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| MAG NG SYSTEM USI NG DI FFUSE | NFRARED LI GHT Rel at ed
Applications This application is based on U S. patent

appl i cation nunber 101386,249 filed March 11, 2003,
entitled I magi ng System Using Diffuse Infrared Light.

5 Technical Field The present invention is generally -- . _
directed to generation of diffuse infrared |ight.

More particularly, the i nventi on is directed to a

system f or ect t h fuse
Thirared | | GhEAGHE STide Biing terien Sk LT e

obj ect based on refl ected |nfrared light. Background
HeldtekApphicativhon 10 Sone nedi cal procedures and

L coaTReBula &l FERS Bhcl Bl mit Qb Egl
Nedréh CrRDOGE elﬁltﬁliflﬁlbgﬁag SysteAS¥sinEDERGE Biffaled DigIEN t he

bl ood vessel lies un a significant deposit of

bcu}ﬁ%geggs fat. The performance of previous imaging
g'& igned to aid in finding such bl ood vessels

has b?ﬁ@ Je%i‘ {tRentiohn$ E&fe&ll? dlréct&b’t%tgéﬁ%rﬁﬁlfn ﬁ*ﬂl‘ﬁih@'uﬁ]ﬁred light.
t he vi sual contrast between subcut aneous bl ood

mgmctéﬁb' Ba ipvertiniisdirerted tpsystem fdlinsinatiog mﬂrﬂgﬂtwﬁh diffuse

an app atu ?dcyr&ﬁjgr ov&g%’%&ﬂ ?% u@i&'ﬁﬁ”ﬁ@&g%g%r Jgﬁéfe@“ght

obj ect, such as a patient, to enhance visibility of

Raslground of the fnvsnionessel s. In  one enbodi ment, the

eoon e e AREae B il bRk sHidd] BloBE B ocato o

ibi(foda?cgeﬂ ih aghtientla ain gr athevappindapgt Thiscambela tifficubltpskcespecially
d t h th

e R Bl %Rl SRR et PR l Hspomasc

iof previot iefiging BystenidRsigidd o 4it i Hiflingl sOEH Bl6GBveaselbital lbb%h mkmg

struc re haV|n ng)& t han _one diffusi on stage.

di ffu % Oty a@@ 5t £ prheacigg the yispal pontpst P‘E}E’PWP‘B“%@S blood

hvBdsEIR htPsurdolitihg @¥hd £ GEedbOom the array as the emtted
i ght passes through the diffusing structure. 25 In

anot her enbodi nent, an apparatus is disclosed for
9gtheilnyendion| { ght to an object. The apparat us

| ncl UGRS r R ofto Y ofter héegbar g.ge: by hﬂ?ppﬁ&“{scfgis%mﬁﬂﬁlg diffuse light

source for emttlng avi ng
vewazdssmgbiect, whersla pdtientisj eabance msqbdmeof snbmxtaneowﬂmiddmsels In

ey array. The .apparatus..f t_include

4P Bty bbb B RGP T tal s QU “Bpen g
einttfing sourcetioogetuble to bt irefehrdd 1{pht ha@mgtatv@delﬁ:ﬁgtm&vﬁed the ob_]ect A
array. The dLJef usi n%structurﬁdlncl udes a fmfr

power source provides power to the array, and the array can emit infrared hght when the
power source is enabled. The apparatus further includes a diffusing structure having more
than one diffusion stage. Each diffusion stage provides a level of diffusion to the infrared
light emitted from the array as the emitted light passes through the diffusing structure.

In another embodiment, an apparatus is disclosed for providing diffuse light to an
object. The apparatus includes an array of light-emitting sources, each source for emitting
infrared light having a wavelength toward the object. A power source provides power to the
array. The apparatus further includes diffusing structure which provides various levels of

diffusion to the infrared light emitted from the array. The diffusing structure includes a first
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di ffusing |layer which is di sposed adjacent to the
array. The first diffusion |ayer provides a first
| evel of diffusion to the Iight emtted by the array.
A second diffusing layer is spaced apart fromthe

first diffusing | ayer and provides a second | evel of

diffusion to the light emtted by the array. A
poI arizer is included to polarize the light emtted by

ﬁ:ggf‘%?%‘“ "‘3’-‘%} 06?%%{ gét tg %%gmgefﬁdgf?ﬁ; N %&? %{lg)trelfl %rowdes a

afmgbl,emi of dlfmﬂommhe Bghe smmudlbydlmm}{l ghsecond diffigin Mdyer is spaced

em.ttd i nfrared.light war d, t he obj.ect A first ]
chbpl R e e i Rt Rk gveb o Agtston to the Tght
| enicte OIS adrdy0 N pdlardidr {shifclhded i paigive @8 ]@ﬂemﬂé&’ ¥y 88 3rrdy.
first amount of diffusion to the infrared lig

eni t t SAYFPReth epbedimentow apgaratypis dlssﬂsﬁﬂr"étl%@rp’ﬂéﬁmehghﬁo
VinGBfecl. TG hﬂﬂ:ﬂ%‘{ﬁ&ﬁeﬁ ight S6Rde b Mhitting gﬁ&afe%fl Rl &Ed the object.

from the object. vi deo | magi ng-devi ce operate

& fgptdiffusingdayes lmrmg mﬁmj diffusing pbnmb;ewgts ligktdbnuthe hghesoumeand
L L
gﬁ'&;ﬁéﬂs kst Anﬁcgﬂ ose toalﬂeo e&?ﬁgo : &?zﬂé%tbp ih&httslogrce. The

pparatus is

aapparetup emtudes@wde:osmogmg dagrtde -ﬁﬁ‘m:deivlmlgﬂt refl@fedftdnbd): obje&. The
sel ect 1.C
ARIBEEo o ReRPEES WlFelife € iy 1©ed s il B o3 gretectd

H@mared light towards the 15 object and an el ectri cal

i nput _for providjng an electrical_ signal to the LED.
The apip¥t a#qier embrdinentsangppassiuy isfliselpsed forprawidingdiffuse light to an

[UbsRet. @ﬁuﬁ%ﬁﬁﬁ@eﬁhﬁ?ﬁb&s@@%%&a it <f s fiec Et@rn% define

ina_ select gr LEDs gstruc ure is
Eas hasaptenditing girface fe entitting irffraseddlipht towards the

0 Tl 0 O i P il S 6 o P e s

tlmittdea reontiol Sirauit! whielr prodifesi comipsl Sighhle td R1i$2€ ont¢Fefiore LEDs in a

e, A o s

tHghoshiebseh endofae ofthed DS, | | nes against a |ighter
background of surroundl ngﬁél esh. Brief Description of

t he DPéWEFF&én‘F{}W ingubcutrmesusdldod vessels that ané difficult or

hesORmIAR BANE Gl i
degcrl ption of prefe ﬁ t%gl Eil ?u%e adhgggcﬁg%a%qsg&seenma
ivifiee dmpgen where thasubtntarveusihlasd vessels appleir ab dakding®hgainat a lighter
ef erence characters designate
?‘% orw@ﬁm o{lmilﬁ §7§é‘n t hr oughout the several
dravvl ngs as foI lows: Fig. 1 depicts an inmgi ng system
{Byiel Diegwiptign af thetDraedngsnder infrared illum nation
' f th
?g cor ﬁﬁxﬂ%r E&anatage% gI‘ fho {n%gntl%gbmﬁj {Jercr:grrflte agparetnt l?y rlef%}/eiget t:) 812 detailed

description of preferred embodiments when considered in conjunction with the drawings,

which are not to scale, wherein like reference characters designate like or similar elements
throughout the several drawings as follows:

Fig. 1 depicts an imaging system for viewing an object under infrared illumination
according to a preferred embodiment of the invention;
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Figs. 2a and 2b are perspective views of an inmaging
systemusing diffuse infrared I|ight according to a
preferred enbodi nent of the invention; Figs. 3 and 4
are cross-sectional views of the inmging system
according to a preferred enbodi nent of the invention;
5 Fig. 5is a functional block diagramof the imging
system according to a preferred enbodi nent of the

i nvent.ion; Fig. 6ais [ Ve Vi #19; '?-lﬁiage@

syst %ﬁ?ﬁﬂg&%gﬁ@g@pﬁcﬁyéﬁjﬁ@%gﬁ%ﬁg&gg ord}lﬁlgk 0 anﬁ]&alred
HgHt escdatihgie agifacédedtiodindent bfthe invemiohpn; Fig. 6b is a
cross-sectional view of the i i,ng ,system of FEiqg. 6a;

