy CE U lae @ Bipk 8 £ S oo IR B ol BB Sgensors and
thebecaddigpe denste age dpefatddgbnda@osiiuni cati ons  network. In

a distributed conputing environnent, program nodul es
may be |ocated in both |ocal and renote nenory

4.5torag @nc%ﬁ!aﬁ&:?%mé 084k OuheleirtihR qﬁﬁ ltt}ﬁJg g&fshg?ﬁ% the second

invention will be apparent to those s
typ senforpepmprise crestitkeister basad sensertaeragpeci fi cati on and
the practice of the invention disclosed herein. It is
i ntended that the specification be considered as
5.ex ek ateghodnbyording tdcliies, wheeis ke pleenfiRisop bised sen@ér arrays
the inventjon also being indicated by the follow ng
COmPESTHEOTAHIE FOIPAT ARROSEHEAPEHIENSOI8 WD 2006/ 073440
PCT/ US2005/ 014032 What is clained is: 1. A nmethod of
nmonitoring for chem cal or other toxic agents,
6. c o siethyd aogradiag tongzim I furthet camyprisingfrrendding y peeconcentrator
Se ving a first level of sensitivity to an
W%%ggg&%ﬁaggeﬁ%ﬁ?ﬁored area; concurrently operating a
second type sensor having a second |evel of
sensjtivity to the i . .
7. he method according to claim 1, wherein the agents comprise one or more from the

group consisting of chemical warfare agents and toxic industrial chemicals.
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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agent in the nonitored area, wherein the second |evel
of sensitivity is at least ten tines nore sensitive

: n first level of sensitivity; and receiving
‘Jéﬂ%%é%ﬁ\?zi ng, at a central |ocation, input BGTHWE20054014032
pIuraJit¥'£f first type sensors and the second type
9. senSirmpthodacgerdingdo glaim fwhesein the qhemiresiser sehsor hmays comprise

rtﬁc%% LibidoNEchnBBEL  £4 Elz?i .,Ne method accordi ng
° t g?é%n?%& &ﬂergﬁn tﬁenééggﬁ egel of sensitivity
is at least one hundred tinmes nore sensitive than
the firs evel..of sensitivity. 3., The nethod
10, o Bpted §Erdinie S hithir SombHS o6 e sroA A alspmly when
dath hiia¥jzel Yo K0S BFsbtypdeknsdrifd BRGLOMA IR SeSE Rl cad
operated continuously. 4. The nethogﬁgcgordﬁhgat%ﬁmmmCOfa
pariiparagent. wherein both the first type sensors and the
second type sensors conprise chemresistor based
sensor arrays. 5. The nethod according to claim4,
11.wheTled methbbacchtimgne siasi Oy fulthe@OmpHLIROActiRbliYH alarm only when

conprj se conductive po I conposi te vapor sensors.
oAl SR BT AR 11 G5 R it fRgisensor or & second type
senﬁ&ﬂﬁdﬁhﬁéﬂﬂp%s&ié%@filﬂarﬁc&zﬁrea%&ﬁpem rator wth the

second type sensor. 7. The method according to claim
1, wherein the agents conprise one or nore fromthe

gr i st | cal warfare agents.and toxic .
12,07 QR SO0 2EbOthah UG SPlerci e SR Pl by osing
diffetemt weikhts whdifferent deherd based on B¢ @9pe @F Ioetitsl dfith dedsok 8t the density
fthe I DLH (I nmedi ately Dangerous to Life or Health)
ot jepsnrs Al2deratifk second 1 evel of sensitivity is the PEL
(Perm ssi bl e Exposure Level) level. 19 WD 2006/ 073440
PCT/ 1582005/ 014032 9. The met hod according to claim
13.4, “Weremethed adeerdisigdotiaie | Stvdieraie aiyating thaglsme Grieteimmed based

sj echnol oqi on a single sensor. . ..
on 2edodA A BRurtE 12k B ESANR BT B8 sErdpheve R oomis indicate a
faleeaigmi Ricagtagcdfilssa thian @. 000 @ldahaTate pysivieierceltdb@of less than 5%
p a algzed %éo b a first type sensor and the second
‘”@Uﬁglg%ﬁg mﬁhﬁ&i&%@“ﬁ@@@@ﬁﬁ@“ﬁ?“a particul ar agent.
11. The nmethod according to claim1, further

conprisin%wgct[vqting an alarmonly when two
14.5 e pArsustem dorahgnitorng forolkatical ap pihextdxic agaid, aothprising:

