M xed Statistical and Numerical Mdel for Sensor Array Detection and
Classification This application clains benefit to U S. patent

appl i cat i oMonenv/01x0987, 658, filed Decenber 3, 2007 to LHCTAIS2¢08/085481 ch
is hereby incorporated by reference in its entirety. FIELD OF THE

| NVENTI ON [ 0001] This invention is related in general to the field of
bi osensor and chem cal sensor array detection and classification.
BACKGROUND OF THE | NVENTI ON [ 0002] Bi osensor array units having
sensor arrays are becom ng very useful in today's society, with the
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psychol ogi cal threats to mlitary aQthssifigdtiomn forces, as well as to
civilian popul ations. Biological and chem cal sensors also hold
prom se for environmental nonitoring, indoor air quality assessnent,

and in food . e ' [ ; 1.t her 4 cal
or statisti cgﬂgrr%og)\é'?éﬁ%r %lg@?% %{iéﬁze%t‘{ @%ﬁﬁgﬁt@%&%@ ?c Hgﬁgsi’{‘%é@' Heﬁjm
for sensor abDeagsibeABa2007 weli efadeivhichishemrby irqupporated ey federence in its
guantitative dﬁt? analysis while statistical nodels typically capture
all correl at PBYYn the datasets of which some nay be generated by
causes that are not of interest. The sensitivity and specificity are
hi ghly dependent on operational conditions, and thus it is difficult
to optim ze the trade-off rel aFIELBRRTHEIMFENTION det ecti on
sensitivity and specificity. In practice, it is often required to

col l ect standard datasets to calibrate these nodels, and thus they

are not idea . OF | ; '
THE | NVENTI %‘%304{f;igrargegt?oéggg'f%?&rng’gﬁ%rgﬁgﬁ‘{gét?‘ggp%%seé“ rre#‘&(%@;a“ %ﬂj
appar at us f osensermsay datectan abdickssificatioand cl assi fi cati on.

BACKGROUND OF THE INVENTION

[0002] Biosensor array units having sensor arrays are becoming very useful in
today’s society, with the threat of bioterrorism being more and more prominent. In
more detail, bioterrorism and biological warfare pose both physical and psychological
threats to military and civilian forces, as well as to civilian populations. Biological
and chemical sensors also hold promise for environmental monitoring, indoor air
quality assessment, and in food and beverage analysis.

[0003] Typically, either analytical or statistical models are utilized to generate a
detection algoritin for sensor arrays. Analytical models are only applicable for
quantitative data analysis while statistical models typically capture all correlations in
the datasets of which some may be generated by causes that are not of interest. The
sensitivity and specificity are highly dependent on operational conditions, and thus it
is difficult to optimize the trade-off relationship between the detection sensitivity and
specificity. In practice, it is often required to collect standard datasets to calibrate

these models, and thus they are not ideal for operation under robust environments.



[ 0005] I n accordance with one aspect of the invention, there is

provi ded a nmethod for detecting and cl assifying sensor data. The

nmet hod | ncwodesy/gagtior m ng a statistical anal ysis of theCTHE32408/085130
collected froman array of sensors, to obtain statistically analyzed
sensor data. Based on the statistically analyzed sensor data, it is
determ ned whet her or not there a response signal has been generated
fromthe array of sensors. |SUMMARYOITHEJNYENTONet er mi ned to have
been generated, the nethod further includes perform ng a numnerical
pattern recognition on the data collected fromthe array of sensors,
in order to ori - i t
aspect of thgﬁédr?gen;rlﬁg}%%epﬁ%ﬁg&éﬂ}og r%%%g%od%%egl%g%(?g%%%gﬁ %Q%%%%g and
cl assifyi ng detestion aldtchssifitetionyst em i ncl udes a data processing unit

configured t ei ve and, performdata pr.gcessing on data qutput from

o ar oy of  SWEET s R RO with Bne SrPHAr dnda eaion dh piear e epd

uni t confi gufgdicteRtiReiddu BisHins tenborCRla. AMInysihcd iRcludIPettaindnghocessed

by the data processi n? unit, to obtain statistically analyzed sensor
M2

data, wher ei stetisfsakanabisisof e datarraligaiediromian aay ef seniess fo phigastagiatiqaly
statisti call ynapalkesd: §§95§£se@%ﬁﬂw s\fﬂ%ﬁﬁ&%? aﬂél#katseﬁéaﬁﬂﬁaﬂt s GRRARME
y Ol sensors.

signal has been’ generated fromt e arra e system
further incl whethemommottherecmiespruse sigmal hachrgn geiensteddndm teeoarfaypd segotso

performa nurerical EN Ltion.an th t |+l g?f.r
Phe array of el LTI FRRER AR B0 RBEE R SRR Ferf e
accor dance wptiforyahg anahéréal pafeaciccagnitidneni thy éad tallectet fieethe array of

provi ded a conputer readabl e medjum enbodyi ng conputer program
product for aggglﬁlpr?égeéﬁcﬂcaﬁgggé?wgyﬁﬂsensor data, the conputer

progr am prodygios] MRRoREREWiBOardhe aspOPIRIF RS inv<aaus | thde tshRoGasPaéyefent O
performthe steps of: fetching data collected froman array of .
Sensors; forﬁ‘gwwgﬁwlaéméﬂag segpqrcdata. Jhgsysier insfudena dyfa pEpcewsingamited

fromthe arr j .St
data. Qnfur 290k oI DeprdldsShi SF A oA BRI SEBIEN o

dat a, whet hepensprsndhe systamealso inebiderwsiatistigr analkisis uinbemiigored tapesébrir om

the array of X i i | | is

doter m ned SRS tyn e dara B0 ad pRSRBRARILBHANE, 1S

t he data col betitedlly aeigzed ecnaor daya, ohesenthe statistical annigais vhid detatnsiges; | ze
at_.bat fore

t he dat a. 10808%It is to.b uniﬂerstood t h th oin .
gener al desc PRt BRI PRV BTy REroH G A YR GLRT T bR e sisnal
exenpl ary andasbdeh gaakQéd/ iR liye B4R FkersBR! The Systdne further @tlubiie
i nvention as cl ai, mlad. BRI EF DESCRI PTI ON OF THE. DRAW NGS
numerical pattern recognition unit configured to perform a numerical pattern
recognition on the data collected from the array of sensors, in order to categorize the
data.
[0007] In accordance with yet another aspect of the invention, there is provided a
computer readable medium embodying computer program product for detecting and
classifying sensor data, the computer program product, when executed by a computer,
causing the computer to perform the steps of:
fetching data collected from an array of sensors;
performing a statistical analysis of the data collected from the array of sensors,

to obtain statistically analyzed sensor data;