T0” Figas 3 sd dirscrger el o Al b IDRELa8 TSRS o p premed
Mabdkn et bF 48 nveRidr@r ed | i ght according to anot her

enbodi nent of the invention; Fig. 7b is a

cr os sFigetisadnstions! biclodiagmm of thedmaging pateataceerding 4o a pisfewred
ElfodiBel S AR vafEEL ri ¢ view of yet another aspect of

an 1maging system 'Fig. 9 is a front vi ew of a portion,
of t heFignGyisrg peyetive vew \of enduhaging systeny jusing wdiffise dafrargdslight

the arrows taken along line.A-A of Fig. 8 Fig. 10 is

e i S 48 el SuPRmoi d iR o g 1 ne B8 of

Fi g. Bigagtds a_cilﬁb%a}segeﬁdnal dieWlofthi 1?3@% @gtem;of&‘i'g. baragi ng

syste taile scription of the Preferr . .
Enbodi e/t 1SSk PRERETEVE WAk of PRJPagBe Y S5ing i dnpared tight

hdbFdigh ahdtAdtlembBditdeft JTERS invanticar €d range of 20 about
700 to 900 nanoneters, while blood absorbs, radiation

in t hFig. Fouing erossrengional viewiof ths impgingwstemrof Figyat | ssue

t akeng: (™ ' ] ' gpg?? .
appeglgggggkﬁﬁ{elﬂﬁggﬁgégal nsta{eg&?f:%ﬁtfer gg‘%gﬁéﬁ%’d of

sur r obigd? & g fibhiedéw offdpeeticarof the imaging systemmae viewed imtke direction of
ature gafk aubciita %;)L*?.f?t, bl ood vessels that are
esaﬁr%'% Bt edﬂ' T *deposits of such fat can be

di f fiEigl 10 i9h ctoapeeatodal sidd dew eskenvhiong lihd BHB ofFE @ aby,

direct ljght, that is, light that arrives 25
gener%‘fglir“ﬁpm agramfan 4Rpseang Y8R The i nvent or has
deternmi ned that when an area of body tissue having a

Pletiiiledl DesiMptiod O A PreRRired Winhdddmesnus fat is imged in
near-infrared range under il]lum patign of highly

di f f u2len g somesthar bpdyt tissyes geflect iafrared Hphtin- te peap-ifagprange of
L 700 fo 0 e Syl Biod KBS B 1n3his EWE TR, in video
imdges pElepdy tissweitaken insler infigred iliuminationt bleod vessststappear as dark lines

g%agﬁyth? Illgl?]tgr %%@g%?gﬂnﬁﬂg il Ho&%e?,rdu'é ?oet% ¥eﬂ%f:tive nature of
subcutaneous fat, blood vessels that are disposed below significant deposits of such fat can be
difficult or impossible to see when illuminated by direct light, that is, light that arrives
generally from a single direction.

The inventor has determined that when an area of body tissue having a significant
deposit of subcutaneous fat is imaged in near-infrared range under illumination of highly
diffuse infrared light, there is significantly higher contrast between the blood vessels and
surrounding flesh than when the tissue is viewed under direct infrared illumination.
Although the invention should not be limited by any particular theory of operation, it appears
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-3 that nost of the diffuse infrared light reflected
by the subcutaneous fat is directed away from the
view ng direction. Thus, when highly diffuse infrared
light is used to illum nate the tissue, the desired
vi sual contrast between the bl ood vessels and the
surrounding flesh is maintained. 5 Shown in Fig. 1is
an imagi ng system 2 for illumnating an object 32,

BT SrsRy tignishe  d hilposGB ey fom

taawdoa@dimﬁcm Tlnfsraﬁaﬂm ¢ l[diffuse idfeeddaikht fsamed ftﬁliltmnnate the

SR e A b s

dhiskgsad bel ow subcut aneous fat in the tlssue may be
clearly seen in a video image produced by the system

2 1Bhpwa in Figgl isgmdpagiegsystem?c ndbaumnsanma ;isueh as body

| n rar eéﬁ %hﬁ)hﬁ?fu ér%#ngpenﬂﬁéﬁpﬂngl?% ‘?? er ent ‘&%o\ljﬂrrn&%a?fit%en()bjw 32

hﬂsdﬂdamonmmdﬂi@t sfisttedird thervbjectizds Asrdsebm'lbpdl in detrilrheredy when

d h.. f d
1 B Y RSl 8o YR S BHodR O el im e
ﬁhsﬁmhy hmcleaﬂyeeéﬁl me@tde@ ttﬁagefpramad\b’yl th@éysﬁeinez. infrared

Ilghtfromeachl proyider ICa-1OF are, | \
repre:@? {n&g luqﬁaq n sgteny 10 11§1qgmeqtheobject

3‘2 \glth ihfradel ﬁgﬂt &oﬁi h&6hle aﬂrﬁreﬁfmaﬂnhw@ diredtiohd) erh ejsfeﬁ{ ﬁﬂncludes

Lﬁ%l" ranges from perpendi cul ar or near perpendi cul ar
P

efrased lighe prowiders hea- U] eaeh providing infied ghténth@@bjm%&froma
f
i R R R R R S

prguﬂeraloml@é arcaregresenfedi in| Fign Inby tl:mrraysj‘ﬂ&—ﬁ'ctAm sisywit imeFlg 1, the

gare? |.II na‘lﬂfﬁg?pdel;%??gﬁﬂfl%ﬁglﬁy dlffuéﬁ@%ﬁﬁ%}%&ég G jar to

@asﬂrfaﬁé oﬁheotﬂédeﬁb,r’t@ﬂradlel Sihehd ARl 16 fleaGifhdaf Gid 0bRAS2. Since
'ilhat dir, ct ht froma S|nIeI|ght sour.ce toward
100 pprives i dhe GBS AZ AR such @{y@de ragag of illumination

&fe@ﬁér@%ém&a%lﬁux%atﬁfnqsm@ﬂ vifeal | ight sources, or

conbi nati ons sour Ces and reflectors. The

i mag |Aﬁg1°§¢}‘§3l=ém Eemrsietaﬂ hereinele, thelightpividgrsddaei10farg greferably
t he e
]%nggli%@n g %9 th%%l%gtal \ﬁhi £hm &3 iéﬁiégbh E Souits ??vlr.raéén{hg ogject 32.In
utheﬂinhgdmiems,ahe Jight pratiderk 1 @231 0f sreﬂﬁclimdﬁﬂ ligietdourtesforgomBinations
The i magi ng device 38 receives the

%Xlﬁmgﬁ% éP%ed’tclrﬁ ght reflected fromthe object 32,

and m%@‘:&gssyﬁtem@aﬁﬁiﬂcﬁﬂhfan%ﬁgﬁgdmgs @.&chtaﬁﬁwd%aﬁﬁfa, for
32 based on the reflected infrared |gt. Shown in

Viewjag the obiegiP 2o The imaging devies 3%viewnibe obinet A2 from aviewing direction

WhibB ¥ 8t deRidd fﬁy em,eﬂﬁ). mﬁ &ar@‘

Cross rggctel onal %I ew of ‘the sg/[ﬁfem corresf)%cﬁlaesmeflﬁuse
infrered Hghtireflecrd Araasthe object 32, and generates an electronic video image of the
object 32 based on the reflected infrared light.

Shown in Figs. 2a and 2b is a preferred embodiment of the illumination system 10.

