1 HYPER-SPECTRAL IMAGING AND ANALYSIS OF A SAMPLE OF MATTER, FOR IDENTIFYING
AND CHARACTERIZING AN OBJECT OF INTEREST THEREIN RELATED APPLICATIONS This
application is a continuation-in-part (CIP) of U.S. Patent Application No. 12/527,206 filed on August 14,
2009, which is a National Phase of PCT Patent Application No. PCT/IL2008/000205 having
International Filing Date of February 14, 2008, which claims the benefit of priority from U.S. Provisional
Patent Application No. 60/901,320 filed on February 15, 2007. The contents of all the above
applications are incorporated by reference as if fiIIy]set forth herein. FIELD AND BACKGROUND OF
THE INVENTION The present invention relates to hyper-spectral imaging and analysis of a
sample of matter, and more particularly, to a method for hyper-spectral imaging and analysis of a
sample of matter, for identifying and characterizing an object of interest therein. The present invention
includes a pri!ffﬂﬁ‘i@_éﬂiﬁ&ﬁi‘ﬂflg i\#ﬁ%ﬁ%ﬁio&gbsu%&e&?@g goraﬁ sgmg!gl\gﬁ?mtt%lisuch that the
test solution or suspension is particularly suitable for subjécting {o hyper-spectral imaging and
analysis. TheMASEERRy vVEOHR N BENTERNING pAXSDIeGbIARAICT ERIZING! tikde @BEBCHRAl time) or
off-line hype@%ﬁgﬁgggimﬁﬁwsis of various different types or kinds of samples of matter,
wherein the matter, a )ject of interest therein, are composed or made up of organic
or/and inorganic materials or substances, which are in a solid (e.g., particulate) phase, a liquid (e.g.,
solution or syspension) phase, gr/and ggaseous (e.g., aerosol) phase. The present invention provides
the capability-of eVt combination of the highly desirable performance 2
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FIELD AND BACKGROUND OF THE INVENTION

The present invention relates to hyper-spectral imaging and analysis of a
sample of matter, and more particularly, to a method for hyper-spectral imaging and
analysis of a sample of matter, for identifying and characterizing an object of interest
therein. The present invention includes a procedure for preparing a test solution or
suspension from a sample of matter, such that the test solution or suspension is
particularly suitable for subjecting to hyper-spectral imaging and analysis. The
present invention is generally applicable for on-line (e.g., real time or near-real time)
or off-line hyper-spectral imaging and analysis of various different types or kinds of
samples of matter, wherein the matter, and at least one object of interest therein, are
composed or made up of organic or/and inorganic materials or substances, which are
in a solid (e.g., particulate) phase, a liquid (e.g., solution or suspension) phase,
or/and a gaseous (e.g., aerosol) phase. The present invention provides the capability

of achieving the 'ultimate’ combination of the highly desirable performance



parameters of high accuracy, 'and' high precision (high reproducibility), 'and' high resolution, ‘and’ high
sensitivity, 'and' at high speed (short time scale), all at the same time (i.e., simultaneously), be it during
on-line or off-line, in an optimum and highly efficient manner An exemplary specific application of
the present invention involves on-line (real time or near-real time) or off-line hyper-spectral imaging
and analysis of a sample of air (i.e., an air sample), for identifying and characterizing an object of
interest therein, wherein the object of interest is a (potentially hazardous) biological agent or a
(potentially hazardous) chemical agent. In general,gthe object of interest (i.e., biological agent or

chemical agepajameivesadt Jughphsdgreoyn rusk dighrpeciesign dhily aepeodiverbdlifydr adicghterials or
substances, whi re in a:50li ... particulat liquid. (e.4., ti spension) phase,
or/and a gasg?%infg?gi, %lgrglg%ﬁ gpgflwigfsne{?.l Fe%é(?a %}/B %@ so%%ég%)?}rﬁg%eg?%%’.%@igfo%llécﬁ%%ent or
chemical agemt)drfitbie aimsdmpdasty kdmopodsthgromdide opodf-brgamcoratdinorgahicgniaterials or
substances, \évttﬁ'gré rr%én alparticulate form solid phase or/and are present (e.g., absorbed or/and
adsorbed) on par idles ot the air sample. The sample of air is collected or obtained (e.g., via a

standard type of air Aaneptinglarycepledtiogpyhtanyfrofittenprdedr iseunteoiavley o@lpast office, an
airport, a subway station, a shoppi all, a rts arena, or an affice.building), qr from_an outdoor
source of air (Kb Ptary diSgeal dgsh e S A oS g 8 L e sk lofary chemical
agents are neavgpagentsif&ig:., sarinirtaiupleantbsadeatijympdaadeshicat poisapsa(e hjeeyaide
compounds, and organophosphate compounds). The object of interest can be a biological agent, such
e e (oxtre T DA 61 0 S LAY Bt A A AR B EG R aly marked
(e.g., via terbigantrighlqpeeAfibGL Bkaed hid)episathamared (8 genvial aiibel]ias of afidrnunoassay
technique), as part.of the main step (procedure) of preparing a test solution or suspension of the

sample of méiter, figlogitalaeentopchergical AgHY Ty difit a8 lerd comapestdrranadcH of via
hyper-spectrakinaging/and anaysise Sanrialof sratiasstdnces, AvBAPIROfimattaoaengrally refers to a

relatively small quantity of matter which is representative of, and an example of, (i.e., a sample), of a

relatively larg&HEHARY Bhatfe mAGBId hEre SRIMHER QEnBIRIRHINBIPIS SorRERRR G (BBSCRHtity, material,

substance) thathag.igss m&oieﬁr\e@ém?,, and skjsts a% maglich linklidpAssiekRcambipation thereof
A sample of matter may also be considered as being a specimen (i.e., example) of the matter. Herein,
the term 'qué@t@@é?@éraﬂ?nﬁéfé?stftﬁ, aHd S%ﬁsiﬁe?é@@@ﬁﬁ@d?érﬁlﬁﬂeaﬁﬁ SN BFEAMEUSTRHIA, at least
part of a givep, mater, ARd ARrefare, ARt Whichils BIESRAIRAGRIPIS AT RS fHegardingly, the

term ‘object’ generally refers to, and is considered equivalent to, and synonymous with, at least part of
something (i &rc antisgnirigteriabsubstantenthadisasedass, patigieodhameer anmndistdas a solid,

liquid, gas, or, nati f fore, that.which i tia; tter.
Moreover, e Do e ey e e ] oL L by et of
a wide varietg@festimerysspodsiste dioledioal selmemichhiofagd physitalffpeperti@spaiaracteristics,
and behavior, Malv2ing &, Sapls SLMALE » R esesnialevs taldiprateaoisgienge and
technology there are application Which aré based on, or 1nvo?ve, the need for bn-lineI](lreaI time or
near-real timeypgiooffdivecandlypindacsaphie b lngiter afens meibgotepasemsahjaotgieantlidentifying
and characte{izin at least one %b'ect (1i.e.éentit \ materialé §ut¢stance ofti%terest, usuaal%tamong a
variety of differen typ)e(gr%? nds'® (I)QL%ea sn(tlsea},eerrlﬁﬁ\l]gsa}%n%e?a%,ss?u nStgn%%S?% nona erest, in the
sample of maiiter clhmeieatharaotisr@atipnyarayd nolmgehete mmihingaophuspiaes endpypedspr kinds of
biological, chemical, or/apd physical, properties,.characteristics, features, parameters, or/and
ehavion of tAB°AT St B BBt etk B T SHpIOS BT (ox P T B pethora. o
prior art teackpugs-furchiprachicesiohasuicdmabely-afdifiehant analyticahmethatisdaiddeshmiques, and
associated analytical equipment, instrumentatjon, hardware, and software, which are suitable for
on-line (real iR ARAFY mrtﬁ%ewr@#)ﬁn%ram 2isg! s@mbfﬁo@rﬁau@ﬁ CREN Ity Hctors,

immunoassay technique), as part of the main step (procedure) of preparing a test
solution or suspension of the sample of matter, i.e., the air sample, for enabling
identification and characterization thereof via hyper-spectral imaging and analysis.

Sample of matter




4 parameters, conditions, criteria, and requirements, are involved that need to be identified, analyzed,
considered, accounted for, and possibly tested, in order to properly determine which particular
analytical method or technique, and, associated analytical equipment, instrumentation, hardware, and
software, are most suitable, alternatively suitable, or optionally suitable, for analyzing a particular
sample of matter. Hyper-spectral imaging and analysis has been established as a highly unique,
specialized, and sophisticated, combined spectroscopy and imaging type of analytical method or
technique, in the more encompassing field or area of analytical science and technology, involving the
sciences and techndlogfiewlsf shautiios @spyrahiy inteying 2By ldefielyiomaly geaprctfanatiaging and
analysisis b 0 nation of and imagin ie INC r%%practices,
o are e g A Rt (et ¥ SEnanes 2
sophisticatedqunatityepf theHypérspebimal meEgingerdadivalysiss tespmetimgples,, aerdipractices
thereof, and. telated and assodiated ppplications.and subiects teregfauch as thg more general
subject of spec%rali Imaging, are well kKhown and taLPgﬁSt aBout in SCief |ﬁc, 8chnica , and patent,
literature, angsureaitypbaciited tieeofidd vamety of mameroiag diffebertolicldsreddsdraag of science
and technology. Several (mostly recent) examples of such,teachings.and practices are disclosed in
references 1 TG A FSte BALL Lt dPaRS! S HREHBa TEASRM Gk BPARBTSHH Ser-spectral
imaging and amdiysisikjdthedsajiie dpplicantiassigismohishel preseaisipanton giredisakosed in
references 30 - 36. Far the purpose of establishing the scope, meaning, and field(s) or area(s) of
appiication, ot ATEEEG, L BB Ce SRR ARG R LGRS GRS LEIUatby the

present invengigiacthedetawingrirackgiaund dsiavieedqhlyprirsRe Glifaldpaarindoanavanalysis The
more highly specialized, complex, and sophisticated, spectroscopic ima%ing technique of

‘hyper-spectrinBYingaitmeing sl cotPastyerelrsyhptance) that has mass, occupies

volume, and exists as a solid, liquid, gas, or a combination thereof, and therefore,
that which is present in a sample of matter. Moreover, each object (i.e., at least part
of a given matter) is definable and characterizable by a set of a wide variety of
numerous possible biological, chemical, or/and physical, properties, characteristics,
and behavior.

Analyzing a sample of matter

In essentially every field or area of science and technology there are
applications which are based on, or involve, the need for on-line (real time or near-
real time) or off-line analyzing a sample of matter, for a main purpose or objective of
identifying and characterizing at least one object (i.e., entity, material, substance) of
interest, usually among a variety of different types or kinds of objects (i.e., entities,
materials, substances) of non-interest, in the sample of matter. Such characterization
may include determining any number and types or kinds of biological, chemical,
or/and physical, properties, characteristics, features, parameters, or/and behavior, of
the at least one object of interest in the sample of matter.

There exists a plethora of prior art teachings and practices of a wide variety
of different analytical methods and techniques, and associated analytical equipment,
instrumentation, hardware, and software, which are suitable for on-line (real time,

near-real time) or off-line analyzing a sample of matter. Clearly, many factors,



5 or standard spectroscopic imaging technique of 'spectral' imaging and analysis, consists of using a
hyper-spectral imaging and analysis system for on-line (real time, near-real time) or off-line generating
and collecting (acquiring) hyper-spectral images and spectra (herein, together, generally referred to as
hyper-spectral image data and information), and, processing and analyzing the acquired
hyper-spectral image data and information. In hyper-spectral imaging, multiple fields of view of a
sample of matter are 'hyper-spectrally’ scanned and imaged while the sample of matter (containing
objects, and components thereof) is exposed to eleﬁtromagnetic radiation. During the hyper-spectral
scanning andariaegtrgsthepadgiganeratiegparraokgoiingeslativedy lavgh/editivérasqesh to tee order of
) of MRIR SPeGHAL 18 [REI:ARECHANIMAgSR: O AL Rk AN EHI e fast o

rapid sequential mannier, e’objects (and components thereot) emitting electromagnetic radiation at
a plurality of prapgriyalet¢emgihswunch fraduenaies)alyient thehed el GrohthgBndifde gsrnciesiare

associated with different selected (relatively narro ortions or bands, or bands therein, of an entire
it 1 e e RS A N o e
analysis systehean edyopetaibés ior aopeatrdipelyifalsteorfoapidahyamges fparproNadingnglecepfionally
highly resolved spectral and spatial data and information of an imaged sample of matter, with high
accuracy ancfrﬁ"ig r'precision (reproducibility), which are fundamentally unattainable by using a regular
or standard spectralHyrging-ans anadisissysianlysis hdnigenexblidied electipmiggnaiecradiation, for
example, in the form of light such as that supplied. by the sun, or by a man-made imaging type of
lminating oERENS Loub. SRR SR LB ek Wy SoB A dBE T aTett upon an
object, the elesiipmayngiisodialonnizadfaatad byoanemomarsiaktheldiolagicabrehamital, or/and
physical, species or components makiﬁr):f; up the object, by any combination of electromagnetic

radiation abs¥H{StiSh 2RISR PeHe LNV i aE S61 nSES AR S hEPosiF b A h A RLESSFPRY @B anisms.

Moreover, an,ghiggl Whase eemiastionypeiugRstRoanistnenicd sRagies & er¥aonants, ordinarily
exhibits some degree or extent of fluorescent or/and phosphorescent properties, 6 characteristics,
and behavioﬁ@w{%ﬂweﬁ]ﬂfa@%fmsgemeaf}fb@&g@véc&gé%%n@ﬂe%&atiaﬁi&rﬂw%uwhla% ultra-violet

(UV), visible Q) Ao iaBRr &gt AR MRES ShHERLF At alterfachelani omaansfiediadiaioany the form of
diffused, reflected, diffracted, scattered, or/and transmitted, electromagnetic radiation emitted by,
or/and emerdiPRpfrbisiteHerBH)BeE, is directly and uniquely related to the biological, chemical, or/and

physical, properties %ﬁgg{gﬁcqnmgegﬁaiogm%g&g Otlﬂl&ﬁg; irbgﬁiaﬁﬂ%g, agg(pfébgt%mical

species or components making up the object, in particular, and'therefore represen spectral
(fingerprint' dhesighanmd' rplatedrangpesssiciaeastifipptiorians aidradieatsationcof tiiacbbjedhe
Accordingly. IhRe" SRSEHALINIBACS OSIRIAIPARY A0 RISHRANBMN %ﬁ&r@ﬂl%?fa{e@a&efnare
correlated with emi3sion spectra of the sample of matter, where the emission spectra correspond to
spectral representdiiortsdhniicel fond pitspeditatdfingenpdntioeidly matgteedatermisesaotiglentification
and characteri alian. L8 Ryeer saacal macse chiscts and gomeanents gfagh e sample
of matter. Such hyper-spectral image data and information are processed and analyze using
automatic pattermteeccgnijtion (ARR) teiahchgpticdlpwheatiactiencedogorniOGREtypesd of Wyper-spectral
imaging data and information,prpggssing andanalysis. for identifving, characterizing, oriand
classifying, tl4e physical, chemical, or/and bio}oglcal, prope‘(ﬁies, cRaracteristic ,-and‘behavior, of the
hyper-spectraihaginggad abjelsis s dyditempoaepid idaarest) dndh e Sai plecodnm aitentidyipate spectral
Imazin2 and 3123%?!% ?l’fl ?e e?rren clees %Bm%g?rFor the purpose of establishing the scope, meaning,

and field(s) or area(s) of application, and meaning, of the present invention, and in

understanding problems solved by the present invention, the following background

is provided.

Hyper-spectral imaging and analysis

The more highly specialized, complex, and sophisticated, spectroscopic

imaging technique of 'hyper-spectral' imaging and analysis, in contrast to the regular



Following provision of a sample of matter, or following obtaining or collecting a sample of matter,
analyzing a sample of matter via hyper-spectral imaging and analysis, similar to analyzing a sample of
matter by essentially any analytical method or technique, involves three separate, but integrated,
general domains or stages of main activities and procedures. In particular, following provision of a
sample of matter, or following obtaining or collecting a sample of matter, hyper-spectral imaging and
analysis of the sample of matter typically involves the following three separate, but integrated, general
domains or stages of 7 main activities and procedt?res: (i) preparing an appropriate test form (usually,
a solid or liquid foantlaod thiecsainspiwic! mugarg vibibhigisuitBteddrdeimepgungjevrddamhyper-spectral
imaging and S, (Ii erating.an Hecti er- trs} ' ta % tion of the
test form of tﬁé@g%pqg%ﬁ r%;htt% ,%%???i%r grb%%%%%%gnﬁg%%%z'ﬁﬁﬁggégﬁiﬁ é::1a1rf1(cei{rlic%allIected
hyper-spectrakimage date)amd infodmatigeneratihg general]lectohgof tbgseitiglebypenspactiamains or

stages of main activi%ief andt%r?]%edure§ ofe ﬁer{yp%{l-eslp '

858 e & il To ﬁ%}”a Ima %%ga%“}ld analysiz geplication can be
characterizedrgyg\/arlous Hiffefent evels egr Sof

erFoﬁowmg performarice parameters:
accuracy, pdreizieilcrrn_drépfolthnm_ibmyi)la,rgbrlﬁidﬁicmyidﬁghsnidtmmm%sﬂeedcquimwlg'rperlf:ppel_rafﬂpe(_:tr_a}l .
imaging and analysis applicatjon, the just stated three general domains, or.stages af main activities an
procedures BT RGBT e UEBAPRISNE 0 e BB IS IERSIOAICS Bafameters of
accuracy, preaisigle (6€pnaducibity)ypansibvity]lsesoliiied, aithnesprded{iinehscaleplef tie first
general domain or stage of main activities and procedures of a _hyper-spectral imaging and analysis
application, | @ T REHRREDN BT A APRTBEHA LB Holi SF A < AE Y PRNIS affect and

influence the jeraonanoerpay AneeiopsofReaUIACYnpIRCISHAN (iegiadueikility heepgiigitmdesolution,
or/and speed (time scale), of each of the succeeding second and,thir%ieneral daomains or stages of

main activitieSONAE Aty IrsrLmaRsit A, hihh St oillietoekatelssprspating an
appropriate test forpef-gpsairipleipfanattesnafiesct and iInBuense aensiadinepndseodectipa

hyper-spectral image data and information of the test form of the sample of matter, which in turn, affect

and influence¢reRtEdimyand. s dReahictie (GBA spameansae chrecl ¢ RIHBE SrstiPargnsds data and
information. Riepauin2en AepaRriatmiestiava i Ansamp el maie! wherthis 9gniehg@main or stage

of main activities and procedures of a hyper-spectral imaging and analysis application involves

preparing an #sbsgHensies streoppiastaicsaryilel dfarratteelatinch(rslatiitalyl aFapvaRPEdeap &lible with,

operation an%eﬂﬁﬁ, or bands therein, of an entire hyper-spectrum emitted by the objects (and
components thereof). A hyper-spectral imaging and analysis system can be operated
in an extremely fast or rapid manner for providing exceptionally highly resolved
spectral and spatial data and information of an imaged sample of matter, with high
accuracy and high precision (reproducibility), which are fundamentally unattainable
by using a regular or standard spectral imaging and analysis system.

In general, when electromagnetic radiation, for example, in the form of light
such as that supplied by the sun, or by a man-made imaging type of illuminating or
energy source, such as that used during hyper-spectral imaging, is incident upon an
object, the electromagnetic radiation is affected by one or more of the biological,
chemical, or/and physical, species or components making up the object, by any
combination of electromagnetic radiation absorption, diffusion, reflection,
diffraction, scattering, or/and transmission, mechanisms. Moreover, an object whose
composition includes organic chemical species or components, ordinarily exhibits

some degree or extent of fluorescent or/and phosphorescent properties,



S of equipment and instrumentation of a given hyper-spectral imaging and analysis system. Typically,
an appropriate test form of a sample of matter involves using a relatively small quantity (for example,
on the order of microliters (pl)) of the sample of matter, 'as is', in a solid, solution, or suspension, form.
Alternatively, according to the actual composition or makeup of the sample of matter (including the
objects and components thereof present in the sample of matter), an appropriate test form of a sample
of matter may involve dissolving, suspending, or/and mixing, i.e., reformulating, a relatively small
guantity of the sample of matter into a solution or séspension form. A portion or aliquot of the solid,
solution, or sobpeakiostitaseidrieba i sathpiel bimattedidihsomty picallpf pectdwagadtiean, inert,
metal slide or, 2 Or. gnac o ic (e Teflon( gl p e slide or plate,
which 1s suta R L B, L BN PAYR s evetom,
The slide or pighe (s&hepldtheticielevittvieeportiondataliguot dicheresbaliffioredr siilspedsion of the
sample of mafLS R apepdRiely peslioned andsecued (el ypen g e dimensional
movable (i.e., {ransﬁa jonal), and opfllonaa[fl, angularly movable le., rotlaﬁonallé, examination stage or
platform of thenteypmigsfiect;akmagijtgtand aticy$is sydtemiquely Fetdied purphsebodlfiiglyalinderstanding

the hereinbelgw described significant on-going problems. and limitations.of hyper-spectral imaging and
analyots of  SSMHTR o TIAc) N LR MRS B e B RART o y Ben Spectfaly aged
scenes of a tgshéann afd samielechématliekpisrierns ebhipescaategies, @F classtseaf abjects

existing in the hyper-spectrally imaged scenes. Hyper-spectrally imaged scenes of a sample of matter,
o types, CRBURHES, Hh LI GHET R BBFCoh SRl (LR GBHEHAT 3 Ry PU SRl iaged scenes

of a test formogf @sampaleoalmatieirbinetigingntbe @bjesiccand components thereof present in the
sample of matter), the objects (i.e., entities, materials, substances) can be typed, categorized, or

classified, according & Rein&in iRersRetpbd Mgy g iBks cadnertercdo fietts of
non-interest',sangh o Biesisef inte @stol fRaReTHRIER ISnhpsiaalp ABiR8AS T matter, where

the emission spectra correspond to spectral representations in the form of spectral
'fingerprint' or 'signature' pattern types of identification and characterization, of the
hyper-spectrally imaged objects (and components thereof) in the sample of matter.
Such hyper-spectral image data and information are processed and analyzed by using
automatic pattern recognition (APR) or/and optical character recognition (OCR)
types of hyper-spectral imaging data and information processing and analysis, for
identifying, characterizing, or/and classifying, the physical, chemical, or/and
biological, properties, characteristics, and behavior, of the hyper-spectrally imaged
objects (and components thereof) in the sample of matter.

Hyper-spectral imaging and analysis of a sample of matter

Following provision of a sample of matter, or following obtaining or
collecting a sample of matter, analyzing a sample of matter via hyper-spectral
imaging and analysis, similar to analyzing a sample of matter by essentially any
analytical method or technique, involves three separate, but integrated, general
domains or stages of main activities and procedures. In particular, following
provision of a sample of matter, or following obtaining or collecting a sample of
matter, hyper-spectral imaging and analysis of the sample of matter typically

involves the following three separate, but integrated, general domains or stages of



follows. 'Objects of non-interest' correspond to objects of (present or contained in) a hyper-spectrally
imaged scene of the sample of matter which are not of interest to a human operator (observer, viewer,
analyzer, or/and controller) of a process involving the sample of matter. 'Objects of interest’
correspond to objects of (present or contained in) a hyper-spectrally imaged scene of the sample of
matter which are of interest to a human operator of a process involving the sample of matter. For
further understanding the significantly different meanings and attributes of objects of non-interest and
objects of interest, in the context of the present invéntion, objects of non-interest are considered as
being part of mrestbagkgreandibhrocedtnts; 4hypepaspecamlpirmgetestshdoomtiessatiple of matter,
nereas oo SR AIISIRPLAIS SANRCISB RS PRINAIAARS ol AN, aNPRIEsRRCH Rl maged

scene of the sample of matter. Accordin n hyper-spectral imaging, indivi objects among a
plurality, collégtpenspeatrsembiznofasdvenalyobijets (gencentigesndnadidals)shiystarspesiralf (present or
contained in).a h -spectrally. imaged scene of mple of matter, can be typed, categorized, or
Cinssifiod, o B e e P o B BB s,
i.e., objects gimoessnigrast Gralybagkiropataanidandjectkabintarest(petrahigetsy. data ahdpically, each
hyper-spectrallg imaged scene of a sample of matter includes or contains a distribution of different
relative numie grﬁl.%.f)}latios, proportions) of the preceding defined two main different types,
categories, or classes,gehehjecischi-of gxamplecaggieil hiyperispecialpedrofgedmsaeneitieay include or
contain a distribution of a relatively small number of objects of interest (tar etgg, and a relatively large
number of oHJBGtSPBTSTIHReRbst (ABRESRSHUAG (BEHRa Al POt B Bk B,

Conversely, aigivgicinages seermimayrinehideversconi@ipracdistribitianiohaiciasiveinhage number of
objects of interest (targets), and a relatively small number of objects of non-interest (corresponding to
a relatively |oRPBMEGISE HEUEUNGESISIon Naegys it idy bxsapie itheres e inta AR PBEF Spectral
imaging and anapisiapMigRiapshEigindghe mﬁ%ﬁmgﬁbmﬁmwm inaoadisganfs include or
10 contain a relatively 'exceptionally’ small number of objects of interest (targets) compared to a
relatively larg&Reial BhRICHRSFohmiBRL (High W%B%Fﬁ‘é@ﬁg?’@u&@y pireERismhpie such
applications ghg-whesgindhepymben etiljects of interest (targets), relative to the number of all objects
[of interest (target) and of non-interest (background)] of (present or contained in) a hyper-spectrally
imaged scene, corrdSHEMaRECaNHAR LI O GAFHIAEY [BIRCAEON 3R e 8 thilrfgrsHIIPR)], or 10-1 %
1 part per thousaichPRALAT L4440t ey, R0 PArthdr adflArPBr RROHl g {RPDI]. or even
as low as 10-10 % [1 part per trillion (pptr)]. In addition To hyper-spectrally imaged scenes
including distasutibes afdiffeeeduiesatfve mneibsrectrakiosapispartdorsl viisrappheatinidifferent types,

categories, 0 ] o i j l,e,4 entity,
material, subget %?Z’?%j g%%ﬁ%?ﬁg gﬁ?c%?a&?&%%ﬁb%%%ﬁ?ﬁ%ﬁ&% E\}/?jr]?é%[?/eg? r?l?r&nt(e%%%s possible
biological, cherilicakerfheidpshysivancprapertistsrshafacanistics, anetisehavicniPduakdiple, in a given
hyper-spectrally fpaded seang M el MAR XSt differen felative. A Bers, and ypesddngs. of objects
whose 'hyper-spectral’image data and Intormation (particularly including, H)r exan‘?p €, emission
spectra correspbnibling perspelctdahepse sentti@enson tharfoanivitspeatkdl fiogetprast oMMignature
pattern types of id ntHication an[d (:tharac(rlerizati&ol?_l)é are quite Similar, or even e%r% ider%IicaI, ie.,
barely distingslﬂ%%alﬁ?e %rnrlélé%le\l/cabvllel, dtWRose |olso%|é°aﬁp€ﬁléll%ﬁ:naﬁp8W£ﬁgl Shf/%lca%g 4 and
information (isntepiasadf prapertiedecahandciefisiase ogtmechtinpaaidr ) dlecsignifigpatlypdidfedent, and not
at all similar or near ide’zr]\({ica%i.e., not EII easiEé{(;lJﬁtif1 uishabI% or.resolvable, or.vice versa.
Regardless of tAee i HisHOIRSHE b IHBGIFR i PRI AHRISerS RatChA é??b%&?ﬁons) of
objects of intafest (tafidets)ard@bjpeis«afingn-interashipasckoraundirigoer e doaldy tvaaged
scenes of a sample of matter, any hyper-spectral imaging and analysis application ultimately involves
the need for IETRTG ALK ﬁﬁ?l@?iﬁ&??’é%mﬂg, the objects of interest (targets) from the objects
of non-intere g {askgl QuEhpiFb prfuldyiess fopmcoiallYdmplast seangs. This involves the need for

identifying, distinguishing, and resolving, the hyper-spectral . .
This ‘general domain™or stagé of main activities and procedures of a hyper-

spectral imaging and analysis application involves preparing an appropriate test form

of a sample of matter which is suitable for, and compatible with, operation and use



11 image data and information of the objects of interest (targets) from the hyper-spectral image data
and information of the objects of non-interest (background). Moreover, there is also the need for
performing such identifying, distinguishing, and resolving, procedures and operations in relation to the
biological, chemical, or/and physical data and information of the objects of interest (targets) and of the
objects of non-interest (background), in the hyper-spectrally imaged scenes. Significant on-going
problems and limitations of hyper-spectral imaging and analysis of a sample of matter In general,
significant on-going problems and limitations of hyp%r-spectral imaging and analysis of a sample of
matter are ustiafigibpmedtomdnvsinenenfancnasé associafedwitpetialthongitigaist/amd ysiactical
difficulties an SE%H}P'%X 'f’cﬁﬂg,""&f’f‘ﬁgfr}év PRPRHORIA% Y %ﬁ‘%ﬁ&ﬂ?%%‘Exg’le{‘&‘%ﬁwe‘shﬁsﬂﬁ.‘éous'y stated
three separate, but integrated, general domains or stages, (1), (i1), and (li1), of main activities and
procedures, withtiseinenethpmnation(tithrapgrforonathceplrarh etens bfeidh acetithe yamplnd high
precision (high-reproducibility), or/and high sensitivity, or/and high resolution, or/and at hijgh speed
(ahort e SOl e a0t S e e M o o TR e Bl L gy
efficient mantier dexce pioonzdsiiftic witi es kg cdiiplexitipk alfi seavdrginprrdarpihg pbjeatteamgbting to

perform, the general domains ar stages, (i), (ii), and (iif), of main activities.and procedures, with the
imate: cortSTRIBA (R oy SRS Bl e N AR o7 ST P et igh
precision (higlarrgisoddcibilityey; 'and) high@e@SHi\gHMN'ﬁrgd' higheteBnittionaahdhakigh speed (short

time scale), all at the same time (i.e., simyltaneously), be it during on-line (real time, near-real time) or
oft e, A EGUTA ABC GRS S B AR o 0 S o CBoGF o THED s andi

complexities $ngbaissh \Whian RePerHTiNGNYRQIcsPECatIMAgINa RN analysisaba samflerof matter is
the often problematic and complicating spatially or/and temporally varying presence of objects

(entities, matehiis, BRIGALSLREF IR rBatitBRk g ndtrlcatnipritoaiatisHdgidey
translating toghe-cefrespandiag, Rrebleprait qe(.%.,cqmdjﬁ@}ieg gl Shatirisyéanpdempopally varying

presence of objects of non-interest (backglroun in the hyper-spectrally imaged scenes of the test

form of the s&Aisie Whirktier Suid o el isientnge A dramPok/Mey prele AcB BeEBRSEtEbT
non-interest ip.fhesamaleRivaatisipegativelidefeas [ty HNAEY G RhAhIBeFresH(depending

upon several interdependent factors), with the hyper-spectral imaging and analysis of the objects

(entities, mateiget sabsthcesh sPintEre seltarddR)siothekdhtplsasttsattdr. MatSrdingicthe spatially
or/and tempo&ﬁﬂ%}gﬁ%’ﬂ@ posRRnce 9haeSiRa! #BRdNERSEt APackaratad)ishiif MBeispectrally

imaged scenes of the test form of the sample of matter, negatively interferes, to a varying extent or
degree, with fhé-h?p@ﬂ@bé@ﬁalﬁhda@?ﬁg@ﬂd,m%@}bﬁ@tﬁéd$(bﬁinté?@é@l(?é},g@tél)niﬁ%tﬁén
hyper-spectrafly, IMAged SEaY 105 fhiDe S AMPIA AT MAYE em.

For the purpose of fully understanding the hereinbelow described significant
on-going problems and limitations of hyper-spectral imaging and analysis of a
sample of matter, immediately following is a brief description of hyper-spectrally
imaged scenes of a test form of a sample of matter, in terms of types, categories, or
classes, of objects existing in the hyper-spectrally imaged scenes.

Hyper-spectrally imaged scenes of a sample of matter, and types, categories, or

classes, of objects therein

In general, in hyper-spectrally imaged scenes of a test form of a sample of
matter (including the objects and components thereof present in the sample of
matter), the objects (i.e., entities, materials, substances) can be typed, categorized, or
classified, according to two main different types, categories, or classes. Namely,

'objects of non-interest', and 'objects of interest', each of which is basically defined as



The preceding problematic and complicating aspects, regarding the spatially or/and temporally varying
presence of objects of non-interest (background), negatively affect and influence generating and
collecting hyper-spectral image data and information of the sample of matter, which in turn, negatively
affect and influence processing and analyzing the generated and collected hyper-spectral image data
and information. Moreover, such problematic and complicating aspects, along with the corresponding
negative affects and influences, subsequently make it difficult to achieve high levels of the
performance parameters of accuracy, precision (reBroducibiIity), sensitivity, resolution, or/and speed
(time scale), &fllnweverilideyper mpeottalcshagine poril dnalysi applivasion, cswehtagmedanbased on
analyzing a S%@QJ? Jc@ﬁ&{&{%éw&ﬁé%‘%%HQ'SHHI%%“%%%“ R afar 9@5‘%‘%@9@*}9 a
characterizing'an object or’interest in the sample. e preceding problematic and complicating
aspects, regarndim thigespatiailysenvand teneporadly 2aryirigndresenckédeof abjgotsafsnoveiniegest
(background), which heqalively affeqh and influence yper:speckzlimaging. and analysis of a sample
of matter, are espec ?y relevant to an lclppﬁlcatlon Involving online ?rea ihe or hear-real time) or

off-line analyzingaisdmple bfair-gpectautl aimsarperwadithersspetiral imeaging kot aradyfsis, for
identifying and characterizing an object qf interest (target) 13 in the air sample. rticular, wherein
such an appICKIEN i SRS ST oA HSnE e S B AR RIS N G0 G C ot ar (e 0.
post office, anraiepaihdnpulikeayigtatiomdysdiifping mainigpoiis asendnas asfolfigecbuitding) or from
an outdoor source of air. In_.such an ap Iicatio.n,é}f:ete interfering objects of non-interest éba kground)
are the numeBULUHETEHI ABIRSEY LA K5 b RS QI he et YT UERPRIRSASS bresent in
the air samplgofnitiheat sampdasiabjectsdiiniesest garget) sakaewmipagnsallyfaaargous)
biological agent (e.g., a bacterium [such as s ore-forming bacterium Bacillus anthracis], a virus, a
fungus, or a tHERYSBEEN RS ﬁ%\%d’él}gj’ S ATagaHE e e depbiedg et IEgeSEarin, tabun,

or soman], ol CRAENX PSRN thi 1Sy 81w RRMPOHREh QLspR-AHIB PRIk epmpound]),
which is composed or made up of organic or/and inorganic materials or substances, and is preferably

in a solid (e.g2PRRiCHMEISHAsErdnglnie fynetrRsLEhine gngiindiaferlrPissfe 48 Whon-interest

(background),ofjginaig, fremndbgoRuBeTosSnanatially warahle Bt ruinapichangingwith position or
location) or/an temporallﬁy variabie (i.e., varying or changing with time) different types and
concentratiof¥ BRI d@t)?%hﬁbﬁ@ﬁﬁé”@?b!}lbhth)@@?ﬁ?&féf?él&lw§t5aﬁ‘€@§)%yré§é‘ﬁﬁﬁ the source

of air. The indpgr ARAUIHORE SghEE lealsvRicabCInGHEes RUTAKANS. SREUBKY.OLaRY Igmporally

variable different types and concentrations of (non-target) components, such as dust (fine, dry
particles of niagierdipishent (fpespantegtars.opipoligeslikd Aluestialiconelately of poreigreshs produced

by plants), m@g@ﬁ&@gﬁ@ efri‘é(%%fg@tfs@f’lﬂ%%%t @@tt%gg}gjd (fungi), bacteria), and non-target types

of particulate chemica Such’(non-target) componénts'in the air source can be in aerosol form,
being a gaseous susdpensidyn eidinbypelicmcligli ipagisleswhichaciaudteotneughoutltdes(indoor or

outdoor) air SQuiee, Bich é%?ﬁﬁ@tﬁ%ﬁ%ﬁ%‘i%%%? r}%ﬁaﬁ‘%‘éenhed%%‘ﬁs‘? 1R ’91‘6‘;“"1]9{‘05 8"%&33@2%?'03”%
spatially vary or change (i.e., vary or change with position and 1o atlén?or and temporally vary or
change (i.e., trerpecehaggde fuithltivwe ) ndep ehtfergnt pppeth e apgdat o rand ey arflbbarcations in the
local atmospli}eric environment and,weather orﬁjitions of.the indoor or. Olft%oor source. of 14
or example, a given hyper-spectrally 1maged scene” may include or confain a
distribution of a relatively small number of objects of interest (targets), and a
relatively large number of objects of non-interest (corresponding to a relatively high
or noisy' background). Conversely, a given imaged scene may include or contain a
distribution of a relatively large number of objects of interest (targets), and a
relatively small number of objects of non-interest (corresponding to a relatively low
or 'quiet' background).

Moreover, for example, there are many hyper-spectral imaging and analysis

applications wherein the majority of hyper-spectrally imaged scenes include or



air, and depending upon the location and time at which the air sample is collected or obtained from the
air source. Therefore, a plurality of air samples is expected to have such spatially or/and temporally
varying (non-target) components whose relative concentrations vary in accordance with their spatial
or/and temporal variation in the source of air from which the air samples are collected or obtained.