[ 0009] The acconpanyi ng draw ngs, which are incorporated in and
constitute a part of this specification, illustrate several

enbodi nentwWO@putoAEsdd nventi on and, together with the dedf&IVyszeNs/485130
serve to explain the principles of the invention. 100101Figure 1 is a
bl ock di agram showi ng el enents involved in performng a statistical
and nunerical analysis of biosensor data, according to a first

enbodi nent of t hedé¢tawaningdased @0hd btafstgaillyeandlvized senfdratatadivhegtharor not

di agramm ng nmet hod of .perform ng biosepsor, arra detectl n and

Cl agsit cati DIFe Lty e b et B R0 St ot v

DESCRI PTI ON [ 0012i>erfsﬁﬁlergemaeewoh§e i@@eféﬁﬂﬁaed b &eé Bédn geeerated a
enbodi nents of the_invention, exa of_ which are illustrated in
t he acconpanyFRgidH aweﬁggecomﬁtlféwgg? defa solissted fiopyibe pay _ksenspss, dmprder
reference nugbghsohill @ghqut the drawings to refer to the sane or

Iike parts. [001 Unl ess expl icitly stated otherw se, "and" can nean
"or," and "or" can nean "and." For exanple, if a feature is described

as having A, [0898h Itis torbe understapdthethptin thedoragoims sensenl descrptionand the
conmbi nati on d as
naving A B, iRl dlaeriphih W@chonlhts o AT bRRERRREG, 7
C. [0014] Unmss:tlec(pﬂthciltvlelyﬁcmtaatcmai herwi se, "a" and "an" can nean
"one or nore than one." For exanple if a device is described as
having a feature X, the eature X

[ 0015] Figure 1 shows a dgggtEana 5| S gf pﬁm |(|51§s bot h
statistical and nuneri cal nDdeIs have been developed as a detection
and classification algorithmfor_ a biosensor array, according to a
first enbodi 98] of Thansccompayingshiawings vihidhaspineprparatedyin andepnsiitute a
provi de data t a
Srart i o Soheoe! PEsBAERARRIAL G it o HEAAER o ey 3
or portabl e wahdlrdedaiption] servetwlbtpléie.ﬂmpnlﬁlpdme\émeonveBtloxseequ us) made
by Smiths Detection Inc., for exanple. The statistical analysis is
utilized for o]

net hods are L@gﬁfe Iggra]izgi gi;.:%ﬁtﬁh l;]%Srﬁr,e"((avluI1 ?lﬁgﬂ%;n % g)léﬁ%capgured
in the data Et@ﬂistipaltmémmneewd)gmulymmf bidseesos tlatd,iastdrdial tam fitsy smBodiment
provi des the ﬂtﬁt ectlton sensitivity, and the nunerical analysis
enhances t he®bi8IBGIEAY recognition capability and thus provides the
detection and classification specificity. The system which may be

i rrp: ement ed [001Mpt | Bipurarids Eflpwatisgramidizgrdnanigy a gesthod cxflperf@:fﬁﬁﬁg biogensor
i npl ement ation o nent,. can run in real-time
si mul taneousf‘?a’(/def‘?‘?g%?lﬁj @ﬁsﬁ"gbtt“?noﬁccoféyn%\féwh%%SE% BUnd not be way

of limtation, in the first enbodinent, 3 to 5 data points are
utilized for detection anal ySi DETAILED DESCRIPTION are utilized for
classification analysis. The system according to the first enbodi nent
i s capabl e of carryi ng out self calibration in real-tine, and is thus
sui tabl e for St ati. her i sensor
arrays besi d I}I %Dgl{ce Ay now mad{: it ?%g%teen%ﬁrgbve% ts 0%3&3 LH8%t a to
be det ect ed amhpdadsaﬁ? Nhidh&tde i@lxastm.gd iafthd zhﬁo:ﬁpmyingeifrhﬂdgmﬁ effdrORdsHee\s

shown in Figure 1, the s m recei yes data collected from an array
of sensor ch’é‘ﬁ&eetpéls%tﬂ"ﬂ s%‘%l‘ﬁf Trengs ”é.’”é’&fséhré’t@?"é‘t thFﬁfab”‘%gSIjPF g1 tgthe same
Conmponent  Angd i&iparté.PCA) statistical nodel, to determine if there is
a response signal. For a detected sensor response, the systemruns a
nunmerical pajt rﬂ re ognltl on nodel that may be custonjzed based on
t he sensor @an séln ?SHS¥PI§FtB' stted othenass: “anfy e THEAN ‘SR pRG AT OEHERCaN

sensor channejyg, Waﬁﬁleai'fﬁl?&'ﬁﬁe Ratesirfed aQMc%eA 8 AFE) tﬂé‘% rer@ﬂ

al so be stored (in the data store), Iinterpreted and utilize
par amet er s i kava /pa eed @, @r@@mgﬁmbmempmﬁa‘blB and C. Similarly, ifa feature IS

described as having A, B, and C, the feature can have only one or two of A, B, or C.
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for interferent rejection. Fingerprints nunerically extracted from
the correl ations between di fferent biosensor channels can al so be
expl oi t ed Wer20eEas®#fi cati on. [0017] Wth the system acRids2ags/osslse he
first enbodinent, there is provided a detection and classification
system for a biosensor array that is suitable for real-tinme and
robust operation. Accordingly, no frequent nodel calibration needs to
be done by ud@@td]of Unlets expltitp ktatddtodeiwine “@hadd ‘tahatan meor ot at msret he

system and hod gccording tq the fjrst enpodi ment., [0018]. 1n one
possibl e i mpl AT PamRierd 2 FPYies st Rrhaaving EAR TR
Princi pal Comped@ittoriad ¥sfestutd®CA) unit is utilized for signal
detection, and then a nunerical nodel which is built upon

correl ati ons [8918Int Figute lcahomsradoty analysh sxstens thet eerabiges bath sitisticeband
pattern recogfifk t AR t ted 860

array data. Tﬂglte{l?ég é)?igl??& Q\?g?atn idgﬁ%ﬁﬁg%ﬁgt%gﬁorgige%deég%f%ﬁgtgoglnag t1vi ffglr
and speci fi ciatbioseaser herappaceondingdio s first embiRbnanti ofeth©peratiomgThe biosensor

Char acteristi cur.v fo xaml e. [0Q19 urni.ng .,naw to Fi qure
T o tyat dfiek Do ddi adPlo BRATRES apdRfimRln e PuliRbh ot a3y
dat a obt ai nednhyt Bio Suhiay(SBE),kinddemaphs a(bedensihaway of @ hdheddlof Porfable
raw data store 1Oa¢thhe stored r.aw bi osensor_ data i% processed by a

data processiSAyCLATECUPRAMI{RE- HHasehl OF BiseenPlpy ade byrputhy [Pejection Inc,,
processed datfgr sxhRpR. T3 stafisBePatiNds 5 IR 1PN HP5FBorSH ﬁHetQ&fog,Cfvhﬁlr‘?@
a

t he data-processed bi osensor data, based on a statistical nodel.