Fig. 3 depicts a cross-sectional view of the system 10 corresponding to the section A-A as
shown in Figs. 2a-b. The system 10 preferably includes a light source 12 that emits light into
one end of a light diffusing structure 14. The light diffusing structure 14 includes an clongate

-4



10

15

20

25

30

30 shown in Figs. 2a-b. The system 10 preferably

includes a light source 12 that emts light into one

end of a light diffusing structure 14. The |i ght

di ffusing structure 14 includes an elongate -4 outer

encl osure 16 having reflective.inner surfaces. —
Preferably, the inner surfaces of the elongate outer

encl osure 16 are white in color. Aternatively, these
reflective surfaces are mrrored surfaces, or a

oviebenelasinerl devmmroﬂecﬁminnmm@@r Brefaraldpghe innen syefacen ¢f the
g hbiton§ 1 o 5 W Br UDRBL IR sctioss e

dﬂn-oned befhcés, ora m‘tﬂnaﬂen af whitecind wirrbreéd suhrfagéﬁ; Agdhecknd dPthe light

S8 sRgrattn 18 s e R Fieipioe . s pdli Lo apide 2 described
semeRWetE GiloW) the 11gAt giitié 22GBveRGR culpavipedue fhrahddiffaadight,

and a_small end. Pr eferably, the first and second

sect | Shrelongateguier enslosure 46 %@éﬁ%ﬁ@%ﬁ%ﬂqﬁf%ﬁ*ﬁ 46 and 16b, each
2 lafR ehd L1\ spal EAY rPrEfEﬁQl? 20¢ ARl anld360Rd sdcflods18a and 16b are

preferred embodi ment, the four trapezoidal faces of

suhstagtidlyi pyamidalainashepe ebchahfenngd@m trepezoidalufabest hiat the preferred
f
SASRAEOA, 8 ool aABEIHR L8 S0P T e RAMALE g

edchteingd of the séctiamedl Gaand bib ﬁaﬁnﬁ a myosre hfartume dAd showarieFigs. 2a and 2,
l,0i.ned tqgethe oformt encl o e 16, At the
R G st Pad shondeefont Vst 6 o il pitier o form the
aﬁ:ﬁdsshwm 18 formed by the four short sides of the

four pe oj, dal ces of the section 16a. The Ii
sourc 15%9 g Brsy section Lads whivgut apertyre 1 §ﬁemegbhale four

@Ifnolj'is J’kfest)f thé fou? ﬁ-ﬁﬁe‘z&ﬁal]fﬁés &fthd JE@tldnnﬂGHt éb[u?oejlg is preferably

generated by the lig sourc

@mcé%totth@ Slefglbrarg!anféhqeﬁm ml Gadt ﬂp mpfw apmpm? 1&1ﬁ'§l113 Lthe light
é os ur 1@%&%?2”&1&@3%’%&4 1ty ? 70 ﬁég Omgltet@%r%’ﬁe 18, and

ﬂﬁinnnﬂuﬂhemeh'bmurﬁpﬁrcﬂ’ureenaemi-@tmd by the four short

AP oS S b5 b o

ghort dikes Bﬂhé B ﬁ'é]ﬂﬁ&dﬂ cElof A sectid) 16b. %Eacﬂéd' afiBie 8dput aperture 20

preferabl% has white reflective inner surfaces
e

& 9ne|cad of the hellow light guide  22. Thedlight guide:22prefernblyr has vhite Eiflective

fl 2
%ﬁ%@a&ggr spose@g&?ﬁrﬁﬁﬁ&sﬁg&g?e e#eﬂ%‘;rccr):xi :ICt\(/)\n'rth4

t he o’ﬂh@ystemd[)(atsu ireluties anFelongate duiriet sefledtine2di witiel is disposed within

B P GereE wi 14 S rocloficy £, E SR e ~fpor 24 i

Sovinin g, 28 irkeled Frofrthé SuttOdndReurk | NMPthe BrfdrRd lcHidbditent, the
secti ?Ft%‘igls ned to the sqtl,rare base of a_ pyram dal

queg e P;?‘l“a’f% %vﬁgﬁﬁoaaﬁa@@sé% e sgpgrerbgse of a
cﬁl 6o 1Bt Pre?e?@an,(1 Sect ok Eﬁ%@é@qhgt Bper down

1 g. t he apex of ram da
& aj,lg@g}@ Agshewn ingig 3, the apex of the pyramidal section 24b is disposed proximate

the input aperture 18 of the outer enclosure 16. The inner reflector 24 has reflective white

outer surfaces similar to those of the inner surfaces of the outer enclosure 16.
The light diffusing characteristics of the structure 14 are best understood with
reference to Fig. 3. Within the light source 12 is a lamp 26, such as a quartz-halogen bulb
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the input aperture 18 of the outer enclosure 16. The
inner reflector 24 has reflective white outer
surfaces simlar to those of the inner surfaces of the
outer enclosure 16. 30 The |ight diffusing
characteristics of the structure 14 are best
understood with reference to Fig. 3. Wthin the |ight
source 12 is a lanp 26, such as a quartz- halogen bul b

-5 and gol d-pl ated refl ector manufactured by G X
andigel rpti)nct by@iteay mﬁéhvmmrglm@ﬁlﬂ . When

| .20

SORiZER SR 1R 06 BroBhcet W IR a8 R Bolef of Wikt AR

| anp Fér mosbseoﬁthxs ulgstriptién, dle lamp @6 maysbollhcmght ofzad iagoint gource

| It| e . directions represented b e

shlitine R BYE iR O Rres e 15IAE BERIoRRY s 2 30. As
rshtywﬂﬁl F1g.f3 emetﬁy P8 esfletts Eronhe imﬁﬂftfrﬁé@oﬂﬁe bdetios €64 6fthe outer
eﬂ? é} out%r§ encl o ure 16. The ra éhen travel s

t

then usts Wsed e ORRBIFPFTES Ghp tsdiehigmde 22,
2Rd, aﬁamum felleofbis(itcah th bl @hab DS e 1AM gﬂa& $2)88its from the

surfaces o? |ight guide 22, emits fromthe “exit

&¥ ppertuee 283 Thﬂ\%’ 30ayhigh exitsiihedightsauros 12 fieom 3 differesiauglodhan the

L -

ftheumﬁdmd 6b nfthe owenchelosure 6, i ttdvels theaighdie obfint a;ferttﬂeéo and into

e A A mRinR Aot Bt e Bt Sslo o Bl guice 2, the

rrast 30 ﬂkoeemafﬁmﬁ:b @Xi$ afeitnre A3NBut iat differelt dngleaBarOthitide the ray 28.
i ght qui de 22, 5 % SgPalso emts fromthe exi

aper t OYHEn 88 0bjeq 82 yplagedipear e e¥it apsrige 3 (PR AA 59 aripat the
foBjectdd: froflh SiffefRt aﬁl@le@ Clr willbd %:p%&&%%dﬂ @i @mdﬁtﬁ%ﬁ'om the light

aperture 23, the rays 28 and 30 arrive a

Fourpy Livouldibe sensesented-asian énfinjte nygiber Oheysaﬁpamlmaaﬂreﬂbmﬁom the
tu.f&f‘er Eﬁg‘%r iﬁﬂg ﬁfe ey g\ﬁﬁ@lstr???le L%tgl%clogé PN Gn mﬁ%gﬁgﬁ'umdber of

be represented as an In er of rays
smgle:k elhms,dhe light eitted fromn theexiti apemre 2edriiesstapthe d8jectr3a fiohemany

i B e Bererors gl EimeR it theee syl gl g from e

fpé@ﬁhdlhﬂar% h&ar?ﬁﬁﬂél% #38 phiné bms Rt a %éiﬁreoi?i e@incsthe diffusing
frommany different angles, and is therefore h| hly

GFrqtire d4 isithge-dimepsignal ,at Vilbs eppreristedthatdighieal sorrefle the other

t
ggﬁﬁgggﬁguﬁ%gm I nce %Iﬁd Jchg %sﬁwoﬁétruc%tﬁﬁﬁﬁbﬂ are
iperpepriierdardd ﬂmsmfaowashowm inFig. B Tbﬂefapphehglnendted hizhe exit aperture

QAT Ebiteioh S 18 37 high, A opeblindB 5 Sneioe] tymany

tdiffesent liphttsowrces. perpend| cular to the surfaces shown in
Fig ht, emtted, att exit

. f |
-por t BPe o 5erpeginat ol heefrtive Sesyidheenphbe pucmeRRye 16 and
thef reAestive BRPORHAEA of thelifhed RAREDE £ ﬂﬁymm% st bl Sdticiently

Ilght sources. 25 Due to the arrangerrent of the
raRsters the light rdistedsfiom sheclamp 261t gheomiteaperture [23s (Thus, Bovery large

#akion of the light provided by the lamp 26 reaches the object 32, and very little light energy
is wasted,

As described in more detail below, the illumination system 10 can be used to provide
diffuse light for medical imaging purposes. However, it will be appreciated that the scope of
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the reflective outer surfaces of the inner reflector
24, the diffusing structure 14 efficiently transfers
the light radiated fromthe lanp 26 to the exit
aperture 23. Thus, a very large fraction of the |ight
provided by the | anp 26 reaches the object 32, and
very little light energy is wasted. 30 As described
in nore detail below, the illumnation system 10 can
be used to provide diffuse |light for medjcal inaging

