WO 2012/ 026994PCT/ US2011/ 030185 AUTQVATED TI RE | NSPECTI ONS UTI LI ZI NG
FLUORESCI NG NANO- PART CLES BACKGROUND [ 0001] The present

di scl osurwonelizke®4general |y to structural health nonitecrng2@and3oisdr e
particularly, to inspecting an object utilizing fluorescing nano particl es.
[ 0002] Depending on the .field and technol ogy, known objects may be
routinely inspected tUEDEIATNEER TWREtINGPEDYIGAKEEEBEGCand/ or conditions

that could 10 adversely i r.limt t ryctural health of the
obj ect have devel oped. Sugﬁi%ﬁggggé&S%@Agképﬁggggiﬁﬁ%ted usi ng visually,
mechani cal ly, and/or chem cally driven technol ogi es. For exanple, aircraft
tires are typically visually inspected by certified nmechanics on a periodic
basi s topndetermiine whether the tires are suitable for use. Such visua

i nspections are often time-consum ng and, because of the subjectivity of

t he 15i nspector, such inspections may be difficult to duglti cate. As a
resfl t, visuallyP¥Epectisngresen siscosre lpesceenaradlyeil estimidesy rhgnlk
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[ 0003] plamtickese aspect, a nmethod is provided for nonitoring a structural
heal th of an object. The nethod includes identifying a state of

fl uorescence of ea 20 one papticle assqciated with the object and
detor m ning. a st TS el oBarianbel 23 6emaen) ks eohs dved B e
on t he hged il RbcidteaferhitonpegRIGR Ol Rbs| AR84r RGBT ek Qould
[0004] In another aspect, a conputing dévice is provided for determ ning a
st dlict mdakrdsdairnpadfaraicobpédie stetuwrahiperiimgl devilkieci bayr dgreleped. tuch
identif.ﬁ/ a §tate . . : . ,
ifspectons may be completed using visually, mechanically, and/or chemically driven
technologies. For example, aircraft tires are iypically visually inspecied by cerlified
mechanics on a periodic basis to determine whether the tires are suilable for use. Such
visual inspections are often lime-consuming and, because of the subjectivity of the
15 inspector, such inspections may be difficult {o duplicate. As a resull, visually inspecting
each aircraft tire could create undesirable delays and/or expenses. Moreover,

assigning a certified mechanic (o each airport and/or aircraft may be cost-prohibitive.
BRIEF DESCRIPTION

[6003] In one aspect, a method is provided for monitoring a structural

health of an object. The method includes identifying a state of fluorescence of at least

20 one particle associated with the object and determining a structural health parameter
associated with the object based on the identified state of fluorescence of the at least

one particle.

[0004] In another aspect, a computing device is provided for determining

a structural health of an object. The computing device is programmed (o identify a state

25 of fluorescence of at least one padicle associated with the object, and determine a
structural health parameter associated with the object based on the identified stale of

fluorescence of the al least one patticle.



25 of fluorescence of at |east one particle associated with the object, and
determ ne a structural health paraneter associated with the object based on
t he i dentwbizett/@s®tte of fl uorescence of the at | east onecparskéiaioan1ss WO
2012/ 026994PCT/ US2011/ 030185 [ 0005] In yet another aspect, a
systemis provided for determning a structural health of an object. The
sysfem i ncl udes agddgadt wrieapaiher cspeas soayaterd i ibvidee @) eekeramih@ a
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det er mype Btk LHetd Eapheal VRl antkl ep; agihed W dRgidereRi BGleh@sed on

the 10identified state of Tluorescence of thé at |east 0ne particle,
[ 0006] shie tkdtioressentanch tlonsit lead! adeapnodgés ashatiabal evithe dhe dilgedssed! can

be achi gved .i ndependent Ly, in,various enbodi ments of the present invention
or may BSCHHE] Rearo ik aste Pott el e ey cwd B¢ aPleE? dsr bRt e
seen WigdnhimeteigRcs ierddtenteldr avd aoicdessrd phitek and draw ngs. BRI EF

DESCRI PTI ON OF THE DRAW NGS 15[ 0007] FIG 1 is a cross-sectional view of an

exenplary tire that may_ be inspected; | [0008] FIG 2 is an
exenpl ary system{t¥d ndig pleatiges t BingBaTE . orand haditiageur Hiathdwven Fen he

tire s LR FL. ; i | | i .0 di f
b oxeriylsbld fedn o achieved independgntly W Bitlous SmbddifieRSOBK (He AR
FI G 2jimadion or may be compifed Gy vBt Ghed ansbadifkeots indust deldilesdindticingaarbe

exenplary nethod for nonitoring a structural health of the tire shown in
FIG 1%@(‘%%%”@@‘%&%“}%&%‘%{3 BEREPION GERATEBISIGSESCRI PTI ON [ 0011] The
subj ect matter described herein relates generally to structural