si gnal det ectof B9r¢ sumprsical retheds arpapmipd towalize &g waskhlowyridnareyisiaptupsd
the PCA unit ;13 @2 % ' Y| f i A

is then perf (l)r med. ian E{rdgﬁgg?fcg?lﬁjfl&gnslﬁl%tséérn?%?agrzll'? agée}jgg({}%i on tﬁggﬁggﬁ&
140, a bi ol ogéwsilvityparghthe enmericall abalysin enhat &g theabidlogival recegfibomecupability

rejection Il I . used..t o Lfor-m nuneri.ca al ysis on.the

Seattst i cal | §HE M PR e RREP o RES R Br R TBR $5Rn by
APC dat a, andéecaimplaseitéd ciat iM#mtlabenadr Cdgkegraining]l 1dhgusgdisiad oh® possible
classify the.nunericall nal yzed data (if_determned tqg b :

equired) . TiEbGREREtan B4 St “Eetied Fonohen FizEAdTe Sralieneossly wit
numeri cal nodgdaScolBetioso! Bgcivay@fyex@ﬁl?ree&ﬂpﬂ& b® vaayNSMRIitGRbn, AR3hY St
unit of the system accordi n? to the tirst enbodinment. [0020] Al so, as

shown in Fi gGmbodiment, 3ip Srikaia,peints @reuitlizan der detesteon applysss g thfate peiats
by an APC seRgafiligBPior i0WRdatioARHaFhio" ¢k LyRtehlScbAM &

The stored raw 1A}PC doéta.i S aplrooceaslgeld_by. t)}kglee datca prgg%gggﬁﬁgéugﬁéem
110, and t heiptapeide o€ darthangovtseltcalibrdtiomint ragl-tpne ced seidhusi suitabkt for bust
120, whereby . PCOQI‘I’EB LS.: i I nal v.zed nuner i.cal,l
anal yzed by £ %g%@ét em aﬁcghl?flﬁ%%‘rﬁglog%g%?%?‘%{g%fa St eé‘é?sl Fug{é% égrr%%%i’i nrr%ﬁtb.ey
The APC dat auliBzedt fol proeide fsensor ntaer feeberdieteriefd emtli dassidied dst eapi afetle st
the int erferen‘3 Chen| etcti on Il unit 160. [0021] The bi osensor data
.obtai ned by SH°EI'PSY- of bi osensors provides fluorescence information,

while the AP@GEE]a HsQUbELSH Bightd Blth€ Suftin REeiP@l dakLEBRRctRe Froki &irradf of
air. Thus, the biosensor data and the APC data are neasures of

di fferent phydsearhaspgpapdisiezed @ pedata [§ore infor & Pyinripie fempenant fualysis
of the data, (itAf &h&Mtal 2RO ERerRiife FRAME T 0§ t :
I n one possi g)l e j|(rrpl err%nt ation ofe t he if’fi Ir:"’lésilt li%%@?%n%@?’hggg?‘gdseg%{s%r
dat a pr ocessBwgor xesponss s ety ruas Saninterikyl pEHtrayreddghition mades thmd ntaythiee
data and re . NLSqf ] i ofr.esponds to.ihe
data proces gIB %Sg"“tﬁ‘gg‘} %Irsrrartgggl fC'?r'?\g/?ngs\r/(\)/F E%Bésnesﬁss%?t aé%? ]émge?/es?. hfélﬁgg@g{on Trotn other
processi ng usensorlch@nnel, swuch dsnitbome pagizlddoanienA BOBEdH 4 hay alef be diered (in
first enbodigent, the data processing.performed on raw APC data by
the data pr og’%s@an%jmahilate@i%eqo IR 45 BB DAt EchRiomodel
filter followed by integrating nultiple data points to snooth the
data and subtract a baseline level to renove the offset. O her types



[ 0024] The system and net hod according to the first enbodi nent
exploit the change in the value of the score to detect a non-specific
response swonailvoryet ead of the principal conponent vectPET/USR#08/085130
specific pattern recognition and prediction. A nonspecific response
signal may be caused by any anal ytes of interest, interferents, high
| evel of noise, or changes in operational conditions. Only a positive
result at thérsimtdrfesht cgbctmnal Fisgepsate mufresicgibyr éxaranted fhym tthe cBX@Aatiomist

130) will trigger the next step.of nunerjcal ttern recagnition for
b ol arm asPSERRBRE Yot R ol B BTl P SRS, 180
and 170. [0025] In the first enbodiment, the PCA is only performed on
t he bi osensof0@ika, Withthe systamtacqeding tonbe fiodn etbediAifl, dreias pasidedan by
the direct path bet ef t{}?eﬁ,grocess%d ata store 12Q and tge )

Interferent REPEONABA clapsifiggfipn S¥56Pm for gdiRsPRsOr aray tdldhirblgderaed ittt d

in the procegserbialoperaiil. €AckeRlingly, 3ot d6ént RSl @libratibf Aded 2R MRS bRS
performed by the PCA unit 130, and then that statistically analyzed

data i s proviepEyokabipssasyr deteptonrumifithabdancemoraes the siystem anggnetherausprdige

nunerical an I by the nunerical analysis units 140,
150, 160 is gds%gnt?%tgﬁpéaglggtgttern recognition process. It is executed

only if a positive result is obtained (e.g., a response signal is
gener at ed) by00lRE PCmenepsible Joplementatigneofrigiisst erabodiment,yasitafistiead otpdel

pattern is c i i : f . . : Whi i
associ at ed wp?ﬁ&g&lg%r fggﬁ‘%“ d erslglg(tr:?g%%lg%? gfrﬁet%yf%fes.@@ggﬁec\?%g{]a&d S&llesn a
assi gned a | ogmnerical/mbdel wdfichi puill, upon certelatidne ofBisreghoaphiredin 4 esehagi

val ues accordi.ng,t o ope ssi bl e.punerical anal ysis,impl epentation is
Hasort bad| ol 3uShE pREFR b GuRetE alifie APt TSI el
meet dt he fol hoay c%rgez cnm&adb@ﬁrewt}oﬂsﬁipaﬁab@ﬁ@dteb@ddaﬁ?iﬁ?{gtaﬁa@pﬁﬂﬁy%n
1st derivative of (Pt 2, PH_Pt) - 1st derivative o -S, -4,
P1-3) posi ti vﬁe E’H’\tfr’é’éf%i‘%’%%?lém@tol?eémm@ fActesiatic R{Q caaientsoraﬁfan is
the point before, etc., and (Pl1-2. P14, PO defines the detection

wi ndow, and (ab197L. Pumnbib. ribw BFigke 1,Sn @QHsEA Q0 Secbiitn e ehOfiQtéiabodiRel .
I f the biosensor, data neet the follow ng condition, -1 is assigned to
the rel evant faekipgnsordafa otained dyiap sriay 08 ppsepsqsp {not shogin) hesiqrodiin &@wof