Brimsation is pet limited to medigal|ysesy 'hg gystese | Qygauld glsp-Re usprbas a diffuse

HERB6u, for plheld I AR AloisB. "0 Lsad s a diffuse

| | ght Insnmcfwdfembogmt@thquhmgm,apﬂnwtm pigs &ghe light spurce 12
{3 B ol el S0 B B BRI B ot g outer

dndm&ad h’ﬁé oubdniriol 84 teflegs éi.ﬁstalltﬂtlly hiblight havingaperelengties oliide a

of the 5 enclos re_1 h cold rrar .34

FPS e et Pm?q %&Pé{“awbef Ravelengths
Bl x&m‘éﬁﬂr ﬂlﬁt@%ﬂdﬁaﬁﬁﬁ&&s r]ﬁdi'ﬂﬁla&fl CP&@:MRA ki@ e el mirror 34, and
Pr ef erably, the selected range includes wave| engt hs

ﬂ%sswébﬁwsﬂ ﬁhaﬁ@ﬂymmﬁ‘& d thpiopwt areriure &8.4s an infracrd dppsgitting

| g&éﬁﬁ%r
e co m rror noéjﬁ?e | rﬁ%ﬁ?gﬂ perotﬁfl%fra‘éﬁl(%g1 I's odrange

iwhilc Sremschitting Highti hatrma gvavélengthsrwigdn thieiselacted infrinsd range Thus, the

S S e S B 6 o 1

refkeraaldi ghﬂmlzgn@vblﬁngﬁhﬂhiﬂﬁnﬂhaemabmmﬁeréd rapfge.ar ed range.

34" o B e Shpielad ot B e ot VS fp R opis 1 could b
coifigareddo br@hite iBMed HgMavel &raﬁﬁansth%m uioh 2 6ol 68l of an

|nfrared range. |t should be appreciated that there

csklight-emigting ﬂmﬂﬁm@rww@@@ﬂ@élﬁ s G bmsy the gonfiguration of
t
PR 1 SRR Sl Rl B RV proeBlpd B gy, and
heghwention ismphlimitkddol eny paiidulap confipumtiomyf thé lighttoarell.
T i 08 ARl bl 50 e
eobadstEniin e‘iﬁ ¥, theathl 1ab of thedight diffusinf shQttute 1416 qqx&@nately
g4é2 L‘a;I c % r. configuratjon of the |ight source

dghtiged widthefthepiter spelosurs; rak thedgncture of ths first and
@éﬂﬁ@gge@ﬁéﬁs 184 ardd@b is abwmiélym @Mﬁ&h%&n ?mfé%d?zéh%&fbfﬂﬁ light

fusin

,. the total length of the |ight di
gzt s @Plekﬂmete}é(plﬂmm,eqnﬁ ls i gh xgowidei isespprovimestely 5.08
tp. 2R f; ih
Jﬁ%h%]tqur & %ow ﬁgml‘iﬂ?&a sec ?%%Ltggﬂ{lﬁoéﬁ"ﬁ' o'é{mayﬁlé 6pches.

The prefermed length of the fubul@rsettivel Ms of théimngrefleetor P4lis ksprotifately 7.93

GHehe e e A 28 e R T el D05 0 S es, The

hﬂgﬁt&&dwl?dtﬁﬁﬂmahhmso&rbﬂiﬁ roJufH&&l pfmbﬁaa i nner

reflector 24 | s approxi mate 15 86 i nches.
shown in Fig. 4, a preferred cmbo iment of the invention includes a lens 40 used

in conjunction with the video imaging device 38 to produce a video image of the object 32
based on diffuse light reflected from the object 32. Preferably, the imaging device 38 of this
embodiment is a charge-coupled device (CCD) video camera 38 manufactured by Cohu,
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The preferred Il ength of the tubular section 24a ofthe
inner reflector 24 is approximately 7.93 25 inches.
The height and width of the tubular section 24a is
approximately 3.5 inches. The height and width of the
l'ight source 12 is approximately 2.11 inches. As shown
in Fig. 4, a preferred enbodi nent of the invention
includes a lens 40 used in conjunction with the video

o rumee 631 9o B0 be Tood el RemeBERE et jne 25 mum
ﬁbbgﬁovfe%am@i‘aﬂ&%ﬁﬂuﬁcuﬁéﬂ%y' eniegk, devi ce 38 of this
30 enmbodi nment is char ge- coupled devi ce ( g Vi deq

c amer Bhe@mesm 3 a@t lened) of thepreferred. mbnﬁlmeﬁb sed within the
f
E*‘!’rrgiéﬁ%ﬁgﬁfﬁ.%g%g %Qr nrr%ﬁr&?qr 3@3§s Sviiin FRC4 RESY p@ﬁ ERDf the tubular

novi e C mer a lI'ens
sesvtioni 24zt fornechniapenturg mwaeimhlcﬁﬂwe csmqter‘a agdleandp dre peini¢d. In this

S P s il SR e

sdimaes 38.NThusQthe 4amérk 68 eqnemsatght ﬂaﬁletthdaﬁbmhhé chject 32 that enters the

ectlon 4a forns an a tur rd ich t nmer.a
Bgniio 2, el Bipushlng Elafit o, aph s ihonrn cxdiot 8RR fog 242
|'i ght Agstiot iBBigl 4, tﬁsﬁisf&ﬁme&naiohﬂn@%mé Bleritioh mcmdem infrared-
field of view of the camera 38. Thu us, the canera

Fré%semles filteyyfe d\an’sr«%m they omncmaﬂtqi dheoiybalag segtiony g s fiter 42
%331 Jg,‘hbf‘eﬂe\l;té omd nt(%%s 12 P04 thal BRer the enclosure

enc e op n end of the section
Z&and Aubstantialty @lmlﬁat@ all4hght heying wivelengtlis eutsidelthednfrarest range of

AFPLPABY 700 b e, A g ARG 8 e 2

fSﬂﬁfahﬁHglyZélﬁnmﬂfbd Sigliti ﬁaﬁ%g véarelehﬁhe buemﬁla @rl:dcteﬂeihﬁaeﬂ aahge of
rom,t he opject_ 32, and a o] t ot te
moewewlys@f’éo 5& awateeuﬂ‘ﬁwaﬁe tbg ﬁ&l“g!%ﬁ%[fm 42 and

lritGHRE 1A 0 ﬁ%ﬂmaqigﬁm&méﬂ@ Hélédtéiﬁwév@@ngtﬂ% . Clhefefd}6l hetamera
aEpr ximately 700 to 1000 nanoneters. he preferred

AN mcewswefrmﬁqi light whizh otigipatesdtem amhsn the illpmingtienssystem 10
utside a selected infrared
b PBhich fs‘éki-@%téﬁ’ o B8 Q%J'@fty 39

range o appr oxi ma 800 to 850 nanoneters. Thus,
t he | Bgged onlibe ligha seftested Himm:tyb objeet 33, thecraméfh Ifhgenetates @ video

ithscERE phiertaR e ko Shan 9 dtcal Yiobiatkop As3fesifih i, 5yt video

sigaati iﬁe[ﬁ'eﬂ'efhbtyaf)ﬁdldbdl gbtan\ihagh epbargbmaéitSSoatd a4) Wichhdsna board
t he IIum nat| on s;imtem 10 .and_ which is reflected

128 ¥ing a mogde] npgmben ICE000.cFhedoprd #4 gensgates an

E}ilﬁnééalv@d?eb iRAg estl il EREEAhS RSP RERESR 1K ééin‘éfa@s 38 enhanced
i mage ofe Obl ect 32 I1n the formof an electrical vide

gidgmmage ivpuevided 1o; agrided capthes apd display sird A6, suthsas a model 20-

Hbi?‘%g:gl% |Z§X Wﬂgﬁh&ac ri{elgggf/a%%&@ﬁ%sﬁgw ng %gemgnal

mhtbhlmagmh&lsazmd [ixCHig R4l Gekmal bxea digital dtodade devied. althe sard @6 also formats
the video image signal for real-time display on a video monitor 48.