In a similar manner, an object of interest (target), such as a (potentially hazardous) biological agent
(e.g., a bacterium [such as spore-forming bacterium Bacillus anthracis], a virus, a fungus, or a toxin),
or a (potentially hazardous) chemical agent (e.qg., dferve agent [e.g., sarin, tabun, or soman], or a
chemical poisontpénga aetgiaritie ‘coespond yorsambragantdishoshlohiectombontarllyt Waighti present in a
sample of air %?ﬁ'fa%lee&j f%r Sbﬁéﬁ%ﬁ%&%}é@ Jtﬂ%%%rr O&foc'_sgfe%%{ %?%{88-8{%81&97@%@%@{‘6% yoncentration
which, typlcaﬁy, patially varies or changes (I.e., varies or changes with positiorr and location) or/and
temporally variekgpehdngEsr (Eeampeiesion ehphggmnsthrtimbreepbadimghgpan theesatitil or/and
temporal variations i) the lqcal.atmospheric enviro nf an ther conditions of the indoor or
otiont sourE G A B e i o e SR TR Coteced or
obtained fronintkeesti(isadrgeuitgrefdpes s utatin@iraid sanphypds-gxpaatéditodgadecmeh a spatially
or/and temporally varyjng object of interest (target) whose, relative concentration varies inaccordance
Wit 15 Spat SR AT P b o USRS R W R AU R bies e colleced or
obtained.  %iispah g appkeatigpptypigaly; adivearhypemipeatppyninagedsgeperopa test form of

an air sample jncludes or contains a distributi relatively small number of the object of interest
(target, for ej%{ Bi(AR e%??ﬁlb?glgﬁ’e%str]aquh réﬁﬁ@ﬂrbﬂﬁﬁﬁy}&%?%ﬁﬁéiﬂcal agent), and a relatively
large number of theabjeRirioh nENHRiRiesidhighyonnaisd baekgroundudinthaifowB afdnortarget)
components of the air sample). Moreover, in such an application, typically, the majority of
hyper-spectrAN{fGFAaY e A0 QUTRRIEH &8 Sb IR A tenstvely Bk cXfRishamy JHEIFRUMBES of the object
of interest (ta¢gRPPRAIRAIEH:LR R selghively, Riaesumbek ehdhayberapieets Bf QA tepRsit
(background). For example, wherein the number of the (;gjsect of interest (target), relative to the

number of all(bbjedtd o itistads fahefatcaht defiabisiandseipmeigiaianon eebatBidtontained in)
a hyper-specaltimaoed SERNR, FRLESROBASIG G ANCHRIPPRHIAN 2SHEWERS bdpbhRart per
hundred (pph)], or 10-1 % [1 part per thousand (ppt)], or 104 % [1 part per million (ppm)], 10-7 % [1
part per billioB @R Bicey b PRV 1000 oxfmplest Bratrdiisih (Bpee]:spectiabiyifidagay, in such an

application, il YRA-FAGUAYHMALRH SEANLSLD ST IRIT PEARIA SBFIRcRAG R ose

hyper-spectrally imaged object of interest (target, e.g., in the form of a spectrally marked biological or
chemical agehypanepeeicil hifpegesdetarany imyadaje astipdacistenebidivackgroerrmpicthe form of

(21920 RS o116 AL SATAIE) = JSaRVle AR SRR SH D R d epliide varey

of numerous poss ogical, chemicar, or/a , properties, characteristics, and behavior.
For example fingargiveinoh e patitiynitipeedl sdeneithars andychargtahentoahario witerein the

object of interest (target, in the form of a spectrall ked biological or ¢ ical agent) and objects of
o nterest (L B B LRI S
'hyper-spectraialvgigel deltanaicdl j nfoamdpbps{pattitudaatydi mcfodirgiofo  iexanp ey feprogsitiesspectra

corresponding to spectral represenptations.in the form of spegctral fingerprint or signature pattern types
of dontcati o SRS IR R e s el e e B AP & barely
distinguishabheatyreékoliedlld, douiowhosi chivlp disahghidrtabradssidaphysicaicdaiasand information (in
terms of properties, charagteristjcs, or/and behaviar), are. significantly different, and not. at all similar or
nearly identical, i.e.,ﬁ?&?gﬁgﬁf eois% &%Hﬁ%gigﬁ%ﬁ% gﬁr%sm%a‘!d ?rSP)(/fgLaR%‘?sléqm%erﬁéﬁardIess of the
actual distribuiions ¢lrtpedidiene vifreiaidee noiMmbreettt e(taigies, piapobiiets) f mabjesisof interest
(target, in the form of a spectrally marked biological or chemijcal agent) and the objects of non-interest
(background (FAGKER dflﬁ%ﬂ@fa%@f‘é%&ﬁmﬂtgcsﬁ?ﬁeo&? AR i hyBer-RpEirally imaged
scenes of thegiegsampigadhereaddimatalsis thepnesdolor idemiing.involves the need for

identifying, distinguishing, and resolving, the objects of interest (targets) from the
objects of non-interest (background) in the hyper-spectrally imaged scenes. This

involves the need for identifying, distinguishing, and resolving, the hyper-spectral



16 distinguishing, and resolving, the object of interest (target, in the form of a spectrally marked
biological or chemical agent) from the objects of non-interest (background, in the form of (non-target)
components of the air sample) in the hyper-spectrally imaged scenes. This involves the need for
identifying, distinguishing, and resolving, the hyper-spectral image data and information of the object of
interest (target, in the form of a spectrally marked biological or chemical agent) from that of the objects
of non-interest (background, in the form of (non-target) components of the air sample). Moreover,
there is also the need for performing such identifyi é distinguishing, and resolving, procedures and
operations iniredgtiodate tel biofoyivdioehelmikal obivaisd ghisisasiddiergate ififormiigohypdithe object of
rerest (oraspelhdi o Ak spertiabrmaKied PIROUGRL shaienl aas bl ng oblects o
non-interest (background, in the form of (non-target com[l)onents of the air sampleyin t
hyper-spectrigrienaere thsoe e s ¢ thehared dioe, tértoenisngl sochad dnfiofy pes;f drshimgy shagi et ifying,

distinguishing, and.resolving, procedures and operations in view,of the fact E]at the hyper-spectrally
imaged scente oL a Eo e AT b BN Po 4 daoneie ol St M orest

(background pimytien Falra ah dnafetargéih cdntpartgats of tinceaistgaargie) andl dhéholjietsfdfiterest
(target, in the form of a s eclt{all rkeqbb'olo ical or chemical gent have relative concentrations
that vary in aRBHAHER TSRS A s A RSO ARRISTHRR source of air from which the
air samples aSgaifianiebargbiingdblemsAaaar Ginglytithe i iapindspeseib el arbigematic and
complicating A ith the corresponding negative affects and influences, due to the

Ertett my-varyiig-presence of objects of non-interest (background) in a sample of air,
make it difficult to achigeachighsieuéfisoit tbe-peidgrprableenpaiainieteitatincotitagy: BiReIsioN

(reproducibility), sensitivity, resolutjon, or/and speed (time sc Ieﬁ?gf n overall hyper-spectral imaging
and analysis 'ﬁgﬁf&gtf’rm RS Bgﬁiéﬂf?a? ﬂfép@é@é%&? AHExe Féff%’plé‘c\fﬁ!e'%p%?ﬂ%q?ﬁﬁ involving
on-line (real tigeR4tb@aritBAktN@L6raaling Axpesrapesiralimaging and aoalysisiata gample of 17
air (i.e., an air sample), for identifying and characterizing an object of interest therein, wherein such an

application, tRESHERSIngBHERVIES AbrARERIRY bR 4he (R YIGHIErobetarkidhast spatially

or/and tempoygiy-Marying ﬁﬂ%&ﬁéﬁ??&%ﬂ’%&ﬁ&%@-% qpiiligs.(Mmatanialseyhsianeeshpresent in the
air sample, and the object of interest (target) is a (potentially hazardous) biological agen(tg%e.g., a

bacterium [sEH Y8 e PEPRTHY BattEARPNS MR BHARRS P eaPFrsMRER AR IE $diN), or a

(potentially hazardeus)chemigal 3N R Gkidh TRIYE ASEMIIESHI SR AARURLRSRMART.Or &

chemical poison [e.g:, a Cyanide compound, or an organophosphate compound]). P
or/and high resolution, or/and at high speed (short time scale), be it during on-line
(real time, near-real time) or off-line, in an optimum and highly efficient manner.
Exceptional difficulties and complexities arise when performing, or attempting to
perform, the general domains or stages, (i), (ii), and (iii), of main activities and
procedures, with the 'ultimate' combination of the highly desirable performance
parameters of high accuracy, 'and' high precision (high reproducibility), 'and' high
sensitivity, 'and' high resolution, 'and' at high speed (short time scale), all at the same
time (i.e., simultaneously), be it during on-line (real time, near-real time) or off-line,
in an optimum and highly efficient manner.

A main source or origin of difficulties and complexities that arise when

performing hyper-spectral imaging and analysis of a sample of matter is the often
problematic and complicating spatially or/and temporally varying presence of

objects (entities, materials, substances) of non-interest (background) in the sample of

matter, directly translating to the corresponding problematic and complicating



Thus, despite hyper-spectral imaging and analysis being well known and taught about in the prior art
and currently practiced in a wide variety of numerous different fields and areas of science and
technology, the preceding described problematic and complicating aspects, and corresponding
negative affects and influences, which are caused by the spatially or/and temporally varying presence
of objects of non-interest (background) in a sample of matter, such as a sample of air, which
significantly limit hyper-spectral imaging and analysis of the sample of matter, continue to exist, and
need to be overcome. There is thus a need forlZand, it would be highly advantageous and useful
to have an insesiioly of @ ndeteb fol hypering ecesehivn adioky ettt malysisaest avkdeouhdatter, for
dentifying ang garREieriaing i PRIGEL AL IIEESt ERID: TRISR8ISANFEY I HEN FRdnvention
which includes a procedure for p¥epa ng a test solution or suspension from a sample of matter, such
that the test sphuiioly orsusbengioris paricularyssuitableoty e galvjentingnicthypertbpeatnpléimaging and
analysis. Therg (s, feedJorisukh an vention whish /s generally applisaple for, onine (¢, real time or
near-real time)For oﬁfllng%ypg-spec?raﬁmagingljya analysis ofvar R aﬁ%eige types or kinds of
samples of mattedepdnekeinftiocormptterthathd hypeaspetteabbjecting inidrastiihereintharetgetposed or
made up of o atqic or/and in?rgan'ctmaterials or %ubsta&ces,twhich%re in a slolid e.d. 1Sgarticulate)
phase, a quu@té.lgf.s,’sgfﬁ%lr? Sr Su E)élﬁgle(%?'l) Opfhégg,rec?F/a GRS gsglsglou e(e?ﬁr.r,l%groo olﬁ’%ﬁ se.
Additionally, theserisnpdgdthtSsfansuighoarink entiesrwhich praidesstie c apalljdytofodiakiaving the
‘ultimate’ combination of the highly desirable performance parameters of high accuracy, 'and' high
precision (igFEPTORERSTRYaier R SERSRR RrlB 4 TR Bb oA A0FRgf <Beed (short
time scale), alhablbecsamattmadhivelpulirnrauslyd beviiguring.aenling afegftineiin ameoptimum
and highly efficient manner., Furthermore, there is need for such an invention which is particularly
implementablY R a5 o B8 RsviAR orfiESEFe A LirfBI B the &F-rikFiRle) B &Rk nd hyBer-spectral
imaging and apaysiscefrAIsampie PiiRdd 61.tA ik SamRiehiofldsntifying@nd characterizing an object
of interest therein, wherein the object of interest is a (potentially hazardous) biological agent (e.g., a
bacterium [such as JB6reLssrdinyBaklenatis BatifoRRIRRAIAEISTPSUhUS LA ARG e @?aélfgénn), ora

(potentially hazasgipus),ghemisal agsht (dseAdaerye seRukled SHihdabuN (lcRemaR ora
chemical poison [e.g., a cyanide compound, or an organophosphate compound]). Moreover, there is
need for suchegrigbnadisciABde e sRIGREIEREE | kdtedi 188 dranseredd. Ivreaniar sampling or

collecting systemm) fFomARINARONROVIRERS BF (ke RASLIPTICGLAN 3iERSKLAySURNAY Siation, a

shopping mall, a sports arena, or an office building) or from an outdoor source of air. Additionally,
there is particoftreneediestios andiavelydoe Wisegensredoié codentedrevrarasperiral biadggical agent,
such as the spore-farmi i ' t ' ich i | (&.9.,,Via terbium
trichloride [Ttg%?%3 glfaoﬁrﬁg}o og|ct§||y%?nl’a%§§g¥%§.‘§? g@@éﬁ&ie&%ﬁ Qﬁ?%%%%%%ﬁ fe%f]grjf?que), for
enabling identifibatibn apdashardogrinaganvthevidedtyiany peflspectsal sntagingrahd erakilysis.

SUMMARY (alFffT Idg thV%NTI%}Ng% }evélilél% esentfinvention relatets fo g method for h sqgr-spectral

imaging and ane{ﬁ/as of & sam matter, or P&ér?trlﬂ}?rr\léea%ﬁ%ﬁgfar(s:t%ri%?ﬁlér%%o%rjgcct of interest

therein. The prgseduaivingiorsensitisesy, arpraotdureofdampr eypacihd tante stedéiition en suspelhsion from a
sample of matter, such that the.test solutign or suspension is particularly suitable for subjecting to
hyper-spectri"l}ﬁﬁ{a@?ﬁatgn dné%%%i%r}grﬁrela ys1S appﬁlcatlon, sucB as %Ha? b\éseld on aneﬁyzmg a

sample of matter via hyper-spectral imaging and analysis, for identifying and
characterizing an object of interest in the sample.

The preceding problematic and complicating aspects, regarding the spatially
or/and temporally varying presence of objects of non-interest (background), which
negatively affect and influence hyper-spectral imaging and analysis of a sample of
matter, are especially relevant to an application involving on-line (real time or near-
real time) or off-line analyzing a sample of air (i.e., an air sample) via hyper-spectral

imaging and analysis, for identifying and characterizing an object of interest (target)



19 present invention is generally applicable for on-line (e.g., real time or near-real time) or off-line
hyper-spectral imaging and analysis of various different types or kinds of samples of matter, wherein
the matter, and at least one object of interest therein, are composed or made up of organic or/and
inorganic materials or substances, which are in a solid (e.qg., particulate) phase, a liquid (e.g., solution
or suspension) phase, or/and a gaseous (e.g., aerosol) phase. The present invention provides the
capability of achieving the 'ultimate’ combination of the highly desirable performance parameters of
high accuracy, 'and' high precision (high reproduciﬁﬁity), ‘and' high sensitivity, '‘and' high resolution,
‘and’ at high spdetaishontiendspaléy;udd avtiesesasustinneappdicasionittmemngly  rericdubag on-line or

ff-line, i ' hi jcient Thus, ng t >t of th t
o ine i ST IR Y IO e USSR BB et

invention, there is provided a metho
for identifyingandaghsirticte rizisty ppiigb jeetlohintemtsatheagior, tneofiiethbdikbngprisidmppraparing a test
solution or susaasion ot ihgrsamle gl matter fhe Arparing Ineludes Adding fo e sample of matter
a spectral marker specllﬁc toﬁhe 'objecltlo |rI1]tePgs , such that'i the'Object of intereat is present in the
test solution ghaligpansipmrthehobjachabuntedéftnatte (nnatkedtyvithii@spastralemanketidsecomes a

h - trally active t t which is hyper- trally detectab d identifiapble in the test soluti
cuaponion: GENGAIIng L RATHCHg Ay ABr Lpcila Phie ahicaAl MHARFaubs SPIRG (it solution or

|Sng € test solution or

suspension; aieyaetaeagsinganteanghzingdhe hypedapgdieldgadagataanrd winrration, for
identifying arkd characterizing the hyper-spec ral% activ%targ tin the tes% solution or suspension,
thereby identtiAfY aﬁr@%ﬁé&&@é’?& Y Bh L B B i i ple BreHE 2 X Breparing the

test solution o syppasmsiaNyiRehie@suadchivtienthgdestSlUliaeros spengRsionaibackgiowd reducing
chemical, wherein the background reducing chemical reduces background interfering effects caused

by presence SBBec oF ABTIHR SQUIANHE Fosf SOIRTE SPLRSHEHsIVn 2l KR AR MR Sspectral
imaging and ahapsiadihereRoninceasiosnvRensRagi 6 detantabilitofihehypaisneatrally active 20

target in the test solution or suspension, and wherein the generating and collecting the hyper-spectral
image data atRPHBERIafth S PisERRYSHIaHoH bicstis PRHSBIR HdNARSs separately acquiring

hyper-spectral imagg, dajR apgigiprmadeRyf thi OlECIHRLRLINI®IGEks  ofAGRRAGHRGdG Some

embodiments of the present invention, the sample of matter is a sample of air. _
(background) originate from the numerous, spatially variable (i.e., varying or
changing with position or location) or/and temporally variable (i.e., varying or
changing with time) different types and concentrations of (non-target) components
(i.e., entities, materials, substances) present in the source of air. The indoor or
outdoor source of air typically includes numerous, spatially or/and temporally
variable different types and concentrations of (non-target) components, such as dust
(fine, dry particles of matter), pollen (fine particulate or powderlike material
consisting of pollen grains produced by plants), minerals, non-target types of
biological matter (mold (fungi), bacteria), and non-target types of particulate
chemical matter. Such (non-target) components in the air source can be in aerosol
form, being a gaseous suspension of fine solid or liquid particles which circulate
throughout the (indoor or outdoor) air source. Such (non-target) components have
relative concentrations which, typically, spatially vary or change (i.e., vary or change
with position and location) or/and temporally vary or change (i.e., vary or change
with time), depending upon the spatial or/and temporal variations in the local

atmospheric environment and weather conditions of the indoor or outdoor source of



According to some embodiments of the present invention, the object of interest is a biological agent or
a chemical agent. According to some embodiments of the present invention, the biological agent
is selected from the group consisting of a bacterium, a virus, a fungus, and a toxin. According to
some embodiments of the present invention, the bacterium is spore-forming bacterium Bacillus
anthracis. According to some embodiments of the present invention, the chemical agent is
selected from the group consisting of a nerve agent, and a chemical poison. According to some
embodiments of the present invention, the spectrallfharker specific to the object of interest is selected
from the grouprcengidtirrndihghmmictienteaiérs andl thitdegivhichahkers sampladesediegad some
embodiments p inyenti he ical s teghi i ri

According to %%{r%gggmfﬁ)ﬁ%gnxt% gﬁ%‘ébr&%ﬁ%ﬁ%@e E:ﬁ)fn&%t%§ tﬁg%%%%sﬂ igér)lgg r%%%%ﬁ%%ody of an
immunoassayidechniduespatialAccordinl tergome/embodimettsnefaigetpreseppimnentiehothe

background redycing ARl SRR d ran Ne.rouR fRaieling o epldsn AR st
variation in the source of air from which the air samples are collected or obtained.

In a similar manner, an object of interest (target), such as a (potentially
hazardous) biological agent (e.g., a bacterium [such as spore-forming bacterium
Bacillus anthracis], a virus, a fungus, or a toxin), or a (potentially hazardous)
chemical agent (e.g., a nerve agent [e.g., sarin, tabun, or soman], or a chemical
poison [e.g., a cyanide compound, or an organophosphate compound]), which is
present in a sample of air collected or obtained from an indoor or outdoor source of
air, has a relative concentration which, typically, spatially varies or changes (i.e.,
varies or changes with position and location) or/and temporally varies or changes
(i.e., varies or changes with time), depending upon the spatial or/and temporal
variations in the local atmospheric environment and weather conditions of the indoor
or outdoor source of air, and depending upon the location and time at which the air
sample is collected or obtained from the air source. Therefore, a plurality of air
samples is expected to have such a spatially or/and temporally varying object of
interest (target) whose relative concentration varies in accordance with its spatial
or/and temporal variation in the source of air from which the air samples are
collected or obtained.

In such an application, typically, a given hyper-spectrally imaged scene of a
test form of an air sample includes or contains a distribution of a relatively small
number of the object of interest (target, for example, in the form of a spectrally
marked biological or chemical agent), and a relatively large number of the objects of
non-interest (high or noisy background, in the form of (non-target) components of
the air sample). Moreover, in such an application, typically, the majority of
hyper-spectrally imaged scenes include or contain a relatively exceptionally small

number of the object of interest (target) compared to a relatively large number of the



According to some embodiments of the present invention, the liquid is an organic liquid. According
to some embodiments of the present invention, the organic liquid is ethylene glycol (monoethylene
glycol (MEG) or ethane-1,2-diol) [HOCH2CH20H]. 21 According to some embodiments of the
present invention, separately acquiring the hyper-spectral image data and information of the objects of
non-interest is performed for one or more of the objects of non-interest selected from the group
consisting of dust, pollen, minerals, non-target types of biological matter, and non-target types of
particulate chemical matter. According to somé%mbodiments of the present invention, separately
acquiring thedbypes-seoomaineegse teaekarmidiornfatioexemple, objersiotimomumbeestistierformed for
one or more ] -inte q ty fo ordi iments of the
present inve r?t%cfggsge%g%%%{ g%%éﬁhégﬁéwﬁ%ge%ép%%%ﬁ r%@ég égjtgggr?f ﬁl[f%%r%% g?i%%qgg e objects of
non-interest isndeofonmmednfieresh ébarckgovend) thef dbjeststobnonriierdsinn a igtciospedisiylved or

suspended in the background reducijng chemical, for example, wherein tE backqgr ungr ducing
chemical is olPURRG B Rl o™ RS, B At SO B HEONERdATL Bt 1€ bI@EL R ThIBRARA processing

and analyzingpiite lhypaodpcilapimage datasant (pioimatiodrirtéljdeneyaiuatiippa (etediability level
area of al poLlive BTAS KU h-CHLR b A0 S el kb Bt At AT er prits of
light emitted by the yjkriapeisirallyrttivedpsieirica) fiudiesspacepeianBiiimigeEsyepesisive pixel in
e taraer o (S PEGH <t PR e B o A EHERH APy AR i e
positive pixels.@f the iyprrspectakprageandeka yeessagchiakivagadat@basend each

hyper-spectrally imaged object of non-interest (background, in the form of (non-

target) components of the air sample), is definable and characterizable by a set of a

wide variety of numerous possible biological, chemical, or/and physical, properties,

characteristics, and behavior. For example, in a given hyper-spectrally imaged

scene, there may occur the scenario wherein the object of interest (target, in the form

of a spectrally marked biological or chemical agent) and objects of non-interest

(background, in the form of (non-target) components of the air sample) exhibit

'hyper-spectral' image data and information (particularly including, for example,

emission spectra corresponding to spectral representations in the form of spectral

fingerprint or signature pattern types of identification and characterization), which

are quite similar, or even nearly identical, i.e., barely distinguishable or resolvable,

but whose 'biological, chemical, or/and physical' data and information (in terms of

properties, characteristics, or/and behavior), are significantly different, and not at all

similar or nearly identical, i.e., not at all easily distinguishable or resolvable, or vice

versa.

Regardless of the actual distributions of the different relative numbers (i.e.,

ratios, proportions) of the object of interest (target, in the form of a spectrally

marked biological or chemical agent) and the objects of non-interest (background, in

the form of (non-target) components of the air sample), in the hyper-spectrally

imaged scenes of the air sample, there ultimately is the need for identifying,



According to some embodiments of the present invention, processing and analyzing the hyper-spectral
image data and information further includes analyzing the hyper-spectral image for the characteristic
spectral finger prints at a one pixel resolution, and calculating total area that subtends all the positive
pixels for each hyper-spectral image and concentration of the spectral marker. 22 According to
some embodiments of the present invention, processing and analyzing the hyper-spectral image data
and information further includes calculating minimum, maximum, and average intensities of a spectral
region around a characteristic emission peak of thé‘hyper-spectrally active target. According to
some embodiisengsishihg, praseselivingntionorst e sieresh (tangaly iniribetihermypicr-spsstalyimage data

and informati rincluges.c q}inﬁ two, disti ?ﬁ S '

corresponds %géﬁég\}% éﬁ%agglp(grctc?geo t le S‘g@‘%% éﬁ?ﬁﬂ%e%r%wgyg 2{%{% %ﬁ%é@éﬁ%@ﬁ é%ta base
includes all spethka foomesH onuirgrgstheohyperespectrdily asictianaigen the Agperdimgttelsome
embodiments of thg goresent invention, processing and analyzing the hyper-spectral image data and
. . 1 cd SCeNnes. . . . . . .. .
information fUrther includes comparing spectral finger prints incorporated in the positive pixels of the
hyper-spectral imagéis spectvak fithgenqrdntefralontihyitwo distingiidaitzzbasdsreabierapy tite positive

pixels are divided into the hyper-spectrally.agctive farget.and the b clégroundi terfering effects, and
thon correlat R T AEg D AR L O HBLROG b RS TG TS hy B Specirally

active target gsrchpareeptagel bf ihekedivie giv isradrrspangding i orohe thackf theiobjsttedeéring effects.

According to some embaodiments of the present invention, the percentages_ of positive pixels are used
in a bar graph9Br SHEHG M LT R bEBRTALEE J PR T BRI T tHERGer-spectrally

active target anstdhvthethackgrawpaninteideivgrifReiniamary thenpogitivedpiaiarhthe hyger-spectrally
active target, as a function of a count of the object of interest. Following provision of a sample of

matter, or follSARYShIARTYWFL BN ARG AtipIEchitinde tha Helogial tchsmicgin g4 analysis of
the sample opmyaiter mualvaa thedeHandng dhrer wpaialT hilivearrRiRy, Genrrabaamgins or stages

of main activities and procedures: (i) preparing an appropriate test form (usually, a solid or liquid form)

of the sampleRsicHatemakich ol ated OtahsBig stgBbie8dPhyperebissttral MeAgR§ sHd analysis,
(ii) generatingapgbroliesting hpesspestralimags fata apddaiamartion ofthetestform g the sample
of matter, hyper-spectrally imaged scenes. Furthermore, there is also need for performing such
identifying, distinguishing, and resolving, procedures and operations in view of the
fact that the hyper-spectrally imaged scenes are generated and collected from air
samples wherein the objects of non-interest (background, in the form of (non-target)
components of the air sample) and the object of interest (target, in the form of a
spectrally marked biological or chemical agent) have relative concentrations that
vary in accordance with their spatial or/and temporal variation in the source of air
from which the air samples are collected or obtained.
Accordingly, the preceding described problematic and complicating aspects,
along with the corresponding negative affects and influences, due to the spatially
or/and temporally varying presence of objects of non-interest (background) in a
sample of air, make it difficult to achieve high levels of the performance parameters
of accuracy, precision (reproducibility), sensitivity, resolution, or/and speed (time
scale), of an overall hyper-spectral imaging and analysis application. This is
particularly the case for an exemplary specific application involving on-line (real

time or near-real time) or off-line hyper-spectral imaging and analysis of a sample of



23 and (iii) processing and analyzing the generated and collected hyper-spectral image data and
information. Performance parameters of accuracy, precision (reproducibility), sensitivity,
resolution, or/and speed (time scale), of the first general domain or stage of main activities and
procedures of a hyper-spectral imaging and analysis application, i.e., regarding preparation of an
appropriate test form of the sample of matter, affect and influence the performance parameters of
accuracy, precision (reproducibility), sensitivity, resolution, or/and speed (time scale), of each of the
succeeding second and third general domains or s{glges of main activities and procedures. More
specifically, ragirtigctivitiesasthprose duradatipyarsaing ahasppeoprimetesibiontn of atsaesple of matter,
affect and inf ce g In d collecting hyper-spectral 4 eg[% nd informati f the test
form of the séﬁnp%ﬁof‘?}nﬂagt{t%% \%\/ﬁ%h ?r? tlj%rﬁ5 Tg?g%?lént Qinf?éte%r}lté%%%oce t'cf%rt?g grﬁd{jé)rrg%%%gsﬂhe
generated antadigzetad hyseths preteions agaena quad idfo rmatidniemponalinaim giggeetoof novelty and
inventivenes%of t[}e?gresgﬁltﬁl;v ntion is, that in anﬁ’geth for h;{per-se%(tgctr%ie%e}pisn a?d analysis of

roc m S. (L.€. fstleS a . Su NCces’) pres €
a sample of matter, For ldenttying and'c araéflerlzmg an object o fterest erein, the Mhain step

(procedure) aindréeash)gcthe iesirsal (hogeyrisugpetesita lyfiinvashnmbiofogiaticrgad elgs the unique

and critically jmportant step (proceduyre) of adding.to the test solution.ar suspension a background

retucing chel ST FC IR RS G EtS ST ot CULBERSLA VRerE Dt mibkgrounc

reducing chemicginegducegbrakgibung intdeder icigeitettsceatced by mesencatdieabjeatsnof

non-interest in the test solution or suspension, during the hyper-spectral imaging and analysis, thereby
SRRy e S i

increasing hyBEPSpSttrs4abdct&bilfy Aty AcfvATd AR st Yoldfon or

suspension. orgakdpExGRABEYEPEEIfi])application of the present invention involves on-line (real time
or near-real time) or_off-line hyper-spectral imaging and analysis of a sample of air (i.e., an air sample),

for identifying and chatsctefsAlG APSERRECHRIntEREN S 8RS ARREIiRctRg Srtckerintetedt is a
(potentially hazaidossupigladicatiad.aoan enddnaignialy0azatdonr) ¢hamic agastoll general, the

object of interest (i.e., biological agent or chemical agent) in the air sample is composed or made up of

organic or/anttiffesgarfic!drarithidrers tistsiiis, wifcheshesireYsollf (@igceHitticaratEPsAase, a liquid
(e.g., solution, R, R4SREOSIRR) e&%ﬁc%@g%%&e% (BeBreRiRARN RRBSEVESIRERDINnthe Object of

interest (i.e., biological agent or chemical agent) in the air sample is composed or made(;g of organic
or/and inorgafitusieRssiaY8ish siip stased S iRtctwaral arferd éermertd i s6iaRESENSH R are

present (e.g. ,gRarrbedgr/and-adsemed)andarisles gl itherairsRmelenThe. Sample of i is collected

or obtained (e.g., via a standard type of air sampling or collecting system) from an indoor source of air

(e.g., a post affiteh argaifisontla Subivayreatibecteakhopging rmad, anagsiisdréh, semateofffce building),
or from an 0%‘?&,5&%‘1{?%9@@&@%1%%@6 Q&o&ggjgglc%g%nts are bacteria, viruses, fungi, and toxins.

Exemplary chemical agents are nerve agents (e.g., sarin, tabun, and soman), and chemical poisons
(e.g., cyanide compdhengsisahdsargand fhiospidaie wonpbertdghliThdvehjegtakintalasttdrnce a

biological agent, such as the (extremel zardaus) spore-forming bacterium Bacillus anthracis, which
FAVESMS &1}\ée.:nhon S Bl%]tﬁ(}/dqarﬁ PET [s%g§ia\;]]51}18fg161r%%n(f‘ anﬁlf f 0?

is chemically marke g., via terbium trichloride ogica ;}’F’ﬁ%?kead“?g?ﬁ.? via antibodies

of an immunaoassay fechiigie)nasphrhoefdttermaig siepproctduce)soflprepariifeactéstisolution or
suspension of tggf%?m&lﬁz of matter, i. thﬁ %llrcl%%mple forégraéb{g]rgpldentlflcatlgntasnfliugharacterlzatlon

e.
. n S ] invention whic €S a4, proc reparing a test solution
of the object of intered V|aaﬁyper-spectra imaging and RERySIS paring

or suspension from a sample of matter, such that the test solution or suspension is
particularly suitable for subjecting to hyper-spectral imaging and analysis. There is
need for such an invention which is generally applicable for on-line (e.g., real time
or near-real time) or off-line hyper-spectral imaging and analysis of various different
types or kinds of samples of matter, wherein the matter, and at least one object of
interest therein, are composed or made up of organic or/and inorganic materials or
substances, which are in a solid (e.g., particulate) phase, a liquid (e.g., solution or

suspension) phase, or/and a gaseous (e.g., aerosol) phase. Additionally, there is need



In such an exemplary specific application of the present invention, it was empirically determined (see
the Examples hereinbelow) that the background reducing chemical is, preferably, an organic liquid,
such as ethylene glycol (equivalently known as monoethylene glycol (MEG) or ethane-1,2-diol)
[HOCH2CH201-1]. The specific type or kind of background reducing chemical, i.e., the ethylene glycol
(MEG) [HOCH2CH201-1], is selected such that the background reducing chemical effectively (i.e.,
measurably) reduces (decreases) background interfering effects caused by the presence of the
numerous, different types of objects 25 of non-intefdst (background), i.e., (non-target) components,
present in théaestusblwiomyesiiggpenkion (partidedatiy thepabitieradsadpatialgy bwantiteatgporally
variable differ 0, i f (non- onents, st llen, minerals,
mon target e B e e e
chemical matiegh wivicisi onigingliedrodn ditel iay) samdphegh danisig g, ypehigheetditmagmgl'and analysis
of the test solytion,or suspensign.. This results in jncreasing (enhancing) hyper-spectral detectability of
the hyper-spez:l%t&rll y %?&eﬁsaq}%%tt(ﬁqee.,st%aee bi%l%é%célea%aéIF]‘fgég%:ﬁll lseén%h}?éxc{%sng%lgsﬁg)((%&é%linic acid
[DPA])-terbiudutimghdaride: [diaE Biiecanmaplextioruineafidi bighigalffigent Baailktrs anthracis spore
antigen-antibody} ¢ %ex in the test solution qr suspension, during the hyper-spectral imaging and
analysis of the test SHTEH ST sulEhalon KacAPiiaN): AUHH Sk the'EkgRo BRd Klkiking chemical,
i.e., the ethylanplghyeahMEGL ) phiReikAC H2OIHh d@thEHe steadlitieroe hsuspan sior odtlefair sample

results in increasing (enhancipg) hyper-spectral detectability of the (target) spore-forming bacterium
asils i BT 1 AT e ] B AT r s Ph T EHE 1 movforming
steps or procrREUIEiNenIUEhsteAs i Sk lnpIsgecuBESniRrasMaRRGh SelReted fiimobjecgreup consisting
of manually, semi-automatically, fully automatically, and a combination thereof, involving use and

operation of Y&/ ﬂﬁﬂ?s,(Bgltfﬂétt‘ﬁlghﬁlﬂfﬁfg‘?ﬁé\}?&%llé’,gé?ée?ﬁﬁ%é?ﬁubgagg‘étﬁﬂ‘:}ﬁ@s,[srﬂ%lbﬁénisms,

structures, cagenBHtanarshal@mans.anss RefPRRIR, eaWiRmERt fullities oaGcessasiess ghemical
reagents, and materials, In a manner selected from the group consisting of manua

Iy,
semi-automatRAAPIAMK, barretse AR isal a2gemh i atioh %%&E%ré%%er?%&bof?ﬁﬁ&tﬁractual steps
or procedureg,si4RisiEPs Qhé&&'ﬁbﬁr%@s‘?}ﬁr%zgﬂ’&t‘%%MHH%&M?&HM?L&'QHi@g@ﬁ&?ﬁ?ﬁﬁemb”es’

era

sub-assemblies, mechanisms, structures, components, and elements, and, perip equipment,

utilities, accesemweyndhentaareaardhese anbeadaterissh gaca vertinipEheentirgsamalaiefpir
embodiment Qf the iRHIO5eHRYERIR oS SIGRSHF PIRGRAI SR ANLSHRSIERSHY SihPscedures, are

performed by using hardware, software, or/and an integrated combination thereof, and the system
units, sub-unigslafevioescadsenibliies? Pessabigesendiinst, meehaAIsHRi Gtractiwesingomgbnents, and
elements, ang.gerpRRIA SupTIeL WG AHSICHPS, ARG BIGHAS AperRififsoo hardware,
software, or/and an integrated combination thereof BRIEF DESCRIPTION OF THE DRAWINGS
Embodimentshefahe presaitdrineedtionsach hereincdésorivedeinytheagbod et xdmpteeshipnvbicrareference to
the accompapying drawings. With spgcific reference npw to.the drawings in, detail, it.is stressed that
the partictia s e ARy Rkt o e Sa e oLl pRMeR BT SRR
embodimentslofitheayesemkedvengionidntthisuegarch lthvadd S hn ¢akenltpgethe maitkethe

o éﬂ%ﬁé@%@ﬁéﬁ%ﬁ&%ﬁ%&%&%&%&‘%‘éé dindepraonine smbadiments of the present

characterization thereof via hyper-spectral imaging and analysis.

SUMMARY OF THE INVENTION

The present invention relates to a method for hyper-spectral imaging and
analysis of a sample of matter, for identifying and characterizing an object of interest
therein. The present invention includes a procedure for preparing a test solution or
suspension from a sample of matter, such that the test solution or suspension is

particularly suitable for subjecting to hyper-spectral imaging and analysis. The



In the drawings: Fig. 1 is a flow diagram of a preferred embodiment of the main steps or
procedures of the method for hyper-spectral imaging and analysis of a sample of matter, for identifying
and characterizing an object of interest therein, in accordance with the present invention; Figs. 2a
and 2b are exemplary empirically determined graphical plots (spectra) of Emission Intensity
(normalized) as a function of Emission Wavelength (nm) of exemplary dust particles 1 and 2,
respectively, in dry form, subjected to hyper-spectral imaging and analysis, showing the spectral
fingerprints (SFPs) thereof, as described hereinbelb in Example 1, in accordance with the present
invention;  pRiggrBaniscanaexisrapiarg! brapiricatyedetermimsd geapisiddipe(ssecneari v Emission
ensiy oAl AR AN AR WAYARIA G ol abacigrauntani gt
suspension [containing Fyo jects of non-interest suspen ed in the exem ry ac]kground reducing
chemical beisgnip&esorganidtiiguidhethyléreengiytenl {ndortdeskiylereeohfpcbb (MEE))t tivseint afeany object of
interest or target (i.e.,.absent of a er-spectrally. active target being the exemplary.{biological agent
27 Bacilus o BHIE b i e BT AT LTS AT e PO T Camm T Sipectocto
hyper-spectrahimagind @ngl,apatysidatshehing, thel spadtialgingepint (BFA}iberea) pbadescribed
hereinbelow inﬁﬁgm le 3, in accordanc Viqith thiﬁresent itn.ventiﬁn; Fl(l% B%E IS an e (?mplary
empirically d&tethsiA Sger%u&ﬁgﬁr’pqg{o(ssogig r%sr%) BRSSO hEdH: i'%yp (l%lr a2 3? K4 Rinction of
Emission Wayelaoigidy {ign)tied athigatecondaibingtiest sfispensitihiincludiaglobjeetsraidnon-interest,
and an exemplary object of interest or target (i.e., a hyper-spectrally active target being the exemplary
(biological gHTBECHG DB CHEHE CRLNFEL TSP ABAE SO ORDIe FRCKS] complo
suspended in¢hsixeynplanynbackgmuneneshtinghoiiespical Raigdhe ecgrpialiavidethene glycol
(monoethylene glycol (MEG))], subjected to hyper-spectral imaging and analysis, showing the spectral

fingerprints (SEPJ)-retibptlEacquelnnhaharaing rinn & edfriie. an phprtarian eeddisNe present

invention;  efficient manner.

Thus, according to an aspect of the present invention, there is provided a
method for hyper-spectral imaging and analysis of a sample of matter, for identifying
and characterizing an object of interest therein, the method comprising: preparing a
test solution or suspension of the sample of matter, the preparing includes adding to
the sample of matter a spectral marker specific to the object of interest, such that if
the object of interest is present in the test solution or suspension, the object of
interest when marked with the spectral marker becomes a hyper-spectrally active
target which is hyper-spectrally detectable and identifiable in the test solution or
suspension; generating and collecting hyper-spectral image data and information of
the test solution or suspension; and, processing and analyzing the hyper-spectral
image data and information, for identifying and characterizing the hyper-spectrally
active target in the test solution or suspension, thereby identifying and characterizing
the object of interest in the sample of matter.