\(/EC f%f‘ Pt - 3) pR9abie/Rst MhESRRAlIdaw Bdieksbt 88a isPrdRsR3 Bl 98E phdteldt: unit
. 110, and the processed data is stored in a processed data store 120. A PCA unit 130

performs signal detection of the data-processed biosensor data, based on a statistical
model. If a signal detection is determined to have occurred based on analysis by the
PCA unit 130, a numerical analysis of the biosensor and APC data is then performed.
In more detail, an interferent rejection I unit 140, a biological match sensor data unit
150, and an interferent rejection Il unit 160 are used to perform numerical analysis on
the statistically analyzed biosensor and the non-statistically-analyzed APC data, and a
classification sensor data unit 170 is used to classify the numerically analyzed data (if
determined to be required). The units 140, 150, 160 and 170 utilize different
numerical models and collectively correspond to a numerical analysis unit of the

system according to the first embodiment.

[0020] Also, as shown in Figure 1, Airborne particle counter (APC) data is collected

by an APC sensor (not showny), and stored in the raw data store 105. The stored raw



[0028] For APC data, |If a net increase in APC (current APC | evel -
baseline level) is larger than a positive threshold, +1 is assigned
to the vecwar2009/d7860&4 net decrease in APC (current APC | BVEUS2008/085130
baseline level) is less than a negative threshold, -1 is assigned to
the vector. Oherwise O is assigned to the vector. [0029] The

| ogi cal values are conbined into vectors to forma pattern. The
nunber of ve&Rg &tm&qﬁodeﬁseébplﬂmuaprﬁ@dsil&gﬁmi sueqntaihemcbﬁed dataer of

sensor detector YRGS b0t n S E Dy SRy o SramRlS, Uhereore

(S7CL) L1, S50 o 5t oo iy gty V.

-1) -1) Conbichbadigsat. &khe APC data is ut111zed for interferent rejection as determined by
interferent rejection I unit 160.
[0021] The biosensor data obtained by an array of biosensors provides fluorescence
information, while the APC data provides a total count of particles per liter of air.
Thus, the biosensor data and the APC data are measures of different physical
properties. Given the entirely independent nature of the data, different approaches are
required to process these data. In one possible implementation of the first
embodiment, the biosensor data processing is processed by a Savitzky Golay filter to
smooth the data and remove the offset, whereby this filtering corresponds to the data
processing performed on raw biosensor data by the data processing unit 110. Also, in
one possible implementation of the first embodiment, the data processing performed
on raw APC data by the data processing unit 110 is carried out by applying a median
filter followed by integrating multiple data points to smooth the data and subtract a
baseline level to remove the offset. Other types of data processing on the raw
biosensor data and the raw APC data by the data processing unit 110 may be
envisioned by those skilled in the art, without departing from the spirit and scope of
the invention.
[0022] The PCA unit 130 performs Principal Component Analysis, which is a
statistical technique known in the mathematical arts used to reduce multidimensional
data sets to lower dimensions for analysis. PCA involves the calculation of an
Eigenvalue decomposition or a Singular vaiue decomposition of a data set, The
results of a PCA are usually discussed in terms of component scores and loadings.
PCA is mostly used for making predictive models. In the first embodiment, PCA is
used as a tool to reduce the multi-dimensional biosensor data to a one-dimension
score vs. time, The score is of one of the principal components captured in the
biosensor data, but it is typically of the first or second one. The relationship of score

vs. time is then utilized to detect a correlated signal response from the biosensors.



[S1 (+1,0,-1), 52 (+1,0,-1), S3 (+1,0,-1), 54 (+1,0,1), APC1
(+1,0,-1)1 [0030] Only a subset of the conbined patterns is related
t o anal yt ewoabovonsees est. |1 n one possi bl e inpl enent at i oreaafusivs/o8iiset
enbodi ment, the followi ng three conditions are used to determn ne
whether or not a pattern is related to an analyte- The conbined
pattern does not contain generic features of interferent patterns.

(interferent [60238CFoPtbniventitnkl bws@hsorlﬁmymy@ueﬂ@% PadaRY datLpls URelly
generic features of the known anal yte patterns (biological match unit

150). The Apgesdfagerirate g PO medehopforvghihinkngpa detadnpipiectsd ip oxdspio
[0031] The i Bbehf @k priicabs mcﬁfk EhcB S shich &mlﬁfoaazfs?&wg B HiRafbLREd
above are extracted ' fromdata that can be collected fromin-house or
fromfield sydtheamupdaied stagdard dasask| if hercisboyithenae in aperatided] comlitiongalred
f or checki ng ﬂ?eaf?rjgt e%botdﬂ'g l}{o%v&ot?odﬁsj[ellé) 1@8 % 6fsa S? ?1%0 a aset}g'r %ap Hrrrgon l%al
nodel s can be run seq uentia para

conditions s htsuéadinhm neiel. tIcnstt:ad g@é)rA a aﬁnlmﬂlfaremery dutd gointf andsdecision-

enbodi nent s uential. checki n erfor d t t hr ee nuneri cal

anal ysi s uni 31,5(33 pq{g{gm ggﬁsefl H%Ft“f%ﬁ ﬂ?ﬁﬁt\‘ig "F?ﬁg@é" score and

condi tions hﬂib%c&@&r@nﬁ\‘.ﬁinmhfbaé]@ﬁuﬁﬂ Wiﬁﬂimdﬁ%fe&ﬁéﬁlﬁéddﬂgenerated with the