BRIEF DESCRIPTION OF THE DRAWINGS

15 (00077 FIG. 1 is a cross-seclional view of an exemplary tire that may be

inspected;

(00081 FIG. 2 is an exemplary system that may be used o monitor the

structural health of the tire shown in FIG. 1

[06009] FiG. 3 is block diagram of an exemplary computing device that

20 may be used with the system shown in FIG. 2; and

[06010] FIG. 4 is a flow chart illusirating an exemplary method for
monitoring a structural health of the tire shown in FIG. 1 using the system shown in FIG.
2.

DETAILED DESCRIFTION

[0011] The subject matter described herein relates generally to structural

N2
(o]

health monitoring systems and more particularly 1o methods and systems for inspecting
an object utilizing fluorescing nano-particles. In one embodiment, a tire is embedded
with fluorescing nano-particles, which are exposed during the operating life of the tire.
Such exposure, in combination with appropriate stimulation, will induce the nano-
pariicles in o a state of flucrescence. As such, a color andior at an intensity of the

30 dluorescing nano-particles may be indicative of 3 structural health of the tire. Although



25 health nonitoring systens and nore particularly to nmethods and systens
for inspecting an object utilizing fluorescing nano-particies. In one
enbodi mrerw 201a26®4i s enbedded with fl uoresci ng nano- paPCiraiSe&,/08418Eh ar e
exposed during the operating Iife of the tire. Such exposure, in
conbination with appropriate stinulation, will induce the nano-particles in
to & stiat referll deriesosnce dedsrisert iy the codrdextantiirapeatingra iting ehs&lhquicd)fba he

30f | uoreSC| nano- parti.cl es di cative of structur heal t h of

Che 11 OSSO G PRc IS BIRYo e s 0 E) batueBe tirednBRt Caeetbdur o
is desgfiied id Rebibghis Wkl diRzRas! hagiPol i SH ekt 5h0U| d be under st ood
that the subject natter described herein nay be used in other contexts in

which it is desirable to nonitor a structural health of an object.
[0012] Exenpl ary [¢@¢hnifosimptneceshoitat Hffams hodsthesyseibags, angtems, and

ot mul 2P PR R AR SR EEh PR ofEo JREF S =
detgct lasmttdn@ Ratitieab ensit gnakticsisidred ( b}’déi&iaﬂ% t&@@@ﬁm@@sgﬂarémﬁi&ib e
i denti %l ng a state of fluorescence of the at |east one particle;

det er mighilgRpt LN Paidicl: 4F) Wealtparsne e Tuyssesnacen’ Wia At loget 66}‘3&(%’2“588 ed
on the {5988%5*&1‘;:%9? St 8L-8ctQf i TH 408 ﬁ?ﬁ}%es er 11%%%8@%??? ag %%J?%aééé e H{@'

heal t h ‘paraneter o a pre efl ne herer n,

eI errenud@mfssetjajamaeﬁﬁ fwedesrendee ssidn@l lcampanthgphecetaddd ahvhthitit I;merevmetdsr 'ta a or
"an" shoul d. be, under st ood as not excluding plural elements or steps unless

such eXERIRIEH tg icitly recited. Furthernore, references to "one

enbodi ment" of the present invention or the "exenplary enbodi nent" are not

ingended to be inyerpr elLdsas mxeirudimaicihg e §i€%ﬂﬁ(ﬁ:§t@fj iRdghet §ipBalar and
enbodi ments that 20al'so incorporate the recited features.

[ 0014] precgeded with heogerdeet |Q)”n£ﬂ vitewlo focaningrenipbcras Nk @m@s@iﬂm@iurﬁhy

be |nsp ct ed Al tternat vel h Fcts ot he! ihan ti re fm)nl tOJ(”
In t he SXBRBISEFY %?%88?%%% & ?é’s%‘dsﬁf‘é? E%E Y 59edal %@beyfmﬁ%& BT
about a@ﬁ@&ﬁhbd&diamahwQﬁhé@@@)ré&@mtr puehesenir gl asictndidd, ERRREABET Ak not
perpendicular to FIG 1, shown in FIG 2). 25 In the exenplary enbodi ment,

tire 100endey dade nipwsetetons sxcluding thezgxisigngeaok pddilans! qmmfim@ﬂtéﬁhahds
bek;@eergi;tbeﬁ%%& i]%”sﬂe fé?%gf gl%% ure@ead 120, tread 130_ and sidewal | 140
ee