Preparing the test solution or suspension includes adding to the test solution
or suspension a background reducing chemical, wherein the background reducing
chemical reduces background interfering effects caused by presence of objects of
non-interest in the test solution or suspension, during the hyper-spectral imaging and

analysis, thereby increasing hyper-spectral detectability of the hyper-spectrally active



Fig. 4a is an exemplary empirically determined bar graph of Positive Pixels (%) as a function of Spore
Count (absolute number) showing distribution of 'background' and 'target’ spectral fingerprints (SFPs)
among Positive Pixels [of the emission peak (540 5 nm) of an exemplary object of interest or target
(i.e., a hyper-spectrally active target being the exemplary {biological agent Bacillus subtilis spore
(dipicolinic acid [DPA])-terbium trichloride [TbC13]} complex], as a function of Spore Count, based on
hyper-spectral image data and information obtained from Figs. 3a and 3b and similar experiments, as
described hereinbelow in Example 3, in accordancédwith the present invention; and Fig. 4b is an
exemplary erigpgétatythietestrinkditaoyraspeosiPositive Wigedin (%) gersthiimngiendot@lsor@Count
(absolute numhe wing.. o% cipility Istributi f 'back ' ‘target’ spectral
fingerprints ( P%Séprlggén%qg{fs%\? lz4P|£>{<2}Ie'!%ls Tﬁtﬁ%ﬁﬁ%ﬁgnggggﬁ ?ga?o%r%%go? gguézg%r%éry object of
interest or tangehdes., @ypetyspeqtiathgablipertareetdd eimg ghedeie mplam{ivioitigicad bgent Bacillus
subtilis spore %dg)it%%%% 1;a\_%il(ﬂeLDngA])-terbium trichloride [TbC13]} 28 complex], as a function of Spore
Count, based Ol yper-spec Fal Image data and information obtained by repeating experiments of
Example 3, as descAbeottiareinbetone inrkb@ainpiats, af decondanceimitntioa, piesaamipieenfion.
DESCRIPTION OF. EXEMPLARY. EMBODIMENTS The present invention relates to a method for
hyper-spectré?si%%{gllsnﬁsgﬁﬁ) y: If}gi's of a sample of matter, for identifying and characterizing an object
of interest therein. TRecprégntinvemntosnibolliciesa pdcke pedoitprenaiiog atiesbbpution or
suspension from a sample of matter, such that the test solution or suspension is particularly suitable
for subjectind W3S 885&?%9{@’%\8 RUKALREHe present invention is generally applicable for
on-line (e.g., real timg-@srapar-fealdine}abeditesthyrethsppeiiahi Magingoandhansiyrigiedlvarious
different types or kinds of samples of matter, wherein the matter, and at least gne object of interest
therein, are oS S HhHDINST SIPOBHSHREIRb AR EE I e AL B LBWtER e dathich are in a
solid (e.g., pagigklate) phase, a liquid (e.g., solution or suspension) phase, or/and a gaseous (e.g.,
aerosol) phase. The present invention provides the capability of achieving the ‘ultimate’ combination of
the highly desirable PeFfEfRENCeSpRIG BRI BER R ARCUPESE A HY TP pFBEI SRS CTHIgh 1S
reproducibility), Qo higfy sapsitivity sang.bighresqlution, ‘and” at high speed (short time scale), all at
the same time (i.e., simultaneously), be it during on-line or off-line, in an optimum and highly efficient

manner A mainA&Eetnss iheopre selradivaeiie @ isherbiastoh BT enfithids sbemjedragpictral imaging
and analysis Qi sampi,ff MR oldeniiyine ANdvhyanterane A RbiepbREbINterest therein, the

method including the following main steps or procedures, and, components and functionalities thereof:
preparing a test soluiaeishizgispeneion hbedsaammtie off thattereseid prasaring inktudeeciidting to the

sample of majies & sheial MAIKET SREST (R 8. PHICKASLICISRR SHEILATAI LS ! merest s

present in the test solution or suspension, the object of interest when m pectral marker
becomes a hyhanspeotastiyraatid diengatal markers.

According to some embodiments of the present invention, the chemical
marker is terbium trichloride [TbCls].

According to some embodiments of the present invention, the biological
marker is an antibody of an immunoassay technique.

According to some embodiments of the present invention, the background
reducing chemical is selected from the group consisting of solids, and liquids.

According to some embodiments of the present invention, the liquid is an
organic liquid.

According to some embodiments of the present invention, the organic liquid
is ethylene glycol (monoethylene glycol (MEG) or ethane-1,2-diol)
[HOCH,CH,OH].



29 which is hyper-spectrally detectable and identifiable in the test solution or suspension; generating
and collecting hyper-spectral image data and information of the test solution or suspension; and,
processing and analyzing the hyper-spectral image data and information, for identifying and
characterizing the hyper-spectrally active target in the test solution or suspension, thereby identifying
and characterizing the object of interest in the sample of matter. Preparing the test solution or
suspension includes adding to the test solution or suspension a background reducing chemical,
wherein the background reducing chemical reduce%lbackground interfering effects caused by
presence of objects Afewaigtetessomthectebodivhetitn of sthspemsion, duviergitve gpartpectral
Imaging and Q&ﬁl}ﬁﬁ%_ therep '&%ﬁ&%‘ﬁ? '}}é&g‘sﬁi&”%‘&etﬁl%aﬁ'aﬁ}’oﬁfg)‘fe WQ?&@Q@S"%‘W active
target in the test solution or suspension, an Reréin the generating and collecting the hyper-spectral
image data amchimiteresitio pafdiredd orsohgtiomuirs wspenspecincifives sepasatelycied fiomg
hyper-spectral image data and infermation of the.objects of non-interest. ... . .Following provision of a
cample of Al SLRoT L SrauNe B LR s Bt e moteer st e ging and
analysis of thendamplagtmygitardfipatties! theclailowigriiiitee separate, but integrated, general domains

t f mai iti d d 2 (i [ te test.f Ily, lid
i o) of 16 SAMEIE B ke TRiCH e SIS 13 UG S oy SRR maging

and analysis agigugeneratinghaperapite atingihger-gpactraldmagea dataandfinfee matiectof difie test form
of the sample of matter, and (jii) pracessing and analyzing the generated and collected hyper-spectral
mage dats AR D RE oM ISAr i A e S AP SOy BREBIS o (B by

sensitivity, resolution,cosi@nskspeesoitine:atRlenehieolirsheepaiandomadntinstagp@itaIain activities
and procedures of a hyper-spectral imaging and analysis application, i.e., regarding preparation of an

appropriate t8#iREof e RpRpRP ARG IRR g reldtanand niRiceRteh Hfofand¥ it aeters of

accuracy, prefjaiandrapioghesibitiv B9 sensitivitre salIbRR QA SRAREL{IME saalR)iRf each of the
succeeding second and third general domains or stages of main activities and procedures. More

specifically, s AERRiesisadFriddedi S SrsrapdiRtra & sProYfalefos SRR O EhsE Hible of matter,
affect and inf{Hg@gg(%%]g{@mgl@m gpéﬁgmgskypﬁ@@g?jg@timage data and information of the test
u

form of the sample of matter, which in turn, affect and influence processing and analyzing the
generated and colle®&@ e i sertariRbaginttats ahdhaforasaioventi@mpogRsiersa@tthe present

invention im'&i@ﬁﬁﬁi’fﬁleﬂl’%@- schpicaliaalues, alth SSRERSRBLNREGINANG MYStyeness over
prior art teachings in the relévant fields and arts of the invention.
detectability level of the hyper-spectrally active target in the test solution or
suspension according to three criteria: (1) area of all positive pixels in a
hyper-spectral image expressing characteristic spectral finger prints of light emitted
by the hyper-spectrally active target, (2) fluorescence intensity of every positive
pixel in the hyper-spectral image that expresses the characteristic spectral finger
prints of the hyper-spectrally active target, and (3) relationship between the
characteristic spectral finger prints included in the positive pixels of the hyper-
spectral image and of a hyper-spectral image database.
According to some embodiments of the present invention, processing and
analyzing the hyper-spectral image data and information further includes analyzing
the hyper-spectral image for the characteristic spectral finger prints at a one pixel

resolution, and calculating total area that subtends all the positive pixels for each

hyper-spectral image and concentration of the spectral marker.



A special technical feature of embodiments of the present invention is that in the method for
hyper-spectral imaging and analysis of a sample of matter, for identifying and characterizing an object
of interest therein, the main step (procedure) of preparing the test solution or suspension of the sample
of matter includes the unique and critically important step (procedure) of adding to the test solution or
suspension a background reducing chemical. This results in forming the test solution or suspension,
wherein the background reducing chemical reduces background interfering effects caused by
presence of objects of non-interest in the test solutfén or suspension, during the hyper-spectral
imaging and analysidctieedetgy inceasismbgpierante off dhdareasebiling oftine, ypeesspectadly active
target in the FE%J@%H%{% %é;ﬁ%‘égf&?% fma e%&?exﬁﬁniﬁh%%%%%ﬁ'fﬂﬁ Rt ‘féﬁgﬁ% ent invention
involves on-line (realtime or near-rea tlme% oro f-?lne yper-spectral imaging anc?anays of a sample
of air (i.e., annaimisamplenadonidentifyidg ardagharatesitisg ah ebfpecohintemgset theosin] wherein the
object of interest is a (potentially hazardaus) biological agent or a (potentially hazardous) chemical
agent. In gen(é%%rl? ﬁé&g (je?c 18?%4&%% ?ghg kﬁwgdl(?aﬁcgége%tagr“é ({a%%%%al agent) in the air sample is
composed or made Apcofdirganicson@nehibodjanicsmeiehialsrescatistances, whictssirg iang solid (e.g.,
particulate) phase, .a liquid ((??tp ., Solution or suspensio ; ase,. or/ ndga gaseous 31é .g., aerosol)
Bhase. prorel AT DECPOF e ot il ABISAT Sl Chhea) JOSHE P Msample i
composed ortimads i ofl segbares pasetiinarganidandiatialsoespondiaaces avdilabl aspdota particulate
form solid phase or/and are present (e.g., %psorbed or/and adsorbed) on partjcles of the air sample.
The sample & dis EEHERH o BAEH TG oy 0 st 4o BPair B Y OPESRcting
system) fromca-éeplralisg tsatedi e (et ppst @tiagrg@n airport, a subway station, a shopping mall,
a sports arena, or an office building), or from an outdoor source of air. Exemplary biological agents are

bacteria, viruses, ful§CUAN LN B SRBRAIMARERE NS JURIS i NEMISL JURES RN, A4kin, tabun,

and soman), ApgveRMiahPRIEQPS(RDimEYANISR aAMRPHINES AN ELAIIANRRNOSP qdde object of
interest can be a biological agent, such as the (extremely hazardous) s ore-formin% bacterium Bacillus
F%C%fﬂ? d

anthracis, whiBACEEEMERE RN APREEP paats d vk thsr BRIV MR O -8PISBROIIBARS marked
(e.g., via antippgliesiQf # JPHARSSAYHRCANIHGInfPsRaklieg igaptificatian sidhkagterization of

the object of interest via hyper-spectral imaging and analysis. In such an exemplary specific

application oPfRedprisisantiioyEmibyparwarcEbIrReATiE dateehinddiiscagkereywagnpiesiparginbelow) that

the backgroupirducig RaMIcalBaRiETCTBPLy B RIOAIRIAULL sychms siuirRe ghve -~
(equivalently known as monoethylene glycol (MEG) or ethane-1,2-diol) [HOCH2CH201-1]. The specific
type or kind sopgsRegrdurd trethcirypenepaidelly cactive éargdbnadyBRISPIMEGY [HBAWLAGH201-1], is
selected such: g ' ' ti l.e., measurably) reduces
(decreases) EEI}Q%%&pﬁﬁﬁﬁ%g?ﬁg%%g%gﬁg@ﬁ%ﬁgﬁ r%%a%ﬁ%ﬁe of the numerous, different types of
objects of non-intere’stqiraoikg towwad)s kmbodonetatsget floopigrsne ntsepiiesetitcipeentsesoifition or
suspension (Baigplary he numefons, spyay arlaog lemp ki ariable dlferenl ipesand
concentrations o (no%-target components,gs as dust, pollen, mlnera?s, non-target types of
biological mastec(rmolth@emngijnisactetie) hapersppeteatyetayipes of grarticd|ate tbb drmikaronatter, which
originated from the sam f matter), during the .hyperzspectral imaging,and analysis of the test
colution or 9 S P PAE RS F S AR R e e o o A ey o the
hyper-spectratlycaichivef aogah(iof thihebfbilofiogiragent Bacillus anthracis spore (dipicolinic acid
[DPA])-terbium trich(i:orlryzxgbcm .complgx%; or thE%bigI%%cal a%en ilacil.lus aEthracis spore
antigen-antibody} ¢ Aptek) i 8B othtidn 818 p0 nsi H,eﬁu ]hg}? 8‘%%8 E'é]&]l]?g“ aging and
analysis of theotrstiaglutiRmpleSus peNSI0hypecopdonalyinsdiioanal dhelpackgnbundrpitieing chemical,
i.e., the ethylene glycol WIEG% [HOCH2CH20H], to the test solution% susperLsion of the air sample
results in incrBaSig PEARER ) RY YT LU S FERRIEHIY B Esrg BTN S0rEABARM G bacterium

Bacillus anthkagiss RiesaihintaQiadsSamaP|focedures: (i) preparing an appropriate test form
(usually, a solid or liquid form) of the sample of matter, which is suitable for being
subjected to hyper-spectral imaging and analysis, (ii) generating and collecting

hyper-spectral image data and information of the test form of the sample of matter,



It is to be understood that the present invention is not limited in its application to the details of the order
or sequence, and number, of steps or procedures, sub-steps or sub-procedures, of operation or
implementation of the method, or to the details of the equipment, chemical reagents, and materials,
used for implementing the method, set forth in the following illustrative description, accompanying
drawings, and examples, unless otherwise specifically stated herein. Moreover, although illustrative
description, and examples, of the present invention are primarily focused on applications involving a
biological agent, wherein the biological agent is, foiz%xample, the (extremely hazardous) spore-forming
bacterium Bamiflugidmivesising/laieth dsakieingchiyammied @nd . coilzcad yperristrotidefrige 13]), or
biologically k > i tibodies of an immunoassay technique), for enabling identification and
characteriza%ﬁa%%égﬁ%%{%ggér-spectral imaging and analysis, it is to be filly understood that the
present invention is Rdstvapplicableaio attie o bislogioal, ggenisos otpaslotishihactensifivityses, fungi,
o o, A BT (GOE 5.2150, ARPIFARE (R IEeR RICHISoPUEas AR a0ents
(e.g., sarin, ta%un, and soman), and chemical poisons (e.g., cyanide compounaa ,and
organophospiwiesicsAaabrdingyutieqiredsptirpeoatiah icaying practcdgsis apylieatenteicegccording to
various other alterpative embodimints and in .v?riou§ rTﬁ)ther glﬁgﬁrnativ? ways. 1:33 » Itis dalso to be
understood tREF AT TcRITRAFHRH SEMhHRR"GISIAE, AR SAPHES T LAl et tisLghout the
present disclasfliientaveheitherftmadeatipataisinilasfmaaniagyaspeauizivaniyapncdusiovicypy one of
ordinary skill in the art to which this inv ntio%) longs, l.f less otherwise specifically defined or stated
nerein. PhrasSBRIEY HerSAEER, e hORAT AR SH Sk Mefaht thrd0G ALCR LT SSeMdisclosure
are for the purposaied deserntigpnaidssbewWehgat be mgardedasdimiidgprocedugssexavgie, in the
illustrative description of the present invention, there is general reference to the terms 'object' and

‘'objects’, in oPBEFEEMbs AR R HRS i BrPEsdHEHPE DEFRAFDE ABFPPLRIAAE (R TR ®Wiect as used

for illustrativelyreisRcubingh e, PAERENLINY SAHIBIS.CORRIIAIRE QAYIVRIREIIRe anphsyERRYMOUS With, at
least part of an enti;%é material, substance, or structure, which, singly or in combination with other

objects (entiti8¥gnsriard &fosmaiins obtharisetfreg), af theanmpdepalritisiscuish de finey

hereinbelow), jg.stbjgateh iRy PEFRRESHR! KHATMIRIIEESSHAr Jaue.- Inpensiialgiich an
object is definable and characterizable by a set of a wide variety of numerous possible biological,

chemical, or/BHeeprpeséal nagrfatsaeh HEBAdaRs, and behavior. Also, for example, in the
llustrative descriptio o fhe e AR VERISR [REERIT HROSHR RETGHRRGE IR (B TR marked in the

phrase 'spectrally marked', and, to the terim 'marker' in the phrases 'spectral marker’, ‘chemical
marker', and thfolagibainfarkbypén efsralo ihastrstealid plamensatbra ofamelpresemeifivention. As used

Tebeled and o T e er,
'chemical maokertepmunpitiodicstl solutkar carsuspersicdered Sgubzaipht ©f, anatdaynohydastlkewith, the
Voreover, i ehe SR e o e o A e O ol oB Focorinec,
or/and exemplifipehsivihe dlaokeréiealtl anblBagkchrounciseclibrs, acsubiguallyfonsiyildrly geplicable in
the iIIustrativeSOqgégrrli pt(i)9ns1§s£})ension, wherein the background reducing chemical reduces

background interfering effects caused by presence of objects of non-interest in the

test solution or suspension, during the hyper-spectral imaging and analysis, thereby

increasing hyper-spectral detectability of the hyper-spectrally active target in the test

solution or suspension.

An exemplary specific application of the present invention involves on-line
(real time or near-real time) or off-line hyper-spectral imaging and analysis of a
sample of air (i.e., an air sample), for identifying and characterizing an object of

interest therein, wherein the object of interest is a (potentially hazardous) biological



of the preferred embodiments, examples, and appended claims, of the present invention Immediately
following are selected definitions and exemplary usages of words, terms, or/and phrases, which are
used throughout the illustrative description of the preferred embodiments, examples, and appended
claims, of the present invention, and are especially relevant for understanding thereof Each of the
following terms: 'includes’, 'including’, ‘has’, 'having', ‘comprises’, and ‘comprising’, and, their
derivatives and conjugates, means 'including, but not limited to'. Each of the following terms
written in singular grammatical form: 'a’, 'an’, and 'the, may also refer to, and encompass, a plurality of
the stated entiggrdrastsdonteniiedy dererdive) spheoificsl Bedefinbu gsnetakehihrebsent of iniekest the context

clearly dictates othenwise.For : [ : ject.'a target’, ' ent'. and '‘an
element’, ma@'glégl?g qr%%,agﬁlglé&r{gglrﬁnﬁgéi%% ﬁi?gﬁ%ng él%% %@?ﬁ%ﬁl‘gﬁ%ﬁg talr%:;)d(:}‘/t]sﬂ,E a{) %Iurality of
components,apaha pluralidy ofeefpmentsat@spectivelybThectsrmwhisbutinefersaosdiii%og the stated

numerical valuaei ula eThe an%e fr(l)lcl)én temper%trljljrg' 5‘%@&5" tong;\l gg earsaetur(%/glrlll &aran %O%f between
about 20 C aﬁdﬁa%outt %E? . 1f‘ﬂrou figut the |?ustrat|vep§escrlg':on of the embo |men%s, the
examples, and.the apmehdptastaimBrabétitdyy rése nbjose nfiantcacsuiier)calolaguenbhgeparameter,
feature, objec%l or.di ensiqg,.m@/ be.stated fr described in terms gf a nun%erical ran}g{; format. It is to
be filly under§tS0d Haf #58 $tited Hiute AP AN, ec%rpr%%ste% 8?0\1}?8 8 14t i us(f%ﬁ%: [ palg entation of
the present inverphaaiv mackinRositeubstungdersthath arconsturit @atinflaxibiylidnpiagetbesecope of the
present invention. %%:ordir%%% a stated or escridtlz‘ed numerjcal range also refers to, and

encompasse& a5t &uls B%%% AhasratRaRpRRLF ILPJa;t Kk Hthend4l value may
be expressedasmendiols; integiab:qr fiashenadwnhenvithindbatistgecheniesshipsknemerical

range. For example, a stated or. described numerical range 'from 1 to 6' also refers to, and

encompasse&° a8 Rcth AR aR, BRSO EM o M3 o PAY £IiFEnA 8RO r8m 2 to 4,

from 210 6, subway station, a shopping mall, a sports arena, or an office building), or from an
outdoor source of air. Exemplary biological agents are bacteria, viruses, fungi, and
toxins. Exemplary chemical agents are nerve agents (e.g., sarin, tabun, and soman),
and chemical poisons (e.g., cyanide compounds, and organophosphate compounds).
The object of interest can be a biological agent, such as the (extremely hazardous)
spore-forming bacterium Bacillus anthracis, which is chemically marked (e.g., via
terbium trichloride [TbCls]), or biologically marked (e.g., via antibodies of an
immunoassay technique), as part of the main step (procedure) of preparing a test
solution or suspension of the sample of matter, i.e., the air sample, for enabling
identification and characterization of the object of interest via hyper-spectral
imaging and analysis.

In such an exemplary specific application of the present invention, it was
empirically determined (see the Examples hereinbelow) that the background
reducing chemical is, preferably, an organic liquid, such as ethylene glycol
(equivalently known as monoethylene glycol (MEG) or ethane-1,2-diol)
[HOCH,CH,0OH]. The specific type or kind of background reducing chemical, i.e.,
the ethylene glycol (MEG) [HOCH,CH,OH], is selected such that the background
reducing chemical effectively (i.e., measurably) reduces (decreases) background

interfering effects caused by the presence of the numerous, different types of objects



35 'from 3 to 6, etc., and individual numerical values, such as '1', '1.3', '2', '2.8', '3', '3.5', '4', '4.6', '5/,
'5.2', and '6', within the stated or described numerical range of 'from 1 to 6'. This applies regardless of
the numerical breadth, extent, or size, of the stated or described numerical range. Moreover, for
stating or describing a numerical range, the phrase 'in a range of between about a first numerical value
and about a second numerical value', is considered equivalent to, and meaning the same as, the
phrase 'in a range of from about a first numerical value to about a second numerical value', and, thus,
the two equivalently meaning phrases may be useaﬁnterchangeably. For example, for stating or
describing thefnomeridalesindedizioond lempertnanetatiget pracsponsots, tompataturetheféestto a

temperature Lrbﬁhri%{}g%ro‘cs&%té{}’ﬁ%ﬁ a@a%%&ﬁaﬁj@ﬂea%ﬁe%gu@ &%eﬁ?ﬁ JdsRd PRl RR{, and

meaning the same as, the phrase ‘room temperature refers to a temperature in a range of from about
20 C to abouv@iable diff@eapsypeprodeduresirstibastepénon-satgg)coathmes)tandicbquignsent and

materials, system units, system sub-upits, devices, assemblies, sub-assemblies, mechanisms,
Structures, comBha e e R e R S, SO RR R e
accessories, ohemigat regpgents, pard cnaterialenasavetiasgpetatio noathitl efreentaiomiof exemplary

preferred embodiquin%, alter ati]ée referrgdlembodimentg, %Pi:cific cggéigura%ion ,tand, additional
and optional %BB& , chaP&e gﬁs RS ofeatlire S e s adls ?ﬁhsg(t) [Ser%séﬂ iY8ntion, are
better undersiogaiwithrefdieneailn indfoltawing(Bhisiiaing pseripiiotAridtacabitipasyihg drawings.
According to a main aspect of the present.invention, there i provisign of a method for hyper-spectral
imaging and BHATSREGFA NaATHI JPRSk ,efomaeg}ﬂ\ %C%E%ﬁ%rgﬁfé 4in %%feé?‘g%nterest

therein.  Rafpiedthrowitp [tbe ATpwisgsuiigridhisaddowsiiagraseaprprefatiedwobgdinent of the
main steps or procedures, and, components and functionalities thereof, of the method for

hyper-spectraBh g/ 4 P ARER RS BOLE SIHBFE orRResk rdorBlr g h s itieRishg an object
of interest theigiRnAeroreinmly. tHieh@er-spectral imaging and analysis of the test solution or

suspension. Accordingly, addition of the background reducing chemical, i.e., the
ethylene glycol (MEG) [HOCH,CH,OH], to the test solution or suspension of the air
sample results in increasing (enhancing) hyper-spectral detectability of the (target)
spore-forming bacterium Bacillus anthracis, present in the air sample.

The present invention is implemented by performing steps or procedures, and
sub-steps or sub-procedures, in a manner selected from the group consisting of
manually, semi-automatically, fully automatically, and a combination thereof,
involving use and operation of system units, system sub-units, devices, assemblies,
sub-assemblies, mechanisms, structures, components, and elements, and, peripheral
equipment, utilities, accessories, chemical reagents, and materials, in a manner selected
from the group consisting of manually, semi-automatically, fully automatically, and a
combination thereof. Moreover, according to actual steps or procedures, sub-steps or
sub-procedures, system units, system sub-units, devices, assemblies, sub-assemblies,
mechanisms, structures, components, and elements, and, peripheral equipment,
utilities, accessories, chemical reagents, and materials, used for implementing a
particular embodiment of the disclosed invention, the steps or procedures, and sub-
steps or sub-procedures, are performed by using hardware, software, or/and an

integrated combination thereof, and the system units, sub-units, devices, assemblies,



method includes the following main steps or procedures, and, components and functionalities thereof:
preparing a test solution or suspension of the sample of matter, the preparing includes adding to the
sample of matter a spectral marker specific to the object of interest, such that if the object of interest is
present in the test solution or suspension, the object of interest when marked with the spectral marker
becomes a hyper-spectrally active target which is hyper-spectrally detectable and identifiable in the
test solution or suspension; generating and collecting hyper-spectral image data and information of the
test solution or suspension; and, processing and an lyzing the hyper-spectral image data and
information, fewbidesrififigsamekcheiraoterising theshyperrspettaiydaciivecnasgandn phsplessekolution or
suspension. {ngrghy(deniibing and charcigizng g Biesl AN'aLES! INMBesamaigofmater.

The method is'cHaracterized i that the step of preparirig the test'so ut%on or suspension includes
adding to theadstdelutivegortslispabsian an iawkgfound reducing chemical, wherein the background
reducing chemical reduces background interfering effects caused by presence of objects of
non-interest in the test solution or suspension, during the hyper-spectral imaging and analysis, thereby
increasing hypRIiEp it REECRiY dHEDRp@ISEEStrally active target in the test solution or
suspension. Applicabl tiré]es or kir}di%and forrps, of t?e samp&cla of. matter . Irrfgeneral, he present
invention is applicaBi& Ry SLRENE AT 25 RISEBY NG URY i SF S B thaer ' #he®lample of
matter is genexathp & reklyyelyisimalfauadityootimatiaionpahyiagegresantativendthaspeaifiexample of,
(i.e., a sample), of a relatively large, quantity of the. matter, W%e e the matter js geperally something (i
e, ontity, matbh SRR AR A ARk ot s YERGHR L R GBS R, gas, or a
combination Hietesf dhexsapRiasd Matiriposys alsqlhseansdeed pedneiTeaisRaasen (ke., example)
of the matter. The sample of matter is composed or made up. of any number, and type or kind, of

objects, wherBfh BESAObIRE Y eral) rbisrd82tdndhe dsasiiRion Gieh drerthsT awtitsyhenymous
with, at least a3/oR#4iBfitae MatiplgAndthergipieethaionhiche's RiASENtIN ASAHAPIBRN thgematter.

Accordingly, each object generally refers to, and is considered equivalent to, and synonymous with, at
least part of SERREHIAENES OF BRMIFSFAIBNEIIIHEAREY #AINRds mass, occupies volume, and exists
as a solid, liquid, gag, @& jnation thereof Moreover, each object (i.e., at least part of the matter)
is definable and characterizable by a set of a wide variety of numerous possible biological, chemical,
or/and physical, propt&tiésischdtavtetiagiesn poappreatstad embodiment of the main steps or

procedures of the method for hyper-spectral imaging and analysis of a sample of

matter, for identifying and characterizing an object of interest therein, in accordance
with the present invention;

Figs. 2a and 2b are exemplary empirically determined graphical plots
(spectra) of Emission Intensity (normalized) as a function of Emission Wavelength
(nm) of exemplary dust particles 1 and 2, respectively, in dry form, subjected to
hyper-spectral imaging and analysis, showing the spectral fingerprints (SFPs)
thereof, as described hereinbelow in Example 1, in accordance with the present
invention;

Fig. 3a is an exemplary empirically determined graphical plot (spectrum) of
Emission Intensity (normalized) as a function of Emission Wavelength (nm) of a
background-only test suspension [containing only objects of non-interest suspended
in the exemplary background reducing chemical being the organic liquid ethylene
glycol (monoethylene glycol (MEQG)); absent of any object of interest or target (i.e.,

absent of a hyper-spectrally active target being the exemplary {biological agent



> For a sample of air (air sample) containing numerous different spatially or/and temporally varying
interfering objects of non-interest (background), and a biological agent or chemical agent type of
object of interest (target) < In an exemplary specific embodiment of the present invention, the
sample of matter is a sample of air (i.e., an air sample). Accordingly, an exemplary specific
embodiment of the present invention involves on-line (real time or near-real time) or off-line
hyper-spectral imaging and analysis of a sample of air (i.e., an air sample), for identifying and

characterizing an object of interest therein. AanxempIary specific application of the present
invention invdived/on-linkriieabpione ¢dinsalireal tiend) [OIilingchyiper-spebteaidenddirigldhd analysis of

a sample of ajr (j n ail. +for identifyi nd- characterizing a ject of i therein,

wherein the %é@g?ﬁn%%ﬁé%%?ﬁ% S}%%%%fgg%lglﬁ g“ﬁ%%#ﬁﬁ:gﬁ{%gge%t %18§Jén%ra?rt$%%i%}act of interest

(i.e., biologicéinggemiror rdhiteregent deshetad denplbdssomposadme Made age@flanganic or/and

inorganic mater'@r:t%eor substance%ovl\l/hich are in a solid (e.g., particulate) phase, a liquid (e.g., solution
p

or suspensioﬁ"ﬁlt as ,reosr gthl \éeaase’ous (e.g., aerosol) phase. Preferably, the object of interest (i.e.,

biological agent or dhgniibakageatpinpihey aimpaticplty idccampaskegraphivat plop(spatganicodr/and
inorganic materials or substances, which are in g.particulate form.solig phase ar/and are present (e.g.,
absorbed or SR SL LAY Bh PR At e HePLRRB AR 817 12 CoVBERet of obtained
(e.g., via a stamngardoiyiamieaitSamylspgneioeol Igathgisgstesidtonv Annaeldae ssurcendf aif (e.9., a post
office, an airport, a subway station, a shoppin? mall, a sports areng, or an 38 office building), or from

an outdoor SBATEP PR b AR BB Ll I Bautes i i hotke T BeiRS e,

Exemplary chegmigahsgentsigisziRerve agants fug/nsarinuiaiun, apersomaiicandiehenical poisons
(e.g., cyanide comi))é)unds, and Qrg?no hosphate compounds). The o%’:ct of interest can be a

biological ageRt alken SEIHE s 56F -‘Péﬁf?in BSdiEriurAERIEHuSWREIdRds, WnikR iSXHRRAAEAIly marked
(e.g., via terbiypr sricinaride dlibied 3Rhemkiglodieally mgskestdente, Vig@atibadigeRf agjeynunoassay

technique), as part of the main step (procedure) of preparing a test solution or suspension of the
sample of méﬁ&?@%h%e%&lwhﬁ\éfg@, DénslifgfseettiorPSHPL R ERE 26 G ENe object of
interest via hypewsRecHal praging Mt ARSI Fge &l 2aHede QL Pas SRS ATHRRIGS RN the
sample of matter In general, in the sample of matter (including the objects and components
thereof preseﬁ’f@ﬁlﬂﬂ\é %amﬁlé%@?ﬁ%té’ri}htﬂ@ BEJRRIS VN Etities, materials, substances) are typed,
categorized, or clasgifiedcepr g ia o mplR AP RAL YRGS GRIHAKIS Potlaseqs,Namely,

‘objects of non-interest’, and 'objects of interest', each of which is basically defined as follows. 'Objects

of non-intere$tototse 8p bt YECEP ofe(frevant (ebsdntaimaenirey theheanms edaftritationweiich are not of

int ttoah ¢ ' - troller). af involving th
cample of mat R e o DR O L el AN R Sample o

rest’ correspondto obj ent or containe e sample of
matter whichamesgbinterksté0a-Humarod peextemplaayprocessiimotei gitihar sarfiple ohypatter. For
further understanding the. significantly different meanings and attributes of objects .of non-interest and
onjects of intl e S L B et
being part of (thgiteokigrecidd [P A0 witkimutherisetdplid of Théitdl, winepbad, asjectsmftiobeoést are
considered ag being, 'targets' of, or within, the sample of matter. Accordingly, individyal objects among
a plurality, co%% Lo Ease Vﬁ?rgg{/'g?gf%%jelc %%.eg%%n%ﬂfiesl?%r%a gr}%ﬁs,osu%lgt%{r%eos of (present

%Ii?on, or énsem%f)er,1 0
or contained kigthgasamd@e aidsatidar aseptyipechtcaie gesiadishOhaldabifled, mcEoadipl: td, in

accordance with the present invention; and

Fig. 4b is an exemplary empirically determined bar graph of Positive Pixels
(%) as a function of Spore Count (absolute number) showing 'reproducibility’ of the
distribution of 'background' and 'target' spectral fingerprints (SFPs) among Positive
Pixels [of the emission peak (540 £ 5 nm) of an exemplary object of interest or
target (i.e., a hyper-spectrally active target being the exemplary {biological agent
Bacillus subtilis spore (dipicolinic acid [DPA])—terbium trichloride [TbCls]}



39 the above stated two main different types, categories, or classes, of objects, i.e., objects of
non-interest (i.e., background), and objects of interest (i.e., targets). Typically, the sample of
matter includes or contains a distribution of different relative numbers (i.e., ratios, proportions) of the
preceding defined two main different types, categories, or classes, of objects. For example, the sample
of matter may include or contain a distribution of a relatively small number of objects of interest
(targets), and a relatively large number of objects of non-interest (corresponding to a relatively high or
'noisy' background). Conversely, the sample of matter may include or contain a distribution of a
relatively larceomphabbrast odjestscnf ifiérue(Goystshand ardizpveiperall imaabelatf abjects of
non-interest Qi EoRANING 8 CIAVRN AN £ AT BAROR Ui MOTgOVELfa@fample, there
are many applications of the present invention wherein the sample of Mattéf includés of contains a
relatively 'exdeptioheliyv smBNamphibdy iofasbjedisaf withrest [ftesgets)compared to a relatively large
number of objects of non-interest (high or noisy background). For example, such applications are
wherein the number of objects of interest (targets), relative to the number of all objects [of interest
(target) and d)BESORAIPITEIN(OdcENOMPR)ASHY HEERODIMIONESned in) the sample of matter,
corresponds to a ratjo or proportion as low as 1 % [1 part per.hundred %hr% ar 10-1 % [1 part per
thousand (opo), or 1E0F S TREA LR RIS LB 1 10T U8 [l s BTG BB 8r B s ow as
10-10 % [1 pantpsistolliosataple)bf mattbr, dodit ety ithcapdroleaclenidtie hinobjelingfdigtibittions of
different relative numpers (ratios, proportians) of the two main different types, categories, or classes,
of objects, it KOST6tBcl 1 PRE LSS R AES & RESRRBRIBE [P Rty a8 Bstance) is
definable and@hpriraiarizahicabsamprt of auide waoethef Mmimesousinassilie higlegicat, shemical,
or/and physical, properties, characteristics, and behavior. For example, in the sample of matter, there

may exist difftEIHIHEsS KRBl A FHMSEURS, &t dBRsersRifitie iMgBRie st iarliisge Thta and
information (ipElsingy (a8 RMSSIBNGBRCIGR 6RIRsRendine @isRasgtRlreRE $pRgtions 40

or off-line hyper-spectral imaging and analysis of various different types or kinds of

samples of matter, wherein the matter, and at least one object of interest therein, are
composed or made up of organic or/and inorganic materials or substances, which are
in a solid (e.g., particulate) phase, a liquid (e.g., solution or suspension) phase,
or/and a gaseous (e.g., acrosol) phase. The present invention provides the capability
of achieving the ‘'ultimate' combination of the highly desirable performance
parameters of high accuracy, 'and' high precision (high reproducibility), 'and' high
sensitivity, 'and' high resolution, 'and' at high speed (short time scale), all at the same
time (i.e., simultaneously), be it during on-line or off-line, in an optimum and highly
efficient manner.

A main aspect of the present invention is provision of a method for
hyper-spectral imaging and analysis of a sample of matter, for identifying and
characterizing an object of interest therein, the method including the following main
steps or procedures, and, components and functionalities thereof: preparing a test
solution or suspension of the sample of matter, the preparing includes adding to the
sample of matter a spectral marker specific to the object of interest, such that if the
object of interest is present in the test solution or suspension, the object of interest

when marked with the spectral marker becomes a hyper-spectrally active target



in the form of spectral fingerprint (herein, abbreviated, and also referred to, as SFP) or signature
pattern types of identification and characterization), are quite similar, or even nearly identical, i.e.,
barely distinguishable or resolvable, but whose 'biological, chemical, or/and physical' data and
information (in terms of properties, characteristics, or/and behavior), are significantly different, and not
at all similar or nearly identical, i.e., not at all easily distinguishable or resolvable, or vice versa.
Regardless of the actual distributions of the different relative numbers (i.e., ratios, proportions) of
objects of interest (targets) and objects of non-intefést (background) in the sample of matter, any
application ofrthislpresemmeneptisralijtirdatediameohnsk tidentidiedlforiidethiifyiagf, didtiignishing, and
s, The et of INRIESh e MG ARISAIR AL R SIRsL P HRIgHAT D e ample
of matter. This involves the needTor identifying; disting |s(f1|ng, and resolving, the hyper-spectral image
data and infotimatésh wfl thebjestspdrsiare shtapyetsyfnognatite ingherisp aberdlyipeagpedatd and
information of the obiects gfaeninisrestibaskarund), Moteaver, ihere ie.afso heneed for performing
such identifying,%els Inguishing, and resolving, procedures and operaﬂgns in TeIaton 10 the biological,
chemical, or/actilvphyicainddtatesidohicrmaticnspt ke nbjeetd pidoterBsh gtandeisjractdrofitize objects of
non-interest (Elﬁac rountd%gin the szﬁr? le o{ mjxttert.t A main source or origin of difficulties and
complexities SPHSESN ﬁrf)serlf%lt‘ | %%Sé) -g%aecetrral imaging and analysis of a sample of matter is
the often problematieraputiagriielicatingl spadiathys ospeacl daripoiady addiipgotesencediihbjects
(entities, materials, substances) of non-interest (background) in the sample of matter, directly
ranslatng to o SBBLHb Y bR He EEDT NS Ay BAH BB Sarying

presence of Qhjaaica0frBA-EItBRREEIDAKIHRRENHB tTebPenSRetafieintrgest sstgeas of the test
form of the sample of matter. The spatially or/and temporally varying presence of objects of

non-interest AHEEIRShIB Bisniessr MEGARIa SRR dutg RarmgTashesitditagiie it pending
upon Sevefa'éﬂéi?’ﬁ@ﬂﬁ@%&tif@%%ﬁ)gW%b%&&pﬁ%f&ﬁéﬁ@ﬂﬂmm}@@@ra@%fﬁﬁ hdheobjects 41

(entities, materials, substan(;eggi of interest (targets) in the sample of matter. Accordingly, the spatially

or/and tempdABFVENS e BRdaoPoBEREE B Motthishett PrekegrBeAtY enaib 4|5 ectrally
imaged scengg ofjp&gsiciarmighie sampla ohimatialonegativelydnteiarss. &p suvghiiisnextent or

degree, with the hyper-spectral imaging and analysis of objects of interest (targets) in the
hyper-spectrafigt sePardplys atHEREshibgoreHalsdmise nthagter, informpéopradetiing
problematic %ggrgpﬁgﬁtﬁgepeggects, regarding the spatially or/and temporally varying presence of
objects of non-interest (background), negatively affect and influence generating and collecting
hyper-spectral imagEodietsingdpistooation of tienpdenple obHeatter ohlowinguabiagatively affect and

influence processing aad anpivEPegoRVeIRtedand sallesied yRRnsRecahimags das and
information. Moreove? suc prg%lematic’ a%@ cgeﬁmrﬁ%atﬁg%sgects, afio g v(\%th the corresponding
negative affeststendinfibencts, solbseqee thipansivernitdifiodlineactidyeztnghledetsaofshe
performance arameters of aceuracy, pr cision (re rogﬁcibiliy}hsensitivity restoIL{ti nfor/and Speed
(ime scaley, SFae ox oy b e e T S o
analyzing a saspliéyohreaitepwviaghyp évrspeadtitakisaagitigodmaadnglydissos whetabityinior dachg
characterizing g object of Ierestip i somple, Forg samplo oLalt (2l sample) pontaining
numerous diff€rent Spatia f/and {empor fygvarylng terfer nz gBJec S5 AON-ifterest (%ackground),
and a biologiagpecagesitadl dhegucddtagadt ibfoenoftbjedtthé iterash(tafgkt) simple of matter,

and (iii) processing and analyzing the generated and collected hyper-spectral image

data and information.