Al ternativel é t he proceSS| ng perfornmed by the nunerical analysis
ack

units 140, 1B8ackeapmod wapdoyeisyadated fopgvary dgapaint ad is gesidsesd g beipan t he

type of procesgRite®@n RAAGRS SPliSedhafds R ﬁsﬁr&ﬁ%ﬁtﬂ@ﬁ%ﬁl'aﬁﬁ&sm
anal yses of the biosensor and APC data. [0032]

condi tions desdemisddyaoRieA model (a$ perfrernd bethe RCAbinl ) arasding toehe

i ssued, and thg &iiﬁ% ce will initiate the classification of the
dat a by t he classi |ca I'on sensor data unit 170, whereby nore

det ai | ed pat [an] r dbogystan anl methehadcbmihgauthe Akisombodiniet expadiathe change
si gnat ur es, i ffer n res me bet ween tain
sensor types, @8*‘ Eogﬁlﬁﬁ?{% ‘%‘SP Eo%f%gﬁ’fr?%ﬁﬁeéfgnﬁle‘ﬁgﬁard Ogglllca uni t
170 to ident pfifcipdleofipbent esttdriferapeditic patchflcOnitie 4n@ pRidectidh. A non-
different classes of bi oagents such as one of the follow ng cl asses:

bacterial spSReEEIC IEROPRG Sighal oy heeausedhypny srplytes of iteses. intperents. bigh

shows a net hegenft BRES @ ciidids B el c&‘idn%hsd SInBFd ‘)&.ﬂw%'?gsu]t at the
classification, according to the first enbodi ment. first step

210, bi osens8i#tistigalanalysisstep éastpetformaddryeby PE€aomitli3 0 eilkiogza shenenbsteibe
obtained fro f S

whi oh 15 typrbaeRal PREf RESeRiof o TARARE ne pAmBE6PBE nEbEReE Bhi
APC data is umtdlei@thﬂ) 16Garal 701 rd step 230, the b| osensor data and

t he APC data In a t ep. 240 he

bi osensor da{(ﬂfzi nsti"ggf%ﬁn@%‘? ﬁ%ﬁé‘d oBgypg ‘?‘i;;‘?“ptﬁ‘% fesshsd,

Anal ysi s ( PCéyd 8hat pesforaed oméed?c data, dSteRn By g difect Betivéendhé esponse
signal. In a fiftgjngaqttaeg?%o a deternination is nade as to whether or

not a responB¥EH red8 and,thefferierantdt piestiop Humit 1I69 ihBighslponse

si gnal exi st BjosbA¥8PddtastBred ik iH3 p?&c%ﬂegﬁg)ca stdfe fMlE Elﬁ:'jecﬂoes@ﬁlsﬁéa?analyms
performed (no nunerical analysis is perforned a response signhal

i s det er ni neds pesfosredhy the REA wnit @Os@viéhcmthslt%qnswa@ly anlpzadidetagns or
data and the nore nunerical nodels, in
order to cat g@?ﬁegz&ttﬁﬁm? %&?At%iect) @gf gdz’ar or non- bi ol ogi cal

det ecti on. Tmﬂﬁ] [ Tﬁ’h@mmer@htdmabfslepeﬂ@ﬂledaydmmnmnmaltanehysm snifeld®, 830,t 0
whet her or n orization results et certain Iterla.

Yes, a bi oal %s egseﬂttélﬁtgj’tpal“ﬁmﬁ?&’“ﬁ'gﬁ proa?e%mr?te‘s a’é"tcaie? lydf%lg%sﬂtf"eéﬁﬁug ton
of the bi osepsbtainkadi(@gl, & reipsie elsmat@ﬁeré%edqﬁyl tHel Yo £ Limis $34. I Ko tHeOn
result is output i siep 297 note that steps 282 and 295 can be

initiated at"WAgehmshsispeach p@tfenm»c hargcterigad vgﬁna seh of Yegtorpefrwhictheach ésal
analysis i s pRb&ifEdRshADaitlBlPIASERRRLIIRLR, Each RROMY dsflgnli®Rogf0-



[ 0034] The enbodi nents descri bed above have been set forth herein for
t he purpose of illustration. This description, however, should not be
deened t o we m0di478d08ati on on the scope of the inventi onNPCNVES2EIE5130
nodi fications, adaptations, and alternatives may occur to one skilled
in the art without departing fromthe clained inventive concept. For
exanple, in a second enbodi nent, only sensor data provided by an
array of sensals of#1,0), 08 anshicssiinhdaht btha i/ Ztks aatddiAR eaippssbiel d
not be input and ,ar?al zed, whereby t,hg: E%g%rifal processi ng unit

woul d i ncl ud@UBFice! epalysismrlenoptationdgdes P619% that instance. The
spirit and s¢o@er offol BRsdraMedtd, on are indicated by the fol | owi ng
clains. What is clained is: .. A nethod for detecting and

cl assi fyi ng sensor dalfdhe kiosepparslpiggnechihg dellosying cenditione 5l iscassigrpdfte e
an array of sSgpsQfSedy. Using a data processing unit; performng a
statistical analysis of the data collected fromdie array of sensors,
to obtain st dftidstivatint by (Rind, y PRd 1S darbativeel (B, 0¥, LRi:NG posithatthrathothl
anal ysis unit; defermning, based on fhe statistically analyzed
sensor dat a, s et TS EoRGE deapR! anqégb%tﬁgeo@f IECA R AR
generat ed fr QefihddeheddtayioR iSO A (Y PUSPNYisTBhddsbdihe BhékeRdund
analysis unit; and performng, if a response signal is determned to
have been gerﬂéﬁ%ﬁ"éd, a nunerical pattern recognition on the data
collected fromthe ar e Bhschel A0l tddy nd H11Mifls DHERIdC A is BUEA b tho
recognition unit, in order to categorize the data, érein the step
of perform ngelavantivestircal pattern recognition conprises: performng

an interferent: ,yejecti pajtern anal ysi s t he nsor dat a:

performing a eSTEIE Al Catenpalt SN S Brs o ehs. REAGE: hifshald

perform ng aw i nt er f eofRiwik€joas bispRedRithevdta@nal ysi s on airborne

particle data; andeerforn‘i ng a classification pattern analysis on
g

t he sensor dé@%sﬂ)y 51‘38‘5@%d nunerical pattern recognition unit. 2.

The method agrordi ng frQ rel Abfhde in WPEY @l AP CSILER YasIBE IQENT G Ry
statistical analysis is perfornmed by using a princi pfe conponent

anal ysi s st athastd pogitivaghdeshold, 31 ispssignaditp g veeloor ding to claim 1,
wherei n, based on resyl i r ! i
o el AL AR MR T

pattern recognition, outputting an a
t he array of agegsoreshrieshotibt bisnssigatd tothbeeggonvi ded by one of a

predet enni ned set of Rjocagents. .4. A method for detecting and
cl assi fying Sensor da@glf:n’%a‘?r@)}siag?lﬁ‘befi to%vector.