It should be appreciated that the illumination system 10 could use other means for
generating diffuse infrared light in accordance with the invention. For example, the light
providers 10a-10f of Fig. 1 could be embodied by a ring-light strobe light. Alternatively, a
circular array of LED’s could be used to illuminate a plastic transmitting diffuser placed near
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enhanced vi deo i nage signal based on the video signa
fromthe canera 38. The enhanced video inage signa

is provided to a video capture and display card 46,
such as a nodel 20 25 TDLive card nmanufactured by
Men. The card 46 captures still imges fromthe inmage
signal which nmay be saved in digital fornmat on a
digital storage device. The card 46 also formats the
vi deo, i e signal for real-tinme display on a,v

Vs octage o1 dhe QUors A g e srbaactiteta Hdht Aresaders {0a10f would

'cbﬂrééﬂbﬁ!ﬁb'ﬂiérhﬁ¥ﬁhﬁmlﬁsﬁl%éﬂrdﬁ‘se other means for
generating diffuse infrared Iight in accordance wth

the iHvem mﬂvmmbedamﬂ of the fieventiophdepicial E?BW d‘@r@d Gb, the

L%go]%ge% ]Eéh%e?éyﬁgﬁﬁbl yr?d;Rgl rcular arrg(}gt fz"'ﬁ lmage

obthe dbjleet 3@ sceehhxm:e ithel visualh@htrashbetivesntlightet amidarket treasgf the obJ ect

35, AERRe TR0 o P suPh A e FROR CONMYA, ENHANCING

[ﬂCHJ]SlMﬁA‘!\ORl the contentsf AR atedndofsoritedlierdisl bipdefordnick, she fBatures of

)Gyl btz e o qRoerver e thedpphines oF a s fdible gt
MisdeMhe obftet Mefay e \Sbﬁégoﬂaiﬂy fBaines ofafe Blﬂécé:. T?e ovrc]arlamd visible-

illumnating the object 32 wth an i mge
éts]ﬂelerﬁs%%u@qa therhright Eaturrs of the phiecicto wppeas brighierwhilg the dark areas

g% %’H dar ker areas of the object 32. As
descrl ed In U S patent nunber 5,969,754, entitled
CONT RES TenitiiianGt ofEhe invéritlivh SbARORN Figbméa mm-bﬂ‘dcsfdiﬁitsb oifrared

BR8] B Gomi ) Yo i st B B s o g esribed

pheidheat Hbﬁﬁveﬁ fm memimoemteadsmwg lioFigs.|6a @hd 6b, thesicsl ath of the

rrespondi n features of t
b‘Biﬂ@E?dﬂg E&ﬂ&ﬁg tg@“‘ll'ie& thdight guiedds wopated by
boueﬁéesfraatwert@&e%thﬁﬁnﬁbdhs%dﬁgﬁﬂpﬁar brighter while

the dark areas renmnin the sane. The enbodi nent of the
i nvenfis ghevwarinlis. mabﬁagssepwmamh@bamm hdive indrared light

o o EISSEE i o A v 2

grreel!ghbalﬂdg/ 22 &hi/\bwtard, the nbjedtS2e mh? g]ibi Iﬁh’t’oS r ?Plﬂﬁ I‘Bti&_l‘ﬁs as infrared
c i ]l unipatin

PR OY g Opisted? eblenrat B Tor e el ot o cipfers 4, Tho

howghitrof)$H 1@deeives theSyidiblea e réfJQes&ﬂékI l%ﬁtﬁe faﬁ'Sﬂ} ﬁd&ﬁtﬂe%ro_] ector

tg Xit aoerture shown in ovvn in Fig.
an

Fasemih G s edght Eniisci s v e phieRiG. 5
recei X sxdlihdPinChledtdr Uelail eﬁéﬂé iR ﬁkﬂlﬁe?‘s%? %4 Qe YilEo optput

| ight diffusing Structur he’infrared
sigad tiroppthe rvidgo cameral 38 mrt'grtdedes 2 ¥idendnpud wignal tb e pro;ector 50.

gie?%é@&g?‘;mﬁ%'ﬂgfﬁgt rolrfJ%?Oé gg%%?se | v.e {%]qutnf r arg d e te
abicct32 fdvered the hdt niifroeddd ThERot @B 53 réRived fh@ visible-light image 58 and
transmits it into the light guide 22 toward the object 32. By proper alignment of the
projected visible-light image 58 from the projector 50 with the infrared image 56 of the
object 32 which is sensed by the camera 38, the features in the projected visible-light image
58 are made to overlay the corresponding features of the object 32.
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hot mrror 54 receives the visible-light inmage
(represented by the ray 58) fromthe projector 50 and
transmits it into the light guide 22 and toward the

obj ect 32. As explained in greater detail in U S

pat ent nunber 5,969, 754, the video output signal from
the video canera 38 is provided as a video input

signal to the prOJector 50. 25 Based on the video

i nput ro ect or 5 rojects.the

o e geicchin B Y Bestt e o Bhentio ujihin find ubrtameous
IBldollGfessett- in TREELJAQ ttistlle! thebided VeSB! a‘j?@ar ab @ark lmes in the projected
visible-light imge 58 and _ transm into

Ivisiitie-Lighti image38. thathbe wisibleclight 231385353 G w&cted ‘onto the body
Qﬂs&tﬂqﬁgﬁﬂwﬁ&&&%o&%ﬁ@ﬁkﬁﬁ hﬁlgﬁ%cﬁ* ﬁen'eétg fHe dhd 0 6‘5 %}e projected

fromthe projecto rared I mage
tvirible-tiphtcimages 58.wii dis imgnnegnthe dm!s;xtnqrhsgmﬁmﬂn igproveshe medical

I
PGP s iy 450l b it eyt Wit nlsiRRg asborplis or e
@btiett 32. -9 vwen the object 32 is body ti ssue, and
the i ve i 0 used.to find sybcutaneous . bl.ood
ess e FUES Ty api b atf gt cchediionis w0 Buiod oy Joaga contast
%ﬁh}ﬂ@ihg 11ldnﬁﬁz&oﬂ r"l’hbfé&bﬁdlﬁieﬁlcé 5 ¥4-B bpdrfied inGhhshidtPiilar to the
58. Thus, when the visible-|i i mage 58 is pro!ected

Grbedimeat of Bigy. 6apnd &y dlowener, @@mbam*so Bigsote-ty gra 38 is
Whdated Bﬁts%& %‘B&ﬁﬁﬂgﬁﬁﬂ%@&ﬁcﬁl@ ¢4.08¢ %g&hl?lﬁ&at%ﬂe §iB6rent locanon of the

projected 5 vi I mage thi's manne
tcmeraﬁ&ém hah mirwdrr |SIiowmmﬂiy 7&4;)18 ootated by Hattgreed clockvnse relative

B BEDsI IR Figh Gk ook R,k L DY 81 BV Wit Hincron s that
Hegpsibed’aboxadn ?dfer@pltcff"lgn 6@b! eUlatol aceortiibdié thendifferént camera
o 8 i Hansoiioe et Bcerisd in 6 A0 Co s isbLguidn22. A
Refleativtl paRelB0TE pravidbDinithi€ embSiREIRQS RiFmBE difkbt ﬁe ﬂéht Iﬁﬁh the light

and 6b. However, in the enbodi nent of Figs

&olHER 12 into tbeshahbgla%%? a4 toyyandithe pit megvm 23 Pﬁemblﬁg the panel 60 is
U U OSOERYBL S D50t IE B 80 B2

ﬁ@dﬁntamed3&ymﬂmqmegrﬂhs cl ockwi se relatlve to its

pOSi t iy 6a- he VVI se nat mirror 54

ser vesopalzlllefgl:lr ?n%lp 9 %(%a&?% %cﬁ’ﬁlphct @Eﬁ% ée{ﬁaglﬁgy%gu?gpystem
r7efie depicied ix:DF1§s %11 6 Thé ima¥irpOsys@mATE RGN dheFerhbl configured to

ff.erent Qa ocation, _the
d‘ (B0 QHSh qumswlam e like, sl A Produse s videpdmpge of the

@f:ue&thﬂ ﬂahémlpoﬂ %&Eedzﬁ"ght Rofletied kemithy ﬁoé&% el RO u‘h%mg system 70

provi ded his embodi ment to furthér direct

preferebly ﬂlﬁhiﬂﬁsn?ehquﬁlgm 72 whish containpthe nngmgfeatmreg bf thg gystken 70.
pancl B0 ek i FI° 8 e nABE  Sicktry B, £ s inteah Frpnsu
ma‘iwrauon oTlusl Hommg 72g:|nefembly hasdenpdi afbetwebisboabthee hncBez;out five
%ﬂ:ﬁes and a WAdtE 5 F about tﬁ‘rgg add o %L %a]}‘mches It will be appreciated by those skilled
in the art that the imaging system 70 can be configured in a variety of ways and the invention
should not be limited by any specific examples or embodiments discussed herein. For
example, in Fig. 8 the housing is depicted as being substantially rectangular, however,
circular, polygonal, and other geometries and sizes are feasible as well.