Performance parameters of accuracy, precision (reproducibility), sensitivity,

resolution, or/and speed (time scale), of the first general domain or stage of main

activities and procedures of a hyper-spectral imaging and analysis application, i.e.,

regarding preparation of an appropriate test form of the sample of matter, affect and

influence the performance parameters of accuracy, precision (reproducibility),



The preceding problematic and complicating aspects, regarding the spatially or/and temporally varying
presence of objects of non-interest (background), which negatively affect and influence hyper-spectral
imaging and analysis of a sample of matter, are especially relevant to an application of the present
invention, involving on-line (real time or near-real time) or off-line analyzing a sample of air (i.e., an air
sample) via hyper-spectral imaging and analysis, for identifying and characterizing an object of interest
(target) in the air sample. In particular, wherein such an application, the sample of air is collected or
obtained (e.g., via a standard type of air 42 sampliwg or collecting system) from an indoor source of
air (e.g., a posmefficy aresttpoen. cosabdayesthiiomeasstioppifigaslalbflspontseading, sscerdoffice
Pundng) o ol AR AERLAOIERRLA: s SHEMARRICRIRN eIIEHRHRG oRRE Of
non-interest (backgrourid) are the numerous Gifferent non-target) components (i.e., entities, materials,
substances) preséiraliytmeaairasampts. amdtheoeddse plgrtiperoiject affiniprest (tardethisiz(potentially
hazardous) biological agent (e.gq-bacterium {such as (the extremely hazardous) spore-forming
pacteriom Bati i A T, A R T S b S B icat agent
(e.g., a nervemaggntippagandanifortaition of demem [fomacthbmsealjoisdmpeter,, widyanmamagmpound, or

an organophosphate compound]), which is composed or made, up of organjc or/and jnorganic
materials or S SSlarkiss, BUATESErcRIPSERSI I a Lt~ PRt ot R, 40 1S KRN locte
sample of airhiptaripdagad ests ditnandidésash{foackground) originate from the numerous, spatially

variable (i.e., varying or changing with position or. location) or/and temporally varjable (i.e., varying or
Changing it ime) PRIV GIPES brlte AR AR (1B F o) O REL Ehien
materials, SURSIREESANACSHRLID BTensOLKgeatiailivdite oo bOFOpEIR QL SesHEarRkail teically
includes numerous, ?ﬁtiauy or/and temporally variable different types and concentrations of

(non-target) CBINVBIEISISS dRets Afbe (e PP particles of matter), pollen (fine particulate or

powderlike material gopgistngainpoller gisins RrasbiaatRY BlantsH-ENReialenionfatasatitypes of
biological matter (mold (fungi), bacteria), and non-target types of particulate chemical matter. Such

(non-target) ¢Bfn RO R thebsh SsgHd dBREBSNcAEr388MIM P ToRing Pl st ol étisg@hsion of fine
solid or liquid; paftig)as WhichhGHUWatE ThraugheLt HrentindQan Ak AUIHRQRh AT RYHGRaHER) (NoN-target)

components have relative concentrations which, typically, spatially vary or change (i.e., vary or change

with position @h&RREaHEN s ASAY SR 0K SHEBPHT @h A JB Qi empknp btk jaskueetinie), depending
upon the SpaHﬁ‘iq%aﬂQlt@fﬁRQIEJ Y@lﬁ@}@% éﬂtﬁhﬁ)l(&@!lu%g) of adding to the test solution or

suspension a background reducing chemical. This results in forming the test
solution or suspension, wherein the background reducing chemical reduces
background interfering effects caused by presence of objects of non-interest in the
test solution or suspension, during the hyper-spectral imaging and analysis, thereby
increasing hyper-spectral detectability of the hyper-spectrally active target in the test
solution or suspension.

An exemplary specific application of the present invention involves on-line
(real time or near-real time) or off-line hyper-spectral imaging and analysis of a
sample of air (i.e., an air sample), for identifying and characterizing an object of
interest therein, wherein the object of interest is a (potentially hazardous) biological
agent or a (potentially hazardous) chemical agent. In general, the object of interest
(i.e., biological agent or chemical agent) in the air sample is composed or made up of
organic or/and inorganic materials or substances, which are in a solid (e.g.,

particulate) phase, a liquid (e.g., solution or suspension) phase, or/and a gaseous



atmospheric environment and weather conditions of the indoor or outdoor source of air, and depending
upon the location and time at which the air sample is collected or obtained from the air source.
Therefore, a plurality of air samples is expected to have such spatially or/and temporally varying
(non-target) components whose relative concentrations vary in accordance with their spatial or/and
temporal variation in the source of air from which the air samples are collected or obtained. Ina
similar manner, the object of interest (target), such as a (potentially hazardous) biological agent (e.g.,
a bacterium [such as spore-forming bacterium Bacillus anthracis], a virus, a fungus, or a toxin), or a
(potentially hézardeerspehephitsal adeafctebdy, dhvengcayentifdayessdria, thislwgiorlsagaanror a
chemical poisgn, ¢y e?g@{ nigef @HOHQQF% N %%%BQ&A“%%%%E% C%K"_B%}g%iw%ﬂﬁ present in &
sample of air collected or obtained from an indoor or outdoor source of air, has a relative concentration
which, typicallyorspaicahateariésoorsghstages . (ndiichaaiesroa pheingds anithnpeslitbphasel doeatlon) or/and
temporally varies or changes (i.e., varies or changes with time), depending upon the spatial or/and
tormporal var o e e R R AR, B A B e oo or
outdoor soursengflainfarid depdleding opohtthetbatignvana simelatiwppehdheiakasghipieds collected or
obtained from tne ir source. Therefore, agtgluralit of aé'r sazples is extperf{ied to have such a spatially
or/and tempocr% ?/Cvlgr%/i??'gs 88}2& {8Fidterd %Fé’é% PROSE  EitiveE EReaM S GH VAR n%accordance
with its spatiaubrandteioposadvepatio mitl ithe sourcarehaintram offilehbiiélaipsamptes aie collected or
obtained. In such an ap%ic.ati %‘gtﬂe present.inyention, typjcally,.a given hyper-spectrally
imaged scen@BF At WSHPbFEn St SARTHR THIRRISY SRENAIhdX RS0 ‘ngé@ﬂ\&ely small
number of theoghjectEXcinisitesicliangell ipeanamplerin hedare.of asngcimll, mrrkesdiplogical or
chemical agent), and a relatively large number of the objects of non-interest (high or noisy

background, TR IBHIPbPEHORAF Get S XSO REARS Widhe At LsanRl ORREREVer iy 8BS tan
application, typicallysdhie saniosty of ByPBEiRRECHRIL, Imaskd Scanes (BelHdg0f coiiailoasyt4 relatively
exceptionally small number of the object of interest (target) compared to a relatively large number of
the objects of PRIR-{REEHES RISk A5/ e @xArApte, Wisheln themigaibiemarkeé Gofect'df interest
(target), relat{\époggntp %MHBH@E C{ﬁ@tﬁ’;‘?i?céﬁ_ kabipiseesy (iargrty apd.of Oﬁ”éﬁﬁﬁ@ﬁéébé‘f:‘%rqund)] of
(present or contained in) a hyper-spectrally imaged scene, corresponds to a ratio or proportion as low
as 1 % [1 patfipeErRAeREdepHHUOr for1wabling idsatifitstisanantshprestaizativn phakeper million
(PPm)], 10-7 3.t Py RETAINRM(RRP N, QY SR A WhaSiAds R %0 [1 part per trillion (pptr)].
Additionally, in'such an application of ttlﬁje presentinvention, in the hyper-spectrally imaged scenes of a
test form of an air sdmpieh esckxeyppRipsperteaily rnplieatiobjetithe inteserst BARHEIQD. ¢t Wathe form of a
spectrally m Iqlogi mj nt C - trally imag j f
non-interest%%%%&%&?nd&%%ﬁo%fm@o% (i%%-t%%}é%?(% nt}bggﬁ?grﬁggﬁ%h@%{ir @agm%?gggl}sg {(iihé%nable and
characterizablalgirgsehehacwlide, vandiyrabinurarerousiposdibliabicladicals cttbmésal, ghyaold physical,
properties, characteristics, and behavior. For example, in a giv er-spectrally imaged scene, there
ey ocour the SaS s o e e Hbl ey NNt (AVEE i oot S L )l
biological or ¢HéMidaC & Oit).adthobpects ofypervirtaré stf(badigyromd deduthez fonemataln ar-farget)
components gf the ajr sample ibit ' = tral' image,data, and, information (particujarly
elucing, or B e A L B S R e R R o o
spectral fingaxhininS FeRYroicaig oty pigttéirn. typessafdbBntifichiton atutehssacterikatiomn)dwhich are

quite similar, or eyen neatly identical, i.e., barely distinguishable or resolvable, but whose 'biological,
chemical, or/AHE IV IICHESTAR o AUGREEGY RS DY BRpLTiE tral AREN Sh LI g
behavior), arefsigsifizastbytdifbaceatoand) notat albsinatastprooagrhnédentisalsdie. inothat alkeasily
distinguishable or.resolvable, or vice versa. egardless of the actual diftributions of the different
relative numbBaISPR. FartSPHRISBriBALIHHE J fe&%??ﬁ?&?esﬂ(i‘&?gl t, W e fSRPSFA ¥ pectrally

marked biologigaibdé eresrisatResah@shtbaRbies ool mantinteresbihrsiaiou@hias dust,
pollen, minerals, non-target types of biological matter (mold (fungi), bacteria), and
non-target types of particulate chemical matter, which originated from the sample of

matter), during the hyper-spectral imaging and analysis of the test solution or



45 the form of (non-target) components of the air sample), in the hyper-spectrally imaged scenes of
the air sample, there ultimately is the need for identifying, distinguishing, and resolving, the object of
interest (target, in the form of a spectrally marked biological or chemical agent) from the objects of
non-interest (background, in the form of (non-target) components of the air sample) in the
hyper-spectrally imaged scenes. This involves the need for identifying, distinguishing, and
resolving, the hyper-spectral image data and information of the object of interest (target, in the form of
a spectrally marked biological or chemical agent) ffgm that of the objects of non-interest (background,
in the form ofspapensaeget tsrrisoHe msiwirtasiagr (SahaplahgMiarpovensdrel ddteetidy liheaidke for

e hRg; tions jn relation to th
performing SyCRIASRINIG ASHIOHEIG endiesaaAlossd A ohmiions yeiaion o the

, Of thie object of interest (target, in the form
of a spectrall{dmarided bslciPal A}) eherhical agertraied 6H¢Nd objeapdesi northatéredbghatkground, in
e o of CEAEn A TRaners gl e t samplen e dyperepectialmaged scenes.
Furthermore, ffiere 18 also feed for p rormlné such'identitying, distinguishing, and resolving,
procedures andmpeiatiotsingvihe ofjibesiact tilainiaeihy ped spedisal o fimbg eck ssehe®arer generated
and collected from air samples (Yvh%,ein t$ objef% o%ncién-interi?st Ciback re?tund ip the ft rm of
(non-target) égﬁ?ﬁgﬁgﬂts of &4 arﬁ% é?%lh(? hé%o ']518 otitel 1tw(]t gC ,erilﬁléﬁe FSrm ‘?aspectrally
marked biologikglcat ghvwii¢ai RO ) MaveCElalivg, conbe risaticlns dhatrwakpdnsaocordbaaa with their
spatial or/and temporal yariation in the source of air from which the air samples are collected or
chrained SRR, e SFEL P DO R SHER! AT GBI BB, slong with
the corresporgiie-fegatiy®afiacimame-inilvengeacdupriedhe spaliaisafjgied temporally varying
presence of objects of non-interest (background) in a sample of air, make it difficult to achieve high

levels of the performari®e!PaPanttidrsioedc it dhe pPEieni et dibife), LBiHEdivily, Fesolution,

or/and speedafjiReat6alah ahandevgralbnyprr-srretral insgainganshanaliaisapplicatipd. ghis is 46
particularly the case for an exemplary specific application involving on-line (real time or near-real time)

or off-line hyPEPS9EE Pal SHPRRRS MdsHAzReBrEs sahPREHIaR (P&, IRl e aKAtisR) ofotRientifying
and charactefizing anokiest atiniersstibesgipnivheteithausiaanplisatianthalintadgring objects of

non-interest (background) are the numerous different spatially or/and temporally varying (non-target)

components (wl,eé}wm@g, ﬁ*@teﬁﬁ@,‘ﬁub@ﬁhﬁ@é@) phedbat fﬁliﬁé’iéi% sBiwratise ddessranjest of interest
Dacrerim B e R o e el agent
(e.g., a nervéMggent ¢e. @t tHptiratoesésrnltion ol erioanlesisdrilie prewwyaniidienmpound, or
an organophg%)fb%ﬁ%g;%gun&g. on applications involving a biological agent, wherein the

biological agent is, for example, the (extremely hazardous) spore-forming bacterium

Bacillus anthracis, which is chemically marked (e.g., via terbium trichloride

[TbCls]), or biologically marked (e.g., via antibodies of an immunoassay technique),

for enabling identification and characterization thereof via hyper-spectral imaging

and analysis, it is to be fully understood that the present invention is also applicable

to other biological agents, such as other bacteria, viruses, fungi, and toxins, and the

present invention is also applicable to chemical agents, such as nerve agents (e.g.,

sarin, tabun, and soman), and chemical poisons (e.g., cyanide compounds, and

organophosphates).  Accordingly, the present invention can be practiced or

implemented according to various other alternative embodiments and in various

other alternative ways.



Implementation of the present invention enables overcoming the preceding described problematic and
complicating aspects, and corresponding negative affects and influences, which are caused by the
spatially or/and temporally varying presence of objects of non-interest (background) in a sample of
matter, such as a sample of air, which significantly limit hyper-spectral imaging and analysis of the
sample of matter. Preparin2 a test solution or suspension of the sample of matter In this main step
(procedure), there is preparing a test solution or suspension of the sample of matter. The test solution
or suspension of the sample of matter is prepared #1 a form which is suitable for, and compatible with,
operation and use ofteguiprment bsamdstrtrndntiaionl bfeslyieah hypetcspéidteaniondgjinerand analysis

system. — Bollowing prov ‘Sﬁ%QdthQ}Siﬁa{H%Sgg%maEh%ﬁf@J%lP"&%@&ﬁ&ﬂ%‘”flﬁgeore llpcing the sample
of matter, there Is preparing a test solution or suspension of the sample of matter. Preferably, there is
dissolving, sudpemdihgy; sirfatad méxingg iss.coeforoniatinigrdoaldiivehe sihattquantikylbitieesample of
matter into a solution or suspension form, for forming a test solution. or suspensign of the sample of
matter, 47 THS ovRAT oy BEah Lo satisey GuAcnt g T R kg A Sartorme
using a liquid;doriexaPhpdss disgiletmvateiogy,ofindr hgtadowhialpis wuithbte fiothtisghlvingher suspending

the different types of objects of nop-inferest (background), i.e., ‘gdo -target) components, present in the
earnpl6 of mA B R B SE i U B L S o). o
(target) comdangiitg present in the sample of matter. The specific liquid used for dissolving,

suspending, or/and mixing, i.e., reformulating,. the small quantjty of the sample of matter into a test
Solution o suspensiit. RUBRE A e by TSI R SRR Ty PR B rigig and

analysis of theeneralerscdifterant ipesehobigsisof pan-invigeesd (backgrasnd), | Bludipas-target)
components, present in the sample of matter (and subsequ,entl)é present in the test solution or

suspension), SHISHSBRIRAHAL 116N AMYaHeRts hlpeisgBeuisi i AYisEtant 4yt of the
object of intefagtaraat), isse R EORBRRNARIRSENT i tiasample Qfunattal (B5da.sdbsequently

present in the test solution or suspension).

synonymous with, at least part of an entity, material, substance, or structure, which,
singly or in combination with other objects (entities, materials, substances, or
structures), typically as part of a scene (defined hereinbelow), is subjected to a
hyper-spectral imaging process or technique. In general, such an object is definable
and characterizable by a set of a wide variety of numerous possible biological,
chemical, or/and physical, properties, characteristics, and behavior. Also, for
example, in the illustrative description of the present invention, there is general
reference to the term 'marked' in the phrase 'spectrally marked', and, to the term
'marker’ in the phrases 'spectral marker', 'chemical marker', and 'biological marker',
in order to illustrate implementation of the present invention. As used herein, the
terms 'marked' and 'marker' are considered equivalent to, and synonymous with, the
terms 'labeled' and 'label, respectively. Thus, herein, the phrases 'spectrally marked',
'spectral marker', 'chemical marker', and 'biological marker', are considered
equivalent to, and synonymous with, the phrases 'spectrally labeled', 'spectral label',
'chemical label', and 'biological label', respectively.

Moreover, all technical and scientific words, terms, or/and phrases,
introduced, defined, described, or/and exemplified, in the above Field and

Background section, are equally or similarly applicable in the illustrative description



Adding to the sample of matter a spectral marker specific to the object of interest (target) Often,
an object of interest (target), i.e., (target) component, present in the sample of matter, by itself, is not
'spectrally’ active, i.e., the object of interest (target) exhibits an insufficiently detectable or/and
insufficiently measurable degree or extent of luminescent (i.e., fluorescent or/and phosphorescent)
properties, characteristics, and behavior, when illuminated by electromagnetic radiation or light, such
as ultraviolet (UV), visible (VIS), or infrared (IR), types of light. Thus, with reference to Fig. 1, the
main step (procedure) of preparing a test solution f‘suspension of the sample of matter includes the

step (proced@relsf adefereet tnebodmsietof enanetcsn specanbendekerckpasifiofidhhepsejert of interest

t 1), h if ject.of iat | i in. { i jon, th
(oo o e RSSO e Pl e e

8 becomes a hyper-spectrally active
target which isdijpetespectraiyddeiectabie kil identitidthedngieitabe sblstian or despgtision. In

general, the %?eﬁltgal g@rker 5 agdgd t0 %he samgie of mé;\tter immg\ldicfi\t?}l%/sbefﬁrﬁl or after, dissolving,

suspending, or/and R}ixﬁé?(li.ee.fnre orma a?ﬁn%)fatﬁl recglafwel);l egﬂequanat1 of the sarlglrpelsé3 I(i) matter into

a solution or sugpensiamdanm especidlie speeitafonarkierssynidigetherabfa chemical type of spectral
marker, or a biological type of ctral marker,.A suitaple cl;e ical,.type, of spectral marker is, in
genora, a chomical AL, (0F EHINATACE ot 1 e Rkl e hoct O EFset (target fo
forming an {ahjectehintieles:-ahemicsd Maiketiesmplexonfughtaxhikias tetediapledanddsneasurable
degree or exjent of %pectral) luminescent (i.e., fluorescent or/and phosphorescent) properties,
characteristics, tﬁg ehavior, when illuminated by different types of electromagnetic radiation or light,

such as ultra-violet (A, ¥fsilderOVbwingr iafhiayeciR), ity Rasoflightrhsuitablehiolagical type of
spectral marker is, in general, a hiological specie which interacts with (i.e., spectrally marks) the object

of interest (ta?ﬁ@f}l}?;r TP ARLE5 e CRESRIQPLASH A YA AR LBk RYUVIRER NS Hibits some
degree or exignkaf sReal)sprnineanentihes L oreeacntenane RhRSPhREessRAY ArepsIties,

characteristics, and behavior, when illuminated by different types of electromagnetic radiation or light,

such as ultradifre O viip|d o RSFeR e S8TATS, HpRSE ligrerget', 'a component’, and

'an element', may also refer to, and encompass, a plurality of objects, a plurality of
targets, a plurality of components, and a plurality of elements, respectively.

The term 'about' refers to + 10 % of the stated numerical value.

The phrase 'room temperature' refers to a temperature in a range of between
about 20 °C and about 25 °C.

Throughout the illustrative description of the embodiments, the examples,
and the appended claims, of the present invention, a numerical value of a parameter,
feature, object, or dimension, may be stated or described in terms of a numerical
range format. It is to be fully understood that the stated numerical range format is
provided for illustrating implementation of the present invention, and is not to be
understood or construed as inflexibly limiting the scope of the present invention.

Accordingly, a stated or described numerical range also refers to, and
encompasses, all possible sub-ranges and individual numerical values (where a
numerical value may be expressed as a whole, integral, or fractional number) within
that stated or described numerical range. For example, a stated or described
numerical range 'from 1 to 6' also refers to, and encompasses, all possible sub-

ranges, such as 'from 1 to 3', 'from 1 to 4', 'from 1 to 5', 'from 2 to 4', 'from 2 to 6/,



In any case of the object of interest (target) being spectrally marked with the chemical type of spectral
marker, or with the biological type of spectral marker, the formed {object of interest-chemical marker}
complex, or {object of interest-biological marker} complex, respectively, becomes a hyper-spectrally
active target which is hyper-spectrally detectable and identifiable in the test solution or suspension of
the sample of matter, when the test solution or suspension is subjected to hyper-spectral imaging and
analysis, thereby enabling identifying and characterizing the object of interest in the sample of matter.
Adding to the test solution or suspension a backgréénd reducing chemical 49 As shown in Fig. 1,
the main stepfipioddd @e}tof, prabiadngdie tesneotativalegssssgensidn' bbthe'samplé' oB Matter includes

the unique ang cyitically inportant.s racedure I 25t sOlutio S sion a
background réjd uﬁc'tlén’;étlzh%‘cﬁgTi’eR%%}éE‘g%gu%%{ergé) llj(g?le:ljsg %\gee&r%}%gﬁeﬁé &é%s éé%%%%?f interfering
effects causedl. bylpseggiice ofgabjécts of thominterest brehdtliesksoltosioe, ufstherssider during the
hyper-spectr%:eimrq%?%angﬁan Il)ésiseof the test solution or suspension, thereby increasing
hyper-spectra detecta l|]II|1t/ly ort elﬁ%/per-spectrally active target in the test solution or suspension, and
thus enhancing identificatiosr, giod changaie dzadidngf thenolyecilohinterdst phile Samptemgd matter.

The back duci hemical is, i I t kind of ical which i d
i of o BT Bbrc BYaRA AR LA AR o SuBSEIR ST 1O v ool e 0.

made up of on
particulate) pt@asgedadivifhiea@ntseiutinh Oesuisgansiemnphasehophrapnibinatipgdhdrgoln  The

specific type or kind of background reducing chemical is selected such that the background reducing
chermical it (13t THORSSPLR o R dotraiSb R BREKE IS 1Ay AR caused by

the presencecgfithgdimeiausidiffprentlypas obohjests iafaenmipenast (orekgsaunsly, i&s (non-target)
components, in the test solution or suspension (particularly those objects of non-interest (background),

i.e., (non-targ&J R8P SEHINEnIRR SHEIRHAERH KBRT ik C3MpiesHitten hfuRRGthe AYPer-spectral

imaging and gnaheisuet 1BR1886 SOLHIBA-ALRVEPERSIRR. ofHstiRHItbBLiNereasing @ahansing)
hyper-spectra.}l Qetectabili%of the hyper-spectrally active target in the test solution or suspension,
during the hyder-dpetapaigisgisgure dialgsianst tsaBes MeicAes Sispbnsr¥astce8fdingly, addition

of the backgrueradHcipgchemical e i tastsalioprar sHps s el ihswsample of matter results
in increasing (enhancing) hyper-spectral detectability of the object of interest (target), i.e., (target)

component, presentii¢itheaiire Sifsattatb-steps or sub-procedures, and, equipment and

materials, system units, system sub-units, devices, assemblies, sub-assemblies,
mechanisms, structures, components, elements, and configurations, and, peripheral
equipment, utilities, accessories, chemical reagents, and materials, as well as operation
and implementation, of exemplary preferred embodiments, alternative preferred
embodiments, specific configurations, and, additional and optional aspects,
characteristics, or features, thereof, according to the present invention, are better
understood with reference to the following illustrative description and accompanying
drawings.

According to a main aspect of the present invention, there is provision of a
method for hyper-spectral imaging and analysis of a sample of matter, for identifying
and characterizing an object of interest therein.

Referring now to the drawings, Fig. 1 is a flow diagram of a preferred
embodiment of the main steps or procedures, and, components and functionalities
thereof, of the method for hyper-spectral imaging and analysis of a sample of matter,

for identifying and characterizing an object of interest therein. Accordingly, the



50 The background reducing chemical, following addition to the test solution or suspension, and
during the hyper-spectral imaging of the test solution or suspension, exhibits some combination of the
following two main modes of behavior. First, the background reducing chemical selectively,
‘physicochemically interacts’, during the hyper-spectral imaging, with a major portion of the numerous,
different types of objects of non-interest (background), i.e., (non-target) components, present in the
test solution or suspension (particularly those objects of non-interest (background), i.e., (non-target)
components, which originated from the sample of ﬁpdtter), in a manner which effectively (i.e.,
measurably) redtheésifdbciesades)thsiv(spenial) stapinesamec¢idarcsiuandscmmprants phdsphorescent)
Properties. CHAIREISHTGS, AMLBRNAMRL:RL LU SRS SheCaldiuagg: e BagtAropd reducing
chemical may or may not ettectively (i-e., easurabﬁy chemically react’, but at least'to some extent
'physically interdicts',thvitiprépamugnerdudedifflhmgt typés cholplects ohaiter-imtepestr{backdraund), i.e.,
(non-targer) CAMPRLSIRGPIBRETLI e (o ahlion B Respensian (pRrtiuery ligpe apiects of
non-interest (%)ac groun ? €., non-?argeb components, w ith originated fro the sample of matter).
Second, the backgiatind reducipgncivamibal dgtectivieiyitéptyy sidashemikad yvinte rdetspaturahg the

hyper-spectral imaging, with the hyper-spectrally active target (i.e., the spectrally marked object of
imorest (taroBUTFS PELEIF Ay WS BTG L R BrB<R Y O Lt CLANEH B Suspension.
in a manner \awhdickiaffefiblelyn(ties, teaeashitadlydrinaspansis cphastaasy iisdspekizahdupmesscent (i.e.,
fluorescent or/and phosphorescent) properties, characteristics, and behavior. During the
yper-spect S THEDINGGE S20kGH i HLLING cHollee oy B 6y Rot SHELHGl 10
measurably) igbessicallydiepcindttiaklaast i pampeyiantmiysicatly intaraatrmdtidbanefor
hyper-spectrally active target (i.e., the spectrally marked object of interest (target), i.e., spectrally

marked (targdy U ABA SR EHBc BEPEH RSBl AripEfaigrt in the 5t EebHISR Ik step
(procedure) af,g6ldiniaH0 therdest RRIMIGMEr SHSRansiRIARREKAOWREebCIRgEheicahdn the main
step (procedure) of preparing a test 51 solution or suspension of the sample of matter, results in
achieving highReRiI8TgnEimportant performance parameters of accuracy, precision (reproducibility),
sensitivity, and resolfiomaidiab apesddshartiimastaiglepsitrping omineealigeopear-real
time) or off-line, in an optimum and highly efficient manner, of the remaining main steps (procedures)

of the overallsH@gsin. Bckitenisidingdp thedesdiglalion gesuragirdoatiasherdiyl ngpesiapectral image

data and inforpafiamof iNedf et O h3YSBETRIOBNARING Ml BIERARIARPAWAY ghprocessing

and analyzing the hyper-spectral image data and information, for identifying and characterizing the
hyper-spectralifeefstiveusad cayn Riesaeet sofutibieds seispwmsinieresierebylidelstifyiraduaied cbraracterizing

the object of H{!l re%%%lﬂ,trlﬁlﬁﬁ Qil% Olfl Qlt-t ectral imaging and analysis, thereby increasin
ging Yy y g
hyper-spectral detectability of the hyper-spectrally active target in the test solution or
suspension.

Applicable types or kinds, and forms, of the sample of matter

In general, the present invention is applicable to essentially any type or kind,
and form, of sample of matter. The sample of matter is generally a relatively small
quantity of matter which is representative of, and an example of, (i.e., a sample), of a
relatively large, quantity of the matter, where the matter is generally something (i.e.,
entity, material, substance) that has mass, occupies volume, and exists as a solid,
liquid, gas, or a combination thereof. The sample of matter may also be considered
as being a specimen (i.e., example) of the matter. The sample of matter is composed
or made up of any number, and type or kind, of objects, wherein each object

generally refers to, and is considered equivalent to, and synonymous with, at least



Following completion of the preceding described main step (procedure) of preparing a test solution or
suspension of the sample of matter, a portion or aliquot of the test solution or suspension of the
sample of matter is then, preferably, transferred and placed on a clean, inert, metal slide or plate, or,
on a clean, inert, plastic (e.g., Teflon(r)) or glass microscope type slide or plate, which is suitable for
functioning as a sample holder in a hyper-spectral imaging and analysis system. The slide or plate
(sample holder) with the portion or aliquot of the test solution or suspension of the sample of matter is
then appropriately positioned and secured (fixed) uﬁon a three-dimensionally movable (i.e.,
translational)pamd b phiomediicrangdidiyrafrovatiiet (vdichotatipasdnt eragripaidn efdbe mapkitform of the
hyper-spectrg| | i n SIS SYSt T there | rformi 3 in.step, (procedure)
of generating S B e bR
suspension ofytegenmplevatheatierstpdExensplacyhspe Gific, entivpdimeniafosubstantp)dlott das(air sample)
containing numerous (ljlifflgge‘p(;[ l%)naetialllﬁ(1 %r/fas?sdatsemg)oqlrglli/i vl%@/in ingreger(i)rﬁ?o%%jtectstﬁérngp-interest
(background)rfland a Blc?logica agefn% orc emlca?agent y%e Oigo%ject of In eresf?{largeﬁ <

Performing tidgrecedinganhaintgtep (Qraceauriast prapardfigthctestaseiytion akefiusplensiod of the
sample of matter is now,described for an.exemplary specific 52 embqdiment of the present invention,
vmorein e SRECPHTEY & 5 S B T Lo P AR o) i Rt by P st o
biological agentatel ghyaibaciatpent{sichascspiecioamitghadterium Bacillus anthracis], a virus, a
fungus, or a toxip), or a chemical.agent (e.qg,, tabun, or soman], or a
chemical poisen SATD SRR Hor - -4 SobHOSERSditisrent spatally aand o) the
object of intetegipd:allbielggicanagenir sheoncst ageiidrinedaik SRS, isnd gr made up of
organic or/and inorganic materials or substances, which are in a solid (e.g., particulate) phase, a liquid
(e.g., solutiort &S5 SaREHA) eIl ARG LD I0E AL dBIFLCR (Al 2k
interest (i.e., biologigahageehiy Hepueal @8aBbdMIER 8iTRaPRIRAS HREHRIChe sAIgsle sp of organic
or/and inorganic materials or substances, which are in a particulate form solid phase or/and are
present (e.g. SEErSed Ginme ab’bried) Yh Pariapiedr heandiaghp an nsraRIBBERRENICfor example,
the object of iInfereRhAN haR %&%@ﬁ%@ﬁﬁ% sHeas 69@1%9%@5@%@9 Ragteciymacilius
anthracis, which is chemically marked (e.g., via terbium trichloride [TbC13]), or biologically marked
(e.g., via antipdias byaerirapstiAbaBaa eeehad)siaPpartnpie thain diep Pryesamdybf preparing
a test solutiopk §Us ﬂ@gﬁ@gﬁgﬁm %mg@go{:ﬁltetllggt@ﬂemple, for enabling identification
and characterization ot the object of interest (i.e.; the biological agent) via hyper-spectral imaging and
analysis. The samsiscofirissooidttcpiabrinedtije. pressatasiemardiyply et elirlsagnpling or
collecting sy ) 1I0dQar s f ai (e.g. ) Ice. i y. station, a
shopping mz:ﬁ,% gﬂ sggc%%;‘%?élﬁ“g,qgg‘ lara%{ﬁ)i:(gbw Jﬁ]lg)h ?r%?‘k%ﬁ%ﬁ%gg%qgo%&r{gsa tﬁ) i\éf\{.gT%Fe%ir sample is
typically collectaqtlordbhiained omaajdsamppre-foetidel) tfuiog sufflltdralikesaizegeandikiey sofid substrate,
such as a plastic.or fiperglasg (fitar ke or Seresnrlie) subsirats which, funetigns like a dijer, for
filtering, capturing, ancfcolﬁ’ectlng a sample]?rom the source of air. = THe partichate matter of the air
sample whichgsmgollbctedaal thkeepdreus (fileetist Orsdredogiikd)aehid substratentyygeal)yinncludes

numerous, diferent ypes.and soncenitions of ohiests, BLIRN NG!St S (0O IBIARD gomponents,

substances, which are in a solid (e.g., particulate) phase, a liquid (e.g., solution or
suspension) phase, or/and a gaseous (e.g., aerosol) phase. Preferably, the object of
interest (i.e., biological agent or chemical agent) in the air sample is composed or
made up of organic or/and inorganic materials or substances, which are in a
particulate form solid phase or/and are present (e.g., absorbed or/and adsorbed) on
particles of the air sample. The sample of air is collected or obtained (e.g., via a
standard type of air sampling or collecting system) from an indoor source of air (e.g.,

a post office, an airport, a subway station, a shopping mall, a sports arena, or an



53 dust, pollen, minerals, non-target types of biological matter (mold (fungi), bacteria), and non-target
types of particulate chemical matter. Such (non-target) components of the air sample have relative
concentrations which, typically, spatially vary or change (i.e., vary or change with position and location)
or/and temporally vary or change (i.e., vary or change with time), depending upon the spatial or/and
temporal variations in the local atmospheric environment and weather conditions of the indoor or
outdoor source of air, and depending upon the location and time at which the air sample is collected or
obtained from the air source. Therefore, a pIurality%?f air samples is expected to have such spatially
or/and tempaoeéfiiseviritigg)n on-femgein covidoon entsos/ied sér refatreptondeintagion sigems imr@iccordance
with their spatial, or. | variation.in the r ir f ich the aj re collected
or obtained.{j‘ga(%tig‘)'#;llg’l gﬂ%ﬁpﬁ%ﬁpic (?sqgg egc':te on %ﬁae (?;{oellfg %‘%%%&8 %?resgﬁgzgnhﬁ) getézolid
substrate mage alscanoludevan aijectrehintere shitamget paisonftéeget rramjsorrenposudk, asd biological
agent (e.g., & pacierum [eh. as spore forning bacterium Bacllus anihracisl. & vings. & fyngus, or a
toxin), or a chemic aggn% e.g., a nerv 'agen?fé.g., sarin, tabun, or soman], or & chémical poison
[e.g., a cyanidethorpoeHiosomgharganapBRosiihatechrpeouabi¢h Sudemitaliyatiacksdgegent of the air
sample has a relative concentratjo ' 31 typically, spatially yarjes or chan (i.e., varies or changes
wvth position SHTGLSHNS CIAHEE A Sarbly bR P AN €2 Fartde 01 DA ETar ey,
depending upemie spatiakohaqdeerppnal \variatiansiin dep Igeatednrospligrieparivigonment and
weather conditions of the indoor or %ut oor source,of air, and deﬁ)ending upf)néhe loc ﬂon and time at
which the air SAHHSR R SHHRERSEBr Bt ni R PR AP ot DE HEF TIPS ﬂfrﬁnﬂg P&ir samples
is expected taibanAEHOR saspatpiavanditemporally vajvigorbjaciedtinieresypargaidtmnose relative
concentration varies in accordance with its spatial or/and temporal variation in the source of air from
which the air S#&{eantanalydidted or obtained. 54 Thus, following provision of the air sample, or
following obtaining or collecting the air sample, there is preparing an appropriate test form of the air
sample. Utilizing the porous (filter-like or screen-like) solid substrate upon which is the collected
particulate malidSof YR QFeSa AILISHBIBIINC IR HINE SIHPNIGININH s pending a relatively smalll
quantity of the air sgpleée FsHUtiampl-SHERENRIPTIHRITNIARr dRMIHISR BRI 2eMIiBAAsSUspension
of the air sample. The procedure of dissolving, suspending, or/and mixing, i.e., reformulating, is
performed usiRjeefiquRseRSr Bkéh?pl&fﬂli%ﬁllé% watest) ortbthebifgtid (Whictnidissit et dissolving or
suspending thendifieras)t P eyl OBIRSIS A0 NIRIS HiehS 2 dORAHR IS IO TIRANERFRRERSENT In the
air sample (i.e., dust, pollen, minerals, non-target types of biological matter (mold (fungi), bacteria),
and non-targB§pestrpaiteLtatslapismicaNanaber) ORIt twIEM RSB, fondisebitty oF suspending
the object of ifjierest (argedy SHGDHAR HRiRAscAl ARG LEBIRRACIBIEIISHER @S fRpLg-forming
bacterium Bacillus anthracis], a virus, a fungus, or a toxin), or a chemical agent (e.g., nerve agent
[e.g., sarin, tabuRsEIsbinah]cds alipeenioalopsgaifedinatby samelconpaiterdybichmisrgainophosphate
compound)). or 1, E0& SRER G A4 Hagd for AlsSOlYIng SUSRENAIG. BYARY DGl Por glormulating
the small quantity of the air sample into a solution or suspension form, for forming a test solution or
suspension tpseassheaihvsagiplesisipll edtewtighe iObyetitediquidrasihtortispaffé cosobygues-spectral
imaging and analyais of (e numergus, illerent pes, gl obigels aLnrnlerest | e-nanaraey
components ?.e., élus(f, pollen, minerals, non-lfarget %}pes of bi f

Al

0 oglcaﬂ matter (mold ungB, bacteria),
and non-targeptyjes of particedateolemcdiasattply pfesantrin Eoe @irtlsanpte(@madsybgdequently
present in the.teshsol%lltio L QI SUE%?nsiong, and lqgr?ebsyo gb”e%ido inimal,{lgrasf)(‘ect per-spectral

imaging and Salﬁg}yscf%no?t e SIBCJ%C of InteTes targeﬁ, l.e., ge cor}%'dﬁen , SUC %éeé:tﬁiological

agent (e.g., aobaaterism [sutie asspare dHieNgrbsasieriuvaBiaalllvdjecthreCishnaivicusst aafengus, or a
foxi). o 2 chemic 2020 & ANV AORIEHE BT SR SR 9L 3 P
whereas objects of interest are considered as being 'targets' of, or within, the sample
of matter. Accordingly, individual objects among a plurality, collection, or
ensemble, of several objects (i.e., entities, materials, substances) of (present or

contained in) the sample of matter, are typed, categorized, or classified, according to



55 poison [e.g., a cyanide compound, or an organophosphate compound]), present in the air sample
(and subsequently present in the test solution or suspension). Adding to the air sample a spectral
marker specific to the biological agent or chemical agent Often, the object of interest (target), such
as a biological agent (e.g., a bacterium [such as spore-forming bacterium Bacillus anthracis], a virus, a
fungus, or a toxin), or a chemical agent (e.g., a nerve agent [e.g., sarin, tabun, or soman], or a
chemical poison [e.g., a cyanide compound, or an organophosphate compound])), by itself, is not
'spectrally’ active, i.e., the biological agent or chemidal agent (target) exhibits an insufficiently
detectable orym@bnxafﬁtﬂ@dtlmeagmabféed@gré@m extegofdumirdatsent (feobfretreseent or/and

phosphorescent tje er Y N ted ctromagnetlc

Faciaton or o e e e B P, e

main step (procedurﬁyqujb!pan rsgnapiesifsnhntwmohsiaspensmninﬁ ahhsau’omﬂtplff rhﬁl'cldas the step

(procedure) of din .sam ectral m rk eC|f|ct the (target) piological agent or
. g %eﬁh & a’lrgef)o%’l O]ifr) 1%10115 ﬁmgge e%rg c{ P 1%

chemical agen such cal ag ntor cheRical & is present in the test
solution or sulifiensionypte (tacgetichiologicakagehitgeakeiicalxaggrit vﬂnenampré(ed mvitieethe spectral

marker becomes a hypger-spectrally a rget w |ch| spegtrall dete ta nd i[dentifiable
in the test solUfidn b If@)d% épn5|3tr?n¥ ﬁ&ﬁglb 8{}'61(? ntafk at&p %‘%ra‘n raft 8ﬁe i etcy? e of spectral
marker, or a bioémgtca(ltﬁyga@,f spectal featk&rlyA laugabieieibemioal thjecef spreatal-meiker is, in
general, a chemical specie whic lntera ith (i.e. Ily the(ar et) biological agent or
Chermical agaRETGRTSTATAE 2t BLICLY B oA R o NS 21 O SRR O
agent-chemicahieankay} germmexs t@ﬁmﬁtwalytrwhmmm&aamyeﬁ@’@Iﬁ@ﬂyefn@fa@bg@me degree or

extent of luminescent (i Sae fluorescent or/and phosphorescent) properties, characteristics, and

behavior, wh&h HUSH t@@lr%‘?%rﬁ@?én?t;fﬁ@él?ﬁ?l&e%ﬂ%}n&ﬁﬁ’é’t‘?é |8]ﬂl9ﬁt6r‘i’i5ﬁ’t°%&’?:tﬁr§§tuItraonet
(UV), visible (Vdgbspoiafiareda(iRhtvaesal ighjuisriabipbipipgical type

Moreover, for example, there are many applications of the present invention
wherein the sample of matter includes or contains a relatively 'exceptionally' small
number of objects of interest (targets) compared to a relatively large number of
objects of non-interest (high or noisy background). For example, such applications
are wherein the number of objects of interest (targets), relative to the number of all
objects [of interest (target) and of non-interest (background)] of (present or
contained in) the sample of matter, corresponds to a ratio or proportion as low as 1
% [1 part per hundred (pph)], or 10™ % [1 part per thousand (ppt)], or 10™ % [1 part
per million (ppm)], 107 % [1 part per billion (ppb)], or even as low as 107° % [1
part per trillion (pptr)].