et Bl of s BB B in 1 R P atRly 1035 Biphpmaneed

in ambvhiagdedaenr ding to claim 11, wherein the anal ytica
nodel ingcludes assigning different weights to _
di f# YRGB I g adCwrd deve! ehsprsitrity|ie thgtapent, asfanged in the

mohﬁﬁﬂ§§g§qhdor the density

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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of sensors at a location. 13. The nethod according to.
claim1ll, wherein activating the alarmis determ ned
based on a nodel configured such that the results
WO PP T44% wo separate anal ytical nodels indi BET/AS05/014032
fal se al arm percentage of |ess than 0.01% and the
16f al ke prstom scoerdivarie elaina s vdferdiethe chémines9%r bhsed sedsbr arrays
t I DLH | evel of concentration. 14.
00%912%5%%3%1&?1 g(feg Ohngr%?l{bg%dnvgl_ PPor " ®heni cal or other toxic
agents, conprising: a plurality of first type
senspors, having a first |evel of sensitivity to an
1Tagelte susteracgrgingth claimplhiwhsren theseeend syps sensauifurthereromprises a
pr&e6iRBiratoavi Ng a second | evel of sensitivity to the
agent, arranged in the nonitored area, and a central
anal ysis unit connected to the plurality of first

L0 BRGH RGeSt BB S el BA S o

actiaty @l dldrin odfy WhenShput ¥ideh bo¥le B $iest Sypé @éhs&hzﬁld?tﬁ@&[?ﬂadt tYPsensor
ensor in order to determ ne the presence of the

indieats{he presenpeof apAFtiquAr@8etr ea. 15. The system
according to claim 14, wherein the first type sensors
and the second type sensors conprise chemresistor

19bas &te setesoaccatingys clad 1 Y@1ROM6 18 2ark0analysis unit is configured to

PCT/ US2005/ 01403 16. The stem accordjng to claim
st A I, e gty Srcp L R el aresence of
paftiotlpf A6t WA P idodeyiROinyiEonD SRRE 2 YidR Bipe SERSOST S sedohid type

The system according to claim 14, wherein the secon
S€350he sensor further conprises a preconcentrator. 18.

The system according to claim14, wherein the central

analysis unit is configured to activate an alarm
200n| % mdtbod fonmobitdringrfodaicical b1 othdr toyiPepeasSoRipriaig: t he

second type. sensor indi.cate the presence of a _
oar DB B semsor BAYies st e Bk Sopiving 2 erekim
mobftoredaghei n the central analysis unit is configured

to activate an alarmonly when two separate
anaPBarftng|a speode hpesershr haytnaaiceondleved pbssasitivitio the agent in the

' m&@%{ehg}ég%dagent when provided with input fromeither
a first type sensor or a second type sensor. 20. A

met heoeiving rndranalytzingi e deotral dbratibe, dhpud fromtthefirst 8¢ Sensor and the
agents, conprising: operating a fjiryst type sensor
Se“ﬁ’ﬁ@ _Biffa 3%15?5?{5 §{d%f Q\HSFWB?“%@?EF £4 g agentin aragpeniforedgarea,
nonivheeRAhefi®etype 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 second type sensor having a second | evel

of sensitivity to the agent in the nonitored area,

a(gd recei ving and anal yzing, at a central |ocation,
WARMHYP*Mm the first type sensor and the seBGHESI0ME4052
sensor in order to determ ne the presence of the
agensedond tipe senser. haovirgl secend levallEsembitivith® the sgeht, biyfifed in the
ma}%&grm?nd t he second type sensor each conprise a

plurality gf ort hogonal sensing technol ogies on a

Si ngkentGbas/sisainitaynncslde tethp fidst iypd R&HUCAIdAR: £8 biThsor
e 2

in,e&gh of the sensi n% technal ogi es detects a cha
wheprin{hg certral analysisqinepsyges data fromtie st bpd serseoandifimgsetand type
$5sbPInBrd? o MELGLN the sensors in the
SE=fi r gt tyEnoe se%égpggﬁ%&?iéftggg%ﬁgmttg%go goﬁg #has
r egvbesInglt leastraio of the dirst ifcbe semsorartheiscbndtypBéeREdrabmprises a
1By ArSustem for. n?n'b‘tuﬂri.n for chenical or other )
PIgrgsty O Qryi9gonal setsing fschpolggiesingsingle Septas atay, avbereinmigansduction
meehdriisnSin dacty6f thObenSiaR Sehholbdids deecA RIS i e,
a rmnint gr ed ar eea; gl CV\D 2%056/ 0?3440 in eRE B9l
PCT/ US2005/ 014032 a second type sensor, having a
sec : RERYA h ent, arranged in .
T S Hoiead Rag Shith 2 whelcly b Br ot Bt Fmotoetes i e
singlgrsemsot @dhytoomiphigs febpestivel tWo@T SRS s s thalld Bors @6PBdive two or
mt%§e sensor, .v&er%l.n .t he lcent al analysis unit =
AnHPYASLORACR PG A BT Fallx cordpgiingpaluBgrs s pamposites made