-10-
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20 A preferred enbodi nent of a relatively conpact and
highly reliable imging system 70 is depicted in

Figs. 8-11. The inmmging system 70 is nost preferably
configured to illum nate an object 71, such as body
tissue and the like, and to produce a video image of

the object 71 based upon infrared light reflected
fromthe object 71. The i magi ng system 70 preferably

i ncl udes a _housing,72 which contains, the inpag

f eat ufBmeging dryice y4:sush a9 o Vidoacameraliaying siens gp, gﬂdgﬂeqwessmg

Re; aéﬂéﬁtsz-gsﬂhrﬁ{tﬁh%m NouSiag 72, TU Bhaitd ddvics 746mH a4HeH 'pRdcessing
configuration. The housi ng1 72 preferabl has a length
GPmpEIeRIs eperals it detectinfrared Heght ambig procpsséhe %ﬁ@%@ﬁandjh t from the

ShiSPr e Febked HER T)eoaty gy BLE gt g jnted i

ireflegied drosythe ebjedt¥ Ipasrdemwcbhdrelgu Aadhewn i Kigs. 8ang 9,dhe imaging

SRR S eEe BBiApel hp Conetly WAL 7 i Yl s 7
3ﬁte@diﬁmktfthe ihBudhiglintefiod 1% adl@eseritRg finthed BElow! @ord parliCiiliy, the

subst ant,l al however, circular,

é ect angul ar,
Sersradh & pre iR yges meupstacallymouated wdthin e hensingi2e This

%&f&pédls%m;&cmm&a%ceﬂoﬂsﬂes &?m%ﬂmxz%mnfbﬁm%fﬁg}ﬂﬁ&ectedbythe
canera having a lens 75, and vi deo processing

Compranwhich cefcthajimpgenprofuseth by $he gysiem 76;thenehi gihageing the
3@%&1&1 8iddd Yréﬁgél?ﬁitgﬁd%&ﬁﬁe%v?&; &@H&ﬂ?ﬁa@h@e agfa sﬁE eto

t ect |n rared and to process
infr aK’thhtiusngﬂmeampmfamblmpmu's vi’ﬂousﬁbmponmglqurablym tansmit

(R Bt B oo 70 AL R iett 7 T ARG oot gituse i
netieiifted Hhedystetm 70N Alrows82 &pmt&e lighiecticond Erﬁﬂxthdifb}@lcﬁﬂ As

74 | ted wthi t 76
AR caeviomla b e o, @ﬂ%r?%s %Bﬁé@% shep o otis 5

MH% chithib hﬂﬁmﬂe? of 8 grErblzg BPtsp lﬁaLED
er a

partlcul arly, th caner a ent ral
aray %%/ ﬁl@gainﬁweddnght e'ﬂle\hﬁmmﬁﬂﬁsieﬁum WD plane Wﬁm&rence

ML Gle SBITLER P B RrasBBRL VB 45 Pl of sbout 740
mammeters (o) [n mapmfeuee embmmemgmlpmn 7 mnmufacheed by Roithner

B A TR e tEBab-aadous ot i n body

ti ssugs siidwn ﬁmgs 110 Gand AcdbRihg 1/1BS el emBoiALRSthe LEDs 84 are

vari oys conponents operable to transmt_ diffuse |ight

H’éa Gipcytbperd 86 losatad uljacert toWalk 78, Apshow indlig 9glhere are most

¥9£ oh bEED fcgﬁ@ﬁﬁa;c{ugﬂmﬁgg%d iRRRidsystem
rows S?reﬁ%esent ?IEE ﬁ§4 cte romt)ﬂ% é)
dthj Bestconcentrisd Elbartangement mntﬁltgpromde mexinabdispbrsion dnd éransmission
al o e section
e .
lat Jyint tenrLEDS 849 Kovosbess tHeldpitem 73‘&&1&1 hfeliﬂs @fbré or BweHEDs within a
arra 85 fo tting infr The LED array 85
grsgrodug_ckge ngppopf d Fsgpg grgen tlon of'the system 70. Firthermore,
the system 70 can include more or fewer groups of LEDs in the LED array 85.
With continuing reference to Fig. 9, there are four groups 92 of LEDs 84 located
about the corner regions 96 of the LED array 85. Most preferably, at least fifteen LEDs 84
are disposed in each corner region 96 of the LED array 85. There are preferably four groups

-11-
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When activated, each LED 84 preferably transmts |ight
at a wavel ength of about 740 nanoneters (nnm). In the
preferred enbodi nent, each LED 84 is nmanufactured by
Roi t hner 20 Lasertechni k of Austria under node

nunber ELD- 740-524. As shown in Fig. 10, and according
to the preferred enbodi nent, the LEDs 84 are nounted
on a circuit board 86 | ocated adjacent to wall 78. As
shown in Fig. 9, there are nost preferab

eight i
§# o bEDe 34 disppsest in latevel regionsifos therLiEDharray 83y atgrabassiop 98 is

4 5\Gtel TRGREaIR) o -cpégﬁ-eggﬂ 68 %.L%Aféaﬂg,ra& RAY SFETHEDS 84
t ends opr0| e maxi na | Spersi on a trahsm ssi on
2fe difposkdfif esoh laterghdegibn 88of the LEDsmeyB8Y0. It is

e c i

| MGEbhjdectioh vith €e ch@Yd? Eysteni 30, e chbuit bdard38iddhides eontrolcirbiitry that
dependi ng upon a desired_jinplenentati gn of the syst e§121
FORgis e ptivRtimet ong W@@?&E@ﬁ?%‘%ﬁ%&‘ﬂ%&@%g%w » 94 of

185249 A PEDQbray §544d dholvl n thERlod didbfard of Fi 11Da power source 88
continuing reference to Fig. 9, there are four groups

gad a portsebeys@m J0ogush edia mBwopaprsesor en sy cortrol devipeo s clpgtrically
o 5 B IVl S BB Bl ol 55l e

ar e i n each
I EDsavithayt Bing aldoetrel system 90 chatiis pbwerfsounce §8 cands swittlieddon” or

Qf Ds 84 di sed in.l al_regiaons . of the

APa® RTvei A TPy o gt S T VG ecgpprevited s pulse
Shidinlatioh techrigiieh Cdn\Whe e G5d in edfuReion vigh poveDdburdel88to activate and
%ef_erably, at Ig)ga{s% ten LEDs 84 are_dispagsed in

I

RLVElE Op&.oF 1Bere LEred4 ipthe 1) grrggi85 accorgimede p crred duty
RPN rereil EefihbdhAhd E%D 85 mdRBkivelosher BB “yrrdiimposed on

circuit board 86. In conjunction with the control

syste s gyt in ghedilack diagrapoefiFie. 85 ih nprefraed cwbediment of the imaging
S e WA L B0 o

[SBEad ehtblsyitim S0.EThessoytrd Systehs Gincludesiconitdl feahiresddr controlling the
[ ramaof Fig. 11, ower , sour.ce_88 nd . ontro

P o stfinoed B s e e 7T o Ao e dhe gontol
@@3térh 90 cf chall 66d drinkci bfthe CEDNSLinQGrdud dr BRups Ak LED array 85
board 86. It wll be appreciated that is al so possible

t'® emB Aightsoniinyeustpon intamifientiyo (fhat s, ong LEDrir e pluralify efdefDs 84
<Oy el o Sl M Bt B Bntholy Pt Popars
wibject Be Bupirthe syatend?( dantbe porfigored o thanset infrared bphtifiprethe LED

530 B e S R R R SH R 0

i n t h®efebidgaowaio Big. #0cofidt diffukion daypy t00eisrdishostdt adjacent to the
ke ot Dot S S5l Bt T S Bk et
Qnbbitihent] the firfl dFfRIR 186F AW ieSHQC LR AL us@l;g EeldGmiaARSHvES) onto the
emitting surfaces 102 of the LED array 85, thereby operating to diffuse the light emitted by
one or more LEDs 84 in the LED array 85. The first diffusion layer 100 is most preferably a
holographic twenty degree diffuser, such as a product having identification code
LSD20PC10-F10x10/PSA, manufactured by Physical Optics Corporation of Torrance,
California. Most preferably, the first diffusion layer 100 has a length of about three and one-
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system 70, the LED array 85 is electrically connected
via circuit board 86 to the power source 88 and
control system 90. The control system 90 incl udes
control features for controlling the LED array 85 to
emt infrared Iight toward an object 71. As descri bed
herein, the control system 90 can enable one or nore
of the LEDs 84 in a group or groups of the LED array

85 20 to emt |light continuously or intermttently.
Frig aches, o Wit afiabyts thresrans, op-talEinshe, apd a riasgeos g aboyf . Hinches.