In addition to the sample of matter including distributions of different
relative numbers (ratios, proportions) of the two main different types, categories, or
classes, of objects, it is noted that, as indicated hereinabove, each object (i.e., entity,
material, substance) is definable and characterizable by a set of a wide variety of
numerous possible biological, chemical, or/and physical, properties, characteristics,
and behavior. For example, in the sample of matter, there may exist different types,
kinds, and numbers, of objects whose 'hyper-spectral' image data and information

(including, for example, emission spectra corresponding to spectral representations



56 of spectral marker is, in general, a biological specie which interacts with (i.e., spectrally marks) the
(target) biological agent or chemical agent for forming a {biological agent-biological marker} complex
or a {chemical agent-biological marker} complex, respectively, which exhibits some degree or extent of
luminescent (i.e., fluorescent or/and phosphorescent) properties, characteristics, and behavior, when
illuminated by different types of electromagnetic radiation or light, such as ultra-violet (UV), visible
(VIS), or infrared (IR), types of light. In any case of the (target) biological agent or chemical agent
being spectrally marked with the chemical type of é‘ﬁectral marker, or with the biological type of
spectral markerthhéformespfisioid dinat myentlatremnichbneairked. complexisfdebeémicad ShBht-chemical
marker} ComBkeﬁghﬁﬁH%%’f\{?e% gy ﬁ%é&%!f%ﬁ?%l&i”‘kﬁ%%@t‘éﬁ%‘f? al markerkeomplex or
{chemical agent-biological marker} complex, respectively, becomes a hyper-spectrally active target
which is hypervspactdjlydteteniable, dadlgdentifizhishntieetassslohlilonbot shspefisidngddhe air

sample, when the.test solution or suspgnsion is sybjected to. hyper-spectral i ing_and analysis,
thereby enalelﬁegml1 g?itif;?lrrzj%n%n Ecl %{Fgfte?lzznl%g %Hg onjeoc oagll(r)]%{er gt (it%r.{nﬁiogo}g%a{ %%lﬁtg ‘or chemical

agent) in the daamplercticraiveardgedificicgserofsinel himagdycdif fgentt fadjndastelivimildrus, fungus, or

toxin) being the spore-forming bacterium Bagillus anthracj In a specific case of the exemplary
spocific embASIHER B d: BRI ToNY IRCPEHTD St RS K E8hble of air (., an
air sample), and theRulgiadl st intetieshisval idlethadbageftibe. diffeasterilnyveiiusnbengiss. or toxin),
such as the stQre-formin%tbacteri m_ Bacillus.anthracis, then, this agkstep (procedure) is performed

as follows.  "H%er@ PLHRRY 1S hgbé?rcgsa%lgft%r%%egﬁ'ﬁem&ﬁ% , SpEifc ?f RaIgEs

spore-formingbagieiesivia) Baciiies ampracis, suabrthatyf thpl(tarust) Spare-fesding ibasteidyum Bacillus
anthracis is present in the test solution or suspension, theé,target) spore-forming bacterium Bacillus

anthracis wheHRARE Wit e Yseofsll niakidengifying, distinguishing, and resolving, the

objects of interest (targets) from the objects of non-interest (background) in the

sample of matter. This involves the need for identifying, distinguishing, and
resolving, the hyper-spectral image data and information of the objects of interest
(targets) from the hyper-spectral image data and information of the objects of non-
interest (background). Moreover, there is also the need for performing such
identifying, distinguishing, and resolving, procedures and operations in relation to
the biological, chemical, or/and physical data and information of the objects of
interest (targets) and of the objects of non-interest (background), in the sample of
matter.

A main source or origin of difficulties and complexities that arise when
performing hyper-spectral imaging and analysis of a sample of matter is the often
problematic and complicating spatially or/and temporally varying presence of
objects (entities, materials, substances) of non-interest (background) in the sample of
matter, directly translating to the corresponding problematic and complicating
spatially or/and temporally varying presence of objects of non-interest (background)
in the hyper-spectrally imaged scenes of the test form of the sample of matter. The
spatially or/and temporally varying presence of objects of non-interest in the sample
of matter negatively interferes, to a varying extent or degree (depending upon several

interdependent factors), with the hyper-spectral imaging and analysis of the objects



becomes a hyper-spectrally active target which is hyper-spectrally detectable and identifiable in the
test solution or suspension. In general, the spectral marker is added to the air sample immediately
before or after, dissolving, suspending, or/and mixing, i.e., reformulating, the relatively small quantity of
the air sample into a solution or suspension form. The spectral marker is, in general, a chemical
type of spectral marker, or a biological type of spectral marker. A suitable chemical type of spectral
marker is a chemical specie, for example, terbium trichloride [TbC13], which interacts with (i.e.,
spectrally marks) the (target) spore-forming bacterftim Bacillus anthracis (via dipicolinic acid [DPA]
therein) for fdamiliga {Malotital agetiBasillod antenestid Bpese)(dipidblinkaapls [DP Aptierbium
trichloride [ThC , Whi xhibit e le and le 0 t of
[Th &6*#3 %WP'%% W?ﬁé‘é& o)f%;%’atgrﬁ O%?P v@gzng‘s%?és%h%% oﬁ'%g([&%s Bﬁéﬁ‘

luminescent (i.e., fluorescent or/and phosphorescent) propertiés, characteristics, an avior, when
illuminated byndiffeste(bateesuof @ ecthenhaperesis cadidtiom agetigitg e ohf abeuttsaviotet ¢ visible
(VIS), or infrared (IR es of light. .A suitaple.biological type of spectral marker is a bi Po ical specie,
fo example, A1 AL Tn Iy T L (oA SR L eE e afrence 37).
which interachypeithéarabpecigaiy mackshthby{iargdét) dpoces-farmimgebactatangeBpciluglanthracis (via

surface antigens thereof) for. forming a {biological agent Bacillus anthracis spore antigen-antibody}
complex, whiﬁ?‘}j &'ﬁ%@%iéié?&%s@%%“r{?& %Oé esﬁle a?l?f) eoéar%g St exte tl?]ér?ﬁinescent (i.e., fluorescent
or/and phosphorescehg) jrsepéiitie prethlanaaierisiicsoapt daeha\igre si) esghitdinip aie d gy difierent types

of electromagnetic radiation gr light, such as ultra-violet (UV), visible (VIS), or infrared (IR), types of
light.  In aRy/Eibe’GHRAREAEr gEPEBBr@ RISy %t\c?@?ﬁfﬁ B)écf‘ﬁ%' ?ﬁ‘?’%{ciéﬁ%ﬁﬁ&’g% trally

marked with thgahemicaidmalispesta Tradefitzentesbiwniiichigride jdhtal 3hags with the
biological type of spectral marker (i.e., antibody), the formed {biological agent Bacillus ant hracis spore

(dipicolinic ad®d[DPRTAINUAT (SR eTBE Paliconilish & [itlodiediniatizehid@dnthracis
spore 58 antiggicARdiBRALEA ﬂl%rﬁﬁz%@tmlgel@@@@m%ﬁ&&&ﬁefeang@éauy@%\r%@g@et which is

hyper-spectrally detectable and identifiable in the test solution or suspension of the air sample, when

the test solutiteorsLigferamions dvsfseted. Ay perpeatiaiandaeity deriina anpssts, along

with the corresponding negative affects and influences, subsequently make it
difficult to achieve high levels of the performance parameters of accuracy, precision
(reproducibility), sensitivity, resolution, or/and speed (time scale), of an overall
hyper-spectral imaging and analysis application, such as that based on analyzing a
sample of matter via hyper-spectral imaging and analysis, for identifying and
characterizing an object of interest in the sample.

> For a sample of air (air sample) containing numerous different spatially or/and

temporally varying interfering objects of non-interest (background), and a biological

agent or chemical agent type of object of interest (target) <

The preceding problematic and complicating aspects, regarding the spatially
or/and temporally varying presence of objects of non-interest (background), which
negatively affect and influence hyper-spectral imaging and analysis of a sample of
matter, are especially relevant to an application of the present invention, involving
on-line (real time or near-real time) or off-line analyzing a sample of air (i.e., an air
sample) via hyper-spectral imaging and analysis, for identifying and characterizing
an object of interest (target) in the air sample. In particular, wherein such an

application, the sample of air is collected or obtained (e.g., via a standard type of air



Specific case of adding to the test solution or suspension a background reducing chemical, for
example, an organic liquid, such as ethylene glycol (MEG) IHOCH2CHDLII In accordance with
the method of the present invention, as shown in Fig. 1, the main step (procedure) of preparing the
test solution or suspension of the air sample includes the unique and critically important step
(procedure) of adding to the test solution or suspension a background reducing chemical. The
background reducing chemical reduces background interfering effects caused by presence of
numerous, different types of objects of non-interesf‘%background), i.e., (non-target) components, in the
test solution srmplpersical{pedmigwzrignhdsenobjend afrrioniverest (Gagkgroasiddfiies, fmon-target)
components, whi rigj d the air sa durj er-s ' i analysis of
the test solut%@cﬁ’s%s%gn@ésc’)ﬁ?gt%%bé%f%@ég%?n}%%%éﬁ%%%%@égdétre%t?a (ri(ﬁ%/é rgﬁ %@%@&%ﬁspectrauy
active target {ien the{biologicat@gegntiBacillus anthracis spore (dipicolinic acid [DPA])-terbium
trichloride [TbC13]} complex, or t iologjcal t. Bacillus anthracis spore antigen-antibody}
complex) in the test%o?b%ona%ragélsﬁﬁgé?ﬁ%?oﬁ%l%ﬁg %ggn ﬁ%@%ﬁf@%% i |I§ta% |%S‘r51% gﬁa(ﬁ( g}lalll(ébgrization of
the object of imterdéat (hem¢haBadiflitscantlinaaisabgetdgicahpgentysin(ilke samiplks ofmatterls, The
background reducing chemical is, in general, any type or kind.of chemical which is composed or made
up of one or PSBHSER aH A TRGAUAMIE BNl SRl SRk IF TLBRA (e.0.
particulate) phas@ aditiailty(RagargoliglidivhrgitigpReataR)Phasesiin paribiraiiendheseriy  In the
specific case of the exemplary. specific embodiment of the present invention, wherein the sample of
matter is & SRR LS G P & AR B 4 i GL0 P erdst 15 o BRAr atieht (e.0.
bacterium, vifygidjingus (estiaxilly heArEuasIReEpAregtaiMing backerivmeBaciius, aariacis, it was
empirically determined (see the Examples hereinbelow) that an exemplary preferred background
reducing che AhEat iLEnS8REHic REuld, QFENL RPNl §-reof (192 H SN SRIRDRNE:-g Pt FMEG) or
ethane-1,2-digl Jhifpkdsafatd 2 oundTavanesific gsddnst ahhackgr et gesiecigsiemical, i.e.,
the ethylene glycol (MEG) [HOCH2CH2OH], is selected such that the background reducing chemical
effectively (i.800R§8RSUFAHRHe dRic s¥eiaprenasay HadksiEma intedeily dicetsPeslicdatel the
presence of tggdgymerous, different types of objects of non-interest (background), i.e., (non-target)
components, in the test solution or suspension (particularly the numerous, spatially or/and temporally
variable different tygBs Hifd coHeetstationPlr (96n-2HrgenidernEnerttiscsuchfasgndntpsien, minerals,
non-target typeg eEbiolagical mallerti dlunaihbacerial ad NORIBION VP Afiperticulate
chemical matter, which originated from the air sample), during the hyper-spectral imaging and analysis
of the test sollMoging stEpepeidiRITIoR reeatinnin anershsomepealharcriablnyfer-speoiag detectability of

the hyper-sp ) i t iQlogi il 1Lac ipicolinic acid
DPA e S e e
antigen-antibody; cotiskexniethe testisthuion) qrresmspensiba, shurirg eheinypdbspadtal ipnaging and
analysis of th ba(():lf%ggpd redu&ing chemical,

. gu%ﬁgt rS OSIUtion I SUSPENSIon AGE lrl ierégll){unalgggs? nSOfaEIf]a‘:I‘l T emporally .
i.e., the ethylene g(fyco?lmi%é) [ éﬁf&%zd)tﬁ? %o the test solution or \éuspensmn Ot the air sample
results in increasibly @fleameingehypdrespeaitedtdete ofa(niditytafaktie (bangetesposadoavidgbacterium
Bacillus anth{%(r:lig,’ %@S%Q}t}&égeo%irnslg{‘%ﬂe ‘pollen (fine particulate or powderlike material
consisting of pollen grains produced by plants), minerals, non-target types of
biological matter (mold (fungi), bacteria), and non-target types of particulate
chemical matter. Such (non-target) components in the air source can be in aerosol
form, being a gaseous suspension of fine solid or liquid particles which circulate
throughout the (indoor or outdoor) air source. Such (non-target) components have
relative concentrations which, typically, spatially vary or change (i.e., vary or change

with position and location) or/and temporally vary or change (i.e., vary or change

with time), depending upon the spatial or/and temporal variations in the local



The background reducing chemical, i.e., the ethylene glycol (MEG) [HOCH2CH2OH], following
addition to the test solution or suspension, and during the hyper-spectral imaging of the test solution or
suspension, exhibits some combination of the following two main modes of behavior. First, the
background reducing chemical, i.e., the ethylene glycol (MEG) [HOCH2CH2OH], selectively,
‘physicochemically interacts’, during the hyper- 60 spectral imaging, with a major portion of the
numerous, different types of objects of non-interest (background), i.e., (non-target) components,
present in the test solution or suspension (particularly those objects of non-interest (background), i.e.,
(non-target) comgsohenescwyiichnatiyinadedcater trodirieramed|dlc imdopranaridaoickoefisctiely (i.e.,
measurabl) IR dEEaferisCRL AL SRACHARMINST AL . IHURERIL AR Agepnoresceny
properties, characteristics, a ehavior. During the hyper-spectral imaging, the background reducing
chemical, i.e othenethytenetgbyeol {MEG) [HXGHREH2QplMaylorimsanpitseffectipalicdi.®.,

measurably) ichemically react oyl 2t lgast to some extent pisically ieracts, il {16 gumerous
different types OFO%JGC'[S%(% non-interest Saglggro ndﬁﬂie%( on-targ/etgI comBonen%s, present in the

test solution eo¢lstispensioen(paidiculadyyincludicgrttmse objgctshofrnepatiterestiiidackgpawald), i.e.,
(non-target) components, which originated from the air.sample). cond, the background reducing
Chommicat, .0 8 BHJRERE S0 LA O B RS A5 ) SRRy MRSl nteracts:
during the hyper-spectakimagingatirith, thie: hytgectspe dhtatys activectargatifi.es, shgduatagigal agent
Bacillus anthracis spore (dipicolinic acid [DPA])-terbium trichloride [TbC13]} complex, ar the {biological
mgont Bacil ARl B G G afboc PEGITEk) HHELein MOFS ) BBIHSIFOP epension
in a manner \Bhiglsffestivelis]; ea, MAASU abiyhisciaasenanhances)pisapestrahrminsscent (i.e.,
fluorescent or/and phosphorescent) properties, characteristics, and behavior. During the

hyper-spectrSMUGHh G Ba8kgt RS @86RING EnetAiil RRINHY sPiPRHe Yy aas)
[HOCH2CH26¥ithimpye0r nsyanileettaaiyaha(l & smershiaphossihenicalysarny, RMie Igast to some

extent 'physically interacts’, with the hyper-spectrally active target (i.e., the {biological agent Bacillus

anthracis spate¥efbicoltREfqDg st ArAbRIBSEdpm ea pdeshipiertdaoiiosisi8hical agent
Bacillus ant hiacig,snpreI 4Mi0eBRBIRAGYE GRIUHEX RSNt Adhe IS5t RRIWIM ApRYsRension. 61

varies or changes with position and location) or/and temporally varies or changes
(i.e., varies or changes with time), depending upon the spatial or/and temporal
variations in the local atmospheric environment and weather conditions of the indoor
or outdoor source of air, and depending upon the location and time at which the air
sample is collected or obtained from the air source. Therefore, a plurality of air
samples is expected to have such a spatially or/and temporally varying object of
interest (target) whose relative concentration varies in accordance with its spatial
or/and temporal variation in the source of air from which the air samples are
collected or obtained.

In such an application of the present invention, typically, a given hyper-
spectrally imaged scene of a test form of an air sample includes or contains a
distribution of a relatively small number of the object of interest (target, for example,
in the form of a spectrally marked biological or chemical agent), and a relatively
large number of the objects of non-interest (high or noisy background, in the form of
(non-target) components of the air sample). Moreover, in such an application,

typically, the majority of hyper-spectrally imaged scenes include or contain a



Inclusion of the step (procedure) of adding to the test solution or suspension a background reducing
chemical, i.e., the ethylene glycol (MEG) [HOCH2CH2OH)], in the main step (procedure) of preparing a
test solution or suspension of the air sample, results in achieving high levels of the performance
parameters of accuracy, precision (reproducibility), sensitivity, at high speed (short time scale), be it
during on-line (real time, near-real time) or off-line, in an optimum and highly efficient manner, of the
remaining main steps (procedures) of the method, i.e., the main step (procedure) of generating and
collecting hyper-spectral image data and informatidfi of the test solution or suspension, and the main

step (proceduebitiothrosessingahdsandyzingehellifipebie off alteresy latgtd) anchirfiedriation, for

anthracis spos L e S et agem:
Bacillus anthrelcisespohe antigen-eintizodiyjecorfplateydst thierges, solation or thespenbimthéreby

identifying and charagterizing the b'e?I)tnofi terest (i.e.. the spore;forming.bacterium Bacillus
anthracis) i REA st T o B R TP SR

(procedure) afopreipadiing) a tegicsaiuitnnlty snspehsionpfdhespissBmpesaa portiooport@digaot of the test
solution or syspensiop, of the air sample is then, preferably, transferred and placed on a clean, inert,
ovotal slide ol SELES, ore b Bt T B e O e R Gt e 3 e on miate.
which is suitalslé fgrafupetianitigas gpaample holdar para papeitispecpisd imagingiand Rivalysis system.

The slide or platg (sample holde ?ﬂwith the_portion or aliquot of the test solution or suspension of the air
sample is thehgapﬁﬁib éféﬁﬁb&‘l BRERPEAY secured (fixed) upon a three-dimensionally movable (i.e.,

translational), and optianalbalBngulanbhraavaldon retatienabs@xamisaion stage ofphatform of the
hyper-spectral ima%i%ng,and analysis system. Then, there is performing the next main step (procedure)

of generatingBHd'BBNethAGE Ay IEReh &lidthistalfiBath ARLiiSMBIorF A HY RESHSESION or
suspension ofpthgcaibBRMRIE ifdGeasrating anshcolerin? dvpepshadlyahinaassustarad information

of the test solution or suspension This main step (procedure) of the method for hyper-spectral
imaging and 8haf§i8istla 8&FApleBimeatdr, RPrdeRERALYarit st acRifinglanObiBi 6 interest

therein, of theRieSRALRYRNiRntdmPerciRes aesleseHRER Uraiisld ansh Rackatossbrection,

hereinabove. In general, this main step (procedure) of generating and collecting hyper-spectral image
data and infofthsbArafteEably byl niset otfstsyidesivrientd Jumsrews rpatidicidisdetierled according

to any suitablg, (Gaching:QhRTARISE LTHSPG I RING ARG CRLGEUNG, DYRAESRECYRL IMagn dajg and

information, using any suitable hyper-spectral imaging and analysis system and technique. For
example, for peforingehispestid stemped ciegoee tafrthapyeasedr ohthecppresenwvirsreitidhe there is

using any SU'&%PA&%@%Q}QSP Etﬁf@&{"}ﬁ ﬂigqgﬁﬁ%fna spectrally marked biological or chemical

agent) and objects of non-interest (background, in the form of (non-target)
components of the air sample) exhibit 'hyper-spectral' image data and information
(particularly including, for example, emission spectra corresponding to spectral
representations in the form of spectral fingerprint (SFP) or signature pattern types of
identification and characterization), which are quite similar, or even nearly identical,
i.e., barely distinguishable or resolvable, but whose 'biological, chemical, or/and
physical' data and information (in terms of properties, characteristics, or/and
behavior), are significantly different, and not at all similar or nearly identical, i.e.,
not at all easily distinguishable or resolvable, or vice versa.

Regardless of the actual distributions of the different relative numbers (i.e.,
ratios, proportions) of the object of interest (target, in the form of a spectrally

marked biological or chemical agent) and the objects of non-interest (background, in



references 1 - 29 (and references cited therein). Preferably, there is using the selected teachings and
practices of hyper-spectral imaging and analysis by the same applicant/assignee of the present
invention which are disclosed in references 30 - 36. Accordingly, from the preceding described main
step (procedure) of the method, the slide or plate (sample holder) with the portion or aliquot of the test
solution or suspension of the sample of matter which is appropriately positioned and secured (fixed)
upon a three-dimensionally movable (i.e., translational), and optionally, angularly movable (i.e.,

rotational), examination stage or platform of the
the form of (non-target) components of the air sample), in the hyper-spectrally

imaged scenes of the air sample, there ultimately is the need for identifying,
distinguishing, and resolving, the object of interest (target, in the form of a spectrally
marked biological or chemical agent) from the objects of non-interest (background,
in the form of (non-target) components of the air sample) in the hyper-spectrally
imaged scenes.

This involves the need for identifying, distinguishing, and resolving, the
hyper-spectral image data and information of the object of interest (target, in the
form of a spectrally marked biological or chemical agent) from that of the objects of
non-interest (background, in the form of (non-target) components of the air sample).
Moreover, there is also the need for performing such identifying, distinguishing, and
resolving, procedures and operations in relation to the biological, chemical, or/and
physical data and information, of the object of interest (target, in the form of a
spectrally marked biological or chemical agent) and of the objects of non-interest
(background, in the form of (non-target) components of the air sample) in the
hyper-spectrally imaged scenes. Furthermore, there is also need for performing such
identifying, distinguishing, and resolving, procedures and operations in view of the
fact that the hyper-spectrally imaged scenes are generated and collected from air
samples wherein the objects of non-interest (background, in the form of (non-target)
components of the air sample) and the object of interest (target, in the form of a
spectrally marked biological or chemical agent) have relative concentrations that
vary in accordance with their spatial or/and temporal variation in the source of air
from which the air samples are collected or obtained.

Accordingly, the preceding described problematic and complicating aspects,
along with the corresponding negative affects and influences, due to the spatially
or/and temporally varying presence of objects of non-interest (background) in a
sample of air, make it difficult to achieve high levels of the performance parameters
of accuracy, precision (reproducibility), sensitivity, resolution, or/and speed (time

scale), of an overall hyper-spectral imaging and analysis application. This is



hyper-spectral imaging and analysis system, is subjected to subjected to hyper- spectral imaging and
analysis. Multiple fields of view of the sample of matter are 'hyper-spectrally’ scanned and imaged
while the sample of matter (containing objects, and components thereof) is exposed to
electromagnetic radiation. During the hyper-spectral scanning and imaging there is generating and
collecting relatively large numbers (up to the order of millions) of multiple spectral (i.e., hyper-spectral)
images, 'one-at-a-time’, but, in an extremely fast or rapid sequential manner, of the objects (and

components thereof) emitting electromagnetic radi4fion at a plurality of
particularly the case for an exemplary specific application involving on-line (real

time or near-real time) or off-line hyper-spectral imaging and analysis of a sample of
air (i.e., an air sample), for identifying and characterizing an object of interest
therein, wherein such an application, the interfering objects of non-interest
(background) are the numerous different spatially or/and temporally varying (non-
target) components (i.e., entities, materials, substances) present in the air sample,
and the object of interest (target) is a (potentially hazardous) biological agent (e.g., a
bacterium [such as spore-forming bacterium Bacillus anthracis], a virus, a fungus, or
a toxin), or a (potentially hazardous) chemical agent (e.g., a nerve agent [e.g., sarin,
tabun, or soman], or a chemical poison [e.g., a cyanide compound, or an
organophosphate compound]).

Implementation of the present invention enables overcoming the preceding
described problematic and complicating aspects, and corresponding negative affects
and influences, which are caused by the spatially or/and temporally varying
presence of objects of non-interest (background) in a sample of matter, such as a
sample of air, which significantly limit hyper-spectral imaging and analysis of the

sample of matter.

Preparing a test solution or suspension of the sample of matter

In this main step (procedure), there is preparing a test solution or suspension
of the sample of matter. The test solution or suspension of the sample of matter is
prepared in a form which is suitable for, and compatible with, operation and use of
equipment and instrumentation of a given hyper-spectral imaging and analysis
system.

Following provision of the sample of matter, or following obtaining or
collecting the sample of matter, there is preparing a test solution or suspension of the
sample of matter. Preferably, there is dissolving, suspending, or/and mixing, i.e.,
reformulating, a relatively small quantity of the sample of matter into a solution or

suspension form, for forming a test solution or suspension of the sample of matter.



63 many wavelengths and frequencies, where the wavelengths and frequencies are associated with
different selected (relatively narrow) portions or bands, or bands therein, of an entire hyper-spectrum
emitted by the objects (and components thereof) of the sample of matter. The hyper-spectral imaging
and analysis system can be operated in an extremely fast or rapid manner for providing exceptionally
highly resolved spectral and spatial data and information of the imaged sample of matter (containing
the objects, and components thereof). > Exemplary specific embodiment for a sample of air (air
sample) containing numerous different spatially orfahd temporally varying interfering objects of
non-interest (Backeengdule arfd dissidiogicabegendmgchuarichinigen.type, ofcdbject ditaterest (target) <
This main step. (pr re) is.readily pgrfo r rati d collecti er-spectral image
data and info reﬁ(gfll%?\ee((g‘%ﬁ?g %e%tEi gﬁltl}éioﬁngrégés éér)is%%{,]ﬁgzratﬁgtgge?np%aﬁrjy%ysr}o%gl}llé ‘é’rﬁl%% Iment of the
present invesidablyHereihistoéy samplewhamalite iba ddfensig ofais @feobaer@insarmpla)essd the object
of interest is bi%Io icaé aqent e.g., a bacterium, a virus, a fu[n us, or a tolxin() or :%\tchem('hcal agent
a)ac ﬁﬁun ), d.e.. (o ‘targe?) compohents, presen 1?1 e sample df matter, an
(e.g., a nerve agent [e.g., sarih, tabun,=or soman , ord chemica p0|sonrfl§).g., a cyanide compound, or
an organophedpbiatis coiyboe rfol) dwkithing conspgsediap ntadehjecofobryaaiesotargtiparganic
materials or ?bst nces that are grefzr.at%g in a splid %.quéﬂ]/alarticulate) phase or/and are present (e.qg.,
absorbed or/afths scgllgg%leélﬁ’ﬁ fiiclelof tHE Al %8& e. More specifically, for example, the object of
interest can be a bioibgicpkagentiqudhasdhispiissolomginguspetdiiyn Gasilumaitiracis, which is
chemically marked (e.q., via terbium trichloride [Tbcél?s)'é)’ or hiologically marked (e,g., via antibodies of
o mmanoadELy TAF AL HEEH e b LD e bt il S5 B dre) o
preparing a teg§soliianiokensransieieh e samplevhimalienieisthopRir gample ittiganabling
identification and characterization of the objects of interest (i.e., the biological agent spore-forming
bacterium Bﬁﬁ@@ﬁfﬁ%&é@%ﬂﬁ%ﬁ%ﬁ@?ﬁ%q%@rﬁ abigethafynge-iyarest (Rdsmhibodiments of
the present inventiah-thieMauyisehAFOCERIYER) Gh aapayatipR astdralecineinyRREgRattial image
data and information of the test solution or suspension includes 'separately’ generatm& and collecting

(acquiring) hyBeieBpBths iFasRlHina At idrieRdornerubsecty trerithifdmyaspally aftects

hyper-spectral imaging and analysis of the object of interest (target), i.e., (target)
component, present in the sample of matter (and subsequently present in the test
solution or suspension).

Adding to the sample of matter a spectral marker specific to the object of interest

(target)

Often, an object of interest (target), i.e., (target) component, present in the

sample of matter, by itself, is not 'spectrally' active, i.e., the object of interest (target)
exhibits an insufficiently detectable or/and insufficiently measurable degree or extent
of luminescent (i.e., fluorescent or/and phosphorescent) properties, characteristics,
and behavior, when illuminated by electromagnetic radiation or light, such as ultra-
violet (UV), visible (VIS), or infrared (IR), types of light.

Thus, with reference to Fig. 1, the main step (procedure) of preparing a test
solution or suspension of the sample of matter includes the step (procedure) of
adding to the sample of matter, a spectral marker specific to the object of interest
(target), such that if the object of interest (target) is present in the test solution or

suspension, the object of interest (target) when marked with the spectral marker



Accordingly, there is 'separately’ acquiring hyper-spectral image data and information of background
interfering effects caused by the presence of the numerous, different types of objects of non-interest
(background), i.e., (non-target) components, present in the test solution or suspension (particularly the
numerous, spatially or/and temporally variable different types and concentrations of (non-target)
components, such as dust, pollen, minerals, non-target types of biological matter (mold (fungi),
bacteria), and non-target types of particulate chemical matter, which originated from the air sample),
during the hyper-spectral imaging and analysis of the test solution or suspension. In exemplary
embodimentdedvenesisideypsrisgetivealhy petiepdergst imbaige datzyperdsidoraibtidetéotabiifferadt types and
concentratio 5 ne.or h | f non-interest (background) in a ‘'dry form' (for
example, as%%egl}ﬁ?gﬁ)éilgd‘%te%ee%ggg (i))l\1i/\t/h|)r18 é)%sn%ﬁg%l and 2), or additionally, or alternatively, in a ‘wet
form' dissolved or slsgended ihasiguich|fongeanspldded xdn plifiptt hdreiattoe lovmiedtasedmple 2). For
example, according to a wet form’, there is dissplving or suspending.exemplar jects of
ey o AN C AR st A
glycol (MEG)rfit@GH2aHAQ Lt ityhi thissasgdei o fihevtieaintste pjotdne dused pehpraparing a test
solution or suspensﬁ)ﬂ of th% slamglﬁsof.matter. Prgces in2 an analgoginz tpelh geffr-spectral image
data and information "¢ *PFRIS'mAH etreg’(bl}o%eélgﬁae)ao? R ES rsrﬁ)fﬁé?-s‘g' Cifat f?ﬁﬁging and
analysis of a saiopleabtypaisesptatislantifisrg andiichisicagienizing gpealijept @fdniesasirtieirin, of the
present invention, i performeg as descyibed in the Fie,l}%d%nd Backgrqund section, f%erein ove. In
General, his BFARIAa [BTBLAUAPES B U BrBLEESHg A b B EE Hoper- Lo iRbge data and
information, ferdeentifungdn@d claracteriaing dhptty periaresitaliyhastivel taigedeln tbenigstsolution or
suspension, thereby identifying and characterizing the object of interest in the sample of matter, is
performed actBienG¥BBHY stitdbieriil e RF g pralegEec o preddelingaraPaiiiYing
hyper-spectrahimagesaia andisfescationafer hesiiviRe-aRd phsyasierizngRQypeEsshaatrally active
target in a test solution or suspension, using any suitablefhgﬁaer-spectral imaging and analysis system

taught about ih3vaeticebiemn thepnatedrby diffesrndtpspial foegermantl tRdiatam Stdighbrocedure) of
the method ofifhe presentivantion), thrislis Nei0Y anhauliablerReashinG P RIACtES MisgRsed in

references 1 - 29 (and references cited therein). Preferably, there is using the selected teachings and

practices of HipkgigdéimRe PhaBRsH drinaakelysidbgaprsdambidegikarpassigrdehontsegiesent
invention Whi%ﬁ@.é!%ﬂ@é@ﬂl@ ﬂ?ﬁﬁ&%%@%ﬁ%a%@- interest (target) for forming an {object of

interest—biological marker} complex which exhibits some degree or extent of

(spectral) luminescent (i.e., fluorescent or/and phosphorescent) properties,
characteristics, and behavior, when illuminated by different types of electromagnetic
radiation or light, such as ultra-violet (UV), visible (VIS), or infrared (IR), types of
light.

In any case of the object of interest (target) being spectrally marked with the
chemical type of spectral marker, or with the biological type of spectral marker, the
formed {object of interest—chemical marker} complex, or {object of
interest—biological marker} complex, respectively, becomes a hyper-spectrally
active target which is hyper-spectrally detectable and identifiable in the test solution
or suspension of the sample of matter, when the test solution or suspension is
subjected to hyper-spectral imaging and analysis, thereby enabling identifying and
characterizing the object of interest in the sample of matter.

Adding to the test solution or suspension a backeround reducing chemical




Accordingly, the hyper-spectral images generated by, and collected from, the sample of matter, are
correlated with emission spectra of the sample of matter, where the emission spectra correspond to
spectral representations in the form of spectral ‘fingerprint' or 'signature’ pattern types of identification
and characterization, of the hyper-spectrally imaged objects (and components thereof) in the sample
of matter. Such hyper-spectral image data and information are processed and analyzed by using
automatic pattern recognition (APR) or/and optical character recognition (OCR) types of hyper-spectral
imaging data and information processing and anal)‘}gis, for identifying, characterizing, or/and
classifying, the physteashememiciigo/athg bieiogitsal,(progrsiuies ofaraetaristivs teshdabethetvior, of the
hyper-spectrally. F{; ' (S(?% 0 tti‘ reqf),i 3 f e cording to
some embod?’%é{r]lgr?e%‘gt 1cékgrfet %o Fﬁy{)ggrﬁgggﬁtlrla %il’cf%ggzlllil% %ﬁfﬂﬁa%r%ﬁﬁﬁ“o@g%g%?e % matter, for
identifying andephi@ractelizin g baddbjedbchintesestliiieneior;, prepessing dradkanalyzi ngdinengy per-spectral
image data and jpformaon, nglydes fhe following substeps. (sub:pracedureslrich arg considered
66 additional spemaal technical features of exemplary embodiments of the disclosed invention:
evaluating a daiesdabylityrtswetoivthetjsgierespeatrallyractive thegesinstietiest solukipensioalspension
according to riteria; (1) area of.all positive pixells in a é%er-stpeciﬁral image exgressing

ree c
characteristiCH]EBQ&%F]‘%?G%&FSH%%%‘ ]ﬁﬁ lgﬁwﬁ{lgdq&? the’ h(i/p r-stﬁ«s;\CPr% f/l%%t?\;esflgpggﬁl?ﬁ)
fluorescencettidensity @t asiggyhppsitipe aixedndhebiypestape tiypbiropgerinat fxipressgs ihe
characteristic spectral finger. prints of the hyper-spectrally active target, and (3) relationship between
the characteriltic &péctPariger Bfint%uﬁli)@%d% indhd p&'ﬁiv@‘ﬁ?ﬁ@?ﬁn@f meﬂ%}éﬁ?-té%ct?ﬁfﬁmage and
of a hyper-spggiralisriagedapiessicenahiategthm e essprarahimage for the characteristic spectral
finger prints at a one ﬁﬁi:\el resolution, and calculating total area that subtends all the pasitive pixels for

each hyper-spectral iffad@kstrEBAcEstistisn ramicabdin il RerREY: e MmIAhUM, maximum,
and average ipteRRHIeR DER SPESHIBLEBION AN b ERARGIERHNIE 6FRisHOsRAaK A ihRic

hyper-spectrally active target.
materials or substances, which is/are in a solid (e.g., particulate) phase, a liquid (e.g.,
solution or suspension) phase, or a combination thereof.

The specific type or kind of background reducing chemical is selected such
that the background reducing chemical effectively (i.e., measurably) reduces
(decreases) background interfering effects caused by the presence of the numerous,
different types of objects of non-interest (background), i.e., (non-target) components,
in the test solution or suspension (particularly those objects of non-interest
(background), i.e., (non-target) components, which originated from the sample of
matter), during the hyper-spectral imaging and analysis of the test solution or
suspension. This results in increasing (enhancing) hyper-spectral detectability of the
hyper-spectrally active target in the test solution or suspension, during the
hyper-spectral imaging and analysis of the test solution or suspension. Accordingly,
addition of the background reducing chemical to the test solution or suspension of
the sample of matter results in increasing (enhancing) hyper-spectral detectability of
the object of interest (target), i.e., (target) component, present in the sample of

matter.



creating two distinct data bases, wherein a first data base corresponds to all available spectra of the
background interfering effects, and a second data base includes all spectra corresponding to the
hyper-spectrally active target. comparing spectral finger prints incorporated in the positive pixels of the
hyper-spectral image to spectral finger prints from the two distinct data bases, whereby the positive
pixels are divided into the hyper-spectrally active target and the background interfering effects, and
then correlating, for yielding percentage of the positive pixels corresponding to the hyper-spectrally

active target and percentage of the positive pixels éBrreSponding to the background interfering effects.
using (plotting) the pdreéackgesiod peditiue pikensiéal afole yraphdditiohdwithg tiisitablution of the
characteristic spectral finger prints - I e target f und
ntertering e e B o of
count of the ehjebitekmterestnbéiatobxd gl érllcpegfic embodimdet fdibalsamaple of air (air sample)

comanng umere el Rl S O ST N el g e
interacts', during the hyper-spectral imaging, with a major portion of the numerous,
different types of objects of non-interest (background), i.e., (non-target) components,
present in the test solution or suspension (particularly those objects of non-interest
(background), i.e., (non-target) components, which originated from the sample of
matter), in a manner which effectively (i.e., measurably) reduces (decreases) their
(spectral) luminescent (i.e., fluorescent or/and phosphorescent) properties,
characteristics, and behavior. During the hyper-spectral imaging, the background
reducing chemical may or may not effectively (i.e., measurably) 'chemically react',
but at least to some extent 'physically interacts', with the numerous, different types
of objects of non-interest (background), i.e., (non-target) components, present in the
test solution or suspension (particularly those objects of non-interest (background),
i.e., (non-target) components, which originated from the sample of matter).