£énd “about ong circunferential axis 112. In the exenplary
enbodi nent, bead 120 and/or sidewall 140 facilitates supporting tread 130
al ong a radi al a>{i)f$14142:iatvﬁiism mabl&estimmie/idx@@:mo sg@nmiajtyeﬁrtar‘ﬁmimm may

agai nst_a. surface ( the e ry
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fluoresce upon stimulation. In one enbodi nent, a structural hea

par arretaé;@nqaﬁ amw@afﬁr@mmﬁe@%méfaésmmsmmﬁyméen@nuiar wat KB ehgiﬁwan@/ oG alh.

' n%gnm ¥né @xempiary embodiment, tire 100 includes a bead 120, a tread 130, and a sidewsll
140 that extends belween bead 120 and tread 130. Bead 120, tread 130, and sidewall
140 extend about wheel rim 110 along circumferential axis 112, In the exemplary
embodiment, bead 120 and/or sidewall 140 facilitales supporting tread 130 along a
radial axis 142, which enables tire 100 1o generale traction against a surface (not

30 shown).

(00151 In the exemplary embodiment, a plurality of particles 150 are
coupled io fire 100. In the exemplary embodiment, parlicles 150 are nano-particles
corfigured to fluoresce upon stimulation. In one embodiment, a structural health
parameter of tire 100 may be determined based on a wavelength and/or an intensity of

35 the fluorescence of paricles 150. Moreover, in at least some embodiments, particles
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35t he fluorescence of particles 150. Mreover, in at |east sone

enbodi nents, particles W) 2012/026994PCT/ US2011/ 030185 150 may have a

pl uralitywof2ostet®®s of fluorescence. For exanple, in theceAsaqplasss
enbodi ment, a plurality of first particles 152 are configured to emt a
first particle signal, a plurality of second particles 154 are configured
to ém ti58 segohslvear piuckiey sifggiates ahfluargabanad.i thoroéxarhpled ipahe | elersplafo
are configured to emt ird parti signal . 161 |n the exenplar
rbod: RO GRS lEitRe! hist et ies ars SoRtutas Gt § ErpBhen Rl
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may be enbedded wthin tire 100 at varying depths of tread

exanpl @lurBhtytdidhiex papichrsy1eEnbodtofigured ko smst;faﬁ"tmdc;b@@ciizmmie di sposed at a
first depth 162, second particles 154 are disposed at a second depth 164

o i rd par Ll R oinons, AERBGT, BhyRgh i AR, 0% B EBNSERUI,
vangi n@srﬂ@ﬂﬁ!yhﬂs@;@asa%ﬁa@@@ihurel 100 BRrexdrmingierdnipraadl ment in @ﬁaetikmaacls@r&ents
used and/ or damaged and particles 152, 154, and/or 156 are exposed
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particle sign emtted by at |east one particle 150, and a conputing
devi ce @:ﬁmzdﬁz@[wt)(}asa]r@l1@&aa@%e;d@mf@mamam:ﬁném,ﬁadm bR atot, @ton tnare t s

| 212 and hot o, t d i
Cower o SpEPERL LS I8b AU BEa NS 10 AN BF or Bl T bEFEEE sty
|1 ght - entidiencn il oy, (L& 196 the SiamBla Yo @%@@t@n@ﬂ&suoﬁégc@ub@t&ﬁwaﬁ% is

connunlcatlvely coupl’ed to conputing device 300 such that communi cation
si gnal svawgjerssh taﬁéﬁs“rﬁmﬁ&ﬂﬁﬁéﬂw@hﬁ%@fﬁﬁ%m%r 210 and 30 conputing device
300 [0019] In the exenpl ary enbodi ment, sensor 220 receives a

siggal 214 and/ ofyish eghe. 3 ANG AeETRAL S0l cpf ehge'@%sﬁg%ree;n&{ AR o

For "exanple, in ment St article

214 ha\isnsmg;trascm.bheam hof baat \mmctapmmmsn’mteehyﬁswi tira ardmapiy oxnbatliietant 750
nm In such ?) enbo i ment, ho 214 may be visible }o t he nake e1ye.