WhRAOhEE: AGE oﬁﬂ@ LEBS 848 ted ¥ hikay s%&gk&ﬂnéd @B First d1ffus1on layer

intermttentl or continuously obj ect

TAQ diffuserethe yafrased l?ght euitied dram ﬂfeu LI} evtayt &5, tthmmr@wdmg a first

[ m %ﬁtz@a ray in various
a&?prlu%t atglléodﬁlgﬁg% onbl na |on5£fjf LEDs 84 and/or LED
group ?h@iﬁtenﬁﬂsurfm@ &04 ofitle hoosing 72 dre showh i Fig 10i Mest preferably, the

S e TV e 2o ViR PRl b e ol i tee,

ShichAefleutsind Furtier diffaseaitey dieady dfftedigitproduced By therfiét diffusion
i ffusiaon Iayer 100 is glued, such as u3|n? known
g@ﬁ&qf’v dath f@ﬁ%@fme?ﬁ tpigs 0.2 5pq0nd diffusign Iayer lpﬁ@ spgepf apart

HohPihe @ést dtfhﬁfoﬁbayepnﬁwa a&aﬁ& Ldsﬁ f Nﬁ)@t pré¥erablydtk distance LDD
emtted one Or noré he LED arr

Shievots th f ﬁncmgqnd#lfﬁwéﬂamd 00 8096 ts shpitbspnisihese Tho socond
ABRRAR AL fod R freflt bl En bt e UE el SR o or the

wenmelfscthe ahmd-dhapnm)tkstdaﬂ'usmnﬂa)es 1000 The sabnd)dlﬁ‘oémn layer 106 has a

FRREGE Bt 5wl fperhng B bl ok S, & Wil i bt R, g one-hale
Grivhes, adda thidkhess BEALREL 0. F0 Mbklsh of about three and
one- hakf i nches, and a thickness of about Q.10 inches.

When &hesegonddiffusiondayer 06 fmther diffuses the pleeagydiffusedight refipcted from
WeSnRAbd é(@fﬁé‘eg 104 frbviddd bgmﬁé 3t Afudicy R 166’%%%%%&?@ 8,

the infrared emtt romthe LE arra
thefirstapd BWW dl%gomlaﬁm ate substentially nlénagithi=f :.sstbo ﬂaypx; 106 end 106

e .

wlafnedibiyttlss ﬁmt arﬂlsedoatt diffudiod layem 100) aﬁdE‘ﬂ)GVaré substantially paralleI with

refl‘ﬁ%lve ngwgnr?isucﬂ ﬁlamlte i nt orﬂtﬁedqﬁgflﬁkelayersloo

doé fenasro hﬁ’ﬂite PR Ry uﬁﬁ\ﬁmfa!tﬂo‘ﬁht dufehishi@Re from the

100. Wth continuing reference to Fig. 10, a secon

aystemy 29 when enpcy mpegofjthe KB #ara grabled. f r om t he fir st

or of o ab] Son e fite Rl (PR e e I8 oy g LT i

dispored adjin¢entitoi thrsebangeliffusichlayen 061 Odost prefiivahly, thettracling material

prF e?er a Fslg%ggﬁoél? @3?5 B f‘?uml?%%ﬁégqg: E?ﬁh%éit:d adjacent to the

$amﬂginatbﬁal 008.tTHR visitdérpol@teet 0 inbOMerdasly imaeFaétined by Visual

i ffusi )0.. The second dj f u3| on Ia er 106
ﬂ’ags OfV@%ﬁﬁﬁa ?’@W%P%%@gl“ Vil Zhand thickness of
Ia]%iﬁ!g@‘j'sﬁmﬁésdth of about three and one-half

Thus, the system 70 is operable to produce various levels of diffusion as the emitted
light progresses through the first diffusion layer 100, reflects off of the interior surfaces 104
of the first compartment 72a, and continues to progress through the second diffusion layer
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i nches, and a thickness of about 0.10 inches. 15 The
second diffusion |ayer 106 further diffuses the
already diffuse light reflected from the interior
surfaces 104 and provided by the first diffusion |ayer
100. As shown in Fig. 8, the first and second
diffusion |ayers are substantially planar, that is,
the | ayers 100 and 106 each define a pl anar geonetry.

405 Rrdppaierel H08r SR pafizacklOn e B BRI SRyt the
éﬁﬂ'tea(ﬁghﬁfaﬁseé?ﬂ@&{gﬁﬂie'f&bt'diﬂ’t@fbh%ybﬁiowﬁdﬂﬂﬁpleﬁﬂ%ﬂ&%mb@results

one anot her. The preferred paral|el planar arrangenment

éwﬁbe weileqtion fem theipterigr sutfaces 1640f thesfirstsompeanypentiant the already
ditflieed ,i%l‘?‘yfoeld tﬂé‘ﬁfsf’&lffhﬁ@g% \M@]ﬂf Vbt bl oiRR 16V E1D R sion results

rom Sys en one or nore o
E.E@Sh@diﬂ'asedlmpdsbesahromme seoontd diffusiop leysfr d0®nce to F| g

di spolSaeSR B HeptpieruizEt 10 sy inglapesy Bpmepiporton 112,

idwst p1ﬁfeﬁblzf fbthy shdpe of afixide tgvinp aboiital onedfichhdiameter. The central

thlckn ss of about 5 i,nche Vi si bl ol ariz
pariop J 1 7 egﬁ’mama@r%@ W%GI%%@V“SQH@%M a0 dipepsipn e camera
108 781 SR 1aFAtRM T e dehfdall portionST1205 PfePératl) Yotated approximately
manuf actured by Visual Pursuits of Vernon Hills,

pinetyflspzees Witk respret to theprlsization eftheipounding ares | g the polarizer

110 S0 i, BSen s g g fn

shovein Fige8) the poslmcght lopatiog rof sheelens Ty withyin thébousingsi0 preferably
S0 0 e i e b8 P2 otz 10,
The téntbportion 12ofthe polatiter 0 Lidvitcidingwiththe fidhf dftmilan 75 tends to

| ayer 13,106, hacking, material 108, and pol ari zer
ve#pp,)&gmfageglgvép ting Gamera ipage | t s after the

em t t a4 shdvilin MASRCthebAEGMOIMateAA T0R A tiVidible beﬁnieam have

100 Anot her level "of diffusion results fromthe

whielhprefesablynineluidera similar plasar orgntatien with respeetito the

%r RGBT by B0 5t wld St @flion flyers 1967106, Yldoonding o, most

Ipmf@'l'ed@fnbddlhfens ﬂmrﬁrstei%isfcm la35r B0, interion surficésf 10d esebongliiffusion

BB o ok iR R plarolisperti e P aiem /6 i

10 Fod %ﬁﬁmﬁn% giffuse lightab bh Qﬁjeatl'ﬂ,. It HEE be ramﬁéﬁate@ thét the diffusing
t he shape a circle having about a one-inch

direste 40 ingpde reqrs prfg1ver comPeRcgH aad thednysplinnigngtinhe limited by any
g&ﬁﬁ!&%ﬂm&&' %@&%ﬂaﬁ%&é&%&ﬂé ¥or ﬁaglpw ﬁﬁa&hﬁa? e,fstem 116

e canera |ens . pol ari zati o
wan itickwde eitherithe ﬁr@bretbaksbgond dliffuston lamm 00, 186.ewigh aowithout the

gbﬂﬁ%«% 196 95,560 M@Iﬁr‘% 4 ﬁ)f %Jgd ge%fnticp ﬁlfglg' oft i%%t 08” (%f w}tgout the

urroundihg area € polarrzer
polefiesrrié® enbodi ment, the canera |lens 75 cont acts t he

backi B%ce%&%{eh,%e o 7AS 0 operates to transmit diffuse light 80 toward an object 71
and produce a video image of the object 71 with the imaging system 74, as described above.