Second, the background reducing chemical selectively, 'physicochemically
interacts', during the hyper-spectral imaging, with the hyper-spectrally active target
(i.e., the spectrally marked object of interest (target), i.e., spectrally marked (target)
component) present in the test solution or suspension, in a manner which effectively
(i.e., measurably) increases (enhances) its (spectral) luminescent (i.e., fluorescent
or/and phosphorescent) properties, characteristics, and behavior. During the hyper-
spectral imaging, the background reducing chemical may or may not effectively (i.e.,
measurably) 'chemically react', but at least to some extent 'physically interacts', with
the hyper-spectrally active target (i.e., the spectrally marked object of interest
(target), i.e., spectrally marked (target) component) present in the test solution or
suspension.

Inclusion of the step (procedure) of adding to the test solution or suspension

a background reducing chemical in the main step (procedure) of preparing a test



This main step (procedure) is readily performed for processing and analyzing the hyper-spectral image
data and information, for identifying and characterizing the hyper-spectrally active target in the test
solution or suspension, thereby identifying and characterizing the object of interest in the sample of
matter, for the exemplary specific preferred embodiment of the present invention, wherein the sample
of matter is a sample of air (i.e., an air sample), and the object of interest is a biological agent (e.g., a
bacterium, a virus, a fungus, or a toxin), or a chemical agent (e.g., a nerve agent [e.g., sari, tabun, or
soman], or a chemical poison [e.g., a cyanide comeund, or an organophosphate compound]). More
specifically, forleliampteutnensisjectichintenade cdmisties, bisldtsicalaghieningghds ble epthe-forming

bacterium Bagil thraci ich is ically mar Y ium tri jde . 13]), or
biologically %ﬁl Léégi ?e.g%%%rﬁ?tl%%di éﬁggag%?#mguﬁogag%g%c édﬁ?ﬁﬁ%?’%{ asédrégg(é%%%%%gginabove, as
part of the mamsteptiprodecsod)toip @ agingpade ssisoiution scae)spensiduriogthe-Baenptalof matter,
i.e., the air sam le, for en lglin iden%jffi{;ation and ¢ aracteri%1 tioH of gbjects of int(%r%st (i.e., the

. . mnie, near-real time) or oIf-ling, in.an optimum a 1ghly e ICIGH{ anner,.o1 the .
biological agen §pore-1rorm|ng acterium Baciftus'Bn raaslg wa%wy er-spectral imaging and analysis.
In some embraliientg ahiive prgseiipiovehtios), e thnaiostepl (pretedures.of theocessingand analyzing
the hyper-spectral image gata and information, includes processing and analyzing hyper-spectral
image cata TR EOT SO (AR E o B B S DB Bre)
includes procssgiagesnsbanadyizongibechyipar-spedicahiniage:plafrapdurfoonptieesing isngeparately’
generated and collected (acquired) via the preceding majn step (procedure). of generating and
Collocting yBBR R AT mEgR CECAY ER Al oF e LS LBt Bt SSPLGTn Biline sample
of matter. 6&haraéteciigingly, ihpchypectsnrcialiemagestganacted byhad collacigehiton, the objects
of non-interest are correlated with emission spectra of the sample of matter, where the emission

spectra correQ5ETRY i9be¥ing #ad rhamststigheiherPierho bindgeshia hinsnpineidhrdighature’ pattern
types of identificatiop.aaek G2 taeigrEaP of ehdhsrdbdasicshectaly imaded poiprisdane) camponents

thereof) of non-interest which are present in the sample of matter. Such hyper-spectral image data and
information apées?a@@s%é@b%%mﬁeﬂlw%m@%dfﬁﬁmlﬁaf&w%bo@ﬁﬂmﬁrmpPé)%wand optical
character recogmiion-{OGR)f¥Res: AfRperishestraldmagipg dataandrintormation pregsssing and
analysis, for identifying, characterizing, or/and classifying, the physical, chemical, or/and biological,
properties, cﬁm@éréﬁfgﬁég@ﬁ@%mﬁ)ﬂlmh@mp@e%éé@mrgtimatje@r@m@aﬂm #8itponents
thereof) of nq;eTest PIRSRA She sAMRIE BLBANEInd Wi dpTioRal SiEeHRIGRALIENSS processing
and analyzing hyper-spectral image data and information of objects of non-interest provides useful
data and infofaiationinges dceidpletipiderand bbipeacnediitlghgpes spdemalipiacivtenargeis of
non-nterest e psh LA AF H9REN S, WK ARSILIn HBNUMRGAN T IRAIEHZR0 (he oblect
of interest in the sample of matter. EXAMPLES Selected embodiments of the present invention,
including novelsaagsinvestiivecaspepts, dharatttenstibsp spmvietietiyipakfeanadesnd rrd@dedntages
thereof. as illsirafively descibed fsrainahoye: and asclaimed IndIg claims sgelonerginbelow, are
exemplified a d have experimental support in'the Tollowi g éxamples, which are rfot intended to be
limiting. MAT&RIAE ANDVERO CEDURESIonal), examination stage or platform of the

hyper-spectral imaging and analysis system. Then, there is performing the next main
step (procedure) of generating and collecting hyper-spectral image data and
information of the test solution or suspension of the sample of matter.

> Exemplary specific embodiment for a sample of air (air sample) containing

numerous different spatially or/and temporally varying interfering objects of non-

interest (background), and a biological agent or chemical agent type of object of

interest (target) <

Performing the preceding main step (procedure) of preparing a test solution

or suspension of the sample of matter is now described for an exemplary specific



69 In each of the Examples 1 - 3, the same hyper-spectral imaging and analysis system was used:
the Green Vision Systems Ltd. (Tel Aviv, Israel) manufactured hyper-spectral imaging (optical
scanning) and analysis system, model names: HyperEye(r) Detection System, FIPA(r) (Fluorescence
Imaging Particle Analyzer), and FIPA-20(r) (Fluorescence Imaging Particle Analyzer), including the
following main components and operational features or conditions. Sample illuminating (light beam)
source: mercury lamp, 100 W (watts), with a narrow band pass filter centered at 334 or 365
nanometers (nm) and bandwidth of Jr 10 nm Optic%@ scan bandwidth: at or within the range of 400 -
900 nm Digitaidhesliysintaf de AOSNODO entiodptbsrabjdetiraNe® VaritcUisrafaruly, olalr a pixel size

of 6.45 miCroﬁ?e.(,pe}nxa@égnylgl%\f,e!l%ﬁqm roeoﬁglzlfl%?rfﬁt%rgsmg a biological agent (e.g., a bacterium
[such as spore-forming bacterium Bacillus anthracis], a virus, a fungus, or a toxin),
or a chemical agent (e.g., a nerve agent [e.g., sarin, tabun, or soman], or a chemical
poison [e.g., a cyanide compound, or an organophosphate compound]). In general,
the object of interest (i.e., biological agent or chemical agent) in the air sample is
composed or made up of organic or/and inorganic materials or substances, which are
in a solid (e.g., particulate) phase, a liquid (e.g., solution or suspension) phase,
or/and a gaseous (e.g., aerosol) phase. Preferably, the object of interest (i.e.,
biological agent or chemical agent) in the air sample is composed or made up of
organic or/and inorganic materials or substances, which are in a particulate form
solid phase or/and are present (e.g., absorbed or/and adsorbed) on particles of the air
sample. More specifically, for example, the object of interest can be a biological
agent, such as the spore-forming bacterium Bacillus anthracis, which is chemically
marked (e.g., via terbium trichloride [TbCls]), or biologically marked (e.g., via
antibodies of an immunoassay technique), as part of the main step (procedure) of
preparing a test solution or suspension of the sample of matter, i.e., the air sample,
for enabling identification and characterization of the object of interest (i.e., the
biological agent) via hyper-spectral imaging and analysis.

The sample of air is collected or obtained (e.g., via a standard type of air
sampling or collecting system) from an indoor source of air (e.g., a post office, an
airport, a subway station, a shopping mall, a sports arena, or an office building) or
from an outdoor source of air. The air sample is typically collected or obtained on a
(dry or pre-wetted) porous (filter-like or screen-like) solid substrate, such as a plastic
or fiberglass (filter-like or screen-like) substrate, which functions like a filter, for
filtering, capturing, and collecting a sample from the source of air.

The particulate matter of the air sample which is collected on the porous
(filter-like or screen-like) solid substrate typically includes numerous, different types

and concentrations of objects of non-interest, i.e., (non-target) components, such as



The hyper-spectral imaging and analysis system included a three-dimensionally movable (i.e.,
translational), and angularly movable (i.e., rotational), examination stage or platform, upon which were
placed test samples. Chemical and Biological Reagents Water (Examples 1 - 3, for washing and
rinsing): distilled deionized filtered water, generated by a research laboratory grade water purification
system, was exclusively used throughout. Ethanol (Examples 2, 3): dehydrated ethyl alcohol, > 85.0
%, Sigma-Aldrich (no. 636-1). Ethylene glycol (Examples 2 and 3): ethylene glycol (monoethylene
glycol (MEG) or ethane-1,2-diol) [HOCH2CH2011],5; 98.0 %, Sigma-Aldrich (Fluka brand, no. 03760).
Dipicolinic aciiDPAl<E xampid3 nansapseidimedioathobogiced cid 00 @soBighagAldrcteiaddrich brand,
no. P63808)'a1¥<9 non-target types of particulate chemical matter. Such (non-target) components
of the air sample have relative concentrations which, typically, spatially vary or
change (i.e., vary or change with position and location) or/and temporally vary or
change (i.e., vary or change with time), depending upon the spatial or/and temporal
variations in the local atmospheric environment and weather conditions of the indoor
or outdoor source of air, and depending upon the location and time at which the air
sample is collected or obtained from the air source. Therefore, a plurality of air
samples is expected to have such spatially or/and temporally varying (non-target)
components whose relative concentrations vary in accordance with their spatial
or/and temporal variation in the source of air from which the air samples are
collected or obtained.

The air sample which is collected on the porous (filter-like or screen-like)
solid substrate may also include an object of interest (target), i.e., (target)
component, such as a biological agent (e.g., a bacterium [such as spore-forming
bacterium Bacillus anthracis], a virus, a fungus, or a toxin), or a chemical agent
(e.g., a nerve agent [e.g., sarin, tabun, or soman], or a chemical poison [e.g., a
cyanide compound, or an organophosphate compound]). Such a (target) component
of the air sample has a relative concentration which, typically, spatially varies or
changes (i.e., varies or changes with position and location) or/and temporally varies
or changes (i.e., varies or changes with time), depending upon the spatial or/and
temporal variations in the local atmospheric environment and weather conditions of
the indoor or outdoor source of air, and depending upon the location and time at
which the air sample is collected or obtained from the air source. Therefore, a
plurality of air samples is expected to have such a spatially or/and temporally
varying object of interest (target) whose relative concentration varies in accordance

with its spatial or/and temporal variation in the source of air from which the air

samples are collected or obtained.



Terbium trichloride iTbCIj (Example 3): terbium (111) chloride, anhydrous powder, 99 % (metal basis),
Sigma-Aldrich (Aldrich brand, no. 439657). Biological agent, Bacillus subtilis spores (Examples 3 and
4): Bacillus subtilis (ATCC 6633), lyophilized cells, Sigma-Aldrich (Sigma brand, no. B4006). The
(non-hazardous) biological agent Bacillus subtilis was used as a functional equivalent substitute for the
(extremely hazardous) biological agent Bacillus ant hracis. General Experimental Methods and
Procedures Examples 1 - 3 are 'actual’ or 'working' examples, wherein the described and
illustrated experimental methodologies and proced@ﬂes were developed and performed, and the
experimental resultsiivese blelried, pypthacame &pphuaﬁ@ﬁalpé@grreef@ﬂm@mesbmmmmron In
Example 3, p %J e ter e performed
mccording 1o B LB RoLs JeLi o o i LAY Rearopr e WAL S B Bl erating
and collectingaapt. processing and analyzing, the hyper spectral |mage data and information of the

indicated samples obmatter ere rerfo&:‘ieeg ?Ecorrdlsré L3 05? str escrllptlchn %f the present
invention, according o1 elscted teach INgs Sna prac ices per spec PPmaglng and analysis by

the same appheamﬂﬁasmgqmetmhlm meswamhe%omamptm prefatigdigshdrinisedérerices 30 - 36.

E le 4 h h oph I h d d
doveloped by RECCAING & TLARY AL G Y ke i TEAUBIT ESCAIPLE: ToHSBeH Specirl

ima2in2 and gsralysis Gbrolisg p&ﬁsclﬁﬂuptesensm@pemme ikaiircakgsted Tienp@oddaieasfsource of air

dissolving, suspending, or/and mixing, i.e., reformulating, is performed using a
liquid, for example, distilled water, or other liquid, which is suitable for dissolving
or suspending the different types of objects of non-interest, i.e., (non-target)
components present in the air sample (i.e., dust, pollen, minerals, non-target types of
biological matter (mold (fungi), bacteria), and non-target types of particulate
chemical matter), and which is suitable for dissolving or suspending the object of
interest (target), such as a biological agent (e.g., a bacterium [such as spore-forming
bacterium Bacillus anthracis], a virus, a fungus, or a toxin), or a chemical agent
(e.g., nerve agent [e.g., sarin, tabun, or soman], or a chemical poison [e.g., a cyanide
compound, or an organophosphate compound]).

The specific liquid used for dissolving, suspending, or/and mixing, i.e.,
reformulating, the small quantity of the air sample into a solution or suspension
form, for forming a test solution or suspension test of the air sample, is selected
whereby the liquid minimally affects hyper-spectral imaging and analysis of the
numerous, different types of objects of non-interest, i.e., (non-target) components
(i.e., dust, pollen, minerals, non-target types of biological matter (mold (fungi),
bacteria), and non-target types of particulate chemical matter), present in the air
sample (and subsequently present in the test solution or suspension), and whereby
the liquid minimally affects hyper-spectral imaging and analysis of the object of
interest (target), i.e., (target) component, such as a biological agent (e.g., a bacterium
[such as spore-forming bacterium Bacillus anthracis], a virus, a fungus, or a toxin),

or a chemical agent (e.g., a nerve agent [e.g., sarin, tabun, or soman], or a chemical



71 In Example 1, (dry form) dust particles of different sizes and shapes present in samples of air
(i.e., air samples) collected from an indoor source of air (absent of any particular object of interest
(target), such as a biological agent or chemical agent) were subjected to hyper-spectral imaging and
analysis. The main objective was for obtaining hyper-spectral image data and information in the form
of images and spectral fingerprint (SFP) or spectral signature pattern types of identification and
characterization of the various different sized and shaped dust particles present in the source of air, for
serving as a useful reference associated with 'obje&s of non-interest' (background) during
hyper-spectraiysitndgigg aeihaidalgeingoondimilanpigeheptedpirtsavples st bibotherttypds of samples
of matter, whijg ve ‘'obj interest’ , (ological agent or
chemical agéﬁ%%%é%&%%%ﬁ%%}%%@f ﬁ#\% EF}?(E)%E %%assé &%g(é%(rﬁgl%%%%g? r (air samples) were
collected, usinddirs! drd tipesohple saspotg : gasiistéon thiroin dngivdbaigsou @ [
(absent of any %r.tcigtjgare otbject of interest (target), such as a biological agent or chemical agent), being
air in the imnmglal'e-vrﬁrﬂy where postal workers handle and process letters inside a post office. The
post office normally @&dnclose dbbjisrdovisindthsa gtapeldy dtypeast H¥AD ghedtixgnvditdation, air
conditioning) environmental control. Each air sample was.¢ollected on_a (dry or pre-wetted) porous
Dot o el S AP R AP SRR SRR SO LS 400 ering,
capturing, angl ealiegtuig ahsaiialeaffaim e, souksecidiit [e.g. Thigiidebisaircenafmirdypically

included numerous, spatially or/and temporally variaple different types and concentr gns of
components, SGEHEE RRISPHTe2-ofy SANRISO BRI ST BBIRSEAR ISPEBP P Rike material
consisting of pallengrmins prasisedawplans)pibridiscaionstaiget treas @i kilagicalgnatter (mold
(fungi), bacteria), and non-target types of particulate chemical matter. All such components present in
the collected %p@éﬁmelgwgligle? y detectable or/and insufficiently measurable degree or extent

of luminescent (i.e., fluorescent or/and phosphorescent) properties, characteristics,

thd tipsahp s oticlo ncolectapgcsh

and behavior, when illuminated by electromagnetic radiation or light, such as ultra-
violet (UV), visible (VIS), or infrared (IR), types of light.

Thus, the main step (procedure) of preparing a test solution or suspension of
the air sample includes the step (procedure) of adding to the air sample, a spectral
marker specific to the (target) biological agent or chemical agent, such that if the
(target) biological agent or chemical agent is present in the test solution or
suspension, the (target) biological agent or chemical agent when marked with the
spectral marker becomes a hyper-spectrally active target which is hyper-spectrally
detectable and identifiable in the test solution or suspension.

The spectral marker is, in general, a chemical type of spectral marker, or a
biological type of spectral marker. A suitable chemical type of spectral marker is, in
general, a chemical specie which interacts with (i.e., spectrally marks) the (target)
biological agent or chemical agent for forming a {biological agent—chemical
marker} complex or a {chemical agent—chemical marker} complex, respectively,
which exhibits a detectable and measurable degree or extent of luminescent (i.e.,
fluorescent or/and phosphorescent) properties, characteristics, and behavior, when
illuminated by different types of electromagnetic radiation or light, such as ultra-

violet (UV), visible (VIS), or infrared (IR), types of light. A suitable biological type



composed or made up of organic or/and inorganic materials or substances, which were in a particulate
form solid phase or/and were present (e.g., absorbed or/and adsorbed) on particles of the collected air
samples, and were collectively classified and treated as 'dust particles'. The dust particles had a
characteristic size in the range of between about 1 micron and about 20 microns, and were of different
shapes. For each air sample, a portion of the (dry form) dust particles was placed (spread out) on
a clean, inert, glass microscope type slide or plate which functioned as a sample holder in the
hyper-spectral imaging and analysis system. The siftle or plate (sample holder) with the portion of the
dust particlesivapeatieH apphspristely gositiohet! bindogeedrepetixedhighomigrecexamiination stage or
platform of thssepé‘é{gﬁ 'SB%&}I%' @E‘@Q{Qg@%%lé%%%ﬁ %h%”bfgﬁ&ﬁ%%ﬁr&é@n@'E%W'?o%%l@%‘;%t particles, of
different sizes and shapes, were hypet-spectrafly scained and imaged, for obtaining er-spectral
images and s{iectogldiahgaprinti{®F) ol spadical sigmataxe patteicheypes! afgdsntificatigivand
characterization Igﬁsults The re uItF for, tw. g)i%mgla%%rh% reé%rgrsggg%{{v%e?ﬁg%ge eéindividual)

dust particlesr%affﬁ'ue fﬁ%}n é%%%r%etsé)?f:nl |\e/|3’u\é{6ll us partlcFes Which Were su jec i f/per-spectral

imaging and aralyisareqpreseated phdsigsor@scamd gppatich ateexearplasy endpisidalyodetermined
graphical plots, (spegtra) of Emission. Intensity (ngrmalized) as a function of Emission Wavelength (nm)
ot exermplory B0 LT A B e cSaa) O o L5t FpEr TG CeFbe) tercor
Figs. 2a and 2lrshavctharepehsifl dgstpadiclead @y stypastidieightrespectively, is characterized by
essentially the same spectral fin tElrgp int (SFP) having essentially the same @haracteristi shape, and

i ib%%

same characteristic Sril8sfEic NGRS Fab AER AR RIS ARTRADSIBE SHY 9 dBout 460 nm
EXAMPLE 2niypel-spectial thediog] apgeanplsisial (haive) ‘sustinatticlesomgsnangpd ot different

liquids (ethanol, or ethylene 2lycol), for determinin2 extent of 'background’ signal reduction effected by

each liquid 7Pcctralymarkeeoithe topmed) diclosirtliagent aitfrantaliZnatkrd srapelemMually

collected from giustiesigingtingfrasmanindpakepuUreeaprix (2RspaEDI ANY Rarticrar PRject of interest
(target), such as a biological agent or chemical agent) were suspended in different liquids (ethanol, or

ethylene glycalAAg i bpecitiaBiphpsisabpBatksr imeyijndTanshricatnagsiim bisjegica was for

obtaining hypgr:seecttahipage-daia.and ninmaationim hefopa efiyRervpestsal magesand spectral
fingerprint (SFP) or spectral signature pattern t};pes of identification and characterization of the

suspended db¥pgaipiRIEausleettlmandeisicstisisblesiariby toyt detuHommgupecasiehebilifegree of
'‘background’ gignaladuchion that Qeé{'CL&%@IP@P@&S&@%%@S&@H%&"%iﬂﬁélesg&nﬁﬂmema' data

and information serves as useful reference associated with 'objects ‘of non-interest' (background)

during hyperigpminglmmmgsaﬁhlemwﬁ@i@gé#m%méﬁw @E@ﬂ@éﬁfiy@gstbﬁf S)éiﬂ@l@f_ of matter,
which may hqye RLeEent g3 ORIes Ll eRL (RLoebk S ENAS &RIAICgISRLAgeNt or chemical agent.

Specific case of the biological agent (e.g., bacterium, virus, fungus, or toxin) being

the spore-forming bacterium Bacillus anthracis

In a specific case of the exemplary specific embodiment of the present
invention, wherein the sample of matter is a sample of air (i.e., an air sample), and
the object of interest is a biological agent (e.g., bacterium, virus, fungus, or toxin),
such as the spore-forming bacterium Bacillus anthracis, then, this main step
(procedure) is performed as follows.

There is adding to the air sample, a spectral marker, specific to the (target)
spore-forming bacterium Bacillus anthracis, such that if the (target) spore-forming
bacterium Bacillus anthracis is present in the test solution or suspension, the (target)

spore-forming bacterium Bacillus anthracis when marked with the spectral marker



Experimental Methods and Procedures (Native) dust particles were manually collected (using
inert 'dust free' surgical type clean gloves and a metal spatula) from a normally clean, 'dusty’ desktop.
The dust patrticles originated from an indoor source of air (absent of any particular object of interest,
such as a biological agent or chemical agent), being air of a business office which normally had closed
windows, with a standard type of HVAC (heating, ventilation, air conditioning) environmental control.
As for Example 1, the indoor source of air typically included numerous, spatially or/and temporally
variable different types and concentrations of comé@nents, such as dust, pollen, minerals, non-target
types of bioldgiceimeratterypirespaniradigettiysetageparticthate kyramigactraliedemittebbh asiponents

present in thq- %pﬁfaﬁ&g 91 L @gpg(l)?&ﬁ\ggroer g&{?%)lgst%gﬁ or made up of organic or/and inorganic

materials or substances, which were Iin a particu orm solid phase or/and were present (e.g.,
absorbed or/and ad$ogvediabrtipasticiésiomntivkdan domtdait tanbevaersarigl colbectidielylglbsified and
treated as dusrt %z?mclc?s . The dust%)art cles h%jng characteristic size In eH’ule rapge (e)f lt'xl(\a/te%,een about 1

. 1Ssolvin S endin mixin 1.€., I a
micron and abolit 20 microns. and were o difterent shap%’s. - K EENeS O thres trypeso samples

(sample typeshalbrmpreparéthand testplt: i(ly pesdhgim ples)spimysfonnfodust particles (as a baseline
reference or control) absent of any liquid; (Type 2 sampjes). a.test suspension of dust particles
uspended in ethand R (b eSSy & SAH B R S Pt A L L Ep et
ethylene glydeblogidabtypaait speopie tipekéi., 2 anichBl aheatidaht9paliduptatfashrBample was placed
on a clean, inert, glass microscope type slide or plate which functioned as a sample holder in the
hyper-spectrﬁ%ﬁﬂgﬁqﬁ@pgﬂﬁ’j?ﬁ%gﬁﬁta%ﬂ*ﬁ 14 8r§epﬁhfpe8@ﬂﬁ”{ & &W@?i%ﬁﬂtﬁg'%mple portion
or aliquot wasghermappiepkatelyepesitioned e aeauipd thiseduupoBigexaminaion siage or

platform of the hyper-spectral imaging and analysis system. For each sample tlype, several separate
Y

(individual) ddRipaifigecidel ferbHseRs fon fumipa L WARlAgRE rR8hRL f 4 4e BT LR d imaged,
for obtaining {ner-eppresahinages ane ApeciablingeminiRiP) PreRecti@sjgpatusmprattern types

of identification and characterization.

exhibits a detectable and measurable degree or extent of luminescent (i.e.,
fluorescent or/and phosphorescent) properties, characteristics, and behavior, when
illuminated by different types of electromagnetic radiation or light, such as ultra-
violet (UV), visible (VIS), or infrared (IR), types of light. A suitable biological type
of spectral marker is a biological specie, for example, an antibody of an
immunoassay technique (for example, as described in reference 37), which interacts
with (i.e., spectrally marks) the (target) spore-forming bacterium Bacillus anthracis
(via surface antigens thereof) for forming a {biological agent Bacillus anthracis
spore antigen—antibody} complex, which exhibits a detectable and measurable
degree or extent of luminescent (i.e., fluorescent or/and phosphorescent) properties,
characteristics, and behavior, when illuminated by different types of electromagnetic
radiation or light, such as ultra-violet (UV), visible (VIS), or infrared (IR), types of
light.

In any case of the (target) spore-forming bacterium Bacillus anthracis being
spectrally marked with the chemical type of spectral marker (i.e., terbium trichloride
[TbCls]), or with the biological type of spectral marker (i.e., antibody), the formed
{biological agent Bacillus anthracis spore (dipicolinic acid [DPA])—terbium

trichloride [TbCls]} complex, or {biological agent Bacillus anthracis spore



Results At an exemplary characteristic emission wavelength of about 460 nm, the 'average'
emission intensity (in terms of absolute arbitrary units) for each of the three sample types tested was
as follows: Type 1 samples: dry form dust particles (baseline reference or control): 12,700. Type 2
samples: test suspension of dust particles suspended in ethanol: 11,700. Type 3 samples: test
suspension of dust particles suspended in ethylene glycol: 1,600.

58
antigen—antibody} complex, respectively, becomes a hyper-spectrally active target

which is hyper-spectrally detectable and identifiable in the test solution or
suspension of the air sample, when the test solution or suspension is subjected to
hyper-spectral imaging and analysis.

Specific case of adding to the test solution or suspension a backeround reducing

chemical, for example, an organic liquid, such as ethylene glycol (MEG)

[HOCH,CH,0OH]

In accordance with the method of the present invention, as shown in Fig. 1,
the main step (procedure) of preparing the test solution or suspension of the air
sample includes the unique and critically important step (procedure) of adding to the
test solution or suspension a background reducing chemical. The background
reducing chemical reduces background interfering effects caused by presence of
numerous, different types of objects of non-interest (background), i.e., (non-target)
components, in the test solution or suspension (particularly those objects of non-
interest (background), i.e., (non-target) components, which originated from the air
sample), during the hyper-spectral imaging and analysis of the test solution or
suspension, thereby increasing hyper-spectral detectability of the hyper-spectrally
active target (i.e., the {biological agent Bacillus anthracis spore (dipicolinic acid
[DPA])—terbium trichloride [TbCls]} complex, or the {biological agent Bacillus
anthracis spore antigen—antibody} complex) in the test solution or suspension, and
thus enhancing identification and characterization of the object of interest (i.e., the
Bacillus anthracis biological agent) in the sample of matter.

The background reducing chemical is, in general, any type or kind of
chemical which is composed or made up of one or more organic or/and inorganic
materials or substances, which is/are in a solid (e.g., particulate) phase, a liquid (e.g.,
solution or suspension) phase, or a combination thereof.

In the specific case of the exemplary specific embodiment of the present
invention, wherein the sample of matter is a sample of air (i.e., an air sample), and

the object of interest is a biological agent (e.g., bacterium, virus, fungus, or toxin),



75 only 1000 units) on reducing the background signal (average emission intensity) primarily due to
the dust particles in Type 2 samples. By strong contrast, the ethylene glycol had a relatively very major
effect (i.e., a decrease of 11,100 units) on reducing the background signal (average emission intensity)
primarily due to the dust particles in Type 3 samples. Based on the results, it was concluded that for
the experimental samples and conditions used and tested in Example 2, ethylene glycol is capable of
significantly reducing background signal (average emission intensity) due to dust particles which are
present in a test suspension of a sample of matter>ft was therefore concluded that ethylene glycol is a
'viable' and effadtives bk gspetselvetitngndatiemical Rocilge inhipecispatirakimagipgiealty analysis of a

sample of m X : i ' [ - ini st
cHspensions STTATES 2o ot e e 2 SR R e B R e
tar2et-contaiméd2dest shispansicrsairfziolo 2igaldagenh Bacilhydcsalglisdgore, (dipicetnitacid
IDPAB-terbium tri ide [MOW complex in the background reducin2 chemical bein2
ethylene 2ch%rﬂy00?@%%%zélr %lr? eé(%f%?i) img(ﬁgﬁaoﬂiological agents is a vital task for
first-responders in oftlersizédbditgpe tiniehdarfbaghpopridtedatiopsirittieab\ient bt athidlogical attack.
Bacillus anthracis -formj teriym.and a erpus pathogen causing the anthrax disease,
is an importaﬁ y@%ﬁ%&g}irﬁéﬁgﬁg%%émfa%ig%%ﬁcezi?%\}lacﬁaﬁé%égﬁ?%%%gfggfés,rggéléﬂﬁi% anthracis
spores are ofcparicula¢féancern. (tkstnbsynate highincesicdantinnbnokgnenid! sirassimgd are
relatively easgé producegﬁi]n 0 weapon-grade 9&naﬁerial outside ga%aboratory. Sfc nd, anﬂt?rax is an
infectious disEaga® r&Q gé%éh?carﬁ Bt oM WRIMYR IS h QUSSP iR QAR B More than 104
Bacillus anthirgisspries(ddoneyeidihe. diagnasiagtgntdiaydadnes, inmediatsisimetibiakes 1 - 60
days for anthrax symptoms to appear in 76 humans. Therefore, the rapid detection of Bacillus

anthracis spotEPFA08 SRHEHIROA s B RSiAvS ALY PR FRmparR Harte Aitbr thiman safety.

Bacillus anthggasis RRCIESR RN RIS OINRoRPAF OB PRI alo1PSRRIE, GRIIRIS P GAgNtral core
surrounded by various protective layers. Dipicolinic acid [DPA] is found in these protective layers and

accounts for B9ATEE SERsE BRI @ UmAli GO BB lcBRRier Hd e PR BaBH &/BXHRiited by being
complexed tga-ghemicaliyReAf spectralmakes iahaxanmris terbiup tshejderlfiRe4gh which

interacts with (i.e., spectrally marks) the spore-forming bacterium Bacillus anthracis (via the dipicolinic

acid [DPA] theyBaSRSEFnprE R ZnBIbgltedy dg oh tBatafusodHtRRaRTsS BpRsis Ritpi ddliniEcaidig
[DPA])-terbiupy trchloiide (Gl dhoSAPAEXpd it idmet6AMPIR RX RIS 3AeteFaRIg9ed
measurable degree or extent of luminescent (i.e., fluorescent or/and phosphorescent) properties,
characteristidgrgaid (behavisr, Whekedicahingtsd bYadiffarentiipes of wlearddingatinecratistion or light,
such as ultra[ﬂ?'ﬁﬁ)(gyel‘oYﬁﬂlblt?iéM@}dg r[*ﬂ'f@é?? é@pfé(geérotfhlég%‘iological agent Bacillus
anthracis spore antigen—antibody} complex) in the test solution or suspension,
during the hyper-spectral imaging and analysis of the test solution or suspension.
Accordingly, addition of the background reducing chemical, i.e., the ethylene glycol
(MEG) [HOCH,CH,OH], to the test solution or suspension of the air sample results
in increasing (enhancing) hyper-spectral detectability of the (target) spore-forming
bacterium Bacillus anthracis, present in the air sample.
The background reducing chemical, i.e., the ethylene glycol (MEG)
[HOCH,CH,OH], following addition to the test solution or suspension, and during
the hyper-spectral imaging of the test solution or suspension, exhibits some
combination of the following two main modes of behavior.

First, the background reducing chemical, i.e., the ethylene glycol (MEG)
[HOCH,CH,OH], selectively, 'physicochemically interacts', during the hyper-



In Example 3, the (non-hazardous) biological agent Bacillus subtilis was used as a functional
equivalent substitute for the (extremely hazardous) biological agent Bacillus anthracis. A main
objective of Example 3 was to implement the present invention with respect to: (i) the detectability of
the {(dipicolinic acid [DPA])-terbium trichloride [TbC13]} complexes, (ii) the detectability of {biological
agent Bacillus subtilis spore (dipicolinic acid [DPA])-terbium trichloride [TbC13]} complexes, and (iii)
the detectability of {biological agent Bacillus subtilis spore (dipicolinic acid [DPA])-terbium trichloride
[TbC13]} complexes with the background of native @ust particles, and (iv) data base creation,
identification spedirdkisipmgnakihg: BRpemorsiomolidhodsendsPdoderdutdspes DirhgeH of

i T te ility, | luated
by thres sty B e e e B e
(SFP) of lightoemittgeengionvhgtintical §(Hipitoiicic ayic (D PA] ) serbintarayicHloriderphin@il 3[fecomplex was

exited by a U(\I/l ”ﬁ%%%ﬁ)r%i%r%;leer{é?d t%%?z Pﬁsgtiv%clfiégls) %ith_eaﬂu% s%enceahntgrnsil%c f every pixel
that expresses(% e charactensic SEP of (ﬁp olinic acﬂ&l[% l]sste%)lu triéniotide [ﬁ) I}
complexes, afte(B)ythe (etatiorshipabbiveein Gk Récinelsdedtiel @spitee ) Xels okscgivgndmage and
Spectral data e R R Db ar R S 2 A A S R DR ES L TG gomplexes
the hyper-spectral imaging, the background reducing chemical, i.e., the ethylene
glycol (MEG) [HOCH,CH,OH], may or may not effectively (i.e., measurably)
'chemically react', but at least to some extent 'physically interacts', with the
numerous, different types of objects of non-interest (background), i.e., (non-target)
components, present in the test solution or suspension (particularly including those
objects of non-interest (background), i.e., (non-target) components, which originated
from the air sample).
Second, the background reducing chemical, i.e., the ethylene glycol (MEG)
[HOCH,CH,OH], selectively, 'physicochemically interacts', during the hyper-
spectral imaging, with the hyper-spectrally active target (i.e., the {biological agent
Bacillus anthracis spore (dipicolinic acid [DPA])—terbium trichloride [TbCls]}
complex, or the {biological agent Bacillus anthracis spore antigen—antibody}
complex) present in the test solution or suspension, in a manner which effectively
(i.e., measurably) increases (enhances) its (spectral) luminescent (i.e., fluorescent
or/and phosphorescent) properties, characteristics, and behavior. During the hyper-
spectral imaging, the background reducing chemical, i.e., the ethylene glycol (MEG)
[HOCH,CH,0OH], may or may not effectively (i.e., measurably) 'chemically react',
but at least to some extent 'physically interacts', with the hyper-spectrally active
target (i.e., the {biological agent Bacillus anthracis spore (dipicolinic acid
[DPA])—terbium trichloride [TbCls]} complex, or the {biological agent Bacillus
anthracis spore antigen—antibody} complex) present in the test solution or

suspension.



In order to examine the level of detection of {{[DPA])-[TbC13]} complexes by the hyper-spectral imaging
and analysis system, 10 p1 (microliters) of DPA and [TbC13] solutions (prepared in ethanol) were
applied on a black metal plate, and three spectral images were acquired for each DPA concentration.
Reagents [TbC13]: 8mM (millimolar). DPA: 30 mM, 15 mM, 500 pM (micromolar), 50 pM, 5 pM, 500
nM (nanomolar), 50 nM, and 5 nM. As a control, 10 pl of [TbC13], 25 mM applied on a black metal
plate was assayed. Data Analysis Hyper-spectral images were analyzed for the characteristic
spectrum emitted by the {{DPA])-[TbC13]} comple>{é‘s at a one pixel resolution, and the total area
subtends all positivdrsiksiomeistbalsigiatetofed eadio hypding te chalis aghiaom MBYsporeentration.

Moreorr 0 IO TS DR By poeeemapale
The level of detéutiomof §x AlieRd@ER]dCompienes aviast feolntido imcresgenwith DiPhccaircentration.
Generall, the STRRIRGR. SRR Ry L el AR BRI RRch. ok Aogh e spgoval images)
precision (reproducibility), sensitivity, at high speed (short time scale), be it during
on-line (real time, near-real time) or off-line, in an optimum and highly efficient
manner, of the remaining main steps (procedures) of the method, i.e., the main step
(procedure) of generating and collecting hyper-spectral image data and information
of the test solution or suspension, and the main step (procedure) of processing and
analyzing the hyper-spectral image data and information, for identifying and
characterizing the hyper-spectrally active target (i.e., the {biological agent Bacillus
anthracis spore (dipicolinic acid [DPA])—terbium trichloride [TbCl;]} complex, or
the {biological agent Bacillus anthracis spore antigen—antibody} complex) in the
test solution or suspension, thereby identifying and characterizing the object of
interest (i.e., the spore-forming bacterium Bacillus anthracis) in the air sample.
Following completion of the preceding described main step (procedure) of
preparing a test solution or suspension of the air sample, a portion or aliquot of the
test solution or suspension of the air sample is then, preferably, transferred and
placed on a clean, inert, metal slide or plate, or, on a clean, inert, plastic (e.g.,
Teflon®) or glass microscope type slide or plate, which is suitable for functioning as
a sample holder in a hyper-spectral imaging and analysis system. The slide or plate
(sample holder) with the portion or aliquot of the test solution or suspension of the
air sample is then appropriately positioned and secured (fixed) upon a
three-dimensionally movable (i.e., translational), and optionally, angularly movable
(i.e., rotational), examination stage or platform of the hyper-spectral imaging and
analysis system. Then, there is performing the next main step (procedure) of

generating and collecting hyper-spectral image data and information of the test

solution or suspension of the air sample.