froR 1P Cheh3oPEmaceSisio Ein'%l'é_vﬂiﬂl@ﬁfboh Qarthmites g@W@N‘I@f composites made

presence of the agent in the nonitored area,
frog SWEALE, mefal exide jemidondugtortsppsorss emiswnsaps madvefrae pomphyrin
madiffAf, sensor conprises a plurality of orthogonal
sensi ng technol ogies in a single sensor array,
wherein a transduction nechanismin each of the

sengj ng technol pgi es detects a change in el ectrical
247 co b Sl SO in{G Sl £ HHEE b A RGeS ame P imbiype seasor o
the/aen@ityhelsBRoPESNBLN APluRARShA JediGifs P %rgﬁl:t\?% and nEH—%onductin_g

azeg;gl € sensor array conpri'se respective t or nore
m ors made fromrespective two or nore froma

group consisting of intrinsically conducting pol yners

(1CPs), conposites made from | CPs, sensors nade from
25si nfhesysa] accadingno lamo22 betereuiRIEMR) gonalERAISd te€ifnologies in the

. nﬁde from SWCNTs, netal oxi de seni condyctor sensors,

SIZRECEEHEBY SORRHE FIRFATYRIPBINY MORE Sehifrempds Bom pespectivg two or
moRY 618 W RS Vo ftthalo? infthiAdidRi¢ ondiBE S ! i

one of the fi rlst gt y_rlJe séns%rﬂ%r tgﬁﬂed&s%%gﬂgb%)ygcgﬁﬂusms made
frogdf S rsersorsnadsdroma sipgle wall icespon asnotubgs (I CDIT's), composites made

' - hon- tin material ., 25. The . .

o e A B B RPN B orm B0 e B G mterials,
andensiragadeciedin alendliesanbtubtdBade 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 leve] of specificity is more specific

than the first level of specificity; and
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singl e sensor array conprise respective two or nore
sensors nmade fromrespective two or nore froma

oup conS|st|ng of intrinsically conducting polyners
ﬁb Wonposites made from | CPs, sensors REDESINTNM032
S|ngle wal | carbon nanot ubes (SN[%WS) conposites
mad éeceivingrméneifitng, ﬂ'eﬁ @Intrdio@aon;,amm ﬁbﬂuht Plurai§Nefdirst type

de fron1 teria and sensors
seERE b TR Re MR SRRt R e b preses ol By aeepivathe
maitotdarea26. A net hod of nmonitoring for chemcal or
ot her toxic agents, conprising: operating a plurality
of first type sensors having a first |evel of

275 PeGhE feinby a&c%nﬁ? Ui 28! ABEE Y Fuplik 8. MONI T Or ed

area; concurrent op erati ng a Sse Onagtype sensor
determinimg 2a ognmumdayoavmd minbepeffirbi tepet andtsecohl ype 9&R6R iPfhe

ent,s nitore erein the second

m‘i“g éFa%FP%%EE’S‘PED necfoameet ?eﬁﬁF‘ilP%fﬁg@ﬁmeém@ﬂ%de@mﬂmmg costs.

| evel of specificity; and 22 WO 2006/ 073440

PCT/U82005/014032 recei ving and analyzing, at a

28 end hemethgd agcorshing forplim 1f ﬁ@%pm@qsisimgm ity of first

n e sensor in order to ,

de{eé{tﬁgnrn%‘n néﬁ{uﬁgﬁg%@%g%{:e%&?) Ig%ft%gten SRDE RS SERSors f‘bﬁ%%&mmtmed
area bg aodeling 16 meeetwptebifidd pmﬁﬁmdmd&g:tdnﬂarﬁ& #ldmidbni-fngcbhier

conprising: determ ning an optinmm | ayout and number

of first type and second type sensors in the

nonitored area by nodeling to neet specified

performance standards and mnim zing costs. 28. The

nmet hod according to claiml, further conpri sing:

determi ning an optimum | ayout and nunber of first and

second type sensors in the nonitored area by

nodel i ng to neet specified perfornmance standards and

m nim zing costs. 23
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