Al t er n&YEEE! OO0 HCWHEE ﬁﬁeﬁtar@ érﬁfgtcm’{sw@d o stimulate at least one particie 150

into a state of flucrescence, a sensor 220 configured o detect a particle signal emitled

by at least one particle 150, and a computing device 300,

25 (00181 In the exemplary embodiment, stimulator 210 transmits a signal
212 andior emits a photon toward tire 100 and, more specifically, toward particles 150.
in one embodiment, stimulator 210 is a laser and/or a light-emitting diode (LED). In the
exemplary embodimeni, stimulator 210 is communicatively coupled to computing device
300 such that communication signals may be transmitted between stimulator 210 and

30 computing device 300.

[0019] In the exemplary embodiment, sensor 220 receives a signal 214
and/or detects a photon emitted by a stimulated particle 150, For example, in one
embodiment, a stimulated particle 150 may emit a photon 214 having a wavelength
between approximaiely 390 nm and approximately 750 nm. In such an embodiment,

35 photon 214 may be visible o the naked eye. Alternalively, in another embodiment, the
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WO 2012/ 026994PCT/ US2011/ 030185 stinul ated particle 150 nmay emt a photon
214 having a wavelength | ess than or equal to approximtely 390 nm and/ or
great er twearomwozeqpual to approximately 750 nm | n such aoTarsbadiosess
photon 214 may be detectabl e using a suitable sensor 220. In the exenplary
enbodi ment, sensor 220 is comrunicatively coupled to conputing device 300
such tmanumneﬁunﬁmaerbﬁ)sﬁgnah&amﬁyﬁbe:IMQMsmhgEENabﬁEme@m@semBmﬁoﬁzﬁtahd

10 t d 0 FIG 3
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Processor 318 may I nclude one or nore processing units (e.g., in a

mul ti - @aee’in&aﬂyfer@baaﬁm@ﬁ) sehgproned ee@@mmemacats\@hemsalﬂdetq etputing aleyice
and/ or ruc%ur ‘ heal t h. %ta are stored,in nen05§ § ice 310, FO?QQ nPIe,
'n the® eﬁ&ﬁ‘r br@“ h%%ﬁf%fﬁﬁ R ERBE QI B8 BTGB G WP Yo n

I nter prekifiginghRwaveb@ength and/or the intensity of the fluorescence of
particles 150 to determ ne a structural health paraneter of tire 100.

Computi ng device 300 is ogrammabl e to perform one or npre ogperations
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(CPU), ?3 Gr'Hgh ML BP See IRt ‘8@56)engMrfﬁc8%@?‘8?5‘@r‘ﬁ"‘%m@a‘§

i nggr U%?ﬁu%&réﬁ%eéiméeére@%é@m %%%ﬁﬁ@év;cé@‘i@pﬁ%fcﬁérﬁgﬁesf?}et@a'efé%mpiar
integrated circuit (ASIC), a programmeble logic circurt (PLC), and/or any
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her ei n. The t.hods. descri bed herein be e ded as execu
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as descmci;d@eéxb@ﬁtebie insSrefien®rambreodditic dse %@h@t&iﬁf\%ﬁ%@ﬂ@h@r na&mernoguch
as executable instructions and/or other data to be stored WO

2012/ 0269888 US2011/ 030185 and retrieved. Memory device 310 may i ncl ude
one or nore conputer readable nedia, such as, without limtation, dynamc
random access NMemggH( t Cryi@N c BRI ¥rfeRAM
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to processor ts (e

Presentation in ace 320 out S .g., dlsplay, print,
and/ or %ﬂlh@mw%%pp&ﬁpdhiﬁf(ﬁrmubﬁg the dncions mascriped hemined heomethods

o sor SSSEER PRl ap 88 H@acbch bR MR RRL O af RRlec HEE BmdfpE, °

adapt ervegdtic sShewun N irldiGind) withat! iisnicoupl ed steragedisgbayaktovi ce mauely as
a cat hode ray tube ( CRT?, aliquid crystal display (LCD), a light-emtting
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|nterf&meﬂﬁﬁﬂynaMyjaaﬁuﬁﬂsaamﬂnnteﬁendedto MHﬁan;ﬂbOQ@ﬁ]ﬁmndehmhemenpﬂany
enbodi nent uting device 300 includes an input interface 330 that
recelvéQG@HB%Pgﬁﬁ‘ FUSERC8YE. For exanpl e, input interface 330 may be
configured to receive an indication of structural health data and/ or any
other type of datgysyi tablerf 8bviHSS W, tat% ddhe Bl hedsinando sy oF eRG0es6EdPed
herein. As described’in further detail bel ow, computing device 300 uses the
r eGéi vkl gppaiie ifonvalivosuah stsr eaautalbie nestrediived aridier o0er date thdoestorsl ary
enbodi ment, input interface 330 is coupled to processor 318 and may

i nclude, for exanple, a keyboard, a pointing device, a nouse, a stylus, a
touch sensitive panel (e.g., a touch pad or a touch screen), a gyroscope,
an accel eroneter, a position detector, and/or an audio input interface. A



30 single conponent, such as a touch screen, may function as both a

di spl ay device of presentation interface 320 and as input interface 330.