78 characteristic spectral finger print (SFP) of {{DPA])-[TbC13]} complexes (positive pixels) increased
with increasing DPA concentration. The highest percentage of positive pixels was found at a DPA
concentration of 30 mM, while the lowest percentage was achieved at the lowest examined DPA
concentration, 5 nM. Additionally, when only [TbC13] was assayed, only 7.2 % of the pixels were
shown to be positive. The average intensity of the emission peak of the {{DPA])-[TbC13]} complex
decreased with DPA concentration until achieving a steady-state around a DPA concentration of 50
pM. (ii)DetectabiliwW of b|olog|cal agent BaC|IIus suﬁﬁrlrs spore (dlplcollnlc acrd IDPAl) -terbium
trichloride ITezte ek s thénpeinshec 1P b)iddise forrBewi el atilesivas used as
a functional e&wyg,lggﬁg}gg%%ig !or the (extremely hazardous) blologrcal agent Bacillus anthracis.

In order to e tection of {biological agent Bacillus subtilis spore (dipicolinic acid
[DPA])-terbium trichﬁrisier{aib@lﬁl]}(pmnglw@)sOﬁpbcers@lbpénfsmrhs{mﬁfcﬂﬂ@r@ﬂt voagegtatibns were
prepared. Given,a stock il S ve dilut ere
performed. Prr%or (S)i%e?i(gm%% the é‘?é%ga |'1:$,% @EP gg f&’éﬁ %%ré% %Sl‘r%utlo%érg\]/smr((a5 fkcj:o(tgfgr]rrt%e\{(;l using a
standard hentloogiomefethd heasembeveftspores ipeefcined the d&srtmimiwas idalcbialiédaby multiplying
the number oésa(ores n&the ?'&heﬁt dequion by the ratio b ween th the. hl%hest |Iut|cH1 and t e dilution in
concern. In order to release ecUles oM Wi ’hm the spores t ervere. ro en down by
heating at 80g€nﬁmﬁ@nmmﬂrtesll&dm@d%ﬁe@edmboresgw&te&stonddmfmﬂaﬁdnnbf thiee spotre
detectabrlltyw S examlned .The errmen) ocedure inclu ed th 12 ap atron of 10 pl of
preheated SpIY L IRCTICH Sf (o i T o SR e

(background g&d&&mgemﬁﬁgaalbmacwbﬂ%&eﬂﬂrﬁg) miateoﬂéwrﬁglbypmggﬁétatﬂqm@ar@it@ns were

achieved: 7.2 x 7.2 x105,7.2 x 104 x103,and 7.2x 1
d1 m?ormati(on using any sultablze hyper-spectral%mag?ng and analysis system and

technique.

For example, for performing this main step (procedure) of the method of the
present invention, there is using any suitable teaching or practice disclosed in
references 1 - 29 (and references cited therein). Preferably, there is using the
selected teachings and practices of hyper-spectral imaging and analysis by the same
applicant/assignee of the present invention which are disclosed in references 30 - 36.

Accordingly, from the preceding described main step (procedure) of the
method, the slide or plate (sample holder) with the portion or aliquot of the test
solution or suspension of the sample of matter which is appropriately positioned and
secured (fixed) upon a three-dimensionally movable (i.e., translational), and
optionally, angularly movable (i.e., rotational), examination stage or platform of the
hyper-spectral imaging and analysis system, is subjected to subjected to hyper-
spectral imaging and analysis. Multiple fields of view of the sample of matter are
'hyper-spectrally’ scanned and imaged while the sample of matter (containing
objects, and components thereof) is exposed to electromagnetic radiation. During
the hyper-spectral scanning and imaging there is generating and collecting relatively
large numbers (up to the order of millions) of multiple spectral (i.e., hyper-spectral)
images, 'one-at-a-time', but, in an extremely fast or rapid sequential manner, of the

objects (and components thereof) emitting electromagnetic radiation at a plurality of



79 spores / ml (milliliter) Samples were examined using the hyper-spectral imaging and analysis
system. Results The level of detection of complexes comprising of DPA (extracted from Bacillus
subtilis spores) and [TbC13] molecules was examined. The vast majority of pixels contained in the
acquired spectral images expressed the characteristic spectral finger print (SFP) of {{DPA])-[TbC13]}
complexes (positive pixels). Throughout the various spore concentrations, the fluorescence intensity of
all positive pixels was found to decrease with spore concentration. The highest fluorescence intensity
resulted out of the illumination of a sample mcludm@? 2 x 106 while the lowest fluorescence intensity
was achievednanervasaengtbscendbriissiageoéizs2 whe shorawyetangths iloifragedndipe pesults are

presented in b " r ri t cal plot
(spectrum) ofJ]: égr%%%?ﬁ%ttgn%%/er o%rsna |ze(g)r{glgsféle?ﬁéqy1 tll}/gﬁg% %g?gr? \%;%H}f%el%gggﬁa ?ﬂh of a
background- dm;ntasb’émpanmdwﬁ@ommmnglmnytwdjwqubwm(endstmmdemmm@ exemplary

background redyc alb Ing anlc I| |d eth lene glycol (monoethylene glycol (MEG));
absent of any gt%ijlec?% nerest at%iargtFF? albs%nt o} a‘%y%B% s%l)élc?raérm Set Ia]{lrge b%lng the

exemplary {biplagicdl ﬁgmteB&eﬁlugfsfabtllm $p)p1rb ifdipicolifoc peidi dgAdydepbinma lyibightide [TbC13]}

thereor IS SHTEETa) A bTCA) Qe LA o e BT oG B Eiission
Intensity (noreedize@dhashe dbpetiomoed E@n@&mi\é\/ﬂh‘w&eﬂgth (nm) of a target-containing test
suspension [|ncl d|n Qbj [ ' an exemlar obJecI of mter st or target (i.,e., a
hyper-spectraty-sSHF g PR BHPa%E Hiprary (5t s - (dlplcollnlc

acid [DPA])- tﬁtﬁﬂé%dé"iﬁi@éﬁéﬁt [{&ﬁm} 6ﬂﬂﬂﬁ|eéﬁm@é$ﬂﬁsnd@ﬁl/iﬂgthﬁt@%@ﬂﬂ&|w&ﬂ§@ﬁbﬂd reducing

chemical being the organlc liquid ethylene gllycol
mterest (background), and a biological agent or chemical agent type of object of

interest (target) <

This main step (procedure) is readily performed for generating and collecting
hyper-spectral image data and information of the test solution or suspension, for the
exemplary specific embodiment of the present invention, wherein the sample of
matter is a sample of air (i.e., an air sample), and the object of interest is a biological
agent (e.g., a bacterium, a virus, a fungus, or a toxin), or a chemical agent (e.g., a
nerve agent [e.g., sarin, tabun, or soman], or a chemical poison [e.g., a cyanide
compound, or an organophosphate compound]), which is composed or made up of
organic or/and inorganic materials or substances that are preferably in a solid (e.g.,
particulate) phase or/and are present (e.g., absorbed or/and adsorbed) on particles of
the air sample. More specifically, for example, the object of interest can be a
biological agent, such as the spore-forming bacterium Bacillus anthracis, which is
chemically marked (e.g., via terbium trichloride [TbCl;]), or biologically marked
(e.g., via antibodies of an immunoassay technique), as described hereinabove, as part
of the main step (procedure) of preparing a test solution or suspension of the sample
of matter, i.e., the air sample, for enabling identification and characterization of the
objects of interest (i.e., the biological agent spore-forming bacterium Bacillus

anthracis) via hyper-spectral imaging and analysis.



80 (monoethylene glycol (MEG))], subjected to hyper-spectral imaging and analysis, showing the
spectral fingerprints (SFPs) thereof In Fig. 3b, the following reference numbers, in terms of the SFPs
are applicable to the indicated concentrations: SFP 5: 7.2 x 102 spores / ml. SFP 4: 7.2 x 103 spores /
ml. SFP 2, 3: 7.2 x 104 spores / ml, 7.2 x 105, spores / ml. SFP 1: 7.2 x 106 spores / ml.
(iif)DetectabiliW of ;biological agent Bacillus subtilis spore (dipicolinic acid IDPA1)-terbium trichloride
1TbC13.11 complexes on (native) dust background To test the detectability of {biological agent
Bacillus subtilis spore (dipicolinic acid [DPA])-terbiﬁfh trichloride [TbC13]} complexes on the
background of (native)sdost ethbedidiffeient popecseripensiviesbeczmsayenl (Dsnsgdive hgiper-spectral
imaging and % IS SV, R th@%) 3 éie arficle itione he sample plate
is 15 miIIions,g t ey%ﬁﬁsbegﬁo?gg%t@lgﬁe% t %Easéé}r%g o{rrll?t ee cibg!?m%cﬁg Zgggﬁﬁmﬁ%hgfgg}%pﬁ%aplate is 3.75
millions. Duss@attisiesrangpagsbetwedndearwdRapety ingdierensprapd/ardisuspe (deghinugistilled water

and using a I]lemec%g: tgc rgg%rﬁ z'ls%o&gtsa we ?n(forlrjrrllztt ldh%g()q)rgilgiso&ggspg?rteic{es (200 pl (microliters) of
dust particles gasp sion) were applied an even(iy spreé&on a white ﬁre?lc')n(r) plate. 10 pl of spore

suspension (preheated dodactievehthe dissopiiatelyf theyspone hapa-Hpeaxtraotigre afaRP#dolecules)

were added to %he S%,rﬁpﬂple Igte The d st-%p re suspension was, p rtl){ evaporated b}( hgﬁating the
sample with A ?ﬁqﬁg sc())urcécgﬁrd) hi pI1 f 346 I\/f?ﬁﬁ% cOhcelitr fﬁ?ﬁnecﬁugs ?nM) and 50
pl of ethylenenglyealqsdiréakgraypes retlubjagcbe miaaintarast goaddround), i.e., (non-target)

components, present in the test solution or suspension (particularly the numerous,
spatially or/and temporally variable different types and concentrations of (non-target)
components, such as dust, pollen, minerals, non-target types of biological matter
(mold (fungi), bacteria), and non-target types of particulate chemical matter, which
originated from the air sample), during the hyper-spectral imaging and analysis of
the test solution or suspension.

In exemplary embodiments, there is acquiring the hyper-spectral image data
and information for different types and concentrations of any one or more of the
objects of non-interest (background) in a 'dry form' (for example, as exemplified
herein below in Examples 1 and 2), or additionally, or alternatively, in a 'wet form'
dissolved or suspended in a liquid (for example, as exemplified herein below in
Example 2). For example, according to a 'wet form', there is dissolving or
suspending exemplary objects of non-interest, such as dust or pollen particles in the
same background reducing chemical, e.g., ethylene glycol (MEG) [HOCH,CH,OH],
which is used in the main step (procedure) of preparing a test solution or suspension

of the sample of matter.

Processing and analyzing the hyper-spectral image data and information

This main step (procedure) of the method for hyper-spectral imaging and
analysis of a sample of matter, for identifying and characterizing an object of interest
therein, of the present invention, is performed as described in the Field and

Background section, hereinabove. In general, this main step (procedure) of



The detectability of the {biological agent Bacillus subtilis spore (dipicolinic acid [DPA])-terbium
trichloride [TbC13]} complexes on the background of native dust was evaluated at 6 different spore
suspensions containing: 2,500; 5,000; 25,000; 50,000; 250,000 and 2,500,000 spores. Apart from
these spore suspensions, a 81 sample containing all reagents but the spores was assayed as a
control. Five hyper- spectral images were acquired at each spore suspension. That is, conforming to
the detectability requirements of 9000 spores / 15,000,000 particles. Results The detectability
level of complexes comprising of DPA (extracted fidm Bacillus subtilis spores) and [TbC13] molecules
on a dusty baukgesung wad exatiineg tkindynertspgeralpentaat irdaiginendnihémaiysignsysiem. The

percentage of i ixels (pi ress| teristic ral,fi rnt (SEP) of the
{biological aglg%%@é%&%g%ﬁ%%&%égﬁf %%&ﬁ ﬁ?é%%?{@%%@%#é%%ﬁﬁ%ﬁ e%%tléﬁ complexes)
contained in tuspgosineditvygley-sgetifainmagds iharadsedngtithgrohjeg sgoretemantinl biat is, 12 % of
the pixels subtending the er-spectral i es of.the highest spore count (2.5 x 106 spores) were
found 10 be. PRI Lo ot s Ly A et B By et bR Tgos
taken at a sppractioeiof pi@cBsxidg) 3andeneyasitivieypEhapetce ntage: afaRositivia feixedsion, ti@ images of
the control sag%%ef withoué sEore%was found to be 3.1%2/0. 'tITherefor?,.the Itastt spore suﬁ?pension to
result in a PoSItive %Iaﬁ & ?ft%\cg rlﬁf&ﬁear TRRYOFY %Colrl‘f?oﬁa%emﬁ?e%s e’ uel?lpe ed from the
suspension ofudpensibdd spapesny kaibyde mspeckisidmadingeand arbsib systesemiagggpable of
detecting spore suspensions containing at least 25,000 spores. (iv)Data base creation, identification,
and decision ;}hod%r? practiced in the prior art.

For example, for performing this main step (procedure) of the method of the
present invention, there is using any suitable teaching or practice disclosed in
references 1 - 29 (and references cited therein). Preferably, there is using the
selected teachings and practices of hyper-spectral imaging and analysis by the same
applicant/assignee of the present invention which are disclosed in references 30 - 36.

Accordingly, the hyper-spectral images generated by, and collected from, the
sample of matter, are correlated with emission spectra of the sample of matter, where
the emission spectra correspond to spectral representations in the form of spectral
'fingerprint' or 'signature' pattern types of identification and characterization, of the
hyper-spectrally imaged objects (and components thereof) in the sample of matter.
Such hyper-spectral image data and information are processed and analyzed by using
automatic pattern recognition (APR) or/and optical character recognition (OCR)
types of hyper-spectral imaging data and information processing and analysis, for
identifying, characterizing, or/and classifying, the physical, chemical, or/and
biological, properties, characteristics, and behavior, of the hyper-spectrally imaged
objects (and components thereof) in the sample of matter.

According to some embodiments of the method for hyper-spectral imaging
and analysis of a sample of matter, for identifying and characterizing an object of
interest therein, processing and analyzing the hyper-spectral image data and

information includes the following sub-steps (sub-procedures), which are considered



Apart from analyzing the hyper-spectral images for the exact emission peak of the {biological agent
Bacillus subtilis spore (dipicolinic acid [DPA])-terbium trichloride [TbC13]} complex, another approach
under taken was to create large data bases comprising all hyper-spectra included in the acquired
hyper-spectral images. Following the identification of the emission peak of interest, all pixels not
expressing the exact emission peak (negative pixels) were discarded from further analyses. Spectral
finger prints (SFPs) included within the Positive Pixels were 82 compared against the hyper-spectral
data bases as a second stage validation and a deci8ion was made. Creating the Background and
Target Databadbgonal Foidisgabnidataftsisess wérexerepla. aThbollistadsredpbaddisoledtdvailable
spectra of thq-n%ﬁ%ggd particulate background (‘background’), and the other included all spectra
corresponding to the Bacillus subtilis spores (‘target’). Following the identification of the emission peak,
spectral finger prints{8kisg)gnciietmtatiitiyn¢hel POHEItVe Rixelsehelly detectea ganalhedeyrouped, and
placed into the target daig base, The, israel, data.age inclyded. al e, SEFs detactpd i 30 spectral
images acquwea1 AT ditferen sSpore counts. The 'bacekgr'o ' GaA Base was nerafeoaby taking
into account ajlfskRsumciLidedsin dherd3osip wh P ivedsi fourddetnal sfegtrghimaged ightestytédckground.

Decision stage comparing the SFPs incorporated in the Positive Pixels of a given image to
SEPs from (D 5 A B Ao dr Y G Bheld) DUGHUR B STY e g

rget' and
‘background' e doredalggertpsddivisiangietdad dher peesethinghaviftasitivespiseatd daipesponding to

'ta.rge.t' and. the, ercept ge of thqse matching to '‘background'. The decision.to e.made is based on
s pixel st Gort i1 o 85" SIREL D ARLBE PR prEbLricd o (A BAAE, GFHSERh [ak of the
{biological aggnrBagilus sybtilisispare(Priaslinicladid [RPAYHoshiven pickiloudald Hypal complex
together withstgleectrrgia}g%résehaigg (E)teztlvl\{}elgenr _tsq)ee cr%reQ’lV'ﬁ’n gggtéiart%ga%gPs and a large spectral data base.

> analyzing the hyper-spectral image for the characteristic spectral finger prints

at a one pixel resolution, and calculating total area that subtends all the positive

pixels for each hyper-spectral image and concentration of the spectral marker.

> calculating minimum, maximum, and average intensities of a spectral region

around a characteristic emission peak of the hyper-spectrally active target.

> creating two distinct data bases, wherein a first data base corresponds to all

available spectra of the background interfering effects, and a second data base

includes all spectra corresponding to the hyper-spectrally active target.

> comparing spectral finger prints incorporated in the positive pixels of the

hyper-spectral image to spectral finger prints from the two distinct data bases,

whereby the positive pixels are divided into the hyper-spectrally active target and the

background interfering effects, and then correlating, for yielding percentage of the

positive pixels corresponding to the hyper-spectrally active target and percentage of

the positive pixels corresponding to the background interfering effects.

> using (plotting) the percentages of positive pixels in a bar graph for showing

distribution of the characteristic spectral finger prints of the hyper-spectrally active

target and of the background interfering effects among the positive pixels of the

hyper-spectrally active target, as a function of a count of the object of interest.



Results Results of the above described data base creation, identification, and decision making are
presented in Figs. 4a and 4h. 83 Fig. 4a is an exemplary empirically determined bar graph of
Positive Pixels (%) as a function of Spore Count (absolute number) showing distribution of
‘background’ and 'target’ spectral fingerprints (SFPs) among Positive Pixels [of the emission peak (540
5 nm) of an exemplary object of interest or target (i.e., a hyper-spectrally active target being the
exemplary {biological agent Bacillus subtilis spore édipicolinic acid [DPA])-terbium trichloride [TbC13]}
complex], as a function of Spore Count, based on flper-spectral image data and information obtained
from Figs. 3acandigimptatysispidaifexparhedintent foiFa sampdea afexsnipin spmplpiriceitipidetgrmined bar

dNa [Ou S
graph of Positi i ) r.showing 'reproducibility’
of the distrib ﬁ t B ool [of the
emission peakt(34d Gaukgd exednplarylopiedt ofd onieaheeéne.(yahwberbgpratfally active
target being tih exe tﬁlaer {Qiological agent Bacillus subtilis spore (dipicolinic acid [DPA])-terbium
trichloride [Tbg%@ﬂ—g;n%péﬂ, as a function of Spore Count, based on hyper-spectral image data and
information obtainedbig repeaticg @xpardmehis chiExtapplierdasfdeporieediyereiielbwing Example 4,

in accordance with the present invention. . For generating the.results presented.in Fig. 4b, the
detectabilty G141 TEICIBRS A e BADG LR b S R AE AEt SOATF HEIBRT rchloride
[ThC13]} contgisetespestrthy hatkgrougd of dativsdiudtvias avalspdad @t, Stdifébreteapdyguspensions
containing. 4,500;.9,000; .45,00%; %%Ooo;fnd 450,000 spores. Apart from the%e spore E}uspensions, a
sample contalAthgP TR A A% B OHEE S USRS s CO LR PRI 58FBBEral images
were acquireghati€RCpreperedsusiRiisioet Thatis, pestarming:toidhe delastability seavikements of 9000

spores / 15,000,000 particles. EXAMPLE4 (prophetic):Hyper-spectral ima2in2 and analysis of
matter is a sample of air (i.e., an air sample), and the object of interest is a biological

agent (e.g., a bacterium, a virus, a fungus, or a toxin), or a chemical agent (e.g., a
nerve agent [e.g., sarin, tabun, or soman], or a chemical poison [e.g., a cyanide
compound, or an organophosphate compound]). More specifically, for example, the
object of interest can be a biological agent, such as the spore-forming bacterium
Bacillus anthracis, which is chemically marked (e.g., via terbium trichloride
[TbCls]), or biologically marked (e.g., via antibodies of an immunoassay technique),
as described hereinabove, as part of the main step (procedure) of preparing a test
solution or suspension of the sample of matter, i.e., the air sample, for enabling
identification and characterization of the objects of interest (i.e., the biological agent
spore-forming bacterium Bacillus anthracis) via hyper-spectral imaging and
analysis.

In some embodiments of the present invention, the main step (procedure) of
processing and analyzing the hyper-spectral image data and information, includes
processing and analyzing hyper-spectral image data and information of objects of
non-interest. For example, this main step (procedure) includes processing and
analyzing the hyper-spectral image data and information that is 'separately' generated
and collected (acquired) via the preceding main step (procedure) of generating and
collecting hyper-spectral image data and information of the test solution or

suspension of the sample of matter.



tar2et-containin2 test solutions or suspensions of fbiolozical agent Bacillus 84 subtilis spore
antigen-antibody} complex], includin2 the background reducin2 chemical bein2 ethylene 2lycol Bacillus
subtilis spores detection by immunofluorescence microscopy - hyper-spectral imaging and analysis
Sample preparation Bacillus subtilis spore suspensions (105 - 106 / ml) are fixed in 0.1 %
glutaraldehyde in PBS for 10 min. Samples (10 pl) are immediately applied to microscope coverslips
(BDH) that are treated with 0.01 % (wt / vol) pon-LééIysine (Sigma) (see below).

Accordingly, the hyper-spectral images generated by, and collected from, the
objects of non-interest are correlated with emission spectra of the sample of matter,
where the emission spectra correspond to spectral representations in the form of
spectral 'fingerprint' or 'signature' pattern types of identification and characterization,
of the hyper-spectrally imaged objects (and components thereof) of non-interest
which are present in the sample of matter. Such hyper-spectral image data and
information are processed and analyzed by using automatic pattern recognition
(APR) or/and optical character recognition (OCR) types of hyper-spectral imaging
data and information processing and analysis, for identifying, characterizing, or/and
classifying, the physical, chemical, or/and biological, properties, characteristics, and
behavior, of the hyper-spectrally imaged objects (and components thereof) of non-
interest present in the sample of matter. This additional step (procedure) of
processing and analyzing hyper-spectral image data and information of objects of
non-interest provides useful data and information used for identifying and
characterizing hyper-spectrally active targets of non-interest in the test solution or
suspension, which assist in identifying and characterizing the object of interest in the

sample of matter.

EXAMPLES
Selected embodiments of the present invention, including novel and
inventive aspects, characteristics, special technical features, and advantages thereof,
as 1llustratively described hereinabove, and as claimed in the claims section
hereinbelow, are exemplified and have experimental support in the following

examples, which are not intended to be limiting.

MATERIALS AND PROCEDURES

Hyper-spectral Imaging and Analysis System




After 4 min, the liquid is aspirated from the slide, which is then allowed to dry completely in air at room
temperature. The coverslip is washed in phosphate-buffered saline (PBS) (pH 7.4) and if needed
blocked for 15 min with 2 % bovine serum albumin (BSA) (Sigma BSA) in PBS at room temperature,
and then washed again. Samples are incubated with 50 p1 of staining solution (see below) for 5, 10,
or 15 minutes. The samples are rinsed with 10 ml of PBS using gentle flow from a 10 ml pipette. An
aliquot of ethylene glycol is added to the sample aséga background reducing chemical.

In each of the Examples 1 - 3, the same hyper-spectral imaging and analysis
system was used: the Green Vision Systems Ltd. (Tel Aviv, Israel) manufactured
hyper-spectral imaging (optical scanning) and analysis system, model names:
HyperEye® Detection System, FIPA® (Fluorescence Imaging Particle Analyzer), and
FIPA-20" (Fluorescence Imaging Particle Analyzer), including the following main
components and operational features or conditions.

Sample illuminating (light beam) source: mercury lamp, 100 W (watts), with a

narrow band pass filter centered at 334 or 365 nanometers (nm) and bandwidth of +
10 nm.

Optical scan bandwidth: at or within the range of 400 - 900 nm.

Digital analysis range: 400 - 900 nm.

Optics: objective, x10 Zeiss Ultrafluar®, with a pixel size of 6.45 microns (i) x 6.45
W.

Wavelength resolution: 1.5 nm.

The hyper-spectral imaging and analysis system included a three-dimensionally
movable (i.e., translational), and angularly movable (i.e., rotational), examination

stage or platform, upon which were placed test samples.

Chemical and Biological Reagents

Water (Examples 1 - 3, for washing and rinsing): distilled deionized filtered water,

generated by a research laboratory grade water purification system, was exclusively
used throughout.

Ethanol (Examples 2, 3): dehydrated ethyl alcohol, > 85.0 %, Sigma-Aldrich (no.
636-1).

Ethylene glycol (Examples 2 and 3): ethylene glycol (monoethylene glycol (MEG)
or ethane-1,2-diol) [HOCH,CH,OH], > 98.0 %, Sigma-Aldrich (Fluka brand, no.
03760).

Dipicolinic _acid [DPA] (Example 3): 2,6-pyridinedicarboxylic acid, 99 %,
Sigma-Aldrich (Aldrich brand, no. P63808).




The coverslips are mounted onto a microscope slide, followed by performing hyper-spectral imaging
and analysis of the samples as described hereinabove. Polylysine-coated coverslips
(polylysine-coated microscope slides, (Sigma)) Sonicate the coverslips (12 mm) in acetone for 15 min
at room temperature. Wash the coverslips with distilled water (dH20) to remove completely the
acetone. 85

70
Terbium trichloride [TbCl;] (Example 3): terbium (III) chloride, anhydrous powder,

99 % (metal basis), Sigma-Aldrich (Aldrich brand, no. 439657).

Biological agent, Bacillus subtilis spores (Examples 3 and 4): Bacillus subtilis

(ATCC 6633), lyophilized cells, Sigma-Aldrich (Sigma brand, no. B4006). The

(non-hazardous) biological agent Bacillus subtilis was used as a functional
equivalent substitute for the (extremely hazardous) biological agent Bacillus

anthracis.

General Experimental Methods and Procedures

Examples 1 - 3 are 'actual' or 'working' examples, wherein the described and
illustrated experimental methodologies and procedures were developed and
performed, and the experimental results were obtained, by the same
applicant/assignee of the present invention.

In Example 3, preparing test solutions or suspensions of the indicated
samples of matter were performed according to the hereinabove description of the
present invention.

In Examples 1 - 3, generating and collecting, and, processing and analyzing,
the hyper-spectral image data and information of the indicated samples of matter
were performed according to the hereinabove description of the present invention,
according to the selected teachings and practices of hyper-spectral imaging and
analysis by the same applicant/assignee of the present invention which are disclosed
in references 30 - 36.

Example 4 is 'prophetic', wherein the (prophetic) experimental methodology
and procedures were developed by the same applicant/assignee of the present

invention.

EXAMPLE 1: Hyper-spectral imaging and analysis of 'dust particles' present in

a sample of air collected from an indoor source of air




Place the coverslips on a clean paper sheet separing each others. Leave the coverslips dry at air.
Gently spread 20 ml polylysine (Sigma) solution (0.1 mg/ml dH20) on the coverslips surface. Leave
the polylysine drops on the coverslips dry at room temperature. Staining solution: A 1:1 mix of primary
and secondary antibodies in PBS +1 % BSA: Antibody dilutions from 1 mg/ml stock solution: 1:100 /
1:500 / 1:2500 / 1:12500. Primary antibody:
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In Example 1, (dry form) dust particles of different sizes and shapes present

in samples of air (i.e., air samples) collected from an indoor source of air (absent of
any particular object of interest (target), such as a biological agent or chemical agent)
were subjected to hyper-spectral imaging and analysis. The main objective was for
obtaining hyper-spectral image data and information in the form of images and
spectral fingerprint (SFP) or spectral signature pattern types of identification and
characterization of the various different sized and shaped dust particles present in the
source of air, for serving as a useful reference associated with 'objects of
non-interest' (background) during hyper-spectrally imaging and analyzing of
similarly collected air samples, or of other types of samples of matter, which may
have present an 'object of interest' (target), such as a biological agent or chemical

agent.

Experimental Methods and Procedures

Samples of air (air samples) were collected, using a standard type of air
sampling or collecting system, from an indoor source of air (absent of any particular
object of interest (target), such as a biological agent or chemical agent), being air in
the immediate vicinity where postal workers handle and process letters inside a post
office. The post office normally had closed windows, with a standard type of HVAC
(heating, ventilation, air conditioning) environmental control. Each air sample was
collected on a (dry or pre-wetted) porous plastic or fiberglass (filter-like or
screen-like) substrate, which functioned like a filter, for filtering, capturing, and
collecting, a sample from the source of air.

The indoor source of air typically included numerous, spatially or/and
temporally variable different types and concentrations of components, such as dust
(fine, dry particles of matter), pollen (fine particulate or powderlike material
consisting of pollen grains produced by plants), minerals, non-target types of
biological matter (mold (fungi), bacteria), and non-target types of particulate

chemical matter. All such components present in the collected air samples were



Rabbit purified polyclonal anti Bacillus subtilis/Bacillus cereus spores (USBiological catalog #
B0003-27). Secondary antibody: Goat anti rabbit IgG (H+L) ML. The following four options are
possible, depending on microscope properties: Cy conjugates are better than FITC or TRITC (slower
photobleaching). (Jackson Immunoresearch Laboratories). Cy2 conjugate (A=492 / E=510nm) Cat #
111-225-144 (Green fluorescence). FITC conjugate (A=492 / E=520nm) Cat # 111-095-144 (Green
fluorescence). TRITC conjugate (A=550 / E=570nm) Cat # 111-025-144 (Red fluorescence). Cy3
conjugate (A=550 / E=570nm) Cat # 111-165-144 ( ed fluorescence). The present invention, as
illustratively desepitsed andredermplifiedrigensinaovk ivagaseyenalbedeficiahbstanadvanttigeous

aspects, characterjstie a?@&f_&f%“{ﬂ%% olidgéﬁffséher/%%s_%%%e%@t“ Isge d@%@%@)&% le for

on-line (e.g., real time or near-rea t|me3 or me%yper spec al |maéln§ and analysis of various

different adsorbed) on particles of the collected air samples, and were collectively classified
and treated as 'dust particles'. The dust particles had a characteristic size in the range
of between about 1 micron and about 20 microns, and were of different shapes.

For each air sample, a portion of the (dry form) dust particles was placed
(spread out) on a clean, inert, glass microscope type slide or plate which functioned
as a sample holder in the hyper-spectral imaging and analysis system. The slide or
plate (sample holder) with the portion of the dust particles was then appropriately
positioned and secured (fixed) upon the examination stage or platform of the
hyper-spectral imaging and analysis system. Fifty separate (individual) dust
particles, of different sizes and shapes, were hyper-spectrally scanned and imaged,
for obtaining hyper-spectral images and spectral fingerprint (SFP) or spectral
signature pattern types of identification and characterization.
Results
The results for two exemplary and representative separate (individual) dust

particles of the fifty separate (individual) dust particles which were subjected to the
hyper-spectral imaging and analysis are presented in Figs. 2a and 2b, which are
exemplary empirically determined graphical plots (spectra) of Emission Intensity
(normalized) as a function of Emission Wavelength (nm) of exemplary dust particles
1 and 2, respectively, showing the spectral fingerprints (SFPs) thereof. Figs. 2a and
2b show that each of dust particle 1 and dust particle 2, respectively, is characterized
by essentially the same spectral fingerprint (SFP) having essentially the same
characteristic shape, and same characteristic emission intensity maximum or peak at
an emission wavelength of about 460 nm.

’

EXAMPLE 2: Hpyper-spectral imaging and analysis of (native) 'dust particles

suspended in different liquids (ethanol, or ethylene glycol), for determining extent

of 'background'’ signal reduction effected by each liquid




86 types or kinds of samples of matter, wherein the matter, and at least one object of interest therein,
are composed or made up of organic or/and inorganic materials or substances, which are in a solid
(e.g., particulate) phase, a liquid (e.g., solution or suspension) phase, or/and a gaseous (e.g., aerosol)
phase. The present invention provides the capability of achieving the ‘ultimate' combination of the
highly desirable performance parameters of high accuracy, 'and' high precision (high reproducibility),
‘and' high sensitivity, 'and' high resolution, ‘and’ at high speed (short time scale), all at the same time
(i.e., simultaneously), be it during on-line or off-line’dn an optimum and highly efficient manner.
Second, the present invention is particularly implementable in applications involving on-line (real time
or near-real time) or; Off-|j I-Spe ' i is,0f: L%% |§# air sample),
for identifying and c%%r%a%%e% z%r% éﬁ%&%ﬁ%ﬁﬁ%ﬁ%ﬁ%&fﬁéﬁ% tes{g;%ggw%{)o ] cfct%o %rﬁéarggt isa
biological agentl¢eted, faonadisstivmgiaatings{rariuagusloor acioxindf ey dsenticdhageatt{eutps a nerve
agent [e.g., sarin, tabun, or soman], or a chemical ,pojson [e.g., a cyanide compoungd, or an
orpanopom s o L R e A MRS R e i
applications winpxandhé fadifieraftdiviscollebtadipoobthinad (glygroNiaml stajdeted typkypbair sampling
or collecting syst n]).from an inéioorlsourc of air.ée.%.r, ?.[%ost oﬁFe, %? air o%/ga s_ubw%lstation, a
shopping ma ,%Cgﬁo%ag}%%gfl FaR Ofice HUIGH )? Ftrom Afottd00r Eolrcd B atP *“ " Fourth, the
present inventioigds adtianthryfonpleiveniable ifapplicatgps-wherei thexgbjesidfipienast is a
biological agent or a.chemical agent. More specifically, wherein the sample of matter is a sample of air
(i, an air SAIPBTEN AhaltHe Bbiict HIFRRTea RS Bfo GRS g RETe o) ABARISAIST, 2 s, & fungus,
or a toxin), oicRagh@sricai dYentie.tispendri laggak(eles, (BarRctaPHr; RkcORslsiond,cagmical poison
[e.g., a cyanide compound, or a organophosphate compound]). In general, the object of interest (i.e.,

biological agdfitmEnamitha syknt M deetsr Kfmpekigreprdp e brstudion Jut crguididPsr/and
inorganic matgriale Pbpehgtansgsmdionhich areming salid ded - dparicy e rRhase seigud (e.9.,

solution or suspension) phase, or/and a gaseous (e.g., aerosol) phase. Preferably, the object of

interest (i.e., bi6BhisaicaeRsst opseHTEaldBentPiiciie Hir RAnBIe RS CothpdesaBf ma4ERS of organic
or/and inorgaRGARIELAn O MEHRASASMIIER LT BRI RIS AR sa AiRgd are
absor

present (e.g., ed or/and adsorbed) on particles of the air sample. The object of interest can be a
biological ag@htnatien wdiciempoRayeRirbakiebiget easinueshitrigetls suehien siplemdally marked
(e.g., via terb&g&g@gfg[ggﬁ@&ﬂ%@&@]), or biologically marked (e.g., via antibodies of an immunoassay
technique), as part of the main'step (procedure) of preparing a test solution or suspension of the
sample of mdtnrenimente! Metmdpunddireceduiteg identification and characterization thereof via
hyper-spectral imagjng &g aRYJricles itk hERBHRNLENRAIPN S RAriAYAry, i Ripmentable in
essentially any field or area of science and technology involving an application which is based on, or
involves, the neggdbrtupe lickeaireglaiere arheametal tineyloy dfbiing aralyzihy elesamslestf matter, for a
main purpose, ppjectie af MBNIINg ol chafarerzIng,abisasl.one BoIRekfhn Cojihy, material
substance) of interest, usuaﬂy mong a variety of different types or kinds of objects (i.e., entities,
materials, substancdes)objaronfimérest, mthersarhplibgicalagent SucheohanheteEnzatiemmay include

determining any number ang.types .or kinds é,b'ol ical, chemical, orland p 'ca#, roperties,
characteriorcd oo e S T BB e e

sample of mai#t€AC (heating, ventilation, air conditioning) environmental control.

As for Example 1, the indoor source of air typically included numerous,
spatially or/and temporally variable different types and concentrations of
components, such as dust, pollen, minerals, non-target types of biological matter,
and non-target types of particulate chemical matter. All such components present in
the collected dust samples were composed or made up of organic or/and inorganic
materials or substances, which were in a particulate form solid phase or/and were

present (e.g., absorbed or/and adsorbed) on particles of the indoor air, and were



Based on the preceding, the present invention successfully addresses and overcomes various
significant shortcomings and limitations, and widens the scope, of presently known techniques and
methods of hyper-spectral imaging and analysis of a sample of matter. In particular, the present
invention successfully addresses and overcomes the significantly problematic and complicating
aspects, and corresponding negative affects and influences, due to the spatially or/and temporally
varying presence of objects of non-interest (background) in a sample of matter, such as a sample of
air. 88 The present invention is readily commg?tially applicable to a wide variety of different
industries.  colleiginslye dlayiliedicandodngatedt eertdirstappaistes charhetehistiggrtingfebadres, of the

invention, whi %r@é?eﬂ's%?c”ﬁ%’ ?@tﬁfﬁ%ﬁe& B&&g&ﬁ%%%[ﬁ%@g{%&%&e&%o M ghe Q]ll%ra"ty of

separate embodiments, may also be ilfustrativ escri presented in any sultable combination
or sub-combiwatioofidi flreendsbereor format of a single embodiment. Conversely, various aspects,

characteristics, and Legéures p{ the '%nventi?n thch Qre iIl}ustratiQ\ﬁe‘l)ye(r:Iescribed an%[grsesg,nted in

combination or sub-com ller§<'a?|or}1l TRthe ConteXt OF format 6 eatgi)r?s e erﬁbporaPr%re?rc}t,a lrlna;? éfso be

illustratively d@sprideshampdepredegnfedhnthepeottéd @k fobasd ot aqitucatity ofceapatatbembodiments.
Although the i?venti n has heen zustra 'vzly d?s?ribed and regant{ad a?/ ﬁ\i/ay of §re§eﬁred and specific
embodiments, ahg’ %(Oé%pl Weresf s Quide %tﬁ%?prﬁlésﬁ?/a Matives MBaHEREONS, ahd variations,
thereof, will hetapparant toThases sialtgdel):thetast. Aspondioglyf idisinpanitges thasmhsehmlternatives,
modifications, and variations, fall within, and are encompassed by, the scope of the appended claims.
All referencegt?ﬁ'é‘fﬂﬁl%ﬁ?' %Qent applications, and publications) cited or referred to in this specification

are herein incorporateel dactheingntrgiyely referance intsolfiespeciigasions tadhesapne exient as if
each individual reference (patent, patent application, or publication) was specifically and individually

indicated to BAFbANRAAhAPST AP TRRSFRISORS ARfitbie b biteor i fircliRiit b eady reference
in this specifigatipn Hoaienoh Be eSS RLIURIRBaEMANAITIFSIAN that guEhdefprence

represents Or(g:a%;elg%%?ges;)t?mpﬂrli(t)lrleals’gr?ql;'@%grrﬁeosne Q% Llrfi\aeur(])ttlc\)zga{s then appropriately positioned

and secured (fixed) upon the examination stage or platform of the hyper-spectral
imaging and analysis system. For each sample type, several separate (individual)
dust particles, of different sizes and shapes, were hyper-spectrally scanned and
imaged, for obtaining hyper-spectral images and spectral fingerprint (SFP) or
spectral signature pattern types of identification and characterization.
Results

At an exemplary characteristic emission wavelength of about 460 nm, the
'average' emission intensity (in terms of absolute arbitrary units) for each of the three
sample types tested was as follows:
Type 1 samples: dry form dust particles (baseline reference or control):

12,700.
Type 2 samples: test suspension of dust particles suspended in ethanol:

11,700.
Type 3 samples: test suspension of dust particles suspended in ethylene glycol:
1,600.