[0029] The logical values are combined into vectors to form a pattern. The number
of vectors used to express a pattern is equal to the number of sensor/detector types in
the system. By way of example, there are four (4) biosensor types (S1, S2, S3, S4)
and one (1) APC detector (APC1) in a sensor array. Formation of a pattern is as
described below:
Vectors Combined pattern

§1(+1, 0, -1)

$2(#1,0,-1) IS1 (+1,0,-1), S2 {+1,0,-1), §3 (+1,0,-1), 4 (+1,0,1), APC1 (+1,0,-1)]
83 (+1,0,-1)

S4(+1, 0, -1)



processing data collected froman array of sensors by using a data
processing unit; performng a statistical analysis of the data
col | ect ed wWpamstthssoar ray of sensors, to obtain statistiralispesdigeed
sensor data by using a statistical analysis unit; determ ning, based
on the statistically analyzed sensor data, whether or not there a
response signal has been generated fromthe array of sensors by using
sai d stati sti[0is(] amallys hshsetrf the qperbined fatigns i's}‘reletedl esialyss ofigaadt. irs
determ ned to _have, been generate nuneri.ca attern recognitjion on
e dat - col PBEPEIOTS B REh 2y tsdird i, Hesb fipine Shearangtons o
the data by usiwied & dudRiidcCMetRRbl 861 Paf&a I ieldidiNo Uhkialy@nd
processing airborne particle data fromone or nore other sensors,
wherein the $tep of pErF MR Patterndess nohconiaip eparicderiyes eligterferent
erform ng a,k{ i : ' 9N pattern analysis on the
gensor da?a;p%%%%%g%?%gﬁéﬁﬁﬁgkgéf%gfpﬁztch pattern analysis on the
sensor dat a; oper f or m Hap combimsdipditémiceptiiees gerteric &abued erthqala‘tmke?amalr):te
anal ysi s on ' icl ta; and if the results of the
threg perfor%@%ﬁag?g%égﬁ%gﬁ&%Vgggégﬁnined criteria, performng a
classificatien patterﬁh@MBmy&ﬂ&ﬁ@mluhﬁmﬁﬁaﬂ®ﬁedﬁ%a%hﬁtumbgg said
nuneri cal pa I ecogni tion unit. 5. The t hod, accordjng to
claima wholOFH mhe Sfdsenang Bratup spa et e TR eSS s
performed on ek tddatcin aath kige tarbd dofBatédBordif-Bduselor EEASR Esyaith LAt BN
the airborne particle data. 6. The method according to claim4,

wherein the $iedpsiombodima medehisiarraled fohehsrlriag eanh of Bjedbier spndginnser n
anal ysi € 15 Bekd gbaRA 198 nBmEXAPHOALL O b BeBhidhiy S i, SELACKE
t has not Dbeen a a

data and on raw sensor data tha statfsti y ‘anal'yzed.
the conditions should be met to trigger a bicalarm. In the first embodiment,

sequential checking is performed by the three numerical analysis units 140, 150, 160
to determine if the above three conditions have been met, to reduce redundant
computing. Alternatively, the processing performed by the numerical analysis units
140, 150, 160 can be performed in paraliel, depending upon the type of processor or
processors used to perform the numerical analyses of the biosensor and APC data.
[0032] If the three conditions described above have all been met, a bioalarm will be
issued, and this issuance will initiate the classification of the data by the classification
sensor data unit 170, whereby more detailed pattern recognition is carried out. Also,
other data signatures, such as a difference in response time between certain sensor
types, can be analyzed by the classification sensor data unit 170 to identify the
detected bioagent as belonging to one of different classes of bioagents, such as one of

the following classes: bacterial spores, bacteria, viruses, and toxins.

[0033] TFigure 2 shows a method of performing biosensor array detection and
classification, according to the first embodiment. In a first step 210, biosensor data is
collected, whereby such biosensor data may be obtained from one or more array of
sensors. In a second step 220, which is typically performed at the same time as the
first step 210, APC data is collected. In a third step 230, the biosensor data and the

APC data are stored in a data store. In a fourth step 240, the biosensor data is



7. A systemfor detecting and cl assifying sensor data, conprising: a
data processing unit configured to receive and perform data

processi ngWworRI@ar3stdut put from an array of sensors; a SRGVUDESWEF130
anal ysis unit configured to performstatistical analysis on the data
collected fromthe array of sensors and data processed by the data
processing unit, to obtain statistically anal yzed sensor dat a,

wher ei n t he statistiatly esdlyzed dly pdirmciph Coropinentd medysis (BE9Q dtatsticahmodel, to

isticall d h here. a.
Si gnal hae. besAnmkERe R R el B B Son 2B e P ERBna rR B R A

pattern recogniwhether diiot a e8pSTisg b ekidtspe feBidFedson B4TRI 163 |redpabdeighal
recognition on.th{-ﬁﬂdata he array, of sensors, in order

.col | df
to categori z&PRegaina Sl&ﬁéﬁ%ﬁ%&ﬂ’i’eﬁr“ﬁ%@ﬁ aie psEpmRd{ne awneRfa peshysis

unit conpri s§sperfiimbd!t Blafr@ipBide siRhBie hiteniRAT fofkikt, Al ¥ isverH diep 270,
configured to performan interferent rejection pattern analysis on
the sensor dakebiosengirsigng e ARE dita freaupisetio gnapymprs nymetical ordelguined

to perform adiloghedliABhe PR g%}%ggér{ bRIYa B8 S8R5 Shod |3 &1

and a classification™unit configure orma classiticatron
pattern anal pighth step 280¢ 2 detngwinattbatiamadBas 1§ whetpstremt tecotegomgtidn

claim?7, wherein the nuneri.cal tern recognition unit_.onl r f.or.ms

the nunerical“pat fnggtncea@&‘fﬁﬁep?i gﬁ%%ﬁm?lﬁ‘én %eoé‘bﬂ'ﬁéne#%ﬂ af “%éggetal%d

det erm ned t eldbsdfieatioeentlgdisembordata isInadthe stsy 29 RMdARE OlaekiMPtibOreshlfism
cessing.unit configured ta

7, further conprising: secqnd data pr :

ecei ve and QUPPLRADA] (Rrib BBLErIg ALPT O iFed el e veiBek pht
fromone or nw, e AEYEI0, BE AFMESHuNRREIGINAYED & SrRErhed bf @k bRRAYSHaa, Ui t
perforns statjstical analysis on the data collected fromthe array of

sensors and BEAWHE 49298 r borne particle data. 10. The system
according to claim7, wherein the statistical analysis unit perforns

stat | Stical cOBP! ThyehBALimeRts UBLHBLLaLOTRARYUn SR RrHHcFeid bt hest | Cal

purpose of illustration. This description, however, should not be deemed to be a
limitation on the scope of the invention. Various modifications, adaptations, and
alternatives may occur to one skilled in the art without departing from the claimed
inventive concept. For example, in a second embodiment, only sensor data provided
by an array of sensors or biosensors would be analyzed, and APC data would not be
input and analyzed, whereby the numerical processing unit would include only the
units 140, 150 and 170 in that instance. The spirit and scope of the invention are