[ 0025] | rwohe12edvpl ary enbodi ment, conputing devi ce 30@Cirruskados018s
comuni cation interface 335 coupled to nenory device 310 and/ or processor
318. Communi cation interface 335 is coupled in conmunication with a renote
devbceanﬁu&hkﬁ@@s Mehwmy&EQMezm®anagﬁsﬁﬁdézme<Hndancmmpnhmwewmmﬁewm@@a
devi ce 30 WD, 2012/ 026994PCT/ US2011/ 030 mruni cati.on
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[0026] PG 4 is a'f m/chart Illustrating an exenplary method 400 for use
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particles 150, are stinulated 420 by transm ssion 410 to a state of
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[ 0028] In t he exenpl ary enbodi nent, conputing device 300 is progranmed to
determ ne 450 a $6¢24dt unahe MahtpﬂmgasraimcﬁsmenﬁOetompm’mglﬁgvabeﬁﬁlﬂ) ;aniutjbe an
identified sta ra‘t@e of . fluorescence. e struc %gura health par amet er

v
i ncl udd "R iBisTIEER S WEhTereves PeRAITAThESEs ff‘éamﬁ‘%/“&?mé“ﬁ@é@n}:@ of
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determne that tire 100 1s in stat us an has a | ong remai ni ng
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status and/.or

nedi |n|n eful if |cles 154 .ar
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remai Nigfghityed Ytrubivkse RS @ﬁh?é Qb@s (ho6 Ak Rorhbd@f %d&mehﬂ iRPgt interface
enbodi ment, the structural health paraneter

330 is coupled to processor 318 and may include, for example, a keyboard, a pointing

device, a mouse, a sitvius, a fouch sensitive panel {e.g., 3 touch pad or a touch screen},

a gyroscope, an acceleromeler, a position detecior, and/or an audio input interface. A

30 single component, such as a touch screen, may function as both a display device of

presentation interface 320 and as input interface 330,

(060251 In the exemplary embodiment, computing device 300 includes a
communication interface 335 coupled o memory device 310 and/or processor 318,
Communication interface 335 is coupled in communication with a remole device, such

35 as stimulator 210, sensor 220, and/or another computing device 300, For example,
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WD 2012/ 026994PCT/ US2011/ 030185 nay be conpared to at | east one predefined
threshold for the structural health paraneter to enabl e the object status,
t he remaiwiOngiueefoul |ife, and/or the presence of an an@calus2410/0bES8S
determ ned. Moreover, in at |east sone enbodi nments, the structural health
paranmeter may be automatically updated and/or stored within nenory device
3105 1@;@0‘0’@9;]359@'@1 atevecal8sts m@emysieemth&ndmtmm d aaetincdtverk adapter, a
autorratlc | | |nspect| n ect term ne, whet her any weakness and/ or
ona £ MU TRECREEE QURBREAITRt § T RRETSE TGRSR OHER b of the ob) ect
has devel oped. As such, the enbodl ments described herein facilitate

i nspecting the obpesh MG amBtendenbioNELRANAL QN HREHSAR) RGHY 30D AR LR
time between manual inspections. Accordingly, the enbodinents described

her ei n iremadhiEringe 8 exitmiuml dealh| oft freaihed or intisdiic i theosxemplary embodiment,

crbodi A TR L a0har & Ro B e 2o Rar ot sl Biien el oF Yl S LD BrF ekl or
st eps gfizeastaraetinod omay hethat b&ba@@brp ndepenmenit| vutakdss epatatelyciés orpo
ot her conponents_and/or nethod steps described herein. Each co onent and

each m&rMeRfdeg witg 5@ M139853%5m§% GXROBBMNAREIRDN Sk e ottinela nﬁgﬁé?ﬂ S
and/ or t%‘éﬂﬁ%iéﬁ QRBto & Stfi%ﬁ %f Eieur%*e%e[:&ﬂ%ll PJ&L?%}W&/' el %%ia%%rﬂgoﬁsﬁ%

exanples to scl ose cer Iments o i nventi o I'ng t
best nmiide stiandhiat paricdesn 80 flecasyrepiersain as;kaﬂtabisdsaqnaitm hnting @ prasiengih

