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WD 2004/ 080276 PCT/ US2004/ 005669 | MAG NG SYSTEM USI NG

DI FFUSE | NFRARED LI GHT Rel ated Applications This
wa@ppkiogRré on i s based on U. S. patent appli catiPOT/DN820€005669

10/ 386,249 filed WMarch 11, 2003, entitled |Inmaging

System Using Diffuse Infrared Light. 5 Technical Field

The present invention is generally directed to

gener at i on 18faciké Sy §EeN Usindd PEFUSE INFRARMD TOIGHT

particularly, the invention is directed to a system
for illumnating an object with diffuse infrared
Relatgd Appligatitnsduci ng a vi deo i mage of the object based

on S GEEHAL A b BRSO e e

M4relf Ui,12903, diitidled ﬁhagiﬁ@syStérh Qéig DidfukO@GetLedl ight. 00d
vessel in a patient's armor other appendage. This can

be a difficult task, especi ally when the bl ood vessel
Techuical fighh a2 si gni fi cant deposit of subcutaneous fat.

The r.for f. i .

T RS HIAG R BRI Bl TR BB I R M i
Mdﬂa@ﬁﬁifcﬁlaﬁy, the Biysiitéon if Girecstita A6y sken dieiluhidkitdg &Qibjd’cﬁﬁith diffuse

bet ween subcut aneous bl ood 15 vessels and surroundin

infegred [jghtioed pEAERS ASiderirpee oL R @bioResed R roflested infrarcd light.

foregoi ng and ot her needs are net by an apparatus for

Ban(glvdu‘i’n'drlﬂ’tﬂéﬁ\}éﬁﬁoh' ght towards an object, such as a
pati

to enhance visibility of subcutaneous bl ood
ves Sehs. md:d]cal poecduios dndreedtmenth eequiear medisal ippadtitides tadocate a

bIGHA OHION{ L BAHAEES P O S BLARDOR G B TALS ap bR AliioRlg sl especially
wie hd Wod VRYE h@ﬂ%cﬁhé Qgﬁﬁgaﬁt ﬁg%(%moﬁ Slbcufine AR THE tﬂ&‘f’cﬁmance

provi des power e array can ém

of prefvicas adadinghytstemradesighed tormi/\mrﬁnslmy soeh bl®oé nadstletlas bebe lacking.
appar at s further _incJudes a djffusing structure
haviHgrerRiFe? systranios vahancing fae visualcagiast befrenisaliaytangpps blood

Ve%kggsd@&g 1%mhgﬁqke&§ldlffu3|on to the infrared

ht emtt e romthe array as the emtted |ight
passes through the diffusing structure. 25 In another
Slmﬁhmtgi ofctht Ineemtivppar at us i s di scl osed for providing

TS o e ol S A e
toﬁ%‘ég %{EE’% ectl ﬁf&fl % ﬁga‘c enBb e {1BNENGsi 11%9%%%?@%%@0&%‘2?0 o vessels. In

r sdurce provi

onarerrﬂypmedm, thp pppaams nﬁdhidebem arig| dfdesit-dinlitkiug isd@ces. Each light-
structure, which provides various |evels of diffusion

em§Ing QTR 5 ORI P Grvt igfrred dghtthayinerisavelongth towal the object. A
potlief SRt BroHidey BHHELo HE WHAS Sind tld 4Pdy can emit infrared light 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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-1 WD 2004/ 080276 PCT/ US2004/ 005669 diffusing |ayer
whi ch is disposed adjacent to the array. The first
walpdotsi2on | ayer provides a first |evel of di PETIBEEIN/005669
to the light emtted by the array. A second diffusing
| ayer is spaced apart fromthe first diffusing |ayer
and provides a second |evel of diffusion to the |light
digfosing fharyebwlﬁichf&j dispagd _ad§a¢H§1|t gi the ﬁfraj'. ST Ihdlﬁﬂstslﬂiifﬁsfbﬁtlayer provides a
olarize the light emtted by the array. nye )
ﬁlgh%%’ﬁ‘éff déf%*b“&m Wgﬂﬁt lighfpmiftehbiathgery. 4 sseenskdiffuging dyer is spaced
j k& T sl | ' T .US .
oHRN e Shqdiituing Bt bt pRORRL a3ebond BFCLABRRRS (o the ight
erhitted byl thetweragbjAepdlarizeAis intlatledtof folteize thd laghe emlidd BYtha array.

first di ffLLsi ng pl.ane intercepts light fromthe |ight
sour Bgetangthepsghodiment, an apperatasip diselossd whieh peovides dgfuse light to
j j L §: Jaht .. Ihe .
o e italls Hn R oMb K S BB BRR i it th abject.
Arfesidiffusigg laygtiaving blfestdeffusingplaidiatefep dight 6 tHdight source and
video i.magi ng device operates to provide a video inmge
prgyides a figh pmopntefdifugian i, the infrared Light emitigh by thalighdtsource. The
| ; : .l hscl for .
e S A 8 e Al 8P Pt P BB figB he object. The
vill¢agimagengidevica gpetaies &sprolida yideb émagy GBe6bjbdt bassd@IngRs reflected
1.£ﬁﬁern whi ch define an LED plane. Each LED has an
1&¥itting surface for enmitting infrared |ight towards
t he ' : Leal: ke f r.qvi dj. n
el a7 ap e} R e bl 4 Bl Bl gt it o an
obgect. oitaup$ offight-einitting divdep@EDsY &% atoficdeh a 5160 @?ﬁeLrié &hich define
group o :

ivate e re LEDs.in a_ sel ect ) |
an% fP?@Qi %0% &%@cnﬁa&raél naittingsyurfam & emittingtinirareg dighhigwards the
' 1A | aht ] I Qm.one e
Obfget WD S Rt L Rl o probidlle FHICEEL LR R U PEpT T8 apparatus
ingudsit @ntrolsrdalteddely posiles corial sighls & ddtivatd! dne O moROLEDs in a
n&gsm bfldiéo see under white |ight or under )
Seiﬁ& e ¢ 5 d¥ diffusigg siregercésppsiioned s interespamdidiffisse the infrared
lig‘ﬁ.f Qﬁﬁtehm’?on %&etoq(?he%@ﬁ taneous bl ood vessels

appear as dark lrnes against a lighter background of

sur ridsimngithe ihvehtiaidesBibedhefdds elibddtanosustiodd R I At 38Sdifficult or
: Furtfler advant 1<'51A%1ies of the invention will becone
imgessilie i sepyndes rdite Hebt or gnderaondiffiise dnfraradlighs san botasityseen in a
. . L n_consi dered j . . .
Vl%ﬂl%l%%,f\fi%ﬁﬁg ﬁ%ﬁ%gﬁ%&g%@gSv;esse%a}pgﬁaraals é;{aﬂb{m@oagamst a lighter

baclgabwnd offserreumdling A&shr ef er ence characters desi gnate
like or simlar elenments throughout the several

drawi ngs as follows: Fig. 1 depicts an inmagi ng system
Bricf; Q?F'gml%oﬁwe&)‘]aé‘@?g%nder infrared illum nation

Further advantages of the invention will become apparent by reference to the 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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according to a preferred enbodi nrent of the invention;

-2 WD 2004/ 080276 PCT/ US2004/ 005669 Figs. 2a and 2b
wae®@4pgngpect i ve views of an i magi ng syst em usP@myUS2004/005669

diffuse infrared Iight according to a preferred

enbodi nent of the invention; Figs. 3 and 4 are

cross-sectional views of the imagi ng system according

t o Righraf fidrAare Eaﬂ@pé&w_e Riewdf oftaEmiaping Ryétem ustghdiffusebinfrared

is a functional block diagramof the 1maging system

lighi@cenrdingdo & preferpadeehadingent ofrthsdnyeionof t he i nventi on;

s Fig ) 4R e FREPRR U KB O B R PR AP o proferred
emBbdifleRedf tHEiwBRed; ment of the invention; Fig. 6bis a

cross-sectional view of the inmaging systemof Fig. 6a;
10 Figy’ ivafiinstienab blogk dingrane of/the imaging Aystona ¢ aeeding &q apeferred

si.ng diffuse infrared light according to another
emﬁﬂ‘i}‘ﬁ’é’?'ﬂ%ﬁl‘? BFePHE: i nvention; Fig. 7bis a _
Cr opfr 86k la0p@bpetiifwiRly dhen iriBEhd Gysiond teMgodiffobd infie@ed light

Fig. 8 is an isonetric view of yet another aspect of
accardingrtoamajtesnagive ambedignentof the invepiéd; vi ew of a portion

f the jmagi ieved in the di ' f
15 FHEShIT tu o ARt i iadde SRERF MG 627 1o
| S RiLIASE SHGbcRvd vRIWIST Mh Siadink eistérhQidthyl diffisBiEradéd light

Fig. 9 and, Fig. 11 is block diagramof an imaging
acowgngm arpghen iendadimentof the itygnedn;t he Preferred

mbadi ment . SKi d b i i
ot FiB 4B ¢ SR soRB0nE Rt e i BBl e R 0L
700 Fi 8996n RBACHRNESS of Yiah6thbl HPect aeR Frhsgik@ssain;on

in this range. Thus, in video imnmages of body tissue |
t ak &ig. Qrgiefrontnievaptapartionod thaimaging yssotrswésyid ig the direction of

appear, as dark.lines jnst a |ighter background of
thes%?“r%ﬁlﬁq O‘?aklé‘&#‘%g%a due to the reflective

nat e 10fis a 8BS SHCANRR YRl vidw takb0AEnY BASBLE of Pt 9aheE,

di sposed bel ow significant deposits of such fat can be

di f Fig dl tis block disgesi of ae imagiwgsystbion i | | uni nat ed by
direct light, that is, light that arrives 25

eneral ly. f.ro bngle direct.iion.. The inventor has
Degﬂpegrﬁ?