Relative to dry form dust particles (as a baseline reference or control), the

results show that the ethanol had a relatively very minor effect (i.e., a decrease of



89 REFERENCES 1. U.S. Pat. Appl. No. 20070002159, to Olsen, et al., entitled: "Method And
Apparatus For Use In Camera And Systems Employing Same". 2. U.S. Pat. Appl. No. 20060092414,
to Geshwind, et al., entitled: "Devices And Method For Spectral Measurements". 3. U.S. Pat. Appl. No.
20060074835, to Maggioni, et al., entitled: "System And Method For Hyper-spectral Analysis".
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only 1000 units) on reducing the background signal (average emission intensity)

primarily due to the dust particles in Type 2 samples. By strong contrast, the
ethylene glycol had a relatively very major effect (i.e., a decrease of 11,100 units) on
reducing the background signal (average emission intensity) primarily due to the
dust particles in Type 3 samples. Based on the results, it was concluded that for the
experimental samples and conditions used and tested in Example 2, ethylene glycol
is capable of significantly reducing background signal (average emission intensity)
due to dust particles which are present in a test suspension of a sample of matter. It
was therefore concluded that ethylene glycol is a 'viable' and effective background
reducing chemical for use in hyper-spectral imaging and analysis of a sample of

matter.

EXAMPLE 3: Hyper-spectral imaging and analysis of target-containing test

suspensions of {(dipicolinic acid [DPA])—terbium trichloride |TbCl;]} complex,

and of target-containing test suspensions of {biological agent Bacillus subtilis

spore (dipicolinic acid [DPA])—terbium trichloride |[TbCl;3]} complex], suspended

in the background reducing chemical being ethylene glycol

The rapid and accurate identification of biological agents is a vital task for
first-responders in order to facilitate timely and appropriate actions in the event of a
biological attack. Bacillus anthracis, a spore-forming bacterium and a dangerous
pathogen causing the anthrax disease, is an important example. Among the potential
biological warfare agent candidates, Bacillus anthracis spores are of particular
concern. First, they are highly resistant to environmental stress and are relatively
easily produced into weapon-grade material outside the laboratory. Second, anthrax
is an infectious disease, requiring medical attention within 24 - 48 hours of initial
inhalation of more than 104 Bacillus anthracis spores. However, the diagnosis of

anthrax is not immediate since it takes 1 - 60 days for anthrax symptoms to appear in



4. U.S. Pat. Appl. No. 20050270528, to Geshwind, et al., entitled: "Hyper-spectral Imaging Methods
And Devices". 5. U.S. Pat. Appl. No. 20050254709, to Geshwind, et al., entitled: "System And Method
For Hyper-spectral Analysis". 6. U.S. Pat. Appl. No. 20050213089, to Margalith, et al., entitled:
"Spectral Imaging Device With Tunable Light Source”. 7. U.S. Pat. No. 7,148,967, to Slagle, entitled:
"Hyper-spectral/continuously-tunable Imager".
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humans.  Therefore, the rapid detection of Bacillus anthracis spores in the

environment prior to infection is an extremely important goal for human safety.

Bacillus anthracis bacteria may exist in a spore form. Structurally, a spore
consists of a central core surrounded by various protective layers. Dipicolinic acid
[DPA] is found in these protective layers and accounts for about 10 % of the spore’s
dry weight. The dipicolinic acid [DPA] can be exploited by being complexed to a
chemical type of spectral marker, for example, terbium trichloride [TbCl;], which
interacts with (i.e., spectrally marks) the spore-forming bacterium Bacillus anthracis
(via the dipicolinic acid [DPA] therein) for forming a {biological agent Bacillus
anthracis spore (dipicolinic acid [DPA])—terbium trichloride [TbCl;]} complex.
The formed complex exhibits a detectable and measurable degree or extent of
luminescent (i.e., fluorescent or/and phosphorescent) properties, characteristics, and
behavior, when illuminated by different types of electromagnetic radiation or light,
such as ultra-violet (UV), visible (VIS), or infrared (IR), types of light.

In Example 3, the (non-hazardous) biological agent Bacillus subtilis was
used as a functional equivalent substitute for the (extremely hazardous) biological
agent Bacillus anthracis. A main objective of Example 3 was to implement the
present invention with respect to: (i) the detectability of the {(dipicolinic acid
[DPA])—terbium trichloride [TbCl;]} complexes, (ii) the detectability of {biological
agent Bacillus subtilis spore (dipicolinic acid [DPA])—terbium trichloride [TbCls]}
complexes, and (iii) the detectability of {biological agent Bacillus subtilis spore
(dipicolinic acid [DPA])—terbium trichloride [TbCls]} complexes with the
background of native dust particles, and (iv) data base creation, identification, and

decision making.

Experimental Methods and Procedures

During all measurements the experiments room was completely darkened.
The detectability level was evaluated by three distinct criteria: (1) the area of

all pixels expressing the characteristic spectral finger print (SFP) of light emitted



8 (a,b).U.S. Pat. Nos. 7,080,912 (a), and 6,886,953 (b), each to Cook, entitled: "High-resolution,
All-reflective Imaging Spectrometer”. 9. U.S. Pat. No. 7,074,622, to Qiao, et al., entitled: "Method And
System For Sorting And Separating Particles". 10. U.S. Pat. No. 7,046,859, to Bernstein, et al.,
entitled: "Methods For Determining A Measure Of Atmospheric Aerosol Optical Properties Using A
Multi- or Hyperspectral, Multi-pixel Image”. 11 (a,b).U.S. Pat. Nos. 6,999,165 (a), and 6,995,840 (b),
each to Hagler, entitled: "Method And Apparatus F%r Radiation Encoding And Analysis".

whether a {(dipicolinic acid [DPA])—terbium trichloride [TbCls;]} complex was
exited by a UV light (herein, referred to as Positive Pixels), (2) the fluorescence
intensity of every pixel that expresses the characteristic SFP of {(dipicolinic acid
[DPA])—terbium trichloride [TbCls]} complexes, and (3) the relationship between

SFPs included in Positive Pixels of a given image and spectral database.

(1) Detectability of {(dipicolinic acid [DPA])—terbium trichloride [TbCl;]}

complexes
In order to examine the level of detection of {[DPA])—[TbCl;]} complexes

by the hyper-spectral imaging and analysis system, 10 pl (microliters) of DPA and
[TbCls] solutions (prepared in ethanol) were applied on a black metal plate, and
three spectral images were acquired for each DPA concentration.
Reagents
> [TbCls]: 8mM (millimolar).
> DPA: 30 mM, 15 mM, 500 uM (micromolar), 50 uM, 5 puM, 500 nM
(nanomolar), 50 nM, and 5 nM.
> As a control, 10 pl of [TbCls], 25 mM applied on a black metal plate was assayed.
Data Analysis

Hyper-spectral images were analyzed for the characteristic spectrum emitted
by the {[DPA])—[TbCl;]} complexes at a one pixel resolution, and the total area
subtends all positive pixels was calculated for each hyper-spectral image and DPA
concentration. Moreover, the minimum, maximum, and average intensities of the
spectral region around the characteristic emission peak of the {{DPA])—[TbCl;]}

complex (540 +5 nm) were calculated.

Results
The level of detection of {{DPA])—[TbCls;]} complexes was found to
increase with DPA concentration. Generally, the percentage of pixels (out of all

pixels contained in each of the acquired spectral images) expressing the



12.U.S. Pat. No. 6,992,809, to Wang, et al., entitled: "Multi-conjugate Liquid Crystal Tunable Filter". 13
(a,b,c).U.S. Pat. Nos. 6,922,645 (a), 6,842,702 (b), and 6,687,620 (c), each to Haaland, et al., each
entitled: "Augmented Classical Least Squares Multivariate Spectral Analysis". 14.U.S. Pat. No.
6,912,322, to Smith, et al., entitled: "Adaptive Process For Removing Streaks In Multi-band Digital
Images". 90
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characteristic spectral finger print (SFP) of {{DPA])—[TbCl;]} complexes (positive

pixels) increased with increasing DPA concentration. The highest percentage of
positive pixels was found at a DPA concentration of 30 mM, while the lowest
percentage was achieved at the lowest examined DPA concentration, 5 nM.
Additionally, when only [TbCl;] was assayed, only 7.2 % of the pixels were shown
to be positive. The average intensity of the emission peak of the
{[DPA])—[TbCls]} complex decreased with DPA concentration until achieving a
steady-state around a DPA concentration of 50 pM.

(i1) Detectability of {biological agent Bacillus subtilis spore (dipicolinic acid

[DPA])—terbium trichloride [TbCl;]} complexes

The (non-hazardous) biological agent Bacillus subtilis was used as a
functional equivalent substitute for the (extremely hazardous) biological agent
Bacillus anthracis.

In order to examine the level of detection of {biological agent Bacillus
subtilis spore (dipicolinic acid [DPA])—terbium trichloride [TbCl;]} complexes,
spore suspensions of different concentrations were prepared. Given a stock
suspension of Bacillus subtilis spores, five consecutive dilutions were performed.
Prior to examining the detectability, spores of the highest dilution were counted
using a standard hemocytometer. The number of spores in each of the dilutions was
calculated by multiplying the number of spores in the highest dilution by the ratio
between the highest dilution and the dilution in concern. In order to release the DPA
molecules from within the spores, the later were broken down by heating at 80 °C for
15 minutes. The heat treated spores were stored at a 4° C until the spore
detectability was examined.

The experimental procedure included the application of 10 ul of preheated
spore suspension, 10 pl of [TbCl;] 40 uM solution, and 15ul of ethylene glycol
(background reducing chemical) on a white Teflon® plate. The following final

concentrations were achieved: 7.2 x 106, 72x10°,7.2 x 104, 7.2 x 103, and 7.2 x 10°



15. U.S. Pat. No. 6,859,275, to Fateley, et al., entitled: "System And Method For Encoded
Spatio-spectral Information Processing”. 16. U.S. Pat. No. 6,724,940, to Qian, et al., entitled: "System
And Method For Encoding Multidimensional Data Using Hierarchical Self-organizing Cluster Vector
Quantization". 17 (a,b).U.S. Pat. Nos. 6,711,503 (a), and 6,341,257 (b), each to Haaland, each
entitled: "Hybrid Least Squares Multivariate Spectral Analysis Methods". 18. U.S. Pat. No. 6,701,021,
to Qian, et al., entitled: "System And Method For Encoding/Decoding Multidimensional Data Using

Successive Approximation Multi-stage Vector Quaﬁ%zation".
spores / ml (milliliter). Samples were examined using the hyper-spectral imaging

and analysis system.

Results

The level of detection of complexes comprising of DPA (extracted from
Bacillus subtilis spores) and [TbCls] molecules was examined. The vast majority of
pixels contained in the acquired spectral images expressed the characteristic spectral
finger print (SFP) of {[DPA])—[TbCls]} complexes (positive pixels). Throughout
the various spore concentrations, the fluorescence intensity of all positive pixels was
found to decrease with spore concentration. The highest fluorescence intensity
resulted out of the illumination of a sample including 7.2 x 10° while the lowest
fluorescence intensity was achieved when a sample comprising of 7.2 x 10® spores /
ml was illuminated. The results are presented in Figs. 3a and 3b.

Fig. 3a is an exemplary empirically determined graphical plot (spectrum) of
Emission Intensity (normalized) as a function of Emission Wavelength (nm) of a
background-only test suspension [containing only objects of non-interest suspended
in the exemplary background reducing chemical being the organic liquid ethylene
glycol (monoethylene glycol (MEQG)); absent of any object of interest or target (i.e.,
absent of a hyper-spectrally active target being the exemplary {biological agent
Bacillus subtilis spore (dipicolinic acid [DPA])—terbium trichloride [TbCls]}
complex], subjected to hyper-spectral imaging and analysis, showing the spectral
fingerprint (SFP) thereof.

Fig. 3b is an exemplary empirically determined graphical plot (spectrum) of
Emission Intensity (normalized) as a function of Emission Wavelength (nm) of a
target-containing test suspension [including objects of non-interest, and an
exemplary object of interest or target (i.e., a hyper-spectrally active target being the
exemplary {biological agent Bacillus subtilis spore (dipicolinic acid
[DPA])—terbium trichloride [TbCl3]} complex, suspended in the exemplary

background reducing chemical being the organic liquid ethylene glycol



19. U.S. Pat. No. 6,546,146, to Hollinger, et al., entitled: "System For Interactive Visualization And
Analysis Of Imaging Spectrometry Datasets Over A Wide-area Network". 20. U.S. Pat. No. 6,415,233,
to Haaland, entitled: "Classical Least Squares Multivariate Spectral Analysis". 21. U.S. Pat. No.
6,018,587, to Cabib, entitled: "Method For Remote Sensing Analysis By Decorrelation Statistical
Analysis And Hardware Therefor”. 22. U.S. Pat. No. 5,782,770, to Mooradian, et al., entitled:
"Hyperspectral Imaging Methods And Apparatus F% Non-invasive Diagnosis Of Tissue For Cancer".

(monoethylene glycol (MEG))], subjected to hyper-spectral imaging and analysis,
showing the spectral fingerprints (SFPs) thereof. In Fig. 3b, the following reference
numbers, in terms of the SFPs are applicable to the indicated concentrations:

SFP 5: 7.2 x 10% spores / ml.

SFP 4: 7.2 x 10° spores / ml.

SFP2,3: 7.2x 10* spores / ml, 7.2 x 105, spores / ml.

SFP 1: 7.2 x 10° spores / ml.

(ii1)  Detectability of {biological agent Bacillus subtilis spore (dipicolinic acid

[DPA])—terbium trichloride [TbCls]} complexes on (native) dust background

To test the detectability of {biological agent Bacillus subtilis spore
(dipicolinic acid [DPA])—terbium trichloride [TbCls]} complexes on the
background of (native) dust, three different spore suspensions were assayed using
the hyper-spectral imaging and analysis system. Since the total number of particles
to be positioned on the sample plate is 15 millions, the number of particles to be
spread on the chemical section of the sample plate is 3.75 millions. Dust particles
ranging between 1 and 20 um in dimension, were suspended in distilled water and
using a hemocytometer, spores were counted. 3.75 million dust particles (200 pl
(microliters) of dust particles suspension) were applied and evenly spread on a white
Teflon® plate. 10 ul of spore suspension (preheated to achieve the disruption of the
spores and the extraction of DPA molecules) were added to the sample plate. The
dust-spore suspension was partly evaporated by heating the sample with an IR light
source, and 10 pl of [TbCls] 40 mM (final concentration equals 6 mM) and 50 pl of
ethylene glycol (as background reducing chemical) was added.

The detectability of the {biological agent Bacillus subtilis spore (dipicolinic
acid [DPA])—terbium trichloride [TbCl3]} complexes on the background of native
dust was evaluated at 6 different spore suspensions containing: 2,500; 5,000; 25,000;

50,000; 250,000 and 2,500,000 spores. Apart from these spore suspensions, a



23. U.S. Pat. No. 5,724,135, to Bernhardt, entitled: "Hyper-spectral Imaging Using Rotational
Spectro-tomography". 24. Fluorescence Imaging Spectroscopy and Microscopy, edited by Wang, X.F.,
and Herman, B., Vol. 137 of Chemical Analysis, edited by Winefordner, J.D., published by John Wiley
& Sons, Inc., New York (1996). 25. Computer-Assisted Microscopy - The Measurement and Analysis
of Images, by Russ, J.C., published by Plenum Press, New York, Plenum Publishing Corp., New York,
USA (1990). 26. Fourier Transforms in Spectroscopy, by Kauppinen, J., and Partanen, J., 1st edition,

published by Wiley-VCH Verlag Berlin GmbH, Berlit, Germany (2001).
sample containing all reagents but the spores was assayed as a control. Five hyper-

spectral images were acquired at each spore suspension. That is, conforming to the

detectability requirements of 9000 spores / 15,000,000 particles.

Results

The detectability level of complexes comprising of DPA (extracted from
Bacillus subtilis spores) and [TbCls] molecules on a dusty background was
examined using the hyper-spectral imaging and analysis system. The percentage of
positive pixels (pixels expressing the characteristic spectral finger print (SFP) of the
{biological agent Bacillus subtilis spore (dipicolinic acid [DPA])—terbium
trichloride [TbCls]} complexes) contained in the acquired hyper-spectral images
increased with growing spore count. That is, 12 % of the pixels subtending the
hyper-spectral images of the highest spore count (2.5 x 10° spores) were found to be
positive. On the other hand, only 1.35 % of the pixels included in hyper-spectral
images taken at a spore count of 2.5 x 10° were positive. The percentage of Positive
Pixels in the images of the control sample (without spores) was found to be 3.16 %.
Therefore, the last spore suspension to result in a Positive Pixel percentage higher
than that of the control sample is the one yielded from the suspension of 2.5 x 10*
spores. The hyper-spectral imaging and analysis system was capable of detecting

spore suspensions containing at least 25,000 spores.

(iv) Data base creation, identification, and decision making

Apart from analyzing the hyper-spectral images for the exact emission peak
of the {biological agent Bacillus subtilis spore (dipicolinic acid [DPA])—terbium
trichloride [TbCl3]} complex, another approach under taken was to create large data
bases comprising all hyper-spectra included in the acquired hyper-spectral images.
Following the identification of the emission peak of interest, all pixels not
expressing the exact emission peak (negative pixels) were discarded from further

analyses. Spectral finger prints (SFPs) included within the Positive Pixels were



27. Fundamentals of Fourier Transform Infrared Spectroscopy, by Smith, B.C., published by CRC
Press LLC, Florida, USA (1996). 91 28. "Classification Of Multispectral Image Data By Extraction And
Classification Of Homogeneous Obijects”, Kettig, R.L. and Landgrebe, D., IEEE Transactions on
Geoscience Electronics, Vol. GE14, 19 (1976). 29. "Pattern Classification And Recognition Based On
Morphology And Neural Networks", Yu, P., Anastassopoulos, V., and Venetsanopoulos, A. N., Can. J.
Elect and Comp. Eng., Vol. 17, No. 2 , 58-59 (199?5). 30. WIPO PCT Pat. Appl. Inn. Pub. No. WO
2007/0990540, published Sept. 07, 2007, of PCT at. Appl. No. IL2007/000268, filed Mar. 01, 2007, of
same applicagstrapariethegaasstiibphypensivetntidatachaiite dis' Pressesdintpgndalidalipriranéipper-spectral
Image Data éd};og-gggmgt}'ggd%ia Dynamic Database Updating”. 31. WIPO PCT Pat. Appl. Inn. Pub.
No. WO 200 é 1, published Oct. 16, 2003, of PCT Pat. Appl. No. IL03/00292, filed Apr. 07, 2003,
of same applicant/assignee as the present invention, entitled: "Real Time High Speed High Resolution

Hyper-spectr@rleghargl "% Background and Target Databases

Two distinct data bases were created. The first corresponds to all available
spectra of the dusty and particulate background (‘background'), and the other
included all spectra corresponding to the Bacillus subtilis spores (‘target').
Following the identification of the emission peak, spectral finger prints (SFPs)
included within the Positive Pixels were detected, analyzed, grouped, and placed
into the 'target' data base. The 'target' data base included all the SFPs detected in 30
spectral images acquired at six different spore counts. The 'background' data base
was generated by taking into account all SFPs included in the Positive Pixels found

in 5 spectral images of dusty background.

Decision stage

By comparing the SFPs incorporated in the Positive Pixels of a given image
to SFPs from the 'target' and 'background' data bases, Positive Pixels were divided
into 'target' and 'background' then correlated. This division yielded the percentage of
Positive Pixels corresponding to 'target' and the percentage of those matching to
'background'. The decision to be made is based on this pixel distribution, and by so,
takes into account the presence of the exact emission peak of the {biological agent
Bacillus subtilis spore (dipicolinic acid [DPA])—terbium trichloride [TbCls]}
complex together with the relationships between the newly acquired SFPs and a

large spectral data base.

Results
Results of the above described data base creation, identification, and decision

making are presented in Figs. 4a and 4b.



32. U.S. Pat. No. 6,697,510, to Moshe, of same applicant/assignee as the present invention, entitled:
"Method For Generating Intra-particle Crystallographic Parameter Maps And Histograms Of A
Chemically Pure Crystalline Particulate Substance". 33. U.S. Pat. No. 6,694,048, to Moshe, of same
applicant/assignee as the present invention, entitled: "Method For Generating Intra-particle
Morphological Concentration/Density Maps And Histograms Of A Chemically Pure Particulate
Substance”. 34. U.S. Pat. No. 6,438,261, to Moshe, et al., of same applicant/assignee as the present
invention, entitled: "Method Of In-situ Focus-fusiongﬁ/lulti-layer Spectral Imaging And Analysis". 35.
U.S. Pat. No. 6,091 843 4toiHanestsnenlaty, ohpansel bypidticaminmesshynesaad icPosegenPinetntion,
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spectrally active target being the exemplary {biological agent Bacillus subtilis spore
(dipicolinic acid [DPA])—terbium trichloride [TbCls]} complex], as a function of
Spore Count, based on hyper-spectral image data and information obtained from
Figs. 3a and 3b and similar experiments.

Fig. 4b is an exemplary empirically determined bar graph of Positive Pixels
(%) as a function of Spore Count (absolute number) showing 'reproducibility' of the
distribution of 'background' and 'target' spectral fingerprints (SFPs) among Positive
Pixels [of the emission peak (540 £ 5 nm) of an exemplary object of interest or
target (i.e., a hyper-spectrally active target being the exemplary {biological agent
Bacillus subtilis spore (dipicolinic acid [DPA])—terbium trichloride [TbCls]}
complex], as a function of Spore Count, based on hyper-spectral image data and
information obtained by repeating experiments of Example 3, as described
hereinbelow in Example 4, in accordance with the present invention.

For generating the results presented in Fig. 4b, the detectability of the
{biological agent Bacillus subtilis spore (dipicolinic acid [DPA])—terbium
trichloride [TbCls]} complexes on the background of native dust was evaluated at 5
different spore suspensions containing: 4,500; 9,000; 45,000; 90,000; and 450,000
spores. Apart from these spore suspensions, a sample containing all reagents but the
spores was assayed as a control. Five hyper-spectral images were acquired at each
spore suspension. That is, conforming to the detectability requirements of 9000

spores / 15,000,000 particles.

EXAMPLE 4 (prophetic): Hyper-spectral imaging and analysis of

target-containing test solutions or suspensions of {biological agent Bacillus




Shu, F.; Turnbough, C.L., Jr.; and Kearney, J.F., J. Immunol., Vol. 176, No. 10, 6076-84 (May 15,
2006). 93 WHAT IS CLAIMED IS: 1. A method for hyper-spectral imaging and analysis of a
sample of matter, for identifying and characterizing an object of interest therein, the method
comprising: preparing a test solution or suspension of the sample of matter, said preparing includes
adding to the sample of matter a spectral marker specific to the object of interest, such that if the
object of interest is present in said test solution or suspension, the object of interest when marked with
said spectral marker becomes a hyper spectrally a%frve target which |s hyper spectrally detectable and
identifiable insg ;. ud-lielcl ewinheethatingage data

and mformatl%gtalug Jﬁ?t 319)‘%% gfv§brlspen3|on and

Bacillus subtilis spores detection by immunofluorescence microscopy - hyper-

spectral imaging and analysis

Sample preparation

> Bacillus subtilis spore suspensions (105 - 106 / ml) are fixed in 0.1 %
glutaraldehyde in PBS for 10 min.

> Samples (10 pl) are immediately applied to microscope coverslips (BDH)
that are treated with 0.01 % (wt / vol) poly-L-lysine (Sigma) (see below).

> After 4 min, the liquid is aspirated from the slide, which is then allowed to
dry completely in air at room temperature.

> The coverslip is washed in phosphate-buffered saline (PBS) (pH 7.4) and if
needed blocked for 15 min with 2 % bovine serum albumin (BSA) (Sigma BSA) in
PBS at room temperature, and then washed again.

> Samples are incubated with 50 pl of staining solution (see below) for 5, 10,

or 15 minutes.

> The samples are rinsed with 10 ml of PBS using gentle flow from a 10 ml
pipette.
> An aliquot of ethylene glycol is added to the sample as a background

reducing chemical.
> The coverslips are mounted onto a microscope slide, followed by performing

hyper-spectral imaging and analysis of the samples as described hereinabove.

Polylysine-coated coverslips (polylysine-coated microscope slides, (Sigma))

> Sonicate the coverslips (12 mm) in acetone for 15 min at room temperature.
> Wash the coverslips with distilled water (dH20) to remove completely the

acetone.



processing and analyzing said hyper-spectral image data and information, for identifying and
characterizing said hyper-spectrally active target in said test solution or suspension, thereby identifying
and characterizing the object of interest in the sample of matter; wherein said preparing said test
solution or suspension includes adding to said test solution or suspension a background reducing
chemical, wherein said background reducing chemical reduces background interfering effects caused
by presence of objects of non-interest in said test solution or suspension, during the hyper-spectral
imaging and analysis, thereby increasing hyper-spéétral detectability of said hyper-spectrally active
target in said*test sdilarsnties sospehsionn andeaheareor shick b senaania gashdoduiteclingvsaiee
hype_r-_spectr%lo'kggl%ggsd(%?ﬁqgninformatio_n of saic! test soIL_Jtion_or suspensi(_)n includes separately
acquiring hyper-spectral image data and information of said objects of non-interest. 2. The method of
claim 1, wherein theGsanthplgpofachaflenispalshisipte (Sigira) soluBoiTlie. metgiod dHAGM1, thderein the
object of interce%teir%ha é)is%qulgécal agent or a chemical agent. 94 4. The method of claim 3, wherein
said biologicaloagenpls Selected from the group consisting of a bacterium, a virus, a fungus, and a
toxin. > Leave the polylysine drops on the coverslips dry at room temperature.

Staining solution:

A 1:1 mix of primary and secondary antibodies in PBS +1 % BSA:
Antibody dilutions from 1 mg/ml stock solution: 1:100 / 1:500 / 1:2500 / 1:12500.

Primary antibody:

Rabbit purified polyclonal anti Bacillus subtilis/Bacillus cereus spores

(USBiological catalog # B0003-27).

Secondary antibody:

Goat anti rabbit IgG (H+L) ML. The following four options are possible, depending
on microscope properties: Cy conjugates are better than FITC or TRITC (slower

photobleaching). (Jackson Immunoresearch Laboratories).

Cy2 conjugate (A=492 / E=510nm) Cat # 111-225-144 (Green fluorescence).

FITC conjugate (A=492 / E=520nm) Cat # 111-095-144 (Green fluorescence).
TRITC conjugate (A=550 / E=570nm) Cat # 111-025-144 (Red fluorescence).

Cy3 conjugate (A=550 / E=570nm) Cat # 111-165-144 (Red fluorescence).

The present invention, as illustratively described and exemplified
hereinabove, has several beneficial and advantageous aspects, characteristics, and
features.

First, the present invention is generally applicable for on-line (e.g., real time

or near-real time) or off-line hyper-spectral imaging and analysis of various different



5. The method of claim 1, wherein said spectral marker specific to the object of interest is selected
from the group consisting of chemical markers and biological markers. 6. The method of claim 5,
wherein said chemical marker is terbium trichloride [TbC13]. 7. The method of claim 5, wherein
said biological marker is an antibody of an immunoassay technique. 8. The method of claim 1,
wherein said background reducing chemical is selected from the group consisting of solids, and
liquids. 9. The method of claim 8, wherein said liquid is an organic liquid. 10. The method of
claim 9, wherein said organic liquid is ethylene gly§él (monoethylene glycol (MEG) or ethane-1,2-diol)
[HOCH2CH20p<k]or Kingy, O‘fh@mpéfth@xﬂ Uﬁtﬂ@nmewhetbmrs@n@rs@pératéb}mqm rifgestiel

hyper- Spec”%ln! A95iatA, and infor %r %%'919 IS5 QLB G, %rfl%ﬁ%ﬁglgoé one or more
ecte up COf%SISt

of said objects of non-interest se egr Ing of dust, en mlnerals non-target
types of biologibsthneastewacid aronﬂarrgehtyp@g oppamdatalqahhmnthmdt(erg soldtnThe method of
claim 1, Whereln said s p%rate%ﬁ ck}url said YRer-sp ect ta and |n[forma§[|on of said

objects of non- n-imerest s pgrs%rme E:-eglrl?n & o?srzgls (3 qu of noen Rnieves llur‘{eéléry form.
provides the capability of achieving the 'ultimate' combination of the highly
desirable performance parameters of high accuracy, 'and' high precision (high
reproducibility), 'and' high sensitivity, 'and' high resolution, 'and' at high speed (short
time scale), all at the same time (i.e., simultaneously), be it during on-line or off-
line, in an optimum and highly efficient manner.

Second, the present invention is particularly implementable in applications
involving on-line (real time or near-real time) or off-line hyper-spectral imaging and
analysis of a sample of air (i.e., an air sample), for identifying and characterizing an
object of interest therein, wherein the object of interest is a biological agent (e.g., a
bacterium, a virus, a fungus, or a toxin), or a chemical agent (e.g., a nerve agent
[e.g., sarin, tabun, or soman], or a chemical poison [e.g., a cyanide compound, or an
organophosphate compound]).

Third, the present invention is particularly implementable in applications
where the sample of air is collected or obtained (e.g., via a standard type of air
sampling or collecting system) from an indoor source of air (e.g., a post office, an
airport, a subway station, a shopping mall, a sports arena, or an office building), or
from an outdoor source of air.

Fourth, the present invention is particularly implementable in applications
wherein the object of interest is a biological agent or a chemical agent. More
specifically, wherein the sample of matter is a sample of air (i.e., an air sample), and
the object of interest is a biological agent (e.g., a bacterium, a virus, a fungus, or a
toxin), or a chemical agent (e.g., a nerve agent [e.g., sarin, tabun, or soman], or a
chemical poison [e.g., a cyanide compound, or a organophosphate compound]). In
general, the object of interest (i.e., biological agent or chemical agent) in the air

sample is composed or made up of organic or/and inorganic materials or substances,



13. The method of claim 1, wherein said separately acquiring said hyper-spectral image data and
information of said objects of non-interest is performed for 95 one or more of said objects of
non-interest in a wet form dissolved or suspended in said background reducing chemical. 14. The
method of claim 13, wherein said background reducing chemical is ethylene glycol. 15. The
method of claim 1, wherein said processing and analyzing said hyper-spectral image data and
information includes evaluating a detectability level of said hyper-spectrally active target in said test
solution or suspension according to three criteria: (813 area of all positive pixels in a hyper-spectral
image expresgmghciraractesstid pectralticijerchmhesafdightshiitted infuaid hysespspeicmally active
target, (2) flu e intensi very said positi ixel| id - ral | e that
exiresseb s b B e i o
relationship Betkezeabaigtcharadtemstid sigeat)ahfithgeaiprimispilecsidecthipsaldopasitieeypixgls of said
hyper-spectral image and of a hyper-spectral ima atabase, . . 16. The method of glaim 15, further
ineucing analBmis < B R R e i B R R & e pine
resolution, andlohiculsting dodadregicksrea( ¢hal shioidbedalsbid pobidjepipaisdos el de sard

hyper-s_pectr%I |mzi\%efgnd0 on&e%ria?georn ofC gai sggct[al 1m@rkeer. Suc?. T e rgwetrheQ oficla}im 15,
further mcludﬁﬁ”&a cu ﬁng inimum; ﬁ%‘é\xnﬁur%, and av/&f 5@ |1ﬁtt’en5| |§1§5 a gBec %P?’éﬁon around a
characteristibataisision peakiod saithhyper-sgachally abtivéctdlgemarked (e.g., via terbium

trichloride [TbCl;]), or biologically marked (e.g., via antibodies of an immunoassay

technique), as part of the main step (procedure) of preparing a test solution or

suspension of the sample of matter, i.e., the air sample, for enabling identification

and characterization thereof via hyper-spectral imaging and analysis.

Fifth, the present invention is particularly implementable in essentially any
field or area of science and technology involving an application which is based on,
or involves, the need for on-line (real time or near-real time) or off-line analyzing a
sample of matter, for a main purpose or objective of identifying and characterizing at
least one object (i.e., entity, material, substance) of interest, usually among a variety
of different types or kinds of objects (i.e., entities, materials, substances) of
non-interest, in the sample of matter.  Such characterization may include
determining any number and types or kinds of biological, chemical, or/and physical,
properties, characteristics, features, parameters, or/and behavior, of the at least one
object of interest in the sample of matter.

Based on the preceding, the present invention successfully addresses and
overcomes various significant shortcomings and limitations, and widens the scope,
of presently known techniques and methods of hyper-spectral imaging and analysis
of a sample of matter. In particular, the present invention successfully addresses and
overcomes the significantly problematic and complicating aspects, and
corresponding negative affects and influences, due to the spatially or/and temporally
varying presence of objects of non-interest (background) in a sample of matter, such

as a sample of air.



18. The method of claim 15, further including creating two distinct data bases, wherein a first data
base corresponds to all available spectra of said background interfering effects, and a second data
base includes all spectra corresponding to said hyper-spectrally active target. 19. The method of
claim 18, further including comparing spectral finger prints incorporated in said positive pixels of said
hyper-spectral image to spectral finger prints from said two distinct data bases, whereby said positive
pixels are divided into said 96 hyper-spectrally active target and said background interfering effects,
and then correlating, for yielding percentage of saiégpositive pixels corresponding to said
hyper-spectrally actiVectargesmname petioar tagedolyszichpositisidypirpls do éepordinganesaiel background
interfering eff&:i? WA ms hod of claim 19, wherein said percentages of positive pixels are used in
a bar graph for showing distribution of said characteristic spectral finger prints of said hyper-spectrally
active target and of said background interfering effects among said positive pixels of said

hyper-spectrally actiye f(9et, AR 2 (HASHLIL " RaE 2L O 05 CRICGL A ELERE, and features,
of the invention, which are illustratively described and presented in the context or
format of a plurality of separate embodiments, may also be illustratively described
and presented in any suitable combination or sub-combination in the context or
format of a single embodiment. Conversely, various aspects, characteristics, and
features, of the invention, which are illustratively described and presented in
combination or sub-combination in the context or format of a single embodiment,
may also be illustratively described and presented in the context or format of a
plurality of separate embodiments.

Although the invention has been illustratively described and presented by
way of preferred and specific embodiments, and examples thereof, it is evident that
many alternatives, modifications, and variations, thereof, will be apparent to those
skilled in the art. Accordingly, it is intended that all such alternatives, modifications,
and variations, fall within, and are encompassed by, the scope of the appended
claims.

All references (patents, patent applications, and publications) cited or referred
to in this specification are herein incorporated in their entirety by reference into the
specification, to the same extent as if each individual reference (patent, patent
application, or publication) was specifically and individually indicated to be
incorporated herein by reference. In addition, citation or identification of any
reference in this specification shall not be construed or understood as an admission

that such reference represents or corresponds to prior art of the present invention.
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WHAT IS CLAIMED IS:

1. A method for hyper-spectral imaging and analysis of a sample of matter, for
identifying and characterizing an object of interest therein, the method comprising:

preparing a test solution or suspension of the sample of matter, said preparing
includes adding to the sample of matter a spectral marker specific to the
object of interest, such that if the object of interest is present in said test
solution or suspension, the object of interest when marked with said spectral
marker becomes a hyper-spectrally active target which is hyper-spectrally
detectable and identifiable in said test solution or suspension;

generating and collecting hyper-spectral image data and information of said test
solution or suspension; and

processing and analyzing said hyper-spectral image data and information, for
identifying and characterizing said hyper-spectrally active target in said test
solution or suspension, thereby identifying and characterizing the object of
interest in the sample of matter;

wherein said preparing said test solution or suspension includes adding to said test
solution or suspension a background reducing chemical, wherein said
background reducing chemical reduces background interfering effects
caused by presence of objects of non-interest in said test solution or
suspension, during the hyper-spectral imaging and analysis, thereby
increasing hyper-spectral detectability of said hyper-spectrally active target
in said test solution or suspension; and

wherein said generating and collecting said hyper-spectral image data and
information of said test solution or suspension includes separately acquiring

hyper-spectral image data and information of said objects of non-interest.

2. The method of claim 1, wherein the sample of matter is a sample of air.

3. The method of claim 1, wherein the object of interest is a biological agent or

a chemical agent.
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4. The method of claim 3, wherein said biological agent is selected from the

group consisting of a bacterium, a virus, a fungus, and a toxin.

5. The method of claim 1, wherein said spectral marker specific to the object

of interest is selected from the group consisting of chemical markers and biological

markers.

6. The method of claim 5, wherein said chemical marker is terbium trichloride
[TbCls].

7. The method of claim 5, wherein said biological marker is an antibody of an

immunoassay technique.

8. The method of claim 1, wherein said background reducing chemical is

selected from the group consisting of solids, and liquids.

9. The method of claim 8, wherein said liquid is an organic liquid.

10. The method of claim 9, wherein said organic liquid is ethylene glycol

(monoethylene glycol (MEG) or ethane-1,2-diol) [HOCH,CH,OH].

1. The method of claim 1, wherein said separately acquiring said
hyper-spectral image data and information of said objects of non-interest is performed for
one or more of said objects of non-interest selected from the group consisting of dust,
pollen, minerals, non-target types of biological matter, and non-target types of particulate

chemical matter.

12. The method of claim 1, wherein said separately acquiring said
hyper-spectral image data and information of said objects of non-interest is performed for

one or more of said objects of non-interest in a dry form.

13. The method of claim 1, wherein said separately acquiring said

hyper-spectral image data and information of said objects of non-interest is performed for
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one or more of said objects of non-interest in a wet form dissolved or suspended in said

background reducing chemical.

14. The method of claim 13, wherein said background reducing chemical is
ethylene glycol.
15. The method of claim 1, wherein said processing and analyzing said

hyper-spectral image data and information includes evaluating a detectability level of said
hyper-spectrally active target in said test solution or suspension according to three criteria:
(1) area of all positive pixels in a hyper-spectral image expressing characteristic spectral
finger prints of light emitted by said hyper-spectrally active target, (2) fluorescence
intensity of every said positive pixel in said hyper-spectral image that expresses said
characteristic spectral finger prints of said hyper-spectrally active target, and (3)
relationship between said characteristic spectral finger prints included in said positive

pixels of said hyper-spectral image and of a hyper-spectral image database.

16. The method of claim 15, further including analyzing said hyper-spectral
image for said characteristic spectral finger prints at a one pixel resolution, and calculating
total said area that subtends all said positive pixels for each said hyper-spectral image and

concentration of said spectral marker.

17. The method of claim 15, further including calculating minimum, maximum,
and average intensities of a spectral region around a characteristic emission peak of said

hyper-spectrally active target.

18. The method of claim 15, further including creating two distinct data bases,
wherein a first data base corresponds to all available spectra of said background interfering
effects, and a second data base includes all spectra corresponding to said hyper-spectrally

active target.

19. The method of claim 18, further including comparing spectral finger prints
incorporated in said positive pixels of said hyper-spectral image to spectral finger prints

from said two distinct data bases, whereby said positive pixels are divided into said
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hyper-spectrally active target and said background interfering effects, and then correlating,
for yielding percentage of said positive pixels corresponding to said hyper-spectrally active
target and percentage of said positive pixels corresponding to said background interfering

effects.

20. The method of claim 19, wherein said percentages of positive pixels are
used in a bar graph for showing distribution of said characteristic spectral finger prints of
said hyper-spectrally active target and of said background interfering effects among said
positive pixels of said hyper-spectrally active target, as a function of a count of the object

of interest.