t hose cert a|n enbodi i ncludin Ki n n devi ces ar
systerr@”g W%?%%Y”S“H%Wyp?fﬁ%i?g or' gttga 8 e é’ ery ‘érﬁ%ﬁBf lgs 1@% d5%s 25
t hesi nuppldiofd sredafhiatbaad ol Bypeaiith Wmser@h%emt her examp es ¢ hat
occur to those skil in the art. Such other exanples are intended to be

wi thin the scope of the clainms if they have structural elenents that do not
differ fromthe Iﬁ‘@%’ﬁaliﬂlihﬁ@mwiw %rﬁéméimmssemnzm ﬁ@@ctméﬁadﬁeparticie

[ or sl d ot sheci B DL Ieest” Ul DRS00 shbeet a1 1/ Da D es oG

CLAI MERrhiSsdiment, sensor 220 lgen%r@tégh@%ér@br ngh410Fd éﬂ@b@ﬂéww@wﬁ@' dbeatddh of
an object, said nethod conprisin entif a state of

f1 uor eSBEHLR BEnat naé%@tiar&héh%aﬁi@naﬁﬁewgy@i%gm eﬁtamwmﬁﬂ% %“Bj d@nsmilgdthe

20 sensor signal to computing device 300, In the exemplary embodiment, computing
device 300 is programmed to identify 440 a state of fluorescence for particle 150 based
on the transmitted sensor signal and, thus, the detected particle signal 214, As such, in
the exemplary embodiment, computing device 300 is programmed o determine the

health of tire 100 based at least on the wavelength andfor an intensity of the

[\
(9]

fluorescence of particles 150. In one embodiment, computing device 300 may

determine whether particles 152, 154, and/or 156 have emiited a particle signal.

[0028] In the exemplary embodiment, computing device 300 is
programmaed to determine 450 a structural health parameter for tire 100 based on the
identified state of fluorescence. The structural health parameter may include an object

30 status, a remaining useful life, and/or a presence of an anomaly. For example, in one
embodiment, computing device 300 may determine that tire 100 is in "PASS” status
and/or has a long remaining useful life if particles 152 are flugrescing, tire 100 is in
YWARNING” status and/or has a medium remaining useful life if particles 154 are
fluorescing, and tire 100 is in “REPLACE” status and/or has a short remaining useful life

35 if particles 156 are fluorescing.  In one embodiment, the slructural health parameter



determ ning a structural health paraneter associated with the object
10based on the identified state of fluorescence of the at |east one

particl e.Wo0 2012/026994 2. A method in accordance w th @caiuseditfosrisher
conprising stinmulating the at |east one particle to emt a particle signal,
the state of fluorescence associated wth the particle signal within the
obj éct .may be compared & A lmish(mhé rpradefaredarnibesiolch 16 dhen dirdatutehenealth

L T T N

4. A meihashihBnasa daresivid hvidrébBrlin ¥hrhe! BoRk éaﬁﬁé@m@n&;@ "Bk s‘?@{ddrﬁi e
is configured fo emt a first particle signal and at [east a second

parti clheaits payaficger vt be endtomatisaongdplact died/or sigedl withihenstrare dsfvice

fl uore?;@nce associated with at 20 |east one of the first particle signal
and th econd particle signal, wherein said nethod further conprises
stinulating at |least one of the first particle positioned at a first depth

relhative to the gbject Tnrd therasgendingartiskernssi bhanedn@hods secandadept h
relative to the object. and wherein said nmethod further conprises detecting

at | eaﬁ!t%ﬁaﬁ%ﬂytiﬁwqim@tarpa@s@pt:t%d%ﬁeaﬁme ‘@H?Wé@ﬂw*f%‘i@@ﬁﬁr@é‘@ Fapanddion
| |
posi ti guad. Al agyén[n%gy gggon RElsRl i }éﬁaiﬁeés{?@o%gﬁ}ﬁ&%&@&é@@ﬁg t ﬁe%r Lbhel e

signal emtted partl € positrone a second relative
t o t he tiobjegcibodiments described hérem\fmatiﬂadmi ingpeatingridandgsati inhrebhateniotations

wher ei n d«;t ermning a struct ur I t araneter. further C%C ﬁ%%i
conpar iFRG/XhECERANE FRaf e Bt “t*‘cﬁa%‘«-‘% IBARPFURES ¢ ACEY Y. 486, A
CONRUt iRghHaMRe: Q8crikes Hé?eﬂeér%fﬂ% m&@aﬁﬂéﬁkﬁ&wé}id/&%ﬁ Pe@t.ca. obj ect,

sai d conputing device programme

[0030] The exemplary systems and methods are not limiled to the
specific embodiments described herein, but rather, components of each system and/or
steps of each method may be utilized independently and separately from other
components and/or method steps described herein. Each component and each method

20 step may also be used in combination with other components and/or method steps.