More particularly, once the power source 88 is enabled, one or more of the LEDs 84 in the
LED array 85 emit infrared light from the emitting surface(s) 102. The first diffusion layer
100 provides a first amount of diffusion to the emitted infrared light. The interior surfaces
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shown in Fig. 8, the positional |ocation of the |ens
75 within the housing 70 preferably coincides with or
shares the sanme central axis as the central portion
112 ofthe polarizer 110. The central portion 112 of
the polarizer 110 coinciding with the front of the
lens 75 tends to 15 renove any surface glare in the
resulting camera inage As shown in Fig. 10, the

6 e A S s

SiffsioNayt FUBFhrtHeF HiBfbeR thel dﬂﬂﬂﬁﬁﬁﬁ?ﬁﬁémﬁﬁﬂkﬂ&mmﬁh&ﬂ%&mmm

defined by the first and second diffusion layers 100

forcbacking Bitsrinlg 08 gnd thepelarizes beforyifleminatiag e pbipet 71 e described

Rl Ao ahay S BRI pRA S Bt g2

Abey isdagiuteiddbying magmgrsystm 7de Theninagingisjitens i74 ghmymdams a video

e bt By onlet 7] P acklvhel BY elind it B defoifle g wnione

Slﬁﬂilshmlpr@md}ﬁg] systegd 70 ehedystemai0 aidavie looaﬁngme:m‘aemﬂng bBetween

R e vepisies P e obPE Bk s e e pessleang e
the d[tﬁefdéﬁ labeds A Will b appfafit oflisdssl SlETIE ih BRart!feh the pteding

or the seco di f f usi on Iayers 100, 106, with or
crigtion and gheascompenying dpwingsthatgpoditigatipngand/gechanges may e made

%5‘@13 %ﬁﬁ@cﬂﬂe&b bt tHéhQEhtioﬁy Pére é&gﬁﬁ t@éaﬂ@s Bg%ﬁ b% e ﬁrst or second

pol arizer 110. Once actuate stem
tdyfﬁtsmd@mﬂloﬂ end Udecah bg Adjusél to mﬁmpamﬂebm@xﬁspe%mo oan ah.other,

T R R T M a—

pefitcdby el B armp 8Listnivat frofemblys®substenttB paralle? fbdtlos dith 8ddpect to
e Seffr b e koo I O igo weson dhssiahys Seacd BYJED aay

fabranl 8l fifst! QifRBink ANRF 1049& B Qedas aeccfnsrﬁédmeafmﬁg of¥ational

diffusion to the emtted infrared light. The interior

§a¢¢%@é’sas will be popregiated Ry thops skilleddn theeart Adcoriingly, dfris expressly

secon d %F %g%&%e?ésa ﬁo 1 8‘%& P] ?a%(!%g}ﬂ a% dl%g'%gf gﬁlh’mﬂ“"e of

@tﬁ%‘@)ﬂnﬂwﬁlﬁn@nﬁ ohlygh&t linhitiogithereto,, medhthbtrthegug $pisichnd scope of the

th teria 8 and th ol ari zer
pebo i el BRE R Rl o i atA0eH BB bod
above, the object 71 reflects the emtted diffuse
l'ight 80 producing diffuse reflected |ight 82 5 that
is captured by the imagi ng system 74. The i magi ng
system 74 then produces a video inmge of the object
71. Accordingly, by emtting diffuse |light according
to a unique diffusion providing system 70, the system
70 aids in locating and differentiating between
different material properties of the object 71, such
as between bl ood vessels and tissue. It is
contenplated, and will be apparent to those skilled in
the art fromthe preceding

-2\
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10 description and the acconpanyi ng draw ngs t hat

nodi fi cati ons and/ or changes maybe made in the

enbodi ments of the invention. For exanple, the planes

defined by the first or second diffusing |ayers 100

and 106 can be adjusted to not be parallel wth

respect to one another, thereby providing different
CLEME%S of diffuse light fromthe system 70.

ernore, the plane defined by the LED array 85 is

nost preferably in substantial parallel relation with

respect to 15 the plane defined by the first diffusing
1] afe apradatus Hoswhaete thehisitplita nbs bareeidi stradtutg/beredthethe ayrface of an

g Egﬂﬁﬁthe first defUSIng | ayer 100 can be varied to

O PRI S Sper ati onal  conditions, as will

b%n&lﬁfﬂrﬁnﬁ@cioﬂts@drcEYortzlh%ﬁatﬁ\b|tI|1é BledrstriuB@reXfdm a range of different

Accor di ngl is expressly intended that the
mF@F@@@?ﬁg“%@@%rlptlon and the acconpanyi ng draw ngs

LI Pl mBlShSH bRERRIRALERI By, MO
Ieoél? bh diﬁuﬂﬁ? s l;&ﬁ\eemltten\tgmhe Mmthldefmijgm ned by
| BDAPERS Ipaom BRI PSP PhaclErorh g bjeskiand 1or

pRdduelh Whémbghealih the surface of an object, the
apparatus conprising: an illunmination source for

i lal mﬁqmmectgr foh projsetingd vistbleulightiineaglero thecburied glsudire onto the

fer m nat.i on dir ff
sffacsidr iRtoniss WP A e Brdl S it e Bk iy 2o obioctis
cdyxmvwdmﬂ@prbjsmebsusmfe e imegieon to light enitted by the
illum nation source; an imaging device for receiving

di f fuse Iight reflected fromthe object and for

25 B0 e SR PR R g st

disﬂidsédfadfaeerﬂmﬁ@lilﬂrhmatlcﬁuﬁu%ée of the object; wherein the
received diffuse light reflected fromthe object is

coaxial wt h the projected visible light image. 2. The

7 [ .

BB SE of P I ety e Pl &

holbdriphitaiffugsr. sour ce. 3 The apparatus of claim 2
wherein the first diffusing |ayer further conprises a

hol ographic diffuser. 4. The apparatus of claim2
int i ff st t.h h
4511 GPargHLE £y bims 2 besi e sl PGP e Bregonoh
difiGind8ydr BtVidiRdh sb&shdI¥vel Bdiffusion to the light emitted by the

ilfumination source.

5. The apparatus of claim 4 wherein the second diffusing layer has a holographic

diffuser.

6. The apparatus of claim 4 wherein the second diffusing layer is spaced apart from the

first diffusing layer.
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illumnation source. 5. The apparatus of claim4
wherein the second diffusing | ayer has a hol ographic
di ffuser. 6. The apparatus of claim4 wherein the
second diffusing |ayer is spaced apart fromthe first
diffusing layer. 16 7. The apparatus of claim?2
wherein the first diffusing |layer has a first planar

7.5 q"’h@%@ﬁarag? oTEI%in?F%B?énNﬁ]le‘st%k@‘suﬁb fay\@f‘ﬁéseé ﬁrssahﬁar surface.
secon using layers has a second 'pl anar surface.
9. The apparatus of claim1 further conprising: a

polarlzer for_ palarizing the ht emtted by the

L(d%’ NerARRRfateholsdRimcb wherghn %S%‘ﬁgaﬂgiua@%ﬁwe& a7 §econd planar
EPein the polarizer further conprises first and

second regions, wherein the first region provides a

first polarization rotation and the second region

90.PI THE SlparausEicmd 10aHRdricoaipligiAg:r ot ation that is
different fromthe first polarization rotation. 11.

apeErizgiar palerizing the light ettty the llurinatipn peyrceind second
pol ari zation rotations differ by about ninety
degrees. 12. The apparatus of claim1 wherein the

10.1 gRé aﬁwéﬁs oPAginds AnB&irthe pb@REereiticl b&ﬁﬁnéﬂsq@mm second
(LEDs) arran?ed in a select pattern which define an

re&wspwb?r@m the fiighiagian nigvidesa firglpqlarization etatigp @ndthersecond
rélidd M%ﬁdéé ) Qécona%ola}_ﬁ&to%%l%ﬁéﬂ {hat iRfuirfetéHt Forh the ﬁ:"s?bélanzaﬂon

said buried structure Is subcut aneous bl ood vessel

rotation.

11. The apparatus of claim 9 wherein the first and second polarization rotations

differ by about ninety degrees.
12. The apparatus of claim 1 wherein the light source has groups of light-emitting

diodes (LEDs), arranged in a select pattern which define an LED plane, illuminating the

buried structure with diffuse light.

13. The apparatus of claim 1 wherein said buried structure is a subcutanecus blood

vessel,
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