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COMVBI NED VI SUAL- OPTI C AND PASSI VE | NFRA- RED

TECHNOLOQE ES AND THE CORRESPONDI NG SYTEMS FOR
WORDEQU6@N AND | DENTI FI CATI ON OF SKI N CANCER PCT/IL2006/000954

PRECURSORS, NEVI AND TUMORS FOR EARLY DI AGNCSI S FI ELD

AND BACKGROUND OF THE | NVENTI ON The present invention

coniffaf RpSBatbr i chRD RS T SRRARERL rEsbfor agms axp TrE
CORRPSPONDBNG SRYEMS OrOR eDRITET Hona MNWQBENT@F@VH@N OF SKIN

for nonintrusive detection and identification of
CANGIER BREQURSORSS, NEVERND HEMORE Uit EARISSE DbASNAORIS
cancers (nanely, nelanoma) by conbi ned anal yses of
visible and infra-red optical signals based on
FiFTireanah paick sReanuplor egiprs/Heticlet ection and
I magi ng Teading earlier warning and treatnent of
Tho pms@ntathnU@a mgletes us agondntasorsmetBodnand dyvise spidentdiypathological

esi 0 are bi dto det.ernmi.ne their stat )
skin ES@Bg ' Wélfoifﬁﬁy R Dressid ipyeatigy 5?1@5@ dea m?tg%@ |a9d device for non-
1ntru§{fé3 H@ie@ﬁo &qy dxﬁ&tiﬁltaﬁb’ﬁ'o\fedlﬁ@féﬁy &indRf o 1]‘ KiSiR U h ht% cﬁ'émlesmns and
be painfu expensi ve avery limte
cancay$ (Bargfﬁysnrebmobm) thyo@snteded anaijs seswkibie amrﬂnp%—rednd};mcal signals

re.not ut up. w.th a large nunber of s
base@%é% etmygﬁﬁ/%ﬁl fauns fOtd?tFﬂmwgmw@l% @gr%ﬁ@g warning and
treanﬁé{ﬁtbf?@teﬁﬁ ul EARPRREi ed to a laboratory for

exper ana si s t or age and transportati on increase
Cbimmam)ssuspmm&h&ess tieebippsad b Heteymihbaheis aapiseBiopsilels have many
handl ed Wg (spéro yed or, 1ost, and al so causes a .
Obvmﬁ Vegpgest Firly RAPRSIESITRIFESCIBTTUING TeevAl 1of tisyys tat ?%be painful
od 580 2008 1y NI LIS SEUSED o goon o
patiestesae amt [Thdly tonputeas esitli e ldr g aruveat eTfCﬁJChOeXﬂmswe pamful tests.
patie the cost and the risk that contact will be
Furth%%ffreﬁ?wpw&aa}pé@a%sw slorgst Beldrnsperted i laboratorp i ggpert analysis.
S r
torag@taﬁg?%a%g (tq/[aélr?;(il s yﬁ{éofht%hceotsgg %e's ntE ﬁ:)%%%lﬁ’l‘i’itf Alhz eq§111ples will be
mlsharralldilt Hestoged onloef, ahd aRs cased & sﬂgﬁif&bhtytuhy delag r0RCEPIng results. This
anal ysi's, which results in qualitative subjective
time Fl‘éémlteéns i3t ererainationytollasl o sequized bringiagnke patégat back to the doctor
fora Egsbtaﬁft %Ef%h' ?ﬁ’s TJ?&{SQJ t%r ?nco 10elﬂgrgcle%9 the V%a@%gf %1 & cospaenrdethe risk that
I'nteres non-i
contattes@ﬁhlﬁﬁ I@@t &sthe ﬂ&é&de&%ﬂl@fr&d&de tda bb@t 6ﬁ§@n®fmt§é@ta[ble Furthermore, the
cancer. Cancer is a disease that develops slowy and
waitipgpetind paUso® RGBHICHY RrovAtY &9 ity patéasit.ofisaliy, tintepet@tion af biopsies is

t
usualfyob§p (ﬁ'ﬁ: ”?ctoﬁ@n&a AL it Xf Iiég@ rﬁﬁaedag?%xﬁf%{sg nc n\%nxgqglﬁbﬁv&ch are not
well mediftcmv,ﬁwneﬁﬁ@piekmiona basical ly healthy patient is
willing to dedicate to routine screening procedures.

Thenefors, onemedicrle disgnepisihere be gatst enteeest éh i sabd, ynondishsipy detection
techngla Sl At %ul%r&? Irn%’ (tl?ﬁr;gaég Iofff gc%%léparlt P]Ig(.‘)a?gg %Q;gﬁ;l'{gﬁocfevelops slowly

and o‘éﬁf&l Yrevented by monitoring Leswns with potential to become cancerous through

routine screening. There is, nevertheless, a limit to the amount of time, money or
inconvenience that a basically healthy patient is willing to dedicate to routine screening
procedures. Therefore, screening must be able to reliably identify dangerous tumors and
differentiate dangerous tumors for benign nevi (moles) quickly, inexpensively and safely.

There are many methods for spectral analysis and imaging of skin anomalies using active
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There are many nethods for spectral analysis and
i magi ng of skin anomalies using activeregi nes which
wae@®7me@el y known. These net hods have used notPONIN2006/000954

opti cal spectral and thermal inmagi ng nmethods, visible

and infrared, but also electromagnetic m crowave,
regimefc SHER e TRPHTH . YSE LR BRE LTy TR PRl S8t and
thermatl @hegiht anetRfdsbvieidsd addiiassd, 6ONHSs eReRoRbaiRkit Mnicrowave, acoustic,

subtraction algorithnms", SPIE, vol. 4129, 2000, gﬂ}
magnepg7ulpravioleand dedioa metods “[Best &nt gxampleo Fear @q-G-re@fﬁ c§. Stuchly,

e Ul trasonear aph ucl ear magnetig r.esgnance, and..Rama

Mieroleye APRAGHG Ss Lvor® Sropdeelion ocghih SEEL R ARt SPIE, vol.

4129, Ieodﬂ,nf@;b.ogm-zwo,l Gnidedi@, M., T9%htiaBMer BigitReqidney @litr@bnography,
"Devel opnent of X-ray and extreme ultraviol et (EW)

nucleap pragpetic theonanee dnsk Reinag spsatiassorantbri skén sudieat, athiioResearch and

T, VLR g S A5 RBBHESL B0y -SSR iy and v
ultravidle€ MROKY Gyptickih dedcdrasorb@apndisies 2l Ciassehetithtorf ®6r various surface

_detection of anomalies inside the human-body since the
applicagigns'y Sehee, ariddnigotice dineledolf Y, 198P] pre23G€¢€Lt i on of

ski.n,cancer becaus due to it's.t nger o effects .
X8 e RS R Beer A e raRink 16y SRR Gt Tosice he
human@dd iR I B VRRK kY n & sultBd kdH dhMier fdetec 8b1RONQ8H k&cePbecause, due
patients with skin anonalies which need intensive

to it’s the eieagrrowst dffentsof é¢-raytredintion oe hpmein bewth, Aoewsitibe vaed dfien enough
e LRI PR Tt TR o et
reexani@ioR hveritoyeihObe®sl y di agnosi s cancerous skin
anonal i es. Precancerous skin | esions are often of
Acouistic osstivpi metbipddogen nshiClorare heefot der defectard bf setiemsesomside the

humanﬂ%p%&é’agg tg@rgS@)gp—legéhtg{]q{%ggg&tnﬁbpglyp%gstrc:a%%:qergﬁm? d %ugoerrrl]etlﬂefs.l ﬁr%cancerous

skin leS6hE&EII@n D TUELNE DT HitdBSont (BNhE R eliAREL B sk micrometers),
sound on the order "of centineters). M crowave

which detmutt bonlefted kamil {dembfied byeuse ecowstinamethods Kakied aye limited to
t he contrast ' 0 and

) i.n djelectric opertie f. normal,
detecting, sfrugtyres lerger Padhewavaiengtis b 1@@%3%9@51 %écearu@evé?y

Mi&GRRYd 8&%&9} a&d kril?%ﬁf%]r@ f 0@%&1‘99@? Ry &pth'gi SLYQME dielectric
ra t \f\h’]l C?’] may % e

I'ation, ave dangerous effects.
propertiasrdfhermel ad aoorabwekie tissugnaMicwividve weohab kgt lard vamcomplicated
fewm€mto few.cm  cannot identjfy sma]l structures
and radiatenthy; hywmanebodys With | mickvaye jadieionyyich1aan A dapgerops effects.

Lo . haddln v R
D e T
small sextiueszevitl diameted lo€half Edy)or s, mabnoerlissas thehalf mm scale are very

. di agnostics and instrumentation for various surface
importgy i el eser, disgposisciBragh Rntcé ad.adeevalnpmeny of X-pay and extreme

. . 236- th. ti.on, .
a9 o8 40 LGBl WAL AR Ko st
applicatiang, Bo¢iceapg|heeatndpildes. 21 19991, Rhe-2abpve |

di sadvant ages of tradition biopsies and their .
Optiged aredhods 81 datectiopt idenfifiostion eud diegnope otk shaqraglifieg kpve been

appliedgi\ﬁporﬁeergtlo T65id tl-lrel? gng}erdslgadlviltggelsl oefqratdﬁl%nl b%fsgersaa{ndrtﬁg'r Ifﬂ%erpretation.
Optical methods can be classified into two regimes. The first is called the integral regime of
skin structure detection. In the integral regime infrared the spatial distribution of a signal is

measured to obtain information about changes in skin properties (like temperature of color),
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skin structure detection. In the integral regine

infrared the spatial distribution of a signal is
wore@semda t o obtain i nformati on about changes PET/HKRO#%/000954

properties (like tenperature of color),which mark the

boundari es between normal skin and anomal ous regi ons.

econd i s cal I t ect ral
which S BRCRU AR R a6 it SR RRFELO Grb R e ol Temime i
called VIay gpw@alfreememmets@e@kﬁal g@ﬂﬁfealaaiﬁu&aﬁﬁ@hsmsra@é hRe§BEM in various
light in e visible to N'R bands. The spectral regine

ﬁequen@ b«'g@s Laenf:r@lrly ibelsedt drf tedlectedight i gwcyisibte tndfkIbiaeds. The spectral
i nf ti.on out .t he corfes
reeime. B Getfl) A Bh kR a4, R o ROBR " deRpRion sbout the

correswh@h@ 'BIRafiBdMof MRt HRERI BIths B@&&Jn@{/ damalnysi s and
i maging of skin |lesions. CGenerally the anal ysis uses

Thers aae miapy m@t@biﬁefor apmtw ayalysisl |aad iimagihg edshm kegives.n@¢nerally the
ce and t he refle ptlon

analys S5 RO R EHHe PRy e HIBYRS T P ERGETYSOHGE RofGeasing the

reflectioBdMSR AR ardNefrh@RE JrAnOPIyRCTHAE rﬁﬁﬁﬂﬁus‘i@é h¥@ods reduce cost and
results. Furthernore, when physi cal sanpling is

lead toenbgsstize yquas‘ahapmsq:sult&r Fgﬁb@rmoafb whetl yhysealnsynhimg is necessary,

n traditiona S|es
sampl 3ot Shecif i8S a0k st | et S Reies {Pis makes the
samphhh %r&@&ul% rﬁgmf%@ﬁﬂ:? [k tr@ﬁﬁhﬁ@ ﬁi’rsthé@é’tle%’t’ ept‘?al %QHIQQE rﬁan even be
octor's office or an operating roomto allowreal
brought |t¢m dlictgirosfifise andn topemting mboradnsilder @bl time ntagrasis agd treatment
efficienc reatment as well as_reduci

..th .
considygn St G tearBEIGas T HESER, S Srl edatiee weensive and
danger 85‘@!“&@ defayd B ﬂagucqﬁgq{h@(éhaﬂ!etd‘f 1R&td &Rkt \M\fﬁﬁ&ﬁ@ﬁé\%ﬂheless all

of the wdely Khown techni ques such as "opti cal
of the wmdia@r kg wn petchigliessyuels s apticuh aﬂny@ng, opaiical iphe(ratmhalysm and thermal

) N [ have di sa dvan | t hem pot. full
imaging B SRediaTaest RAGEAroB RO OTRAEI-M Hs e 3 Hentificaion
Ofdﬂnqgﬂ&§ andl cgpﬂ&@&ﬁﬁgecursors One optical spectroscopy

techni que for non-invasive detection of skin cancer

Onp pppcd ededizosBPyCasiméqueHes ean-divaSivatdetectine bfidlda cancer proposed by
anal ysi s gf absorptlon and scattering propertles of

Canger Researchi Ceptie iasludes, aidysis oh e glgs_oy]gg)nngﬁ sgaggering properties of the
skin mav%lﬂi l\n}é%lfaiﬁﬁ@&ﬁ7ﬁplgl% 51?(1 Qutlc()hﬁgr 1@6 S g@ﬁ@o? ﬁ'le &ﬂ‘g Chemical and
0 S S 0

structur anges di seas ead

structuedb adhangedr dusd tcC skitit dikdavey badecehaddarteridiit fauseluorescence and diffuse
refl ectance spectra These spectral features can be

reflectanes speptig fPescepestial deatpies cam e ke o iffesentiate shin cancer from other

skin d%éa?»?l iing #éteggqp %e%g aa{‘&%?tfﬁe@g@%ﬁgﬂg&u k{ AL P etween

various ekigli tdrelitsorsi sine diffeﬁ@fc edkiin Shdchsedi l&ﬁ/&sﬁﬁulﬁﬁ\téﬂ@tdﬂcb &pectra. By
refl ectance spectra. By consideri ng the correspondi ng
COHSld?TPL%oﬂ]éé-‘@érﬁ&@néi@écﬂwﬁﬁcﬁléﬁe weplawn feu p Dartirlas stins digease, it is often

poss1ble td 11?&%%?%@ ot?ehav A kR %ngmglrl esnéhat"f1 %Vgefg‘%lgl elﬁectance spectra.

S
anoma srmlar re

NeverthNevs[ bdigg @@&rel)b%eﬂt@alanéﬂdé&llﬁut%@ @(S?fl{eahsﬂ@tﬂ‘&deﬂdymah& Cthis method
to the visible requency d, this nmethod does not

does n@fu gee 1mramamfommt1@n rhoitdhe gbouetry hba @@mmeﬁrlgo grimelesions can be
sn n an be diff t toid

aitriculy SE BRAAS SRR Wt HTIDR: FRsrGatt mtselliciat S pEef fplexampte

the ﬂuérl@%hé@mtﬁ%[ty faNPdRrrheic kertosis may be higher or lower than normal skin

depending on the lesion thickness and degree of hyperkeratosis. Therefore it would be desirable

to have further identifying information on a lesion to positively identify the lesion, its stage of
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the fluorescence intensity of a Seborrheic kertosis
may be higher or |ower than normal skin depending on

wao b@7ozsidn t hi ckness and degree of hyper ker at BPGT/B.2006/000954
Therefore it would be desirable to have further
identifying information on a lesion to positively

develoigg%g{egfr{a{%épﬁneglegg{{‘?ﬂg ta{f.iéni(nst age of devel opnent and the

ot her optical systemfor

Anbtentoptivalng seld forl RISh@Rhel SiVéadisnid, MaliFekt, Walsich was created by
created by Electro-Optical Sciences Inc. (EOCS) to o
Electrorblptirghveisngey lncddi@r togantiyvasisielndaiect emfe mstdnagiaplThe pfinciple of

opes QRS B T PR A B b RE Gl Rl TR0 R, B e sed

as thd Wil foRr subYRRRAURBMPERAPAHBLIsANBidEose JbRINABEIEes: step 1 -
.process includes: step 1 - Miltispectral i magi ngﬁ; _Step

Multispectrabirgaging; a1 teioA - SRemeviahen (Ranayinghajree segnmyting ddsim); and Step 3

Land Step 3 - Extracting and anal yzj ng .feat res. A .
- ExBPRE R alefar ety PRt SRRl R o Gty tesion. Ten
imaged 48 @BRirRIdQ iSRRI ARIfEYRH MESHoRDsRbfrfulele] dABih F¥n$ RRNTRWough visible
_ wavel engt hs fr om the NTR t'hrough visi bl e i ght
light speséiny tonobtainoibfeaimatiombo theastisorption anHecatbsimgprppartienaf the lesion.
This pfccﬁ?t}gtrs &éfp?rgﬁtpogmg%ﬁﬁ {hfe?zesl?«fg)slgoh ﬁerlbgi%égﬁpl:d %q%@qlgégﬁalatd Fssnot available to
the naltddr $ROMOGYCHRA gl pravaddiaht BlunPinhilR) NAdeEH sF3Sral ﬁanﬁi, creates

_specialized imaging probe detects illumnation in eac
the digipédmegds ahecndsrtbemete qolwputtir ot arodepsige sTlanthetmddegy lacks the
.., themto uter. fo r.ocessi ng. The t hodol ogy. | acks
ability G013 o RGeS end fhesh are, BiyeN sy the color
and shhdd"®f AR NELRS R1BerPRS L@l 1o IS’c%m\}eBy&ifferglltig@taglrldﬁ&dof benign,

shade of the lesion and is therefore not a
percanpayeis end lcgnatirduselesings. dile mietholi dnts ot dhenipgejse information on the
denth (gfeEc ncerous and cancerous |esions. The nethod does
epth oid ?E?V@"precise information on the depth of the
Anb@®8t Rical BRI Bl o@la IR o8 %%n@ri‘te&lﬂq@x\ﬁ'eﬁl d uses cross-
knowi as a DernLite. The nethod uses crosspolarize
polarizadnoidil eppiuhimispese encesipy fosingpyvddotiagmpisaf @igmented skin lesions
di i s.of pi ted skin |esi db l |
and b%é‘f 8&E2%%}1?0ﬂ£|7%{;eﬁﬁﬁ}1@?q h}rjc@i,}%z%tgg zg)asg-po1alzf}i%gl'clollC %lters that reduce
ooth. 0861 . i i ; h reflet
e o b i acse 051 e g WAfied SRR & the decper
structuvdss Ligght fiati ohitefLigheEedpeDicles (CEDs)e$s phlaghdd fiearty by a special
white Light Em{ting D odes, (LEDs), is. polarized
filter apd the-mage Ww;g] E@@gﬁﬁ maanifgingdems i @lsoilinggdy pelatierd so as to cancel
th 9 i yi | | §.:al i | ' "
out ihe FNOYEF L@ RIR Y b Mace g ity 2 IR0 PUURPLRL $8Rrized LM

and hasbechasensivelyneudidd for tHinmgimae pigneaatd Reioks % She early detection of
Pol ari zed .ELM and has been extensively studied for the . )
melanqnigs gihige 81 Bregiadrallogys fllivariblerspectiume ibaging of ap@ciurigee lesions, it
a : i ' t aj_| . f ARSI M) i
docs oI5 oAR Rt B WL BolTE P eClo OB EhtepE e gy o vsite

reflectadlo @pedi@igeaphl; nadheon i9fnot Possilsptth diffelhatk @5ArBNpathological lesions
Furt hernore based on a visible reflectance
from nogwak sigr ahmyvial nieckamnle, Wofigyes i Bhee difference between aggressive

i fferentiat at hol ogi.cal, | esi agns.fr.om nor mal .
precandols SRR b JREY pBRURLNE By sBPu o8 e B PP plsprbance in
the NIIORIgiden aggr essi ve

Narrow band IR spectrum methodologies for analyzing and classifying skin pathologies

include Raman spectroscopy [Barry, B. W., H. G. M. Edwards, and A. C. Williams, "Fourier
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precancerous structures 1b and a benign nevus is only
apparent due to increased absorbance in the NIR

w0 e@ioenedNar r ow band | R spectrum net hodol ogi esPEDIL2006/000954
anal yzi ng and cl assifying skin pathol ogi es incl ude
Raman spectroscopy [Barry, B W, H G M Edwards,

S A TN L A R e —

Journd®% {%B%h @?ch%\e% woP @81 D@iz ERITBAS; IPGGALRS. CMP)H C. Wulf, and
, pp. 641- 645; i adecka, M, H. Wil f,

N. N. M«zﬁdﬁseﬂ\l "Dvignioeis senbastiDEly narsinemaf bsb&aaiancmebtroscolay Journal of

Ramarc , gliir&%geabgyg?@ggfbﬁpg dfggﬁo%e%ﬁa‘égéég,n%lveéﬁaatlon oF skin and skin
lesmnssﬁgr@ﬂ@FT-R&n@éﬁF%}Béc%ngQQ" oj’ozﬁ%&lnoﬁ%né}(' Jf t‘ﬁéhz@z@ By 5, 1998;

Ranman spectroscopy Jour nal of
Sterenlﬁdrg_anI r§., My, aVL. I\/Exarﬂ@ma? SShelvl@nbectra@ "IH vnao opt@al Rpectrivkcopy: new
[ kar, tical

promisglv*?gte’rg@ él&?ég?r e a]gvé) WBW g ﬁlgmtc%qﬁaﬁ'n S 8@7 7, Y. ?@, 1993 pp. 57-65]

e Ca y kue% £88Rr-transform-
and mgﬂ'l%gggcﬁ%%ﬁ Qh gﬁi‘ cﬁglg{g %paegtégalﬁbﬁlcl nffaglg(gsgc ‘{ a r-transform-
infrared pgetitasoppi ETIR)agmnbinledsw(thaﬁlbeardoptlc techmques (called fiber-optical

Fourier-transt ared spectro ETI conpi n
evanesgEit fvay e st %F%EV)( fg\fﬁ?ﬁ%ﬁ)@sﬁ S LGERY by hcdart 21 Blagrostie
A 2
of can%\élatggﬁéoés ’Wptﬁfv%ﬁé%egﬁlﬁ%ve ’1_:!‘;‘\1?51 ({3@6‘ ggﬁ%)g%ﬁ%gtr%cogyg’n CSg.rTE b\glol 2928,
1996, ibp.[164-16p1 Aanevana et I\mkgmboxF'M RefdkRww FElaR) Noninvasive diagnostics
spectroscop

of bRt GV NS SOl ] FakaT. 3 3B ek s aN V. Arushenk,

S. Kolg%lﬁg, é’]cva"l‘? "'ggefgrgl’a&gggé;’u@ P&,E‘[%Z@%glzts' fanasgté% gﬁﬁre.d’ sReetroscopy

methocN; Rep&h@ﬁkﬂcacﬁmv&@‘l&@dﬂ@&/ of &1SSA| vol. 35pera97abp. 118-121; Afanasyeva.
di agnostics of tunor tissues by fiber, OptII c infrar

N., S. kpbekewsedpyokhet nawV. Relgyking. ‘Giageosteny! Gpcasdissirs yeﬁber optic
evanes%??% fx%louggpﬁ?ael}sgq%ﬁﬁR 85@3 %%Réoﬂectﬁgcaog@f’;@fag\ﬁ%lsg??é 1997, pp.

478-480t BeahcRI, S.iSs&u@sNDY. Afab@&e\wél 4., éFam@aamtsfomuﬁfrared evanescent
Fourier transformIR (FEWFTIR) spect roscopy"”

wave (EHR FEWDSpesa@wopspaf tlwsl"48%D[EBYQlcﬁ97QR199é pps&Q%rr‘réS ' Rpooks, A.,
R. Bruch l@f Ve %(}?e\(/g et eg\aﬁg 'o? }rﬁﬁnsﬁrp fi ' rUsfn%rfﬁ%,roptlcal FTIR

evanescen spec roscopy o

spectrostdpy!, BOIE, %73,19599797 . 0B Afabigeks, NAS Bolyakov L. N.
Bruch, N. Afanasyeva et al. "I nvestigati on of normal

Butving ki Rernotgstkén (iispyry dfacpestiopn c\avo by Rbypepti gsagpspnt wave Fourier
transfoRg, &%gﬁ%;e PR Rosed ﬁsg% 23073331008 A0RSYEY 366, Brooks, A., N,

sKirn
Afanasdb @) ROHBES dt . V"M@esk@ﬂgatﬁélbgf h@Rbh @kﬁvﬁﬁﬁsmﬂtw‘#@\aemc fiber optic
ourier transforminfrared spectr oscopy”, SPIE vol .

evanes@@ﬁ Wave Q?ggrlermansf@g@.nz@aed BFG. TIR) spemrosqp §y1§’w aqd Interface

B

spectrotﬂ&ﬁﬂ'safp?ﬁéﬁtioﬂﬁ Al @(ﬁnﬁl&@/&aﬁr RBLeSRRGLF AGEAMEIve sﬁh‘f tﬁ@ﬁ@ diagnostics
erface Anal ysis, vo 27, 1999, pp. 221-229;

in v1vd?’>[ 08K, vol\. 3594, lwﬁrms;léOdS 1RSulBttacH:, and RalBruch, PEa¢tBT palysis of
cancer g (?eu%{q%%q%\g% aléiggqa?tn 3233/6:88&? -caﬂ%é’]t ?%’gﬂia %B\’\Br glg:e%fc'ral,ngasels in
Surgery and Medicine, vol. 24, No. 5, 1999, pp. 325-329; Afanasyeva, N., L. Welser, R. Bruch,
et al., "Numerous applications of fiber optic evanescent wave Fourier transform infrared

(FEW-FTIR) spectroscopy for subsurface structural analysis", SPIE, vol. 3753, 1999, pp. 90-
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in vivo", SPIE, vol. 3595, 1999, pp. 140-151; Sukut a,
S., and R Bruch, "Factor analysis of cancer Fourier
wao c@nstwrin evanescent wave fiber-optical (FTlI REER2006/000954
spectra", Lasers in Surgery and Nbdicine vol . 24 No.
5, 1999, pp. 325 329; Afanasyeva N., L. Welser,

ruch, et al "Nuner ous ns of fiber o
101). Thes BLRBAPSY S TOT0M FECTTIS 5?1?4 it é@?’ii%%ﬁld ?é} pm (MIR

fber-oBRE b TPy B TEERS, Q’Ceé‘?f LY o SERMT (g MIR

qpectrdSS@safdn anmalspmt%admgxm&d:sanﬂmﬂ onal. %1m%ﬂ) fiihese narrow band

10-1 (MR fib t t Art henk
IR meﬂ;ods Aren{%qcﬁﬁﬁ origgher oﬁp(té{:gsnétgf |sm8§81%|yq;l@[np B%ut?ss&en I\?evertheless

> r n S I
being ?18%1@8 gcg%ﬁé@é\é%@]%?@ {ﬁ]ggtro{ri\] ap%giw\fgaﬁigge?&q S5he Ogaénngf ecf%tect subtle
differeﬁéa‘sebﬁiwmﬁl b afondiaffcdsgietneats agd aoraly ke ;ﬁremmor These methods

abnormal tissue. Nevertheless, being limted to
cannot gy58 eliahbn dETesentiater neyiy fioam sRiInFeanFRs élnﬁ%ﬁﬁ&j%h%hw«afmre 2, nevi
a I
neve (84 S8hsSHALAE ol S EN D0 SR s ORI LRLS e posicvel

1dent1ﬁéam1@@1tg dviethe Ridgaby di fferentiate nevi from skin
cancer, since as i s shown in Fi %'re 2, nevi have their
Parabiely with dRi steckograpdivimahg metlied of dicppal 5@4&% uggseRptticahfameras to
annot S e |y
produc@nc%l& ﬂﬂ] tes ? 91% {uﬁlﬁgg sg\gqe %ﬂpgfg 6}??}%@ u;%asglge integral
regimet ﬂﬁ@ﬂ‘ﬁﬂ' detdmgcﬂlf@reHS@qumttbﬁﬁ| ofqanaﬁﬁsloh@ fipfoslstae] @ad @athological
I mages of skin tunors or skin pathol ogi cal anomal i es.
tissuesTHS rgg&@,qfetmsnm@@m ar,ee@nﬁﬁllmlqzﬁ@@iegelp@cfoyr main parameters. The

parameqfarafﬁé Giﬁorr 3 aecp f(ﬁa{iett tﬁ% 8{ 5n§ﬂ]«cf§t &) o&s P&t@ﬁl@ L{18f gg(!l bemgn skin

ssues ne rest
anomaBEL(eQE MRhals| WeBhans) éiegk zhrﬁl fevi 0 cnhe msatanaemg aﬁeta)emnnnetry of the
The parameters are then used for detection and
anomalydgepes b beridernoe! hatanonsdi; @élcomfopfbtbmagwnglm d) dimensions of the

anomaf%ﬂ o ldjpeﬁé{ng 'bg%, gﬂé%&%g@ Ang % tg?,tl tfﬁ%naéﬁ% eraq BE ﬁg%lted in their
ability bc) d&edtder fige @ fptalfaaua aEradntes B9so€ile@rwie p&mcar@qgr&lswns and that
di mensi ons of the anomaly. The main limtations of
W1thout speatnal ditedtinesady émphsaible he mesikivelarditfersntate benightaad aggressive
etect veiy fine tenperature

1esmnsd:faf3‘?cg?%ﬂ18é%te%]§£%§ P4t %8 t h precancerous | esions and
Hypdigiecihlt ﬂ%ﬁnc’srﬁ@tﬁbdl AN PbRpbled By STRREY doTRRSS iPh BadsBre method

positively “differentiate beni gn "and aggressive |esions
based basedperiral tregimet éfMaluseegi sedecsivormpectiypersgrctsing several narrow

g t.h roposed by Sl Asco
waveb RS PR e O e B SOLGUBES SPecRugr A R Nraged ot give
lnforrn%rﬁﬁo'uv ShadPBRd EMB? fARESS of"lﬁ'aﬁg héﬁi'h?r tBbud)@hLOWIM is not very good
wavebands. Because it doesn't include a continuous

at detsypiegt subtie tchangels Mnmptdranicerarsn d¢51cg1sv eFurtheononat ilackizdoant integral
sha d color features of i and h alth
componeig LIpyes oS seamaty e e EHgTE el B i
Meﬂﬁde%%ﬁéhﬁl@?gm ) @By allf}“fst gﬁ%ﬂ% ﬁreﬂioﬁ%kéﬁﬂorﬁt‘ﬂe s*;ectral regime

I'ntegral conpon PI'M does not - measur e t he geonet
in seleatide feaquemayl dadwyidthe atepidmgofo aed@snmmts of a dermatolomst It also

includes an integral regime, which measures the gradient of temperature for imaging of

structure of the skin anomaly. Measurement of temperature gradients is ineffective when the
temperature of the anomaly is close to the temperature of the regular skin structure. The main

disadvantage of the spectral regime of this method is that because it is limited to a few narrow
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Met hod of AstronClinics (MAC) conpany is a passive
met hod based on the spectral regine in selective
w0 e@guozweey bandw dt hs accordi ng to requi r enent BCDIL2806/000954
dermatologist. It also includes an integral regine,
whi ch neasures the gradient of tenperature for inmaging

f st t f th ki I t . .
eawet et af e gk R PSP Tkt b K R ghade, which ere basic

LEVBEL WS the anomaly is close to the tenperature
parat ?l ﬁe f%%b?ﬁf skin structure. The main di sadvant age
Theofmd&thed sfoeciniaging djRire[Méntkhil fiepticdl Deghbsitcs belt &kse Cancer,”

is_ limted f nar requency hands, it
M.Sc. s BRUERR B ﬁ%@g P3P ImaD i SEETEof foessygements of the
r
patternS Iaﬁ‘tﬁ ﬁgtr?ﬂtﬁlﬁ n%g@%l%ﬁ%} E@Niﬁ%ﬁ %l.l&fli)c.g;l?%gﬁ&%ﬁ% ndDRilly passive
since iDiegginesstidacifig of tiSluenvitateatortespdndimgTanesiaty, sBanaGuvi onmelanoma,

Uniy. 2004] is pased on jn ral regi me of
by IR Aaon ewbrdssard Stqbéerwtgtt@’r e fiaer Ea i of e decrease during

cooling %F“ 220500 £l R GRS bdtehtd S Brpel i ARINQH obSrial % spectral
passive since |1t requires eatlng of t1ssue wt
reclmetrheas('l&h[eﬁﬁ popatiodgednolgadively asiad oaly svend frequeneiksbands, from whole
by 1R radiation and afterwards. observing the heat flo

spectrugh T hea et bm@@ramp@ﬂa@ cdaidentéfifering lolbei sigmsfies of interest
becausl: Ftsié A, ctéc[‘l\;/x’ g$1§e fg 13 ?sg' ﬁ&taﬁseq{me Bl%%ﬁrlgél& iftofth&tion on depth
Beer spectra ré I me nmeasurenment is

and 1n§)1aﬂéso[ﬁ@dnsmblﬁcblhlyedvﬁ/vtsﬁild’l@aﬁm|ryd15t¢rm$ the eﬂeth:llﬁs low degree of
bands from whol e spectrum The nethod has

identificatios. diogher divadyaaae qfiteamedivdds hhaidt aAwie the adgiional operations
nt.er is affected by noise and clutter.
thea% a%d%éf}lug%t%@%?ﬁe met hod | acks information on depth

andrd RcihuseswiteBsrecesmndd peddyfodf and ﬁlvfztlu@d fbaridghly advantageous to
radi ation, the nethod has | ow degree . .
have, 3 a@mmvase@t mgHodalesy He rldmtﬁmllahtr@g é)fopaﬂecﬂ@ igetkip gopditions and

parucugaﬁ deaglg OFanrc]: 'tpli‘]eec%%ﬁtgge ﬁl"renqa ntv%pfornah'llggkﬁ]x 164316 % é}gploymo a

ere

differeht@d Qﬁéﬁsﬁ&dt&ﬁﬁﬁoﬁ@rsenﬁtnﬂty to @@iﬂeddllﬁﬁrémb%hy 1nten<1ty of visible and
advant ageous to have, a non-invasjve nethodol ogy t

infrared pamssigry frah thei sids. Ehxspatm@‘re@lg$e@s@mm afloWai mpUFs q&aﬂﬂlﬁcaﬂon of

chanoeg ﬁ]\/ilﬁf{l %]%ro 1o|ns%td gartg»;:ﬁrg %251 1?5&% are. Iclgx?rg %tenitm ?f different

forms GEARM RsiddsiHAr Qé{&éss@ins,éﬂcbl\/ ldbyelbsmeHbiThereeirt ftBE R€LREt invention
inintensity of .wisible and infrared em ssion fromthe

disclosek am extfhnslwsqpmvaemeﬁmdstptdlffbneytl@tp |b©t7v>seeprr@@mgleslun cells and those

catl o of . chan nd heat
with PR Bece] GRORATE & SR RN RaF B OO RS, dreubrs B e cument
1nvent19h fufsé‘sr #it d1ff@feﬂ§alQBe§§&k@cd1ﬁ1%b@B&u@&fjtlﬁat ﬁﬁﬁﬁl QkincNCcAId skin cells
devel opnent. Therefore the present invention discloses

with paiiolegitalememplissinsintintegrahreghoelanda webfrdrremm%af@kb@m@@m Spatlal

ML AT i
detect PREBWanh iEaGHISHRObodithHE Bizk QR MSHE of B 164i i, EI~'rr@c[hteh dependence of

nmeasure contrast betweén the normal skin cel skin
the comtmst sitswintnipede heoldoigi sigh a6 owed tceassms, arasquia;reegrdaﬂnetabohc activity,
which are dlf[}EE erent nl%r %o?neﬁcs lrnazla,n sk ?I r\;}?thogatho oglc Qg‘{, 2 1es CS ﬁi%me% together,
both regimes allow precise diagnostics different skin anomalies and facilitate earlier warning of
cancerous and precancerous conditions. As a non-invasive method, the proposed invention

allows researchers to use non-destructive testing of any skin anomaly.
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di stribution of contrast of a wi de frequency band is
taken into account in the integral regine to detect a

WO e®iomeand to assess the position, size and sPEBE.2006/000954
the lesion. Frequency dependence of the contrast, its
magni tude and its sign are used to assess, vascul ar

1M whi ch are dlfferent for nornal
M@H@W .‘ﬁé@ﬁm ogi cal anomal i es. Conbi ned
Théd P%?Erﬁeﬁwelﬁ%hhs rael%r{"ﬁl%aﬁ{fé %tlﬂfde&iﬁgeﬁé@w‘Qﬁhhﬁlspatholocrlcal skin

erent skin anomalies and facilitate earlier
lesionswifoné sigecidicaliptiegrenest iamehtpneclates ¢v o uwtlvoiididevivs forApnentrusive
non-i nvasi ve .net t he propo i nvention all ows
detecti Gatly KRBT BoCHBTEAdURTURT (P (EGk | HEB g Rich cancers
18N vided T NVENTON: The ; %@?&né tic@)’ﬁ 419Mased
(namel? &g&!ﬁgﬁ%wgﬁvg%net ho}Jg and gew ce tno I d p fy g asec on
integrap ahd speeghlclinsd sdor ldetsctborsandvinnegirgpleadifip cmﬂiey vtalrmanc and treatment
ent invention relates to a nethod and device for

OfPOteﬁBﬁ? FANGELONY eOHBESt i on and i denti fication of
Ac&irﬁlﬁ‘l@rt%nﬁhekfe ﬁﬁn&f g Rs)gé’rg 111(/ S th k‘ﬁe% ?Hﬁ/l@éﬁda non-intrusive
canc&rs (nane anoﬁa y €O |ne anal'yses of
method/ ifed hleatiByives anléman rieck ekihi afak ssbgnﬂl’ﬂlebaﬁénbdomcludes the steps of

iintegral and spectral reginmes for detectlon and
measuRnsR AGRIOBAA TAY Adaration ol AR ARTIRGY A A PARIRB AT by the skin. The
I C o) S o
somafi LA P HRa P LR AR By i

signal fi0# visub) baidvandne sdvodd fsipnal theat irffipretgband. 8% desidmisathen identified
skin of a subject. The metFod i ncl ude t he steps of
based qreths digapgedlocaipmdnresyt of th ﬁsﬁeclt%l:@% 3@#? of an anonal y
h P { I
e flsbiSoiaf| AL, BEVK SN RGO e S IRER Litctor for

identifyias fadestesl by skinaMhe dyfetigr inchidesta firsigseakor atssmbdysmtlve to a first
band and a second signal in_an infrared band. The
frequenys oL | Eha etk amit FYSPBalih it GEMGRITehdo niaeiing 3 location and a

T sul {0 i
charactﬁggt?c 89 %pgm?h,reﬁt % gté %df;aﬂg %{éﬁglt %I?letgeg% ?(’lﬁevs;i% The anomaly is
causedttiefte 1|e§i01iﬂ| Ble peteatbaeldo andlﬁcl@@l edcoh@ rsensde nkdeinbilyn goﬁflvmed to be
lesion in a skin. The detector includes a first senso
sensm\eps@eans@pﬁgnds@%ml@w*emoaral g pnoget%@w@ql@éﬁw p adeatifyTihe lesion based on
the melas%rg% lgﬁart]fgﬁ{j ’claeS cﬁarggt 1§t9:u 5&9 t(?on‘?x%]gte‘bg?\x’%gn ul%modlﬁed

ar ac errs anomna

radiatidreél bl i@ Ehessie@dﬁﬁi ﬁ&jﬁeh&}%ﬁn’d}énﬁﬁ@d E# ltHb skj?ﬁaadiﬁl edRhy reldSanon signal
caused by the | esion. The detector also includes a

measungé@bﬂa@ 1@@ﬁ§@pfﬁl§§@&m Yy e rsesogdrsersor éssbmbbén& tive to a
Acqo&é - L?I%U%nagtéegﬁg %1:3 nd ?a}nﬁ% Ces rtgg 11}%9%"% egescﬁbed below,

the step Bﬁdeﬁt@@wo%qeﬁbﬁmgﬁmm@g k&codiging ac:@ﬁ&érqﬁécub@ween an
unnodi fied radiation signal n the second f requency

Actradingdorstill ithey faatesini the émrlhe@@mdr@@hoahm@ms SRRePA [precursor
. red. at the |ocatiqgn of the |lesion.b ﬁﬁhe second
is recog gt B AT ROE U APRGIES T1f REFaYe BPgs
Ac&)rrﬁfng 6 &5l1 REFDRHFARAESInGhe aé%@nbéﬂflﬁ'@feln@ﬂ cHBDEThHRY] the radiation that
bel ow, the step of identifying a | esion also i ncl udes

is measvesbignivdesyviai bicangle rreiiﬂcmdeer the skin.

According to still further features in the described preferred embodiments, the measured

radiation includes a visible light emitted by fluorescence of the skin.
According to still further features in the described preferred embodiments, the measured

radiation includes a black body medium infrared band energy emitted by the skin.
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According to still further features in the described

preferred enbodi nents, cancer precursor is recognized
whamem2wm a neasurenent of an energy in a nearPCHiI200600954

band. According to still further features in the

descri bed preferred enbodinents the radiation that is

Acridid Roetl Bt rstut B Belindes BEfRa Hhrd Rt e measured
radlatléir?slﬁélh@@sd eﬁ’éref %rﬁ@r@aﬂbﬁgQﬁ%ﬁf Shanh hl%cl'i@ﬁi%ufv&ﬂ infrared and visible

radi ati on includes a visib ight emttéd by
frequepdiesor escence of the skin. According to still further

Actigdiotr B L TEr SRR R HES S iAok oGy HagRlRgm. e measured
raducu‘.lén{‘l‘rfcﬁfa‘éQi hRBHiERE hey 18kl Bdgihel |B§nd§l‘daﬁe1@*§ %9 FIgH digh. t O

till furthér features in the descri bed preferred
Acecvrtiu@ twesiilks further ferasassu ire ther dediidlbddoprefame unhdsodenentgythe measured

iy R BB S DA e e s Moo e
band ch&8} Uhfiged Wy thBSKidescri bed preferred enbodi nents, the

neasured radi ation includes energy in the near
Accorflimgr ed stili efquilean cfgatoeendinsthat desciibbdbyrefdredsénbodiments, the step of
According tq still further features in the desgri
fmdm%gﬁelﬁappégcl@ﬁ%men%%@ps OhcEakties PaUraFRoRIR daathe skin
ithol? Phd) 1&ioH S hien! h hdroMelifeds bth #Coation, wi
it g SRR LR b Kofh ARitoBtion, where o
lesion &kforbe datexed iThgn haliftrehtial freastueris telatlated betweenhthe first energy and
) dgéqcri bed preferred enbodi nents, the step of finding a
Sa1d SCrRG G Hhcl udes the substeps of quantifying a first
Ac@cﬁﬁﬁlgytoegﬁﬂ teehd: MRl gnséﬁb e Afa re{" d! &ﬁﬁ(ﬁ‘f‘m@ﬂg, the method
then~neasuring a second energy emt romthe
furtherl indati¢sothe siwperfelassifydsy he l¢sord © ab@ndﬁaﬂ eateguty bﬂcelmnaa characteristic

differential measure is_ calcul ated between the fir
of the éﬁ%ﬁsgsﬁdawél%@noan@%bfnd‘\%ﬁe?legﬁlfyméc%»edl@ﬁ@n tt@ asgi:mqral catec’ory the

spectrafé%{l)%gﬁg 1S & %ﬂé&?@dlﬁfeg{ehggteq)%ﬁg 'nl?)%?em%r 1ﬁ I?J 5 1al cateoror%f

ment s furt es t e step

Acedrdimgi thstillguithe fegsiesin tiee desgiihel prkfeaiat egﬁi‘oﬁmbﬁﬁﬁdhdmep step of
a characteri stl c. of the measured radiati on anona
adaptings the speqtiad spalysinigeludes shoosing arfieaen@nmngdifocke é@‘?ﬁf}?l analysis. The

chosel%ﬁg%%ggf g?%l?de(ﬁag]ﬁh%{ﬁlté dl?tg%g?sgxlt@e%%& 91! fegﬁ ﬁ@gébalécﬁsg i ghe general
catego§t i || further features in the descrl bed preferred

enmbodi nents, the step step of adapting the spectral
Accméungsﬁ%stilhém@@é&wégnr]fg\e adewrehy}dem rigdregniadimenis the method
fucherdfiddathe SO oL R BORALA GEREAEY o’ ob ects i

Acédi@m@&ﬁ %Exﬁ'fuﬁﬁérqgeﬁﬁﬁés ifeEOdedbiteedt refetiell lenfbdinteetts, the step step of
features in the described preferred enbodi ments, the

findingygheh desiqruranfiesaid rsetpugb sletammining ghofdepdt of nhaj lsgjon Hase perfomled

sunulta_negt h Of the | esion.

According to still further features in the described preferred embodiments, the step of
determining the depth of the lesion includes the substeps measuring an infrared energy emitted
by the lesion and computing a depth based on a resulting infrared measurement.

According to still further features in the described preferred embodiments, the method for
identifying a lesion further includes the step of measuring a fluorescence, and the identification

of the lesion is further based on the outcome of the measurement of fluorescence.
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According to still further features in the described
preferred enbodi nents, the step step of finding the

wo e®iromeand sai d step of determ ning the dept hPOF/IIt20&/000954
| esion are performed sinmultaneously. According to
still further features in the described preferred

enbodi nents, the step of_ determ ni ng the depth of the
Acpeidingntoj sl fustber fen@rasiipsheescribedpiefaisdambodipeanta dhe step second

o It . l.esi.en. [ t
sl SO0 Do 8 SRRSO O BN fcn 5.5 an
7.5 mit@nstdrk.l further features in the described preferred

enbodi ments, the method for identifying a | esiagn

Aceerdingeto pild 1T fermirast wpthsf desambad predereeds pbpdimenisc ghe step of
; CiFicali oo . .
perfongmﬁ%( %gﬁgu?li%lﬁysgfﬁ%lkg& n{eﬁg SSEI%EZ%n%%ng%sﬁﬁng éf'%ﬁ%%ex%?%ﬁe%sured ina
first ffequi@icgstpdcenied oftdihedotBiont b thef mdlm% featifyies o econd energy
t he described preferred enbodi nents, the step second )
measugqdgiiad spaene Hecauprast baaxd emisied ¢f shat desations anth calalpting g differential
measufﬁnrge?\g%{reenthtﬂg 5 H@ré?lal%] ﬁlter%e?o td. en.o.5 and 7.5

ers. Act g 10 St M urther features in

Acthr@ingesc kil egkthir et 2o dn &b AdbdiRRH Sprefelied ShfddBhents, the step the
erform ng a spectral analysis includes the substeps
seconcgﬂglppéalg thei spgeteal rhalssis ddydgy apsedigt eflan mieragtjonshetween an output of
fr nd_ em t.t at the lpcation,of the angnal
an extarlrjlglgn[%lﬁ%%llxlﬁ gglgg% él%n%&hc?elgeﬁlgp,g%/ H%a% O é‘arq %16 éesg%lc cgﬁbg%t Bifacted from
the lesfoneatieblayk badicraeiatibh eghitedd Hynaeé 1dsemat i on, and
calculating a differential neasure between the first

Aceprdingytosiill Turiker Jeatuied i therdgycribad coefeired embodimients, the step the step
o further features in the.described preferred .
of 1degf]1|%81c% n e§1})nt1ﬂglug?se6ﬂ§%§mggeggn S Bglﬁlgi ong clfhrgany cat.egorles. The
potentRPEfEoRes BRI BenidhGleH€ pathoRT @ sthberdire@isdr MY @GEdrOs lesion.
bet ween an out put of an external radiation source and
Actordingets finthen fhasntes finothe fdesenittedepieésiednembodiinghts, the first sensor

refl.ected fromthe |esion,.or.a hlack body radiatio
assem o e, S R 0 4 SO RS D S5 TR gy 2hd the second
sensorfa8Rfblemciudes e oS eldchefic RERbeAIRIvaMRdE MRAL s, the
step the step of identifying the |esion includes
Accordmgith il duithes featarienm ihatdesaibed piefemer/erobodgenisethe detector of a

R T B PO B0 et Pt e s
sensor ASERIHY REohBdrbd I @edt %%ﬂé’écﬁén oPtHeNBheESHE FBRGhe skin.

preferred enbodi nents, the first sensor assenbly of
Actdrdinggt stil dwrtliien feanea e dascribed ipoaferrettéb@Emants, the detector of a
el ect.ronjc .sensor. and th econd sens assenpl.y
cancer TR AL R e i ERG S CaE S g i dpg rorescence of
the skif) dnli®he sAERPEGNGs LOnBddrtd tof dbtdhBl ARRIMERS. I n the
descrl%ed preferred embodi ments, the detector of a
Accadmertousill fsthon faahses imteuttssritdvirsfehled entgldimaasirthe processor
) for, producing a light beam ,and the first sensor
includes e fAAn, eIt elof (P GERLEA S EE1TOIKE BIOCESROR OF P SETSPEH COmPEISE
i ght beam fromthe skin. According to still further
features in the described preferred enbodi nents,- the
BRileF BESGRIPTIGN OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the

accompanying drawings, where:
Figure 1 is a first embodiment of a device to identify cancerous lesions according to the

current invention;

10
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cancerous |lesion also includes an ultra-violet |ight

source configured to induce fluorescence of the skin,
wape7pteissecond sensor i s configured to detectPCiEL2006/000954

fluorescence. According to still further features in

t he described preferred enbodi nents, the processor

_includes a human operator, a dedicated electronic )
Figgrene ds ggiisiblgrband seecdiogeam o6 wight wilecipfiim prsers pid erjious stages
NGS The invention is herein described, by
ﬁmnk%%gﬁ?ﬁd%%ﬁ%ﬁé only, with reference to the
FigREC OARANRY spegiroiram s@svinyRiside Han@Ult@rdscei®t spebirs Stom a seborrheic
enbodi nent of a device to identify cancerous |esions
keratogig sk wtagl 580t he current invention;Figure 2 is a
Fighte '39' & e? %ggctﬁvglea% rsg%g{w?r{p ?Isiglé %%d rr%h%:c%g& %Seétt[ao@og’l a seborrheic
evus and 'vari eus stages from benign o nefanong;,
keratodté @t Sordal klgn;a spectrogram show ng vi si bl e band
_fluorescent spectra froma seborrheic keratosis and
Figner Aelis skinsctregraior $o3ng gisible hend dbyressen htpgFtig from a compound
visi bl e, hand refl ected spectra froma seborrheic
hevus edfllé 0 }q“ral\’nd normal skin; Figure 3c is a spectrogram
FigsRoW N0a YpestrOEembadadiifd Wieitesbaiit rep@ed Eectrh @R a compound nevus
conpound nevus and normal skin; Figure 3d is a
and nogpalcdfisgr am showi ng vi si bl e band refl ected spectra

.froma ound nevus and.normal skin; Figure 4 is an
Figoks E b A P P SPr BRI Of TREPaRGma: Figure 5 is a
FigubeoWiCAbd chhdt URlstratihd@nRiHvatdoade dFy adanddrdus 18sion according to the

cancerous | esion according to the current invention;
currenPinget®ns i s a second enbodi ment of a device to

.ideptify a cancer.ous |esi,on accordi.ng to the .current ..
gl ¢ Sron R LT o ARG SR shfe R 160 fhugine to he
current @végdRat i fy a cancerous | esion according to the
current invention. DESCRI PTI ON QF THE PREFERRED
FiganBODI dENFSThslipentndi gp$cesneariol idspéifiaz cowenfusdesion according to the
non-invasi ve nmethod and device to identify
current ¥ H98gi cal skin | esions according to the present
i nvention may be better understood with reference to
the drawi ngs and t he acconpanyi ng description. Figure
FeEHE EBEMBODIMINESt i on of skin

cancer. accor di to.the current . e .
The principles and operatqon of a non-invasive method and device to identify pathological

skin lesions according to the present invention may be better understood with reference to the
drawings and the accompanying description.- '

Figure 1 illustrates a method for early detection of skin cancer according to the current
invention. A skin probe 12a contains a bundle of optical fibers, including 6 illumination fibers
14a, 14b, 14c, 14d, 14¢, and 14f and a pick up fiber 16a as is seen in cross sectional view 18a.
Probe 12a is passed over the skin 20a of a patient. Illumination fibers 14a-f are connected to a
light source 22a containing an He-Cd laser and a QTH lamp. Pick up fiber 16a is connected
through an adjustable filter 24 to a spectrometer card 26, which resides in a personal computer
(PC) 28a. PC 28a is provided with a monitor 30a, for display of results, for example
spectrogram 32.

A wide band integral measurement in the visible frequency band is used to find the location

of anomalies of reflected energy in the visible light band from skin 20a that may be a sign of
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i nvention. A skin probe 12a contains a bundle of
optical fibers, including 6 illumnation fibers 14a,
wQa2;7/o206e3 14d, 1l4e, and 14f and a pick up fi bRCT/HRA06H®0954
IS seen in cross sectional view 18a. Probe 12a is
passed over the skin 20a of a patient. IIIunination
rs.l4a-f are conn ctelg to a light source 22

fi,
Pathd@éiﬂ‘%al?ﬁﬁ?rﬁg Tamale togwi &?F@S‘ge@m Fligp24 B koo a wide band
it 6 C e I I
o P Ahe S ORGSR 0 OMATAAN AR 28 o
measucnmgmit tﬁﬁacﬂd:’ﬁ) vafalenRt 308800 snpfieV itedusliahll NIRmpatttad bands). QTH

8 for display of results, for exanple spectrog am
lamp ofjig IASW%~%H&CF1ﬁ%t%P1§Idu%%§d%@hﬁ%ﬁﬁn ihthefyesible epp MR bands. The

light b@&ﬁqfél%gﬁydo%q@uh%ﬁ?ﬁgibte% ﬂanldaﬁcp Illegco%t skgxp :{ th% 10ht reflects off

ener evs

the subfatdl of rif YRk NandOa trhenin®y ahﬁloapﬁkgip ehtlat 1wl ﬂ:@duibaﬂ filter 24 to
| esions. To make the w de band neasurenent, fil ter 24

Spectrmsetsre@ard 86 a$n>et§womew derdRéritigibres the signealanshpassasihoregnit to PC 28a

ber 1l6a. ILn odi.me t he
for preflie Rirsob B Eusnt T b TR SR of Lot SSe v e s,
the reiults Q)emcl e \Gveradll erRie, MNVR FERe e Rlgutia REES) struGltit RaMMeRfthe area of
ht source 22a i s activated % r oduci ng a _|ight beam

interest ﬁ? theeskin & fspencanie fudroigmediss. Titeerehulting raskationt flaw me@surement at

, fib 4a- shi

e pof Yyt R PR 2on 300 SR 4 By e rom

normal El@ASH tht @chtRURAGHt Rif Froud 1 CAB| BrfdBatidl hﬁé&é@ﬂ% Eédtiastr C34 calculated
to spect roneter card fG Spect roneter card

aCCOTdm.—,gﬁOt the dermitle (5i =gn(aﬁ alkl /d&s s ).t eomalsug tegucms Fé@h%athe absolute

rocessin i.r.st ment i.s
vaiue pReaRERF IS TrBf) e PR RACRE G RB o RalTOS P e epfgtal regime o
identify etﬁé”ﬁrécz@'sfbﬂ;st Be Ry @ﬁcﬁh&lye%%ﬂﬁér fhOWnbHam Ish§ Heﬁ%l Sucture, a
skin structure R\ Then the area of interest of

cancerghd rpréqurswaltiedd nealst itndbearmoomitired. ofha pﬁhtmlbgucallg les1on requiring
treatme % g&l on flow neasurenent at the point being scanned
reatmegt. 3883 o cessed by PC 28a and output as a differential

In ﬁ%%%&ﬂ'o%nfl&ﬁmf rP(i’Hf@ll Bl Epalft SBSURIRAM MR RS FﬁthiJﬁl‘éasurement

1, the differential msasure contrast Cis calcu

ofa wsabkcdrgﬂat signdlalue he (lharesaghee 1@11;ad(eFBy using" a)bdnd(pa%ﬂ{td?'t() set Filter 24 to

omal ous realons mhere t he absol ute val ue of
allow %Brﬁt Pagewi kanf - degt drikleiligohta pasedirpgh pigkpeiiber 16a and activating

He-CaJioet St S0UISE 85 (i aHoR MU 136 bothe Bl {plgidight bea
tr avels%o fll%ﬂnﬁ&tfoﬁﬁ%%&? 14481 Qﬁ({]ﬁlﬁfugs;cl?&}: gif]ﬁcilégls&ﬁnﬁlgﬁﬁo ﬂﬁ(‘?‘rgsc"cence in the

e nonitored, or a pat I"'esion requrr

surfacd méﬁhﬁﬂn‘)tpﬁ&ﬁfﬁng A idilele ahd dighethat &f triiseifted dlohg qblick up cable 16a
separat e neasurenents are nmade. First a neasurenent of

througly ﬁ%ersi-ﬁ [l spacRmetsr Gard| 26d Speetpnateroreed 26 qegitizes thwgn@iy‘md passes
the resﬁﬁ tQ %@ Zgg%lr g %ss%gl\ E’g}[ VI ﬂl%ngeltbg rpeasﬁr &@105@5 élc.? ﬁ? gﬁﬁlﬁt narrow

St harr ow

band. Rh eferdfor fthdesdjdfariRah 426 tHavati éidn Iﬁ'&'e&qldl 28Ry Plkibld &iﬂd Ay, and
source 22a to produce ul travi olet Ii ght beam The

PC 284 Intdagivie® IfRibordst &t iReRTbdchaY ®hisd. dSuaenttdlyNthe alséOfpeatedly changes
fibers 14a-f and shines on skin 20a, stinulating
filter 24 ppd messwecthe isignakhis a set of bands producmcr a fluorescence spectrum.

In the embodiment of Figure 1, in each band AJ; of the spectrum intensity R is quantified
for normal skin R'(A4;) and then at a location of an anomalous region the spectrum intensity

R"(Aﬂi) is measured. The contrast, C, of spectral density of emitted radiation (dR/d\; where R
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surface of skin 20 producing a visible band Iight that

is transmtted along pick up cable 16a through filter
wQZoovo2@pect ronet er card 26. Spectromnet er car dP@BIL2006/000954

digitizes the signal and passes the result to PC 28a

for processing. PC 28a thereby neasures fluorescence

in a first narrow han An oper orth ad usts
is the oyeral ragigtipn Hoxs @ Fl}eg%toswh BTl GRer 4B ot UFQvBYeleznth) in each

q:wectraq %d@%o i ?gg?&a%ﬁabm l’}?ﬁsasf H‘lﬂ)rw%s c(.e('alt@ . :_n[kk@/lges Al )] /

equent i-al'l'y e user repe

.. il t and nmeasures the signal is a set of bands
[ ARl) é?e@.%)é a fluorescence spectrum In the enbodi nent

Aft%f e G tée AddrB8GR. Qﬁ&gr\.@ﬁrthﬁgp&gﬁ %E Qﬂfeyq‘secgnd signal due to

intensity Ris quantrf
the reflebnceadf dsibdight by swiicling affahateyd iaeﬁg‘laﬂd atﬂmeatmg elm @TﬁH} lamp of

" intensit R AAl i s nmeasured, The contrast,
light Sepiseriat e néTHy eoreecs avirihle hehtonhichrmasies et illumination

fibers ?15‘ a sﬂﬁucfpglvgﬁ L{rﬁagé %tf'sEﬁH f(t]?}(\fll ﬂ“é}letcﬁ %Q&(S?ﬁgﬁﬁﬁg)t %@r&&. The

evvaelent neac - Spec

operator the seqletihigf @djuhy fiRex ZBandiSnaLSEl hﬁﬂﬁnelﬁ‘élﬂé\izx)lth?C 28a, producing a
-1 7? ] I After neasurlng t he

2,)
Ieﬂectﬁd Wér(bé%?@ﬁ@@n%@é@gmf@? (ahscobidrm Dronfseriiftddaa second
{
g ARBhr Al FelB SRR ACER gt Ul e S0t e soune

22a aﬂdadﬂ?u@sf fi tétgfﬂa @qsars@ 8gR2ia. thd A dhiiidfoied QVORIEREne. Changing from
visible |lig whi ch %assesthrough i || umination fibers

band to4xeng @Meﬁm@doabomet s \PPEite sSiSRyrmomuesc Herd gemal ighich is a
mediogd et iR et spest i 5 63&1“@%4 i %"F&ﬁé%&wz% g fgipd s a lack
body “élg}eg? gba%«gﬁ] %Opr 98 %ngl%g a&abe én %C tl\gﬂ{ %&% ?a.néegi%uig / chanomo the
freque% ; e«?e teé@&gé\n ﬁlrjt%I I’f Ct;lg Qeﬁ/slgf agslgﬁllrbys, &2%2)%8 tlg'“éﬂg. hgc(qrometer card 26

are usddi tb ngdasd® @néi@y Ragisfetdng B’Eqmdﬂcif bandzedi um i nfrar ed (MIR)
regi me. Changing fromband to band as descri bed above,

Prctblqe12@pe plae osedpassin/dkpnpmalous @@neamtamvxdg beng AR (AFdn 2um) in an

integra) e oL Rl LR EOPALHT B S h OB kgt PHierhin omd a
depth hﬁﬂ@%&MﬁHCTQcﬁl@q@es()@hE Qﬁbﬁlt bifhel dhohtiy M RosPRESdrht parameter

range.” Thus by changing the frequency ependence of
with réjpletieto 2zka ohencsmisohocaiszs‘embl becaﬁqeptmtﬁelﬂzomﬂdsrltlcal depth where

spectr rreter card. 26 ai used to asur.e .engr
melangiRy feg i URRLRIUhEy T rIEctop dpen 154 b ady. Blofd aveSiels tie @ fow

millimSefNut e BOLR| QB qgﬁox‘lsnt}fét Y’éa@ﬁ ﬁoﬁﬁg d ir@'mﬁ’c‘hll%ore likely to
mm In an integral node to outline the s ape of

metastasizarahd e mocemood Hargerdul ehaustfalloweniesione. quansaamshbéet light does

dept h usi.n raphi c techni he th of
not pe%%ﬁeaﬂyn,. R A B 0eientne e AFRar = Irten FaupaBiols feflectance or

ﬂuoresgg&% C,%gé)mal y localization, because there is sone
crit cai1 epth where nel anoma can be transferred in

Altetratidenghe desthfofariesidacdn eudeteriinedolsogiprobs $24 & il &ctixe mode to
fewmllineters under the skin surface, |esjons that

measueddFhscattpng SpBus hanemhodnersy et sREry 242 Werldaypduge ANIR light in
a narr@N S aC THES 9'6861% %ﬁ?&%[g@gssﬁ&aﬁlﬁhﬁéﬂt%Etrét% 'BfRal skin but is

ecause vi Sible
scattered by blood. Similarly, filter 24 is adjusted to allow NIR light to pass through pick fiber

16a. Thus, probe 12a would detect locations having increased density of blood vessels near the

skin surface (a typical signal of melanoma development).
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not penetrate skin, it is difficult to determ ne the
depth of a lesion using visible (reflectance or

w0 bwonzweence) i magi ng. Alternatively, the depedr/of20@/000954
| esi on can be determ ned using probe 12a in an active
nDde to measure NIR scattering. In such an enbodi nent,

ght source 22a woul d produce, NIR lig 1If] in a nar{ow
Thﬁgﬁ(f RHeWHE SORRENSATE Iéeﬁ@tcﬁme GERIONITRO ngFﬁventlonl in visible

oo S TR O B ST e, ey o

Univ. P@sY vwdne deghibpd tie dxipbiéihenti6 aarrfElilwI fqrrmﬁendrﬁaamdmé‘d detect1on and
detect | ocations having increased de55| ty of 00
1dent1fx¢é§@re by We Al 8PYS SPoSERTaRe £(but y B9 SHPE Sicgh mve%}fgated from the
l: t r
il FELEORBIASAEABTRN RS HRL I SUR. KBRS bpment

to the ¥ihal g dfrcansee roylubiamdardltel [%Ibamehts&avu*@pmffemht kinds of nevi were
Di agnostlcs of . Skin Cancer,"” M Sc. Thesis, Ben [

observesh by uslegdhqs naeste mededi Mot tha 68 spestosiamms fos éﬂ% rgwf Jgugs of nevi
were OE& Aflbcf(ﬂﬁerﬁl 'Qﬂm{?ee&’ th p‘(i%'é %S%the‘aﬁﬁhésqﬁ%bfuh{: &t ft@&)n@ést relative
&' §i'bl e optios spectroscopy m ce

to the h@x\ﬁ% tésed @tdS(fOrrﬁm Filerel i, Figle 3bagé F@éul et ahl@mihomwhzed spectral
Injection at the |esion, anal yzi.ng gnan1c of cancer

characwélwsmfr‘rﬂm cqnastoots shsorhanes OEtVasg@ed‘ﬁ iatere &Y 1evHs whiaged from a

mouseFéﬂl sélg cie%glt mlg fr&% adlllefvfug L§R lfél %e@ c'trogram ofa
& By e RE T ohsi o g P

re o servé I S passive ne

normaBie e B¢ © 94 Hﬁﬁanfcﬂﬁmﬁisfrﬁeﬁiruﬁﬁﬁl fledsncef10n8 vt S(WE‘mﬁ Some nevi were
obtai ned. Al of them showed that the normal nevus has

so aggreasiverthat efter someciomn pAseverad vercky they dad lanwormesd t0| @ghaa@ma which
at 500 n Fi gufe.2a e 2b

has. PRl eebeh “tidel bRl pPECT SRRl i eressive

precan8fS0d RANREFiRhreVILShRS @ pfeakli1akh aR SbynMeNufa0R aindedall fefb, but is
a nouse dur| n% three stages of devel opnent from a

recognimed by etlgvaaedrm ectanrg. 10fthanshediR dgnd Y Wnna incomparismy/@sa normal

nevus E!ﬁ]%u]% 2a %W&%ﬂg&gvlll&ué péﬁ%%dﬁﬁg[agé\{% 105 %%%1101118. has a
plateat Q‘{ glchtflsx%?éﬁ%ﬁ@étal‘{@%béctfd&%l heglad SN RTIRLe be.
whi ¢ | ateau shaped spectFa

Figdresta arhlFigore 3pRhguraa ezammlerrfeympﬁcmltafmomcmce Emgure 3a and diffuse

zeﬂectg@g gggi}a\éﬁg%e@a%cqeo%&g M%ﬁ&,gﬁ%ﬁ Egrrhegg e, s?sa'hMa,b. Figure
E: f t I .
se o SRS, SheXSat o1 hRLRUGENIAE I BN &, s et
reflectia® spedtia Figueer &f d>ﬁemirmal tlini202t deanNTRsdbatrtleit Qéeatoshs 206a,b. Using
devel oped nel anona _has a pl ateau shaped vi si bl e

reflectgngg| émcgﬁcéo%tpécgf’%r aPRbLodongs fhimal ingpegigte yider white light
111um1n§tlg g)ﬁldage dﬁf' { % ng g&?wtea %&?m SseB Bé(le'l&:?e{tosm 204b and

rescence Igure oa and se refl ectance

compoﬁﬁ@cﬁeﬁfas Bogur elosevef, WhasnalsoSkdRideEaa, e aftiregponding fluorescence
seborrhei c keratosi s 204a,b. Figure 3c_and Figure 3d

spectrugin G alme ordisplee skin digpasealt auwsnbm@slcf&f@@am @eweacseborrhew

o SIS 5L BOE0FA RPN 38l g 206
with ﬂﬁrés@@ﬁc%nﬁﬁerfswcﬁﬁ% 3098y #haA04BmmaA088n. aNéﬂ&'tl@HlesW Sﬂladome cases
I nspection under white |ight
Seborrheic keratoses can have lower fluorescence intensities than their surrounding normal
skin, depending on lesion thickness and degree of hyperkeratosis.
Thus, visible light reflectance is not enough to identify many lesions (e.g. compound nevus

and Seborrheic keratoses). Analyzing visible fluorescence allows identification of some of
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illTumnation, it could be difficult to differentiate
bet ween the seborrheic keratosis 204b and conpound
wWoewas2@e@6b. However, when al so consi dering t heCT/IL2006/000954
correspondi ng fluorescence spectrumfor the particul ar
skin disease it is possible to differentiate between
| uor escence

f
these ?gs{i) ens tGgly Cahl %th%f’clh g[) nﬁ%vn%g( %Hogﬁﬁ:ng% ﬁ’btﬁ{%ﬁﬂ‘a' lhlgb%rsthan normal

skin) 2Q6dn Woinld édsé@b@%céé'lg?ea cBiBHSd Yedl4Cihd QV@BOHH@EQ keratoses having
normal skin. Nevertheless, in sone cases Seborrhelc

fluorepeangt dyersity dawan ten| mwmel Slﬂnlbﬂaemceqf&de to e eaxsiat mﬁ:smhhan In some

rround skin pendj ng on Ies
cases Bl B & R B CBBRRr i iR o GO dad S b peves using
nly thée ghtible et REMANEELE SnBOLInRROHE PR Ud§1@§é BYREBN Yases are identified

| esi ons (e.g. conpound nevus and Seborr hel ¢
usmci%%mﬁcagé@py Anal yZ| ng visible fluorescence all ows

ficati fth |
in e AhbafiY R@PafineBCOh i cner e bigeneeal fissial mpasurements are
made Riv@Relocitianof ah Mbmali 5) t%uﬁtégﬁl%gﬁr 1iGRSE5h, FO%Her( ﬁe&ndmc on a

a conpound nevus and "a SeborrHheic at oses havih

charadigrisie € denivtegratseans ilteyenbmabyris thasifiebimm b gstdral) catdgefyt?and then the
I n_sone case

stobeetralnf may
speetrflc iy PREPE & pdmnd okt BT Rl phos e siqgma the generl
soRN o !Q n
cacart R SbAD B BLAR OIS UG REEL 4 B s
in the |1‘H8~nbanﬁl Ehdtnube: teyidERs cippeified as enlpyr.a molaoowa &igiee N8} 4 yRcancerous
odi nent, ,}he current %?nventl Qn, not all sp ectral

Comp%? St8 ﬁ%@earbe Yrefti g Spbphaie iKsrates gﬂ4lan75ﬁg11§€er@m1ate these
lesiond, TRstl d"(]ﬁ%‘i@hu&@@eﬁ& An3ERMAde F{a’% B&6m ?Aﬁa’%g@g& }Vﬁlch 1s the optimal

characteristic of e I ntegra can,

Vavelerlgasm ﬂlf@dentnateoa &elgmsrﬁd)mwtcegmmdamhst Axedunt 151£seen by comparing
cﬁ% scanni ng nethod is adapted to differentiate
Spectrggg: astﬁé@rf?trqglwés%%ﬁslﬂ the fyeregesise as cleaeleg dn yelatior to normal

skin 264P0Bh fosionlis ehﬁ?éc? 052 8008 | crlgetrzﬁgic‘eﬁndlgﬂgg ﬂ@&%{%ﬁg«% is ng elevated,

inan initia &gral “§can
then al fadli visibles refleatnitd ispebuag & hledurad. el RGO TR AFhEdingung Geflétance at

precancer.ous conmpound nevus Figure 2b, or a benign
S00mmiSla Fherlerien fecid gt sieEs Aprtsanaesow Hehes Blaniele If Hesasible reflectance

spectrdﬁ@%g]?a p&és\ﬁ/etl\él%zé ash an?a L #fgl eea? @‘é?vl 1%%?3\/&%3 @F%ﬂg? gkm surface,

then the destihif fsad@nificatae a@o&ﬁﬁ@l&ﬂ&lﬂ@w EePMothaC BROHEH MAQVis 21R8ted also at

can_be seen %B n(‘jparl ng spectrogram 204a to
depth tapyetber eipusrs pisptified s a paertialiy deermnlraoing and élthe behtiflow is

P S T AR D e AL o
a meaﬁir@i/ Pasdive URG‘Epe@ufngaJn ¥F @ Rinealé ehd1gcdiAD %lsﬁﬁptarh'l lé Shmlanoma

measured. If there is a maxi num refl ectance at

calculataqletheqragcally 308 ranil endasiand 349. @tcmeahqamemmrbpmmmmemu:smrast for
t r.ogram has

Fi gqure I f the vyisibl reflecta
nomal LIS sGRtinerent B o B2GRA I pf ERoSHAIADY betiEs aov have heat flow
similar&b &¥62inedsiAR ahd th&efkd B By rcf)fi’t?ﬁf ofBeR g L5 'tl?;ﬁ' %e?fanoma can be
identified as a potential shallow nmel anoma.
1dent1ﬁhd3évb’ af dleaw fesk @l eheaVERl bahds betaeed 8Pt fimt hefact hRldn@giaQmd associated
ntified as a potentially deep nelanoma and if
1ncreas?<ig1rﬂ§aatfonfqag§§s aglocal temperature rise of the order of 0.1K. This temperature rise
results in a small increase in black body radiation from the skin. The small magnitude of this
Increase may not be apparent in heat imaging or to a FLIR (forward looking infrared) camera.

Nevertheless, using a pyroelectric detector (for example the detector of the embodiment of
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Figure 4 illustrates three passive infrared contrast

spectrograns of two types of nelanona: a neasured
wpa®siwe4d R spectrogram of a femal e nmel anona 3PAT/HIR2A062000954

mai | e el anoma cal cul ated theoretically 302 and

measured 340. Because the neasured paranmeter is

contrast, for normal skin the SE] ctrogramis a
Figurenbangd drigwe 1 e aguirsd dpm §RIEL fsjrumsai ingn e ilelpasee details of

measuﬂ%‘?etnt té&)‘ﬂl 'egndl aéxo 5, NQr 'Nal Afa?ih%e@%e t @%c‘? Q& a"fnkfgstloatlon of

contr ast Zer o. ’i's” seen anonma’can be
humanl deﬁtslufrfaed; hlyvﬁzoclhsexag" fibeakptid evdirsddh R viz@s oF eiene@nstdrd infrared
fact mel anoma and associ ated i ncreased

<FEW€|TJ%h|sa€qt@ﬁcqpa §§rface| é&%ﬂnﬁeéfmfeﬁatabﬁ@ Mose2bf 19%e pp. 221-229;
Brook$ rgerNOfAanegwgev% . b }yurug g—?? %?:léét'r'rnc?'stch@f ggPlriﬁations and

i nCrea r o
compquTedﬁatT@kdcewfdrudﬁlrﬁfasﬁvbIsEmI mneali?@nﬁﬁ}bs natvite', SPIE, vol. 3595,

apparent in heat |(££ gﬁﬁgr a FLIR (forward | ooki n%
1999, ppf 140-da); 2uesdaS- &t %siacmuaﬁglyaswfrc‘@éwcﬁomir@r ransform

evanesg%ﬁgcﬁ\%;ﬁl%g% Hg%?ﬁﬁﬁFﬁmggétl yee 59{ in SUf 5%?%%8 'I\H@dqéme vol. 24,

No. 5] 899, upgn323-329; aléﬁ/-\AEfﬁiaS}QvSeBI det aviiserofR. NBASH) &MeN! "Numerous
t echni ques in Brooks, A, N Af anasyeva, R Bruch, et
applicagions of rfihsst pRjipt wweé@emuwavﬁ sﬁquﬁersar@a@é@ imfrared o (FEW-FTIR)

spectro%%{; 0 rf&J Ql?[%g%%__ﬁ.nstﬂg aral gﬁglgsé%% f 3 cét r@ggf rTbO-lOl] and

procesbift eid &gl ARl \esSdiSfereBhl m@burelFIR, ra@lﬁtlo@ Zkerdaf, é or example, in the
Br ooks, A , N Af anasyeva, R Bruch, et al. EW FTI

embod@p@@tqf&@@w 2ap ﬁllmamthmélf%mmﬂ@bm@petpr @I@ntwr@,rfbmllrﬂ@crease is

easily ggiege ne'g?r\l/ %gl\égloﬁgbggteep;%sug Itg ac%gfime cger '[EL\%/ sklgnsamace In the

embodBh&iaN of "Figekol MBaIR SIpSctfiim CRNGRESUFQM Hyekedueid§ Airféw band IR
evanescent wave fi ber - optical (FTIR-FEW spectra”

measufearaissusing Siffigetion Bhers Neglidedcribed wbdve g mmureﬁlen_mg@gvlsual band

Qpectragtp Ina"fﬁgemﬁll\lﬁﬁ@? 0 ém«aﬁf)?ﬁeg 3-7:1/ gure g %‘Jldl‘lprrgr?S)Osb]pPEaneous measurements

are mAAMAITESERRLt WaYESwRAMA | Bnals” @RZGOLIMIHN BaE&Hrs( fr@%ﬁﬂp@ refraction
spectroscopy for subsurface structural anal ysis",

gratingSRItEs) wola. siBFiE3neaso8Menpps usd- 401 PCalih ponpeiss |ﬂmfg spdegrum using

Fourie (BRIt £ i LRI e st ShE RA msreL i decpaique.

FigRd 5 Bk aungwicafeoth Fh &h&Dtd denB®f aMREE [esﬁ»‘i’in&crceﬁﬁﬁo to the current
this small increase is easily detected even for

inventlbas"lfhmdmgmsdee;pssam starltsswz:bwtmmangsamm%ml $van <R of the skin of
surface. In the enb nt of Figure 1 the IR pect

the pafientyBejBg waAmHFds GG P oAy P8 BRRIIRRISHARS P SHEHIED in the

embodHSeR D Fidd @Cﬁl'e%‘teé a% s &?5011‘?1%%5%9@? Iﬁé}ﬁﬁ? of 8%yide band (from

measur enent s’ of and spectra) ternatlve

2-10pus)yTob gasybpt (black dedf) MIRerabiatiogl Fiogtioe of knshalidst ian@e waitted black
nmeasurenents are nmade of different narrow band signals

body MIfstagigtini prei oitesl. ddtocbe dpgtonmmiesiirtaliyl dedeqatians %wspwmus visible
abnom%é?i%%nlg tl(e Ll&ﬁ e(gﬁc% oééhe% 1.3' ?ﬁ’éc?edm ﬁ:)lllg ggﬁtﬁ ¢ IfI i rlésa.erg fa?}? dumdentlﬁed

b~ co spectrum usl ler rans

anomakés, tife ﬂ‘_aﬁldalefrﬂ@mtl@ﬁ of tHeeMbRBBUE aéﬁnﬂéd i DgfeckElanbde. First the skin is
measurement t echni Figure 5is a flowchart of a

irradiate@ evidgultraviobpe Hehtt Cclla Budrescraispesirias domdisuted 48 indhe visible band.
Then {8 S5 ?st irradiated with white light and a visible reflectance spectrum 410 is measured
(note this is a wide spectrum which also includes measurements in the NIR range as above).

Finally, the light source is turned off and a passive infrared spectrum of black body radiation is
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i nvention. The diagnostic session starts 402 by
conducting an integral scan 404 of the skin of the
wQaioreeiedsbei ng exam ned to identify | ocations PET/IL2006/000954
potential lesions. Particularly, in the enbodi nent of
Figure 5, the integral scan is of contrast in total

I nt Lt f i d d (f 2-.10m)
measuyh A3 FRGUG Y PR PEGR AT Uhis SCOUEE O E0r SaRaNaE Egniages in the IR
range 1{32@@1\1@ P thiRd:iRE 86Kk BOEYraMaRoh @@H&Eﬂnﬁﬂe BHeahAH &dhe RERA both on the

doctor notes visually, the locations of suspicious
skin swifasielrng adtolepthril4 ﬂﬂleéesncmstlh e:leslktﬁnd basedmal the gesuits of above spectral

ted bl e | h
scans (]t IoB eATBHAY e HEEish e uresralibe s Ry gpalsriae 416 as
follov@ngrfﬂﬁé \)1§b§3@f\}m@1?%1cle F}iw %ﬁ{ h& 4 YRRy stabE 8hd 138es3éd Bas a higher

irradiate rav oI et light and a fl uorescent
heat (p&pﬂ'@dﬁ MIRY) iflsix reasnoredl slﬂﬁ anah tdnhezraphyi shbws et the ihtreasetlIB flux can

... skin is irradjated w e light and a, visible

be idePEAS Rt epD %%r@e%ertbﬁa e 1 %*55 S i1 Be PRI fadiggnosed with
o r

cance 1 200EH 40 4L RS ShIES2 RO SRR oo

has a pllatelae dhapd arahthese pasdgh W&Ri ﬂﬁx dmedompgapluyu shoofs thatitle depth of the '
radi ation i speasured 412, Fi naI |y the area of the

lesion Fse@%ﬁl?a‘il STER A AP BRISHE 13gne6 By FaiRE & 1458 éﬂ%ﬁeaqyéén? «%Pcv%and is sent
v g g
o heh B 8208 RERSA SRR 108, B0 BB EA SR b ssgaion:
if the siviblagecana dies dephdifelhlpﬂateaih shdpesiharas nr&réadﬁhteiﬂfebtadce in the NIR
based on the results of above spectral scans and th

range (SCAi W) aed Srie fedcipsthesat itegirat damt o EERiTalpAR Srom then the
sSSP, YRR 18,00 oL@ty fr Bl 0

visibld pstiedprimsioas hotghew pieedu Hepasist, \bat Meﬁ)lsﬁﬂdna’asémmﬂectance at 900nm
nor mal skin and tonography shows t hat the increased IR
W1th01ft|1we@sgﬁ heat fleept dentlscbeda™ anyapthp lesiomnisrhagneags Sngless dangerous

potentlépdc%.{lc re§1§r||s@r Al ftﬁ‘g atlgll&elsfp)g"&f SHtCI{):{S%a?bS%%?§S'd SW Ehthe visible

o an € surgery
qpectmcfraﬁlhleasva pokitie rsefpkedictn &£ n8s pESLIOY roﬁl’l‘lﬂfRaSef&cﬁhad, dai there is an
chape and there is high MR flux, but tonpgraphy shows
1ncreaqqmtﬂq0r@cg@9toﬁemomﬁé iacangrihere i Be gcrasses | ug.fiben the lesion is
dlagnogﬁ% Ia?e thggﬂ%%g%"e%éﬁﬁeléi?{]&?%‘ n% % Jhg%gmﬁé‘@g Cntr%g}aﬁl{rﬁlisag 8§Htlve slope,

ave

there i§inbr QgeMoARE I\ﬁRd&ﬁﬁctdeéPEfs(t tiheﬁé B adalecichyest l@aédcdite Xer normal
if the visible spectrum-does not -have a pl ateau shape,

skin apdthdyads mﬂdn@a@s@d he@tf flectthere ghe lesionds Niggnpsadgas fea@spgeﬁ@d benign

) and th rea ed. hea ux t o
compe i, oBPS, WAF" G Pelid a8 ol [ Wi fn BE hbefe paotosi
transfoRRAAENRL Wﬁh@&%@ha@é ﬁgaélﬁmedaaﬂenﬁﬁébt 406Pthe 8 HedipS@tographic 408-412,

removal ; 4) if the visible spectrogram does not show
tomaopth)htce‘ﬂlﬁi bectmmlms 4ustepshae eepegted rfor exabadomefoue gcoamdethere are no
i ncr d heat flux.at, dept

out el ow
more 1S4AEATEAL AHEERGH: 7O B dihenestly Faid AR B
FloFEl grﬁlh bat&PNC&onR reﬁ?%@ﬁﬂént Mhd BErBR AR ioh SInPHE Mbodiment of

ose 0 servatl on; the visible spectrogram has a
Flourep@sthe iskia Hibopta gaherftes lisventiga¢eugitg @rprobe NERhaving an illumination

refl ectance, but there is _an increase in fluorescence
fiber iAge pORSFIFHI 105k light AARECE Hebe Rrebed2prale 4eB@it e qhry fiber 16b

not Qe | beni
come L0431k Sl SRR B0 o R SOBRUEIRL s
radiati@®$h hhMEple| KREs in the visible, NIR and MIR bands using a detector system 504

which may be an array of multiple detectors, each detector measuring a different frequency
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there is no elevation of NIR refl ectance, but there is
an decrease in fluorescence over normal skin and there
w0 g00mo206mr eased heat flux, then the | esion i SPCT/IL2006/000954

di agnosed as a suspected beni gn conpound nevus and the

patient is kept under observation for possible

pat hol.ogic transformatjons. |f there are nore, . . i
band. SECRHERF| defeabRaTFBs 0BT hort VIFo S Baet Bitiapie on interterence
speotr@lg%ﬁlﬂé}?ié ihRIReka IBS? 'a%r&ée@sor?@ﬂcﬁ@ F‘?'Z%R Bn S8 RSP FBhiSer transform

repeated for each” ariomal ous zone. If there are no nore
analysisn Udéert dnfyiceddisinnthle o saromests offdetetthesyditcag 804 tiesent to PC 28b via
. _session .is endEg 418. Figure 6 _illustrates a second,
interfageplsatronift 2t PRSI displgit eI i SneptreHaMeRtb B dnefiier 30b. PC
- Ei ool ' [ IS i p
250 o SR YORAHLONAINEL, A Sl S B 930 provic

illumicoipneeitied 1o the lilghtiokowrcthe22BiblPrabe: IZbordesao measure visible
contains a pick-up fiber 16b connected to_a
fluorescgacet pb eflestasg respysiively onetitle wéloctaress apd fluorescence can not be

mess A B08043) X8 9 ERS0 1A L! Be WhL UL, DOl o

cable 506b WhicohtroBydetbeton By A 23040 n ranl AltephRivdedrBisddimsnt, @HACtbmponents
_ detector neasuring a different frequencyband. ) )
(excephfargraba 1200l aye lagated srade & ysale pradde bax (the pgocessor being a dedicated

i nterferometer .produgi an interference spectrum
Procesihfie 16?@@%?%#‘8@&“83’%%& processor, which is a PC 28b
FidtYe Meshasisof tHERUEMBSdikdeanN 6T QrsBarmBAhYSInDly Dl atc@livg to the current
conditions the neasurenents of detector system 504 are

inventpanPattigudy 28mmner asientbdy PO mchides tanmstive visihle PEhsp8lassembly 602,

which g Duade s Gtcel Bbfinet BGRoa That dnakoiodapick w fver
16¢ sh?lgﬁe}n ERsE Q&Itfroﬁ!lSh! oidinIe ‘Pi%ﬁf:@oeg 4Bt & r&i&HY g&etra’ce_ ski%lt}éerefore the

um nation either in the ultraviolet or the visi
visibler senge dspenollg éi02tio fomasdibe lanss bb0eoifitb Lop@scetX en die surface of skin

refl ectan respecti vel vi si ble refl ectance anpd
20c. ScpisF @steaie 63@@?%%@@% o e M FaA ORI D s E604a and
g | .
sosb, EHTEE A 5L SRk 0alf oo ST RN on By BB o
7mm Bélowl p@nnald VEnemosiammat assahblycoopansiohg if exaeihg daection 606,

_ . _probe 12b) are located inside a small portable box
visible sepgor pessaetdy §P2 Weteply discalantion @ fyprseesssoyrofrthe Kkin suraee along a

. .st and..al ong R b).  Fi 7 0 hird
tine, Gy B eRieB0 T eE Sker SSbbfiy PRONRL Bl Wi ge Hlashcbody MR
radiati6h Flo@twd Bit€doneRlonBahé k4 Bhd th SId8NRLFauas IRNBth 604 lesion 614.
i ncl udes an active visible sensor assenbly 602, which :

Thus the lecabom@if éhorfesionvie fopnd bagied fhiode pr meagepemichtsuafi brdh i2ovisible light

. fibers.14h: 14k and .a pick up fiber 16¢ own in crqgss

sgnal AR FORAB “PaBI'E RGN dbBLOROteTanat Be HEree of San 20¢ and a

passiv@ 80 %_hér%% ichk] Emitlel 8% MRS P @adhifd PIELS FMFObarRSEEERIY and below
602 i s tocused by | ense 610Cc onto a point 612 on the

the sugacefedckinodfcs Kirth@fore, Seanw e dfsentd in $00s af the various sensors, the
1ocatiolég>%:51liledleﬁ§iio'évr\£ gggrlg%qeg éﬁi&sﬁ”quso éé@es %%llelé}epzl I%YQZ)\% g:)l?easu?gge of skin
20¢ ard &3 éy§h¥ﬂ£ﬁlq&@pposite angl es at a point 7mm bel ow
poi nt 612. us as-scanner assenbly noves along in
It widlalbnapgedated chdtale 6B&ve descriptions are intended only to serve as examples,
and that many other embodiments are possible within the spirit and the scope of the present

invention.
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vi si bl e sensor assenbly 602 detects discoloration (or
fluorescence) of the skin surface along a line, while
waeovalor@mmeousl y M R sensor assenblies 604a andP@ODH2006/000954
nmeasure bl ack body MR radiation fromtwo directions
along the sane line in order to gauge the depth of a
| esi T he |l ocation . of .the |esion is_found. .
paabd beRonn it Fuh BRRL BrPBG RS iidei fighPecisication are
hereirsingooraesd int tBelr Eh@rtt BiereSdtbitedHR the sge%flili&@i%h,% tBE same extent as if
fluorescence at the surface of skin 20c and a passive
each pidiwded] gyublicaiing. nrant tasdpadent birptikativadyvas sgecificdly amd individually

o X f on ,and.bel ow.t he .surface. of skin. .
indicdy B8Nt E G R G i S s ediostion of any
referehbee iy @ik QUPlIGRIA LA o Sel QERIHQN aPlan tALHILESE Mt et P&erence is
. surface of skin 20c and the depth |esion below the
availablergsgeier ait t& tierpresgnt iaventipet er m ned si mul t aneously. |t
wi Il be appreciated that the above descriptions are
intended only to serve as exanples, and that many
ot her enbodi nents are possible within the spirit and
the scope of the present invention.All publications,
patents and patent applications nentioned in this
specification are herein incorporated in their
entirety by reference into the specification, to the
same extent as if each individual publication, patent
or patent application was specifically and
individually indicated to be incorporated herein by
reference. In addition, citation or identification of
any reference in this application shall not be
construed as an adm ssion that such reference is
avai l abl e as prior art to the present invention. WHAT
IS CLAIMED IS: 1. A non-intrusive nmethod for
identifying a lesion in a skin of a subject,
conprising the steps of: d) finding a | ocation of an
anomaly of a radiation emtted by the skin, said
anomal y caused by the lesion; e) perform ng a spectra
anal ysis including quantifying a first signal in a
vi sual band and a second signal in an infrared band;
and f) identifying the | esion based on said |ocation
and a result of said spectral analysis. 2. The nethod
of claim1l, wherein said step of identifying includes
recogni zing a cancer precursor. 3. The nmethod of claim
2, wherein said recognizing is based on a neasurenent
of an energy in a near infrared band. 4. The nethod of
claiml|5 wherein said radiation includes a visible
light reflected from
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the skin. 5. The nethod of claim1l, wherein said
radi ation includes a visible light emtted by

wo bwonzweence of the skin. 6. The method of clBECTIIR006/000954
wherein said radiation includes a black body medi um
infrared band energy enmtted by the skin. 7. The

WHATE Gpadnefreisi m 1, wherein said radiation includes
energy in a broad frequency band including both

1. A nanfingmeite arethodi foi bleatifytizgiaéastines.a &Kin The swgediochnaprising the
claim1, wherein said radiation includes energy in the
stepie®r i nfrared frequency band scattered by the skin. 9.

&')h ?mﬁﬁ'foh@fbc%orpeiaérf%{]mna\f? 8f §'r£H1§t?drﬁerﬁf’@@H;b§r' 88 skicigles

Both aVvisible l'ight reflected fromthe in and a
bIaokmbbdyuﬂﬂdnuheknﬁmared band energy emtted by the

10. The nethod. of cl e ai d ste
) aiAERined SRecgal s b A iSn bof Sia R ot
engiay| G4 Lad sEEpmsida] sidinthi-adhdtdng | esion; (ii)

measuring a second energy emtted from said Iocatlon
Bndddnitifyihg e lesibabased an wid foeatst aral a resals of eait spewtih
said first energy and said second energy.1l1. The
metA#ESISf claim 1, further |nclud|ng the steps: @)

2. ThehRBRA o Mt 1 %vﬂege?ﬁ Q4ld gfég%f Q&nﬁrf}él hg GRURROTOBRSRE LQncer

a characteristic sai nomal y,” and h) adapfi ng sai d
prespecot.ral analysis to differentiate between objects in

sald general category 2. The met hod of claim 11,
3. lqd 0k glagn ?1 @Elewn a%éa?fquw%}su %53 ERGoRFAYregent of an

eneffréfﬁuaeﬂé‘a}‘ %ﬁaﬁlgd}% Holt| sai d spectral analysis, said
e

guency el ng optimal to distingui sh between at
4. Th¢ essiod sfclailhj echberein said thdgeinaiadludataegsible. ligh3 refldvged from
method of claim|l further including the step: i)
thegkiter aj i ning a depth of the IeS| on 14. The net hod of

5. Thcg fu‘?ééﬁr(}dl%f cyg'ﬂrﬁrle'\ghe?@ihd%ag&r r?réeaéﬁy nfliaBg 2an bﬁah%tsetn‘ﬁﬁed by

ermning ‘are per aneous
fluorescence of the skin.

6. The method of claim 1, wherein said radiation includes a black body medium infrared
band energy emitted by the skin.
7. The method of claim 1, wherein said radiation includes energy in a broad frequency
band including both infrared and visible frequencies.
8. The method of clalm 1, wherein said radiation includes energy m the near infrared
frequency band qcatteled by the skm . '
9. The method of claim 1, wherein said radiation includes both a visible light reflected
from the skin and a black body medium infrared band energy emitted by the skin.
10. The method of claim 1, wherein said step of finding includes the substeps:
(1) quantifying a first energy emitted from
the skin without the lesion;
(ii)  measuring a second energy emitted
from said location, and
(iii)  calculating a differential measure
between said first energy and said

second energy.



11.

14.

16.

17.

18.

. Thesjémle

15. The nmethod of claim 13, wherein said step of
determ ning includes the substeps (i) neasuring an

WO ndormemsdd energy emitted by said lesion (ii) CREPUL2006P00954
a depth based on a result of said neasuring. 16. The
met hod of claim 1, further including the step: d)

Th'BRAMHI JTG1An 1| 4RNRS GRAREI: BBdepherein said step of
identifying is further based on an outcone of said
preakusifiigg tike7lesiPhao megemowd! edtegdryihasdd omhatheiagtesiatiel of
secgiad si]%{wal ‘i/vgc' udes infrared energy w thin having
waverengitr b8theen 5.5 and 7.5 microneters. 18. The

K LhRHinef safd @bdBirhi St dFRrcht9e BetQee N B Rfs NG @

spectral” analysis includes the substeps: (ili)

me@soeralngtagofyi.r st energy neasured in a first frequency

TSR, O Db SARA ) o

barfeiMdrt &6k & ec,i%ﬁ'l %nggg} LR ffe\qhe@' GaHdabding Btimal to distinguish

differenttal neas et ween id first energy and
betsaematdemso tido ebjectgyn $8d géiteenl netepag. of cl aim 1, wherein
sai g second si %ﬂgl i ncl udes at | east one emanati on

1oded b THECHHGHIEOHE SEPI ng of a product of an

AN : 0N 4o qut put of an external radiation
]gotl??{:egﬂ%%"%Egﬁtﬁgl{}lgﬁ%@“heat flow fromthe |esion,

The ingtitodrofclabmt 18d wherzin sdid step of findingndd aaililsteplofletdymining are
radiation emtted by the | esion. 20. The nethod of

perfqriemhsinuligiep®lh sai d i dentifying includes cl assifying

.Th% %ﬁgloésdf%ﬁnﬂﬁ%%ﬂbﬂéﬁlu 4 &e@h#&&éﬂﬁn}ﬁn 111&%%%}8{§11%§teps

categories inc I ng beni gn nevds, ogl C
cancer pr@cur sn¢asudiy an ainéerddusndrgsieatitte® 1. A
detector for identifying a lesion in a skin
conpri sing: a)by$aidlefien.sensor assenbly sensitive to a

E'O[“?It fr gg}‘enc%nﬁnﬂﬂgo asd%gﬁ%l Ms&?.tonsfie{éag{ ofissenbly
gur t o deterntne ocation and a
charact eri sti Gaid measuring.
The method of claim 1, further including the step:
d) measuring a fluorescence;
and wherein said step of identifying is further based on an outcome of said measuring.
The method of claim 1, wherein said second signal includes infrared energy within
having wavelength between 5.5 and 7.5 micrometers. + o '
The method of claim 1, wherein said step of perfénning a sﬁecfral analysis includes
the substeps: | ‘ '
(iii) measuring a first energy measured in a.
first frequency band emitted at said
location
(iv)  quantifying a second energy measured
in a second frequency band emitted at
said location.
(v)  calculating a differential measure
between said first energy and said

second energy.



of an anomaly in a first radiation signal emtted by

the skin, said anomaly being caused by the |esion; b)
w@2@eozed sensor assenbly configured to be senBCT/IN2e06/000954

a second frequency band, and c) a processor configured

to identify the |l esion based on said |ocation, said

19. The hadtR&d 6F tRirh O, 3Eredn GARIEERd HEleRIuAR éﬂ%@d bhé 8fhanation
radi ati on si gnal in said second” frequency band emtted

selpgted fremsthe graupdoasistéoith praducatqf en ugﬁlganmn beswsen egowtput of

on 38 PR3 R ERL R EDRG RS g i Mfctea
froRStHhE T oh, hACh YRR bally ﬁh?aﬁbﬁ@ﬂht@ecﬁ%&%@'lesﬁﬂﬁ sai d second

sensor assenbly includes said el ectronic sensor and a
20. Thbandthpdisﬁ" ¢laim dr, . wikdeinTéwed dédneidyiog iofludésaciassifying the lesion

ther conpri a. Vi si, IeI| ht source for.
acdgf PG B (ot it s SHAcrr ey BOpRE bekign grevus.
paﬁéﬁgmaﬁcér%r&%ﬁo!r %ﬁ%gnée%lg%s@&ﬁ a reflection of said
ﬁt beam'from t'he skin. 24. The detector of claim
21. A@Ie;ctoﬁnfbt Wentifyorgor fesiondn a efjin Aonptisiagyvi ol et I i ght source

conflguredtom ce fl.uorescenc e f t he C{; é{;g

fher 8FSh B3P ETBNY SBHEYT 9 ¢ e@aﬁ%fcy P P frrst

Sa' Andor YRk %‘gﬁf RESHgzed tol d8edGhe %ﬁ@éaﬂ% H3 Matdoteristic
wherel n Sal d processor includes at | east one

pr afessiangmealyi in aefiest trediafioromigniak egriterp byothei stin,ngpidf
a human oper at |cated el ectroni c processor,

R SRR R

b) a second sensor assembly configured to be sensitive to a second
frequency band, and

¢) a processor configured to identify the lesion based on said location, said
characteristic and a contrast between an unmodified radiation signal in
said second frequency band emitted by the skin and a second radiation
signal measured at said location by said second sensor assembly.

22. The detector of claim 21, wherein said first sensor assembly includes an electronic
sensor and said second sensor assembly includes said electronic sensor and a band
pass filter.

23. The detector of claim 21, further comprising:

d) avisible light source for producing a light beam;
and wherein said first sensor assembly is configured to detect a reflection of said light
beam from the skin.

24. The detector of claim 21, further comprising:

e) A ultra-violet light source configured to induce fluorescence of the skin;
And wherein said second sensor is configured to detect said fluorescence.

25. The detector of claim 21, wherein said processor includes at least one processing unit

selected from the group consisting of a human operator, a dedicated electronic

processor, and a personal computer.