(00311 This written description uses examples 1o disclose certain
embodiments of the invention, including the best mode, and also to enable any person
skilled in the art to practice those certain embodiments, including making and using any
devices or systems and performing any incorporated methods. The patentable scope of

25 the invention is defined by the claims, and may include other examples that occur {o
those skilled in the art. Such other examples are intendad (o be within the scope of the
claims if they have structural elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with insubstantial differences

from the literal language of the claims.



WD 2012/ 026994PCT/ US2011/ 030185 identify a state of fluorescence of at

| east one particle associated with the object; and determ ne a
st ruct ur avoherlmbodpar anet er associ ated with the object Ppasas2an/ 080185
identified state of fluorescence of the at |east one particle.

7. A conputing device in accordance with Claim6 conmunicatively 10coupl ed
to a stwhwiatoCi AMieDdizn said conputing device is further programmed to
direct the stinulator to stinulate the at | east one particle to emt a

particle signal, ,the state, of fluorescence associated with.the particle
signal within thé-objéctnetod for ““Of“?m““%.aﬁ E‘&ﬁiﬁf@ﬁ ﬁ??&%e@f@é’i io%g%é"c&faifjance

wi th Crabb8 ceaipnsmgatively coupled to a sensor, said conputing device
further programmed to receive a sensor 15signal representative of a
particle signal emtted by the at | east one particle, the state of ,

fl uorescence assdegrdidng i siate wé fgarascenee sf ghdgast one particle assocgted with
conput i /. in accordance with Claim6 conmunicatively coupled to a
stinulgﬁgpsg¥%§$§%n at least a first particle is configured to emt a first
particle signal and at | east a second particle is configured to emt a
second particl e 2@iersiigingl 2 thecistat beolh f paranesere meecaissal ivattedha digcat

| east Qne qof the first particle signal a t he, second rticle signal, and
undhei PeSsion DRt Rs TR To st 08! eanbans Bodider t he
stinmulator to stinmulate at | east one of the first particle positioned at a

first depth rel ative tonidiendhi &dorditbd Bh IRGPNG DARS ShiBpPARL HeReI @
second depth relative to the object, and wherein said conputing device 1s
fur t hedhe at least one particle o emit a parlicle signal, the state of fluorescence associated

with the particle signal within the object.

3. A method in accordance with Claim 1 further comprising detecting a
15 particle signal emitted by the at least one parlicle, the state of fluorescence associated

with the particle signal.

4. A method in accordance with Claim 1, wherein at least a first
particle is configured o emit a first particle signal and at least & second patrticle is
configured to emit a second particle signal, the state of fluorescence associated with at

20 least one of the first particle signal and the second particle signal, wherein said method
further comprises stimulating at least one of the first particle positioned at a first depth
relative to the object and the second patticle positioned at a second depth relalive to the
ogbject. and wherein said method further comprises detecting at least one of the first
pariicle signal emitied by the first particle positioned at g first depth relative to the object

25 and the second particle signal emitied by the second particle positioned at a second

depth relative o the object.

5. A method in accordance with Claim 1, wherein determining a
structural heslth parameter further comprises comparing the structural health parameter

o a predefined threshold.

30 8. A computing device for use in determining a structural health of an

object, said computing device programmed {o:

9.



75 programmed to receive a sensor signal representative of at |east one of
the first particle signal emtted by the first particle positioned at a
first depwb2oelasive to the object and the second parti eCe/usegnaboiesn tted
by the second particle positioned at a second depth relative to the object.
10. A conmputing device in accordance with Caim6 further 30programed to
conpare the structandy ahsaala &f harasstrerx tioatdepsicnied pagitid beeshalkd. with the

11. A s(%)st _mrfg?r use in determning a structural health of an object, said
system &ngr ng: at |east one particle associated with the object; and
WO 2012/ 026994PCT/ US2011/ 030185 a computi ng devi ce programred to:

identify a state dg@ferliHOLSEER0R MealBifhrahet@asdsclREP il Sheolssosiird
with the object: and determ ne a structural health paraneter

associ ardbeviletifichetals Wdtuchansmcenitieal west pn¢ eartiiaat e of fl uorescence of
said at |east one particle. 1012. A systemin accordance with Claim1ll

further conprisi a sti. : TRl | upl-ed. ' il Nng
devi oo, wherein 99 d ChRRII IR dEaLT SerofPnte SHE N, SRhERELS
st iioul abopisdooss istitluddter, Setalent sdidasimmngpédadice iefitrihiee Prdgranpasd ite ldérect
signal, the state of fluorescence associated with the | grtj,cl’% é_%}gp_gl : ig;md
wher ei '@ &HEUEBRDIR FIGHEE ot Fashene HEUHaNHSIT 6 Ratep iRl sbivsdpte ©
L5ST gnal,of&Rease BLabM RO tRAPAIEISSIGh AN TS beRRy said at Teast one

particle, t

8. A computing device in accordance with Claim 8 communicatively
coupled 1o a sensor, said computing device further programmed o receive a8 sensor
15 signal representative of a particle signal emitied by the at least one particle, the state of

fluorescence associated with the particle signal.

8. A computing device in accordance with Claim 6 communicatively
coupled o a slimulator, wherein at least a first parlicle is configured o emit g first
particle signal and al least a second particle is configured to emit a second particle

20 signal, the state of fluorescence associated with at least one of the first particle signal
and the second particle signal, and wherein said computing device is further
programmed to direct the stimulator {0 stimulate at least one of the first particle
positioned at a first depth relative to the object and the second particle positioned at a
second depth relative 1o the object, and wherein said compuling device is further

25  programmed {0 receive a sensor signal represeniative of at least one of the first particle
signal emitted by the first particle positioned at a first depth relative to the object and the
second particle signal emitted by the second parlicle positioned at a second depth

relative {o the object.

10. A compuling device in accordance with Claim 6  further

30 programmed (o compare the structural health parameter to a predefined threshold.

1. A system for use in determining a structural health of an object,

said system comprising:
at least one particle associated with the object; and

=10



of fluorescence associated with the particle signal, 13. A
systemin accordance with Caim11l, wherein at least a first particle is
confi gur esot20126mb494a first particle signal and at | east paTascand3pasticl e
is configured to emt a second particle signal, the state of fluorescence
associated with at 20 |east one of the first particle signal and the
secodnd particl e & gapytivhéedca pssardnfmedto:particle is positioned at a
first depth relative to the object, and said second particle is positioned
at a second depth,relative t he object , . 14. A system.in
Sccor dance with GG £ b ESRICE S sgiheNrRLARE B Bk Ervalry
coupl ednt epratGrgonputi ng device, wherein said conputing 25 device is
further programmed to direct said stinmulator to stinulate at |east one of
said first particle and said second Earticl e, and wherein said conputin

devi ce is furthede@agramalaiciral deaith daiagermyorssoripied widpihesehest baaedof
at lea A he first t1.Gl. K Ltted by said first particle
and t h2}{]5%%gcrjl%tg%rlatSft%qee&sfiu%ﬁ%ﬁae@%gt{?é’%R%Jf/t Eggl‘l’tdé rgee%%%é!%part icle 3015. A
systemin accordance with Caim 11, wherein said conputing device is
furnther programed.to A apire heacbrdmtos atitthe@lairh par &mdteer chopaising a
predefined threshold. . . . . . . .
stimulator communicatively coupled to said computing device, wherein said compuling
device is further programmed o direct said stimulator to stimulate said at least one
particle to emit a particle signal, the state of fluorescence associated with the particle
signal., and wherein said computing device further programmed {0 receive a sensor
15 signal represeniative of a particle signal emilied by said at least one pariicle, the stale

of fluorescence associated with the parlicle signal.

13. A system in accordance with Claim 11, wherein at least a first
particle is configured o emit a first particle signal and at least & second particle is
corfigured to emit a second particle signal, the state of fluorescence associated with at

20 least one of the first particle signal and the second particle signal, wherein said first
particle is posilioned at a first depth relative o the obhject, and said second particle is

positioned at a second depth relative {0 the object

14, A system in accordance with Claim 13 further comprising &

stimulator communicatively coupled to said computing device, wherein said computing

25 device is further programmed (o direct said stimulator to stimulate al least one of said
first particle and said second parilicle, and wherein said computing device is further
programmed 1o receive a sensor signal representative of at least one of the first particle
signal emitted by said first parlicle and the second particle signal emitted by said

second particle

30 15. A sysitem in accordance with Claim 11, wherein said computing
device is further programmed to compare the structural health parameter 0 a

predefined threshold.
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