indicated by the following claims.
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11. A systemfor detecting and classifying sensor data, conprising: a

first data processing unit configured to receive and perform data

processi ng on data output froman array of sensors; a statistical

anal ysis unit configured to performstatistical analysis on the data

collected fromthe array of sensors and data processed by the first

data processing unit, to obtain statistically analyzed sensor data,

wherein thg_statjstical analysis unit determ nes, based on the

statisticaﬁfh@“éﬁ ¢l sensor data, whether or not there a response

si gnal has_been nerated fromthe array of sensors; a nunerical

pattern r e&o”gﬁﬁthpfg§réﬁ¢%tmgéﬁ¢ Flatsifge sosyrelafpsompaisitgmer i cal pattern

r ecogni t i oPFopRTsipmdatzienliscted fipman aday olsarserdyaringy dan prsasSEE NIt n or der

to cat egor PEPIRRE agistigficakimalyais sfthe dela epdleated fr drey ofisAnsors dmelbigiar ed

to recei vestafisticplyrpdysed denser gaduessingngtatistical anplysineniar ti cl e data

out put f r ofteménieg, bersd en Betseeristisatis ralyzedsasozidatatwhethst ertrios thiexsal

anal ysi s ursFRonpsigngl as bsenegenerntied fbmahedryayiof semsors hepusieg saidstdtisdet ed

fromthe amabyisofitsedsors and not on the airborne particle data,

wher ei n t heerreipgdf a prepdnoe sigmd isaleteuniped wdlaveiaeh generabdppname®al a fir st

i nt er f er enpattewy rewighitinn pathedeta calteated Siom thaatrayodsérisga bg dsihga pandiizaim a

first i ntepdttemantognidipeonit, anordattt eategoainathg dats, on t he sensor data; a

bi ol ogi cal whaxtio thep&ptof parfamalgasinmericdl hatedmfacegnitina compiesf or m a

bi ol ogi cal petfeimigadn isrerferamatjgeion patterh healBimalic @adondata; second

I nt erferent pedpradig Obiclpgichlanachapabmanaydinsd the sankdrgiatagd t o perform a

second i nt epkdsating anahefeientrejpaioh @atfera madl J55 oh 2iBorhparidle Ban;mad

particl e datpaforaish a classification pattern analysis on the sensor data by using said numerical
pattern recognition unit,

2. The method according to claim 1, wherein the step of performing a statistical analysis
is performed by using a principle component analysis statistical model.

3. The method according to claim 1, wherein, based on results obtained from performing
a numerical pattern recognition, cutputting an alarm if the data collected from the array
of sensors is determined to be provided by one of a predetermined set of bioagents.

4. A method for detecting and classifying sensor data, comprising;
processing data collected from an array of sensors by using a data processing unit;
performing a statistical analysis of the data collected from the array of sensors, to obtain
statistically analyzed sensor data by using a statistical analysis unit;
determining, based on the statistically analyzed sensor data, whether or not there a
response signal has been generated from the array of sensors by using said statistical
analysis unit;
performing, if a response signal is determined to have been generated, a numerical
pattern recognition on the data collected from the array of sensors, in order to categorize
the data by using a numerical pattern recognition unit; and
processing airbome particle data from one or more other sensors,
wherein the step of performing a numerical pattern comprises:
performing a first interferent rejection pattern analysis on the sensor data;
performing a biological match pattern analysis on the sensor data;
performing a second inferferent rejection pattern analysis on the aitborne particle data;
and
if the results of the three performing steps meet predetermined criteria, performing a
classification pattern analysis on the sensor data by using said numerical pattern
recognition unit.

11



a classification unit configured to performa classification pattern
anal ysis on the sensor data, when the results of the first and second
interferent rejection pattern anal yses and the biol ogical match
pattern anal ysis neet predetermned criteria. 12. The system
according to claim 11, wherein the first interferent rejection
pattern anal ysis unit perforns the first interferent rejection

pattern angl Si. S .0 Or ntlon of the statistically sensor data

h

and on raw a?f en statistically an
Thel oyst enf 18#5? i ebre Mgﬁga%ﬂ? B YS&“S%@@%E} i oneie Sk cnssity
comuni cat @Fad’@ﬁ Edepsqys 1l ok 2 the Ahgrace % n recognition unit,
wher ei n, bas on_ dat rovid t he nuneric pattern recognltlon
unit, the § ﬁﬁﬂlﬁhﬁ’f a‘i?ﬁglﬂlﬁ Cifﬂma a’% ejry theseep tpgrfelar%a B IRFRERAthe
array of s@wgB%Pﬂf@md@beﬁﬁlﬁea QrRed en B eeppmation9f B stapsticglly sensor data
predet er mi HEPILRY seEoLfatpdlal hagnot baen staisticalhpenabized-cadabl e medi um
enbodyi ng conput er program product for detecting and classifying
sensor dat & A Btencighaiecting prdodasaifing wawe datagimpngnecut ed b
conput er, &disPreessinguribsaptiswed fagegsiieraod perfdm d@taewemﬂgf@féhm@w ata
from an ari‘é{ya@ﬁﬂwf%ﬁsﬁs performng a statistical analysis of the
dat a col | exstatiptics] apalysircungiroonijouedd to perdamssiatisigcabivtabyisiy os thetdatatcoBeskddy
anal yzed skerdre aay af sedetremd datamugcessad byithe data peocessimg usit,ite abthin
anal yzed stististiealltanalyzedisetshiedatagwherein thdatatistical aredysisveis dstegrinds, frag! been
gener at ed ¢ therstatiticallyramglyedd sswos dats whewher qranf themgiamesponsk signal dsplmas e
signal is ghetrtedifvectht endyaofecisemmandener at ed, a nunerical pattern
recogni t i onnwrerichleatierh accogiitiectmictohfipmead th@edorrmamoderisdpaters, i n order
t 0 cat egoricgagnitive od dtcalatadolectedfrdnin the atr@ypofzbngoes; inaotdar gcaze gotizeathié daad,
pattern regbgentheonmedo pattasrecqmitfonnnit agmprises:nt er f erent rej ecti on
pattern analay$itefoent tdjetisepaerm dalysis uietdndeifed ¢ grbind hoBitegftentrat ch
pat t er n anahsgjeditien patedreabeiRathadiwdr dand

a biological match pattern analysis unit configured to perform a biological match

pattern analysis on the sensor data; and

a classification unit configured to perform a classification pattern analysis on the
sensor data.

8. The system according to claim 7, wherein the numerical pattern recognition unit only
performs the numerical pattern recognition when the response signal is determined to
have been generated.,

9. The system according to claim 7, further comprising:

a second data processing unit configured to receive and perform data processing on
airborne particle data output from ane or more other sensors,

wherein the statistical analysis unit performs statistical analysis on the data collected
from the array of sensors and not on the airborne particle data.

10. The system according to claim 7, wherein the statistical analysis unit performs
statistical analysis using a principle component analysis statistical model.

11. A system for detecting and classifying sensor data, comprising:

a first data processing unit configured to receive and perform data processing on data
output from an array of sensors;

a statistical analysis unit configured to perform statistical analysis on the data collected
from the array of sensors and data processed by the first data processing unit, to obtain
statistically analyzed sensor data, wherein the statistical analysis unit determines, based
on the statistically analyzed sensor data, whether or not there a response signal has been
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perform ng a classification pattern analysis on the sensor data.
15. The conputer readable mediumaccording to claim 14, further
conprising: fetching airborne particle data fromone or nore ot her
sensors, wherein the step of performng a statistical analysis is
performed on the data collected fromthe an-ay of sensors and not on
the airborne particle data. 16. The conputer readabl e nmedi um
according to clgim 14, wherein the step of performng a statistical
anal ysi s i%en%];egélroﬁ’e‘(]i‘eﬁ?ayu%fif‘ﬁr&mﬁ; pri.nci pl e gonponent. anal ysi s
Stati sticaf THERSE Patiarm ropatiopi AR RL FEHemBITRCAPER ng t o
claim 14, RAREEIoR onihe dafapoplegisdlznm g Ay plssensors By griey q GplqgRpze the data;
perform nga”éit ep,is a Principle Conponent_ Analysis. 18. A conputer
readabl e nb¥refid BRSNS wiipenERireddp srseiyains Rraloen dite progessiseeling and
cl assi fyi ngrbsgmegarticleate outonefrers wpeietanop pligr s¥AOp%: oduct , when execut ed
by a conpu¥arein g siitiageal smalvsis upitpeforme stpésitdanalysieonsthe fasa edllecttdt chi ng
dat a fr om Biem dierangy of seseassandgot prethe eiharrrpastiols datd, st i cal anal ysi s of
t he data cwhdrelsthedteprod perfthmingranaynedfal pattesmeanprises: obt ai n stati stical |y
anal yzed sendust infenferentaeiectionpatienganalysis edit confighed o4 erfost i fiadt Inperferent
anal yzed sengentiodgettem shabisison tlorsemot ddther e a response si gnal has been
gener at ed f admlodienl amatchpaitdn sehstrusit codiguednm pgfonfa bivlsgesponask si gnal
i s det er m nedttdn atudyses dogbesegemndatat ed, a nunerical pattern recognition
on t he dat aacedoné atteterént cfectilepatermaalyfis sdncnligyred to perfoex a fedond
cat egori ze titerfatatt aejecting pattern analysis on the airborne particle data; and

a classification unit configured to perforn a classification pattern analysis on the

sensor data, when the results of the first and second interferent rejection pattern

analyses and the biological match pattern analysis meet predetermined criteria.

12. The system according to claim 11, wherein the first interferent rejection pattern
analysis unit performs the first interferent rejection pattern analysis on a combination of
the statistically sensor data and on raw sensor data that has not been statistically
analyzed.

13. The system according to claim 11, further comprising:

an alarm unit communicatively connected to the numerical pattern recognition unit,
wherein, based on data provided by the numerical pattern recognition unit, the alarm unit
outputs an alarm if the data collected from the array of sensors is determined to be
provided by one of a predetermined set of bioagents.

14. A computer readable medium embodying computer program product for detecting
and classifying sensor data, the computer program product, when executed by a
computer, causing the computer to perform the steps of:
fetching data from an array of sensors;
performing a statistical analysis of the data collected from the array of sensors, to obtain
statistically analyzed sensor data;
determining, based on the statistically analyzed sensor data, whether or not there a
response signal has been generated from the array of sensors; and
performing, if a response signal is determined to have been generated, a numerical
pattern recognition on the data collected from the array of sensors, in order to categorize
the data,
wherein the step of performing a numerical pattern recognition comprises:

performing an interferent rejection pattern analysis on the sensor data;

performing a biological match pattern analysis on the sensor data; and

performing a classification pattern analysis on the sensor data.
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fetching airborne particle data fromone or nore other sensors,
wherein the step of performng a statistical analysis is performed on
the data collected fromthe array of sensors and not on the airborne
particle data, wherein the step of performng a nunerical pattern
conprises: performing a first interferent rejection pattern analysis
on the sensor data; performng a biological match pattern analysis on

t he sensor erfor a.second |nterfer n ecti.Qn pattern
anal ysi s og h‘ééc"{ “6"6?7%8 ]rélgfnie B aqefrding %‘ é]‘ét];“?éégﬁ‘i”c‘?“%f t he
three perf ‘ﬁ IrgragRar 8 flaty framne PrinpE gt FFP%?%a per f.or mi ng
classifi ca ‘?5?3;% sfepyOh PERTIMAE astabistiqahanalysisdtperfagped on thedat Etﬁfﬁput er
readabl e aé‘ééfo%ﬁ“Ffﬁs #1idt ot o the digborpgRatisledatie st ep of per f or ni ng
a first interferent rejection pattern analysis is performed on a
conbi nat i off- o"? o Repite resdabla medivge msenrdinatta drien df. Magredetksostepafa

t hat has nescfopaiag asttafistieal iagalyis Isaeafoypaddby using a principle component analysis

statistical model.

17. The computer readable medium according to claim 14, wherein the statistical analysis
performed in the performing step is a Principle Component Analysis.

18. A computer readable medium embodying computer program product for detecting
and classifying sensor data, the computer program product, when executed by a
computer, causing the computer to perform the steps of:
fetching data from an array of sensors;
performing a statistical analysis of the data collected from the array of sensors, to obtain
statistically analyzed sensor data;
determining, based on the statistically analyzed sensor data, whether or not there a
response signal has been generated from the array of sensors;
performing, if a response signal is determined to have been generated, a numerical
pattern recognition on the data collected from the array of sensors, in order to categorize
the data; and
fetching airborne particle data from one or more other sensors,
wherein the step of performing a statistical analysis is performed on the data collected
from the array of sensors and not on the aitborne particle data,
wherein the step of performing a numerical pattern comprises:
performing a first interferent rejection pattern analysis on the sensor data;
performing a biological match pattern analysis on the sensor data;
performing a second interferent rejection pattern analysis on the airborne particle
data; and
if the resuits of the three performing steps meet predetermined criteria, performing a
classification pattern analysis on the sensor data,

19. The computer readable medium according to claim 18, wherein the step of
performing a first interferent rejection pattern analysis is performed on a combination of
the statistically sensor data and on raw sensor data that has not been statistically
analyzed.
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