M xed Statistical and Nunerical Mdel for Sensor Array

Detection and O assification This application clains
whewehiieo4 0 U. S. patent application no. 11/ 987PGBB8$2008/085130

filed Decenber 3, 2007 to Li et al., which is hereby

i ncorporated by reference in its entirety. FIELD OF

THE | NVENTI ON [ 0001] This invention is related in

general to the field of biosensor and chem cal sensor

array detection and classification. BACKGROUND OF THE

I NVENTI ON {,0002 Bi osensor array units having sensor.

ar Miyed Statistica)andNumericaldMade| for Spngor-Argyi Retection and

with the threat of bi oterdlg%'éﬁ pRig nore and nore

promnent. In nore detail, broterrorismand bi ol ogi cal

war f are pose both physical and psychol ogical threats

to mlitary and civilian forces, as well as to

cT bisldppticaligruclains heneflli tol W& paterdappticatiarcad. tE¥B86,668, filed

DB B 02081 820 &R R HAT By 09Re m re

agatirgg).s. [0003] Typically, either analytical or
statistical nodels are utilized to generate a
detection algorithmfor sensor arrays. Analytical

nodel s are only appl ] l e f [ i ve data

anal ysis while stat .'ﬂéﬁ&‘ﬁ"rﬂ‘&?@%&aﬁ@ﬁ |y capture
all correlations in the datasets of which sone may be
generated by causes that are not of interest. The

SRR | VThiY imRdtisPRGEtediih Bedrfl thitifisld SPRBEIRBE archemical
operational conditions, and thus it is difficult to
of$Nbatiariay detectiomaersl dassification.i onshi p bet ween t he

detection sensitivity and specificity. In practice, it

is often requireggl gﬁésﬁbgﬁ\gs%gpﬁfwgm-ﬁﬁts to

calibrate these no ey are not ideal
for operation under robust environnments. SUWARY OF THE
I NVENTI ON [ 0004] The present invention relates to a
n9003l Bidseappaarzyowits bavisg senser arayayradscemingvernnskiul in

BT UL BRR) o PR BRRS A R SRSheo. 1
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 algorithm 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.



for detecting and cl assifying sensor data. The net hod

i ncludes performng a statistical analysis of the data
wa@olezieed from an array of sensors, to obtai nPCT/US2008/085130

statistically anal yzed sensor data. Based on the

statistically anal yzed sensor data, it is determ ned

whet her or not there a response signal has been

generated from t haUEMVARYIOP THIP INVENTION esponse

signal is determ ned to have been generated, the

met hod further includes perform ng a nunerical pattern

recog ition on the data collected fromthe array

SLOR0Q8} s, Theprgsens inveptionielaiesrtp adngthed angd @pa{«@@def Sqnﬁor array
aﬁ&qlgggggc%glﬁcmgt her aspect of the invention, there

IS provided a systemfor detecting and cl assi fyl ng

s[@ﬂeiir dén accofduncs ystheme iasmictiolicthe mwban@n phiave essEdviged a method

t confi Q receiv er form processi ng
ohie B A eop e Srreay Fosg " Db SittOvactod LT aR
aﬂtﬁ%tlbilchlnh'@@ﬁ o iRl datd &ﬂ!e@t@ﬁ ﬁ%ﬁ%ﬁ/ §ﬂr§y é’frHeBscE'Q 6 bBldireGatistically

erformstatistical anal ySIS on the data processed
yaed senser gato CEwdr@g thstatisticallpanadyzed sensor datagialsldetermined

an ata, wher the sta ana

(g G20 opEHRELe Bhdeg RS ol P lhthod g AR alGors
s@asespod@t signaliseddfemindd t6 bavé bevheeferaRAPOO BeetisddDfether includes
has been generated fromthe array of sensors. The

sResfogmine A 1yRsriGahpaticaaEecagtitipr 1 thel dagmealierted from the array of
rs%ﬁg&pllﬁb%rwégte@%%lt to performa nunerical

pattern recognition on&%ae ‘data collected fromthe
d0088] lnfacsadsmresyith moﬂimﬂeaspdcoof;tht @geniiae thdre isgabdeided a system

0Q7] In rdance with nother aspect .of the
RG Seibs ik OGS TGS sy 46 ThODisT i hinA iR grotessing uni
NRAYiNe8 W@%ﬁiv@ @néd 99?%’1‘%1?821’[9 bRZEAT (?Ddtirpgjé{& butp8f from an array of

detecting and cl assifying sensor a, the conputer
pseogxra m e gystem alsovinshndex e @tatlsttbabynaéysc&mpmmﬁ,gumdus perjorm

muter. to erformthe fetching data.
CORiGRTaH his R g G PhPebirea B BB arar RiPiRg, §¥bfhin
SsdratstisdliyCalal y2B@kotsbisd 4, vileeeifl @ieastaRtitaGhegsik uaMdeRRAnines,
arra of sensors, to obtain statistically anal yzed

dasedon dsstetigieadlyanalivaell senaeralata fhether ox Ratitkare @ apspnse signal
3 lb&%r?%e ﬁﬁécpfrorqeméiarr&cgf %ﬁgoré) r"ﬁﬁ]eoérs{egqefu & iRy

SI gha een generate rom-t rray 0 Sensors;
angherical 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;



performng, if a response signal is determned to have

been generated, a nunerical pattern recognition on the
w@l2109/0z38b4 ected fromthe array of sensors, in PCTHER200$/085130

categorize the data. [0008] It is to be understood

that both the foregoing general description and the

follow ng detail ed description are exenplary and

expl angdt&fMnidB! Hased Qn ﬁ{e%teﬁ{%ﬁcdfl n%lg‘%&d YeéhsOff dz&zh Svhether or not
i nvention as ¢l ai med. BRI EF DESCRI

DResraNEsp o0 sighal tiae bmﬂmpwgdq frgm dhwewgsf seneh»m landyr e

|ncorp ?qed |n and consti LLut

speci f ot N 1R are s v et rgﬁtgg%gg?ahgg’f’%n ?nefaﬁ%d a

i mnﬁmdabpatwﬁxﬁrecbggﬁblh ef thy dafe EdIRCIdE S fheiaBidy oF 86né6rs! M order
explain the principles of the invention. [0010] Flgure

1t0j cgtegorrethg déﬁaagr am showi ng el ements involved in

perform ng a statistical and nunerical analysis of

bjoasgns of 1sdt%tt%’ unae&%q'm b‘bﬂl e ffdr%%&n% BhRAL IR B Ron &HE the

i nvention. [0011] Figure 2 1s a fagram
diolgwangdatajled desdription afe genfpbargiand) explastoryonlyaandaare not
det ecfl on nd cl fiSSl fi.cati.on, according to the first

TG 1?’1%?1@ © BEFA'TED %@%I PTION [ 001 2] Reference

will now be nade in detail to enbodi nents of the

i nvention, exBRIEFDESCRIPTIOR'GF THEDRAWINGS t he
acconmpanyi ng drawi ngs. An effort has been nade to use

the sane reference nunbers throughout the drawi ngs to

r ef to.the same or Iike ar 0013] Unl ess

e@B?PL. t T§F 2cqmpand s diap whighre wapbagis mgnd congigute

d;%'t ofGRR sPEEficatRAdillustrRE s&?émhl%odllrﬁen?s Jrend fﬁr\/@nﬁ% and, together
escri bed as having A, B, or C, the feature can

AvitBtheglegertiopy Seathowpbnm@ublpuncmfemf ths, ineendioq.

Simlarly, if a feature is described as having A B,

S TS NSO T phHReEln P

adigtistiaal "and anmigE 84l andlysis OF biveéBof Mas) a0t dinghteh fRXMYoiment
if a device is described as having a feature X, the

dfthewvealiomave one or nore of feature X
[0011]  Figure 2 is a flow diagram diagramming a method of performing biosensor

array detection and classification, according to the first embodiment.

DETAILED DESCRIPTION

[0012] Reference will now be made in detail to embodiments of the invention,
examples of which are illustrated in the accompanying drawings. An effort has been
made to use the same reference numbers throughout the drawings to refer to the same

or like parts.

[0013] Unless explicitly stated otherwise, “and” can mean “or,” and “or” can mean
“and.” For example, if a feature is described as having A, B, or C, the feature can
have A, B, and C, or any combination of A, B. and C. Similarly, if a 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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[0015] Figure 1 shows a data anal ysis systemthat
conbi nes both statistical and nunerical nodels have

whe@n/ oLl oped as a detection and cl assi fi cat P@FIUS2008/085130

algorithmfor a biosensor array, according to a first
enbodi nent of the invention. The bi osensor array used
to provide data to the system according to the first

e[tmdg MEMhle§5B% phEit] S s dth&wiseSeN SN “aFBSn mesifkdnk o ®ore

be a biosensor array of a handhel d or portable sensor
déee en¢.orFaigxampls, g%{cl,deBiC@ sedegcnbedBisdurmgnl festraddbe dyvice may

SEL;Q%nghgﬁé%P%mhﬂgx, for exanple. The statistica
11

< . .
anal'ysis I's U zed for sensor signal detection,

W0016] oneFigiirenb sl wilirdhtacablygBtsyoem dbecaiPiheLBothGtatistical and
anal yze the correlations of interest captured in the

dBHTBCTB Mogels dane perndlprloperhas aRgteation andkqlassificatien glgprthm for
P 8¥dsERdr bft y,dfctch(atillfgé{bb? g‘?&l e!rﬁbvddﬁr}{entad'fqh% I' R ﬁﬂﬂg@.r $8'biosensor

anal ysi s enhances 't ogi cal recogn
capgbuded tty panddd fats teHlevdystes ddeerdied tcthie dirstasmabodiment may be a

VRS RSB SR 4 A ond BisREmT ALY A% QNG or portabie
ORfsRRAfHRLR dnff%%'leﬂi‘f‘o%eh% I%séeﬁf‘lufs' fralle © €D ktection Inc.,

can be run in real-tine slnultaneous}y with data '
chor lesanplen Theystafigicad fanelysias etilined forosenbar signal détection, while one

i tati .in the first enbodi nent,, 3 to dat

otk Blrisel BB s BbuEER SR g Rleiaftd Rt goptored
pidi thie Sdadd orUpdtier @etolition) abisd batistidaD@naPab Yedvides A8 detection
system according tq the first enbodi nent is capable of

cHPFiVHY adithe sPmetiealiaprlysis sRhanees g biplogical esagniton capability
%M%h&élﬁéﬁie t}Ie_o(fet BB Shd OREG LR s 95&38[ . _The_system, which may
em ca es an oBS array

t
c bi ol ogi cal sensor arrays besi

neey ioeplerédted enh tMatprbovinde Gemograntaing tlangnegel eine @nhed possible
and.classified by way of the first enbodi nent. [0016] .
ABTUB R o GirestEmiodime}s ¢k Rodn ed-tya gimullancatsly with

Citd @6fI&dioh! OByaRadr Sravxaipls and %t%@%ﬁ' St BRftafbRr fthe first

in a data store, into a Principle Conpohent Analysis
(Pamdimerit B de iScddta poidts gre upligest for dieteetionf andlprieands 1@ data points
r se siagnpal.. For a detected sensor response, the .
GEBRIRRL R IS innRe e SRy TR BB G he RN Hat Br Egpdiment
N tafbl€ o taride dubasehlibiition n $QINSie, ARG ROMSE Suitdb®d for robust
are of interest. Information from other sensor

ctpsrations, Othee ichgmical/biodngieal sansor araye desides ag ARY array may be
ddiBed quprglliag Rsit §e L (Hendetected and classified by way of the first

embodiment.

[0016]  As shown in Figure 1, the system receives data collected from an array of
sensor channels and stored in a data store, into a Principle Component Analysis
(PCA) statistical model, to determine if there is a response signal. For a detected
sensor response, the system runs a numerical pattern recognition model that may be
customized based on the sensor responses that are of interest. Information from other
sensor channels, such as airborne particle counter (APC) data, may also be stored (in

the data store), interpreted and utilized as parameters in a pattern recognition model



the data store), interpreted and utilized as
paraneters in a pattern recognition nodel for

WO paoenfmpent rejection. Fingerprints nuneri cal PgT/US2008/085130
extracted fromthe correl ati ons between different
bi osensor channel s can al so be exploited for
classification. [0017] Wth the system according to

tfog ihderfetene FEjectioi® NFindeRRings hSmiefieallydegtraatedefiesi teNcorrelations
and classification systemfor a biosensor_ array that

i Retween dibiceent Biosensgr cftanﬂ@s stHalpo bt stpleiss far plgssification.
Accordi ngly, no frequent nodel calibration needs to be

dRPA7PY WHRHR ﬁfgtei?h @cgm rthd ﬁhs@ gltn'beﬂli } tthér@?st}%rﬁ\éided a

i ncor porates t syste acco I'ng to
f detedttioambd dlaﬁﬁﬁtatloﬂl(SQSIBl}’l fbna biveerposairdy that is suitable for real-time

i Ie ntation of th rst .enbodi statl

RO oAt “bstalnei SARERYER EgRay bR neas 1 Be done by
Udidetd (?f%dolf)&hsesﬂ d@feRtiofl 8hie ffat RlRorpdRfed the BysferR YAB MeARI according
nodel which is built upon correl ations of interest

clephefiesg einhodinisnbsensor dataset is run for pattern
recognition to enhance the specificity of the detected

s r ] .

SOVTEY, B SRtabR AR ol A SMARANC, BB RS s
UBMii tigjp ek camp@hémm@m@apmmg Lﬁlitaﬁ atligadi bt $ignd] BeXeytion) axe then a

F T RO
bda@%%ﬂﬁ Qhn B3 HAHARIALIRRHiI A0 RBhARLE e s%t:mﬁbﬁiﬁﬂ%@ Béte&%@ Sensor

shown) is stored in a raw data store store
ravayiglates e"ﬁmrad@atfﬁrqlailog)slup bsivasn dyteatichaseasipvivy esdspegificity can

bty it RRSPLEO5E% e EAclcTote BISEMud far erample.
S|gnal detection of the data-processed bi osensor data,

b@oes] oTumir wiv 6t Figade 1TR0e5ystdn 100 8¢c@RBhg HEthe Eirdt Qﬁ1b|081ment
determ ned to have occurred based on anal ysis by

Ff@ﬁ( higsepsorsiata ebtanemkby emprrasned Bjeseasass (ftoﬁ PrDSe ﬁt@tﬁd in a raw
{
W0 A5 03 S P PROL LR i D TRE Ry ST Al g

sHifs amtd thatpeoaesdet] dafads starsd ian Ijrasrteesefderamﬁtoreejzecw IB(DAIdmt 130
uni 160. are, used t erform nuner.ical a %SIS on the

shegtoro sigapl dtechgn 9?@5 dafacugriesssd biRRPIpAalata, based on a statistical

rl’ﬁGde‘it atd ﬁ%ﬂaﬂ Able¥ri ARl ZEHInRE o FRledccndl Based on analysis by the
classification sensor data unit 170 is useg

d?(élésmfty 3ﬂmnmmqai azdlysys efithe bmechsdamd APE ddmtlethmrpenformed.
uni.ts 140,

60 d 170 .
(R GG rEiPlar R slPieioB Y o® st Paich Pty data uni
CIO0; &sPA A tdrferéht &) BRIondBLini N6 ¥ShiSedHdl ferfofmtoitherical 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 shown), and stored in the raw data store 105. The stored raw



system according to the first enbodi nent. [0020] Al so,

as shown in Figure 1, Airborne particle counter (APC)
wa@l2108/07®0£0l | ected by an APC sensor (not shownpCT/HSZH08/085130

stored in the raw data store 105. The stored rawAPC

data is processed by the data processing unit 110, and

the processed data is stored in the processed data

SAPCalafe? provassee By thd\@atf\Ploceaing inst A0S endthaprécbded data is
anal yzed and nunerically anal yzed e system and

by th
PoTEn Hequeesing da v 1201 whorebn e ARG fata ThelSapeichllya

[ ki .t rej [ I

 ReNkb A IBELALER) LG, 8 mian I SUBIA
berolsetimeont. ddicaA RO tatariedtilined dor iatetfeyendtejditioaan detemmined by the
provjdes f.l uorifce,mi.{)e1 informati on, while the APC data

pb e reeqtiondl wig d8Q of particles per liter of air.
Tip931] t PRe DioSSRBS@ta H6thRcABY ah Af 2 M B RREROARoVMBASH R Sscence
of different physical properties.” Gven the entirely

| mfepehdenvhitethe AP (bdata heovitkes a totdl ¢cfuat efparagps padheof air.

r i.red t ro S ese data. In o ossibl e
i B QB BRI AP 8 s SRREBEROLENEs)
dgoperfie CEE&H fig: driirly dRpeRTnbYatdre DA Vhd datd, d¥¥ér8Nt approaches are
filter to snooth the data and renove the offset,
vifsaviagsd tormpesss thesedqtaglncanemesyiblgdeplesnentasion of the first
p L.ng g Pl as a h at
OSSR RO dathuo @bl RIRBEMed ] £s Rk GO Biter o
| spdeeirdrtdatd ard refnotv b ehefdffsst, whigtubelithie filterihd €ortkdpands to the data
processin erformed on raw APC data by the data )
PRTEEESIEE ﬁgr bimed ot Bosegson dain e [ptazppeessing vait 110. Also, in
s el A s B LAl Bt s Bk Berformed
| @vialv ABCrdgtadwethe detagpideeting @iihél0 tsypeedafut Hpepplying a median

c i ng,.on. the raw bhi.osensor .data and, the.raw AP
o TR PR iy P RG AR ey g o ifaet
byasélRseve kb tdn@fleithe b#16:t.a0kher Wb 0HHatd BRAESSINGor he Maw
the spirit and scope of the invention. [0022] The PCA
uhiptensglatreandshegavpAPRcdatmby e sstsrmsagessting byt il $0 mapyibeh
[ . (St . =hpj.aue in.th hemat.i_cal
el o el e R U g R AR i scope of
| thesxivediioiensi ons for anal ysis. PCA invol ves the
cal cul ation of an Ei genval ue deconposition or .a . .
sﬂ%ﬂéﬁ anl%%%ém&eléQrPﬁ $ Brangpal Compogentednalygigp 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 value 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.



results of a PCA are usually discussed in terns of

conponent scores and | oadings. PCA is nostly used for
woredovaggopt edi cti ve nodels. In the first enbodi PERUS20PEH85130

is used as a tool to reduce the nulti-di nensiona

bi osensor data to a one-di nension score vs. tinme. The

score is of one of the principal conponents captured

| DORBE  PbOsRNeMordPbidsendbit analysisSybtik Cadthdalf d4th Set is typically
first or second one. The relatlonshlp of score vs.

t Byed tp genaratp aiGA model ando wétcérctnkaowe da@llap@mbosng fggrder to
 SRRQANRE Plfean ZEIFPB h%hg i’&itelﬂg(%l 3 gu 3108 l:)sn \s/t%n tSICgH %e calibrated

bi 0senso i'S SysS

t with @alupyated adndai@d deasst ift there 1?&6' d]‘ﬁd@é mCU’ﬁefatl\bhthd@ndltlons In
unknown data is projected, in order to obtain the

pihe dirgiemhodinent, Imwyevab @e use s marerpf astandaid dataset 9y salibyation in
CRDrRifR hdef! fikelh [ P@R (BARLE orth BAARR AL AR, BPhedidion-

here i's any change 'in oper
f malsﬂng enpatirmed basddondghe commnsuﬁ bew&emﬂd’.elata:ﬁt thange in score and

T A T LN TR,

btk gRahe WK IsnPdhd Wé‘v@f}f@ﬁa baigeshdas cbi§dered as bellqng

c@g&arlson bet ween the | atest change in score and
eatechini rgalitome.i Fhia epbancegy fcbg mozbuﬁm@mw thstatdtivalanabysis

TR 853 A £ A LASARSESL RS K00 6 AR o

cfitst bnbddithennn real -tinme. This enhances the robustness
of the séatlstlcal anal ysis perfaornmed by the PCA node

(924 r T8¢ mestenbgnd methodacemding tathe fgétceémbﬂdﬁ@eltt@xmé the change
finred Veﬁﬁpeﬂh@‘gﬁﬁre ft(L Qggé‘t]a rpyﬂga[p%é’lﬁE ?@Qﬁs‘él :aﬂf?lgte d of the

according to t I rst nment ange
[ prntchreil vampenant vedier foc speelﬁo@adetrﬁetoglmrmslgﬁedlémcm. A non-

r es Sr%s(g?)h%gsgéra:l N3t %gg:ggsfeﬁ VPG %PIC Ieg Qi g)[t'ede tolrrlltee?fterents, high

pl%%’i'o(f thbRB; orAhAREs $PEFdrhtidhal @(ﬁﬂﬁﬂﬁl@ SInBnabodi@e R6ult at the
caused by any anal ytes of interest, intertferents, high

| W‘iq““@fa“ﬁ"’ﬁlg slepdes pintmped by theofleh anitdia) demggt:n imsxt step
%}J |ve result %b é%statlsgol cal 1{ | anal
n‘% ﬁl%ogn!}) T RE PEA NS PY et qnéeélélp analysis

hhﬁmnaﬂtlﬁxegog&jnunerlcaI pattern recogn|t|on for
oal arm _as perfornmed bé@the numeri cal analysis units

1[)&!@25]1 skn the §est spgodipent, [tipBEp is ankytsriprmed ortiisdinseeser data,
R iEG6 deRrorby oR B’ AP ERGaOR JBELPHRSRRIOLPath BlRreen the

processed data store 120 and the Interferent Rejection II unit 160 in Figure 1.

Biosensor data stored in the processed data store 120 is subject to statistical analysis
as performed by the PCA unit 130, and then that statistically analyzed data is
provided to the Interferent Rejection I unit 140.

[0026] The numerical analysis performed by the numerical analysis units 140, 150,
160 is essentially a pattern recognition process. It is executed only if a positive result
is obtained (e.g., a response signal is generated) by the PCA unit 130. For the
numerical analysis, each pattern is characterized with a set of vectors of which each is

associated with a particular sensor/detector type. Each vector is assigned a logic



and is not performed on the APC data, as seen by the
direct path between the processed data store 120 and
W@ b@ooriees f erent Rejection Il unit 160 in Fi guPp@r/LS2008/085130

Bi osensor data stored in the processed data store 120

is subject to statistical analysis as perforned by the

PCA unit 130, and then that statistically anal yzed

dadide ¢ th+proow qe drHecasélgﬁnéﬁtt&&ﬁeelbgﬁtvaR% 86ddr@ifg ko B possible

140. [0026 he nunerical anal ¥S|s per f or med %y t he

nidraeriqehin ymlgn@mam@ isdescribsdbelon is essentially

[0%’71( egn. fecoan &altaon process. It is executed only if

a - positive resu 'S obtained (e.g., a response signal

i 5 gener atléthe lhysdhbt& datAmeetithe bBOwikgtondBnNYIMY dsSighed to the
nal ysis, each pattern is characterized with a set of
VBRISVESHoTinhi ch each i s assom at ed vvlth a particul ar

S k. i S e

lggléég{/x/gﬁ% 89(#19 i3 {i }/83 1 %glgvé{ ?gP, P 4 F?tgg o?os?thve threshold

| @hére A/ & thesumat datlipdgnttadd PEis mslsdd@d IRfordN@e. l &&l (P, P, P)

anal ysi s jnplenentation is described below, [0027] For

b dsrdetestian wandaw, aRd (Bisddedsoyis gersidesebthe ppekground
fQldqew ng condition, + 1 is assigned to the rel evant

vector: 1st derivative of (Pt-2, Pt-i, Pt) - 1st
deri vat i veIf tfe Hiésehsdr,dafa theet tiRt foill))wingmmﬂttiome ltikmesgelddo the
re P1lis the current data point and Pt.i is the

p’i‘f l’“‘mbveeﬁ?rre etc., and (P, Pt-i, Pt) deflnes t he

det @6tvaRle ¥E QW“P'jdl( laeﬁva%ve%tf(l% L-P.)) kSpegative threshold
consi dered the background W ndow. d T "{he bi 6sensor

dat a rreet ®therwisd, [0asassegned halttteiventor- 1 is assigned to

t vapnt vector: 1st derivative of (P t.2. Pt-i,
F]l{b;)ﬁ ‘ggp‘k‘??tlve of( - . Pt-4, Pt-3) negative

tor 95h0| d 10 2 GehiaEMhSEn APC Boudai ﬂP@qe\te‘P Q)Q?eli\ﬁ@%\@f) is larger
[0028] For APC data, O If a net increase in

(fd:lem ppasitipebreshold, +1 ivassiencdis thevedyr.i s | ar ger t han a

1975 net dbePEORsR e i € PRI AR e £ s thm
| en&la)ive thréshsRl, t hidnissigned to the vector.
o Otherwise 0 is assigned to the 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
S1(+1, 0, -1)
$2(+1,0,-1) [S1 (+1,0,-1), S2 (+1,0,-1), S3 (+1,0,-1), S4 (+1,0,1), APC1 (+1,0,-1)]
S3 (+1, 0, -1)
S4 (+1, 0, -1)



a negative threshold, - 1 is assigned to the vector. O
O herwise 0 is assigned to the vector. [0029] The
WO o@oo6e04/al ues are conbi ned into vectors to fRETUS2008/085130
pattern. The nunber of vectors used to express a
pattern is equal to the nunber of sensor/detector
types in the system By way of exanple, there are four

( 03] 0ERMSPEUHsYREIhE Smbided padiernsIé telald tc?ﬂﬁtl}(t];&@ ofibferest. In

detector (APCl) in a sensor array. Formation of a .
e raspiblesimplerperiaiiangd dhe Brsp ambedimest, shadoHpivingdhree conditions

P .

e ko e hgthct f 6 plyem Filiheh it © 1
conbi ned pHiid @mniisinédpatehnded noocaindh gbegicoatiurs of @Bérferent
In on%hgos%£ble i.mpl enent ation of the first

e ERrersEraeticg hivag [t ee conditions are used to
dgt er m ne WRELRAHin&f pdidtn GpRats Sirib Feahib &b fle kRoWH analyte

anal yte: o The conbi'ned pattern does not contain
geatterisqbicdegical esatdf unint ¥hHf erent patterns (interferent

j ecti it 140). 0 .The, conbi ned patter. pt ures
Bner i o eRRE B0} se I hoter eRmArg reopal el 19
( [Wi0dl Pgihe aterf@rehthndinhlylb&iheri® pdthen ARtar¥EEdsBfibddSabbvéd are
(tnterferent rejection Il unit 160) [0031] The

i peteacted feam datadhadgan Ye eolipstedrfram pabeuseor fiom fieldsystem tests. In
g@? ﬁfrétkégrg)oggx%/n% aaxrn(éda)g Er%&t%? %If &g%ﬁ%ga?chtoi}%e AL c%%diltiﬁns

ect romritn-nouse or rom system test S:
t higed abist. @hibadinerod! malelsude be iren soqaaitedlyfodin pirald] Bg all of

h of. the three conditions_|listed above. The
BTG SRS s raf o pdimen:
i1 ti 4H 0O
PRUSHUEN chosklngly porfrmled by RQH L, ARerigP Ay Rl 1400150, 160
stegletanmirz if teebkinthré¢escomditions e tpen e, tb edaee redundant

nuner i.cal al ysi nits 140 150 O.to determne if .
G ATl e e ot i P gl Db TRl unics
r e S@ N6 0GaABY berekmet ih QhRAAEI YE)endinzhPoRt & bP%ocessor or
perfornmed by the nunerical analysis units 140, 150,
1B0cessers peeddemetforra dhd mimexical 4nallysegleftba diasgnsopami ARE data.

AR PASERS R GSS IR ORI sREL AL T M i
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] Figure 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



[0032] If the three conditions described above have
all been net, a bioalarmw || be issued, and this

wo s@gamsed wi || initiate the classification of PC¢CEUSAD$085130
by the classification sensor data unit 170, whereby
nore detailed pattern recognition is carried out.
Al so, other data signatures, such as a difference in
r siapaiaky hhdlfzeld oy weaincide Caipos e Yafalyisi@EA ) Gaifishigal model, to
anal yzed by the classifjcation sensor _data unit 170 to
i i‘éﬁlﬂmlfl?l ttﬁ%re et Espse pigsaly dae fHth Hen 2eflianlgterdingtien iy made as
d t {
£ VB SPEZEEo Ry SRTRATI T bEURReRD: B, Hncdfponse signa
vexusts dhen mu:lsmldnstaps%O[ 00 88{heFitgpy @re pertbmmvesi (ao metreridal ahalysis

erfo n i osensor .a et ectjion an

é’;éf?’fl’fl% t} sﬁespaeieoﬁl%nai &y qege%dftp 230 iﬁ%&.aﬁsﬁ?mh ptigp 270,
athfelw@tensi)tr QRta2h8 ,théOAp@Qra&qg sij tb SnE& thEfelReherlMIEHEMYs, in
such bi osensor data nmay be obtained fromone or nore
a@ﬁdaytooiategeﬂs@ﬂ@t datmagbigginatiosnapbipgicahi¢tedtions Then, in an

AR 48 B URE Rl bl MR Bl sy o fR

biegslesaedt céﬂiuﬁ céifehiat flﬁYésP@ Higdl @ndis @ufu@ eélep P8 adiddre detailed
store, In a fourth step 240 t he bi osensor data

; dassifiqatipn ehthepionsasoy Jaia ipgrage py st 29 adcberpleprafieation result is
) :
EPBISTON a8 8t S o A5 LRI b ime) 1
dNbamrstapa&&Oono fistheademerscal analhet hgerformebon therbéssonsvs data, as
nal eX| in the biosensor data. |If no response
%%Wﬂlnéﬁw then in a sixth step 260, no further
steps are perforned (no nunerical analysis is

PE0O3Y]EUhe binbadiiRERRS@ bR AP e have BBELSKEHFhdrbin for the
exist, then in a seventh step 270, the biosensor data

amp@wfplﬂ:@tr@a@@ T@sﬁemapn,ﬂm@w, showkdnet heudeemied 4 be a
nfr?xgﬁ%tﬁo (51{] hg otfghet 1%(/ gl‘r}og?féc%tlégﬁsg %{leﬁ)lt%% %,aa{nd

%&mﬁwﬁ@fnﬁy m:mttm ofic $1311m&h6-51’t athobeddperingfroi® thet dimed

cat%gorlzatlon results nmeet certain criteria. If Yes,

ANNPERICLPRESPS Beft Pampie, insg sgsopgombadiprsib onlit snsasdlata provided

C f&?é&d}p&{s'eﬁ’ﬁ%r?& §iB%nBiO SRMRAEe dRkBel Sanﬂ%ﬁ? hcrﬁa %Jo%?d not be
5 and ‘the classification result 1’s cutput

219i5ut(amdtaaaltyhfat v@teaqbg tR8@urnerical fivcesaingamit \muld atoan:ﬂeainly the

the in st 280, no furt

@e I VQHE‘, t}flég “HE“F%r SISPORt *l écﬁﬁ’eo%‘gﬁg ivepignare

agdﬁagwmyumaﬁﬁ@am%ggmnk0034] The enbodi nents descri bed
above have been set forth herein for the
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purpose of illustration. This description, however,

shoul d not be deened to be a limtation on the scope
w@Roovheedyventi on. Various nodi fications, adape@l/Us2988/085130

and alternatives may occur to one skilled in the art

wi t hout departing fromthe clainmed inventive concept.

For exanple, in a second enbodi nent, only sensor data

PWHAT ¢S GIVABMEDrISay of sensors or biosensors would be

anal yzed, and APC data woul d not be input and

anal yzbd, whenethyd faigleiegiieg andelassifpinassnsey defai conmising:
I ncl Ud@o&? gt(ﬂ?d et Ra é:l%% mfl';rp%/ac;}%ﬁ&s%%" n that
e. an p ft

i nstan spirit scope e i fdvention are
I ndi capertbrinyng hetafigichbmiahgisadfahedat¥\ERlected FdrAtNEDrdySif sensors,

1. A nethaod. fgr detectin nd cl assifying sensor data,
c@r%tql’é?ﬁﬂ§t’°§ﬁ8@% ¥15dg5en ga@ol | ected froman array of

Sensor gterABhing! HisBd of iRt @tisﬁ&&lﬁ@inag&@(% %éfgért (gc{t%, LR adabAnot

collected fromthe array of sensors,
sthatei astebpomis¢ gignaldiay beeh grsnmitad fiern dhe atetyerfisensong andbased

on the_statistically anal yzed . sensor ta, .whether o

ot ¢ nes e et BF TR RS BRe (DS neEt RO o

t M@néidaPyat@in EROGEISH oAk P& EMebicdFrom thearia§ P 9&S6rs, in order
signal is determned to have been generated, a

nigrigtagedre H8dedr n recognition on the data col | ected
fromthe array of sensors, in order to categorize the
data. 2. The nethod according to claim11, further
conpr i &i ng: Thx methsd ianeprding o thaam pafirihet eomigrising:r om one
or nore ot her s§nsors, .c\r‘vhgrei n the step of performng
a st at POFFSEAL BRI PAEIGS IR FPBY (REPT RHOTE RENEE BFNZOTS,

col I ecl,peefn tRENEP B 1 BEHINIRS 2 SEASRGLP Miﬁgﬁzgx?%ﬁétag)n the data

airborne particle data. 3. The nmethod "acco

ctadiented fromhthe@imay oheensors pnd opar therirbompe pagickt dasd.i cal
anal ysis is perforned by using a principle conponent
anal ysis statistical nodel. 4. The nmethod according to

claimi, whelkembthblaccéiRg® claRh fil OWAEdE) the BePBF p&Brming a
pattern conpri ses: ) o
statistical analysis is performed by using a principle component analysis statistical

model.

4. The method according to claim 1, wherein the step of performing a
numerical pattern comprises:

performing an interferent rejection pattern analysis on the sensor data;

performing a biological match pattern analysis on the sensor data;

performing an interferent rejection pattern analysis on the APC data; and

performing a classification pattern analysis on the sensor data.

5. The method according to claim 2, 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;

11



performng an interferent rejection pattern analysis

on the sensor data; performng a biological match
w@aawersoanal ysis on the sensor data; perforn PGI/HR2008/085130

interferent rejection pattern analysis on the APC

data; and performng a classification pattern anal ysis

on the sensor data. 5. The nethod according to claim

2, whep&tdimihia §dcBRd afterBGEAIQEREMG FhtteH B aly&a orPBE bEbdine

conprises: performng a first interferent rejection

peartidedatghand/si s on the sensor data; performng a

bi ol ogj C er S| [ X

pert o g e gtk B b PEaBRHRRE) EiteR

apatorsiisg ®clagdificasivn pattera apalyiis oh thedkrhevr darad i f t he

results of the three perform ng steps neet

predeterm ned criteria, performng a classification

pattergp ana ' - dat : .

Becor ding ¢ DlefrainengbiRngie ll3! @neiin FoSPRe Patforming o

f firss intérferent frgeetivin pagtemcanatysispaperéormed wal ay@insinaion of the

rformed on a, conbi nati on of the statistically sensor
PV ST oy e R Thaliah B gl alistcally analyzed
statistically analyzed. 7. A systemfor detecting and

classifying sensor data, conprising: a data processing
uni t confi ghrssstemdor éetesting and ¢lagsiffing sanden datgp compssingy

on dat from. f_ sensors: st.atistical
anal yst SRR 4 Bre SR BprrB il pRoceiig on
adh ysipst Hemtahandabéisasbisect ed from the array of

sensors and. data_processedq by the data processing
unit, %82dtical dabisisunsigoatipwgd i perjoranstatistiselranglysig on the data

: Catichi Lvs] : : ) _
LD S A Bl MG g g i,
whidsinetatisticallytantlyeedeseasoralzo mberesn theatatisttel bedysis unit

generated, fromthe array. of sensors; and umerica
RS bt A o D oy Srtbar oG ot there
NSRS E FlenMafab BEGH SRR R MOBrdyhst sedlofs; a4 | ect ed
fromthe array of Sensors, in ordér to categorize the

dat a. @nuriprécas paftesaresogwitidi nyit configuaediioerfvhpagiumericel pattern
nrl'égggrnlit(i:oe}{ ol &tetd%{ancollected from the array of sensors, in order to categorize the

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 one 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.
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recognition unit only perforns the nunerical pattern

recogniti on when the response signal is determned to
whawe/omsseh generated. 9. The system accordi ng POI/TE20081085130

7, further conprising: a second data processing unit

configured to receive and perform data processing on

ai rborne particle data output fromone or nore other

sensor g9, WheR&kdnh Gecdtdths &F di%idl 7 3R ¥aitRe Uiidtical analysis unit

perforns statistical analysis on the data coll ected

f payfarmis stagisticay andlysiewsing & pandplesompaeneti@naliysib statistical model.

particle data.10. The system according to claim7,

wherein the statistical analysis unit perforns

stati sti.cal TROgYssh Scddedifi@tceclBifd NG IRlr&inGCRPEAETIal pattern

anal ysis statistical nodel. 11. The system accordi ng

t FCREMUIOR Yt GMBPIASCR t he nunerical pattern recognition

uni t coimtd-Reet r@Betldat %&E@ra%ﬁgs{s%ﬁ%hﬁgm@ﬂc# gérﬁ) an

anal ysi's unit confrigure o performan rnterferen

r miteeferén nej pationgratte@nmblysisonahe fdneors@urgor data; a

bi ol ogi cal match pattern apalysis configured to .

per f or ﬁglgh%’ﬂ%ﬂﬁ Htj’it‘g’éra“ﬁﬂ’t %ﬁp.‘/ﬁ&t%f‘lﬁursﬁaq pefamopbipjpgical match

SENRA arhiys orffhd sénsbt @stgl fnlgcation unit configured to

performa classification pattern analysis on the

sensor a dassaficatian uliii eosfygiredtoquroriagassdicatien pat@rn analysis on

erein ér{e step of performng a nunerical pattern

cOMF1°8es?%a first interferent rejection pattern

anal ysis unit configured to performa first

interferent rejection pattern analysis on the sensor

data; B-bi oley$ystam peserdingtetdlaird.arhereisitke semef ppnfosing a
tlg)unqg,{cfapg%neﬁlp&g fQical match pattern analysis on the

sensor data; a second interferent rejection pattern

anal ysa firstiiitérfaemfregot @dpdtterrpatalyBisanit ®acgm@d to perform a first
interferent rejection pattern analysis on the airborne
p‘é‘FeF{eE‘?né“a%({t‘é’né’ﬁHe%} 3@p §1§i0pit12€a§qn5q{ ‘fﬁ‘fﬂﬁ configured to

per f or fhid1dgi A MatdnGAatb A ARk &ORA 8RR YPpE £ a biological match
pattern analysis on the sensor data;
a second interferent rejection pattern analysis unit configured to perform a
second interferent rejection pattern analysis on the airborne particle data
and
a classification unit configured to perform 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.

13.  The system according to claim 12, 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 sensor data, when the results of the first and

second interferent rejection pattern anal yses and the
whe@bogieesl match pattern anal ysis neet predet BCTUS08/085130

criteria. 13. The system according to claim 12,

wherein the first interferent rejection pattern

analysis unit perforns the first interferent rejection

pat t er n4 analAysonspuddt r@adéﬁféhhélﬁﬁlh%%ﬁi%fn @ofifpater pEdgeah pYoduct

sensor data and on raw sensor data that has not been

stogdeteetingpnd classeyipgsansps data, the spupaier pogan Pedpetd vhan

r I and
CPaSHenTS CORE, LR REMIRARHI pefton B Rk S et
when efeedum@datbyrommmﬁcﬁrsenmy ng the conputer to
perform he ste fetchin tafroma array

sensor Ber PBERS? aﬂﬂl"é &t Sﬂ%(tf%% atéﬁ%tlil%‘?ds ‘Hflﬂ?%@%}’a‘iféensorsa
c) dtﬁﬁh%ﬁéﬁﬁt’i&ﬂ‘l&%ﬁy@é’d’&ﬁs&%a&enSOrS to obtain
statistically analyzed sensor data; determ ning, based

on t hedgiermingigi based pn drﬁ‘aﬂta}tzsedalbemabrzedi a¢rspr g twiethepor not

ngt there a res enerated fr

¢ here e SERRES Bl A o R TS ahde.
SI gnal pérforfigh €N fespborise sipaylas Beinied & RdvetheeR generated, a
numerical pattern recognition on the data collected
f PYR§HGeE Palfara yecegnitien ep the d4thcallegied fram therastgw of sensprsein order
d tc%teg%azeiﬂg%a onput er readabl e medi umaccording to

alm er conprising: fetching airborne
part| cle data fromone or nore other sensors, vvherei n

t he st erform'n tatistical anaIyS|s [
perfor ]eﬁgd o?{ ¢ FInpR e E b p@aqucgﬂngqgeto&lqngyl%further
S $nand not on the airborne particle data. 16. The

conmput er” readabl e medi um according to claim 14,
wher ei f@tqhm yrbepnaparpele datarfrang ope ertlabresctthcraslenml yS| S

i's per usi.ng.a princi onmponent al
stat sPREER gk S BekeSkeft £ aieal SRS Pe i the dat
agstet@t Mbnt theGkl B dhsotda@ll Bbhord Ihe afrbBRePhartRES d04.M ng
a nunerical pattern conprises:
16.  The computer readable medium according to claim 14, wherein the
step of performing a statistical analysis is performed by using a principle component

analysis statistical model.

17.  The computer readable medium according to claim 14, wherein the
step of performing a numerical pattern 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.
18.  The computer readable medium according to claim 15, wherein the

step of performing a numerical pattern comprises:

performing a first interferent rejection pattern analysis on the sensor data;
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performng an interferent rejection pattern analysis

on the sensor data; performng a biological match
w@aawereoanal ysis on the sensor data; and perfRCTUZPO$085130

classification pattern analysis on the sensor data.

18. The conputer readabl e nmedi um according to claim

15, wherein the step of performng a nunerical pattern

CONPI i 5§y 4 BloNigich] thatdh ikttt Ul RIRNhe §&@isSCAdtAN

pattern analysis on the sensor data; performng a

bi ol ogparfirming & becpnd tnderferentatipetion patterrhanatysissuy the airboerne

per){iglr '&g a, second interferent rejection pattern

abd y I8 O%nqhe ai rborne particle data; and if the

resul t i v rebill® dfihetirgaicringGtes st pRdbtermined criteria,

predetermned criteria, perfaormng a classification

pRerfasmingn slpssification patkan sayHP o desenyay datine conput er

readabl e nedi um according to claim 18, wherein the

step of performng a first interferent rejection

pat t er i9.analThscanpgepeadabiamddiom acodiry toatdimnl 8o fvhetedn the

st atiéélg)al Ly sensor gata and.on raw sensor. data that
hS{ep fhper é’é‘H}_ 87 Hist wter, %FW;{CJSFFHW_%&?" %.YS*FH%P% dépa

r &aERRA S Edh s LRGN FidMEor @utL AR 6R bt seilif dalathit s not been
statistical analysis perfornmed in the performng step

i statssticalinanabyzged Conponent Anal ysi s.

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

Analysis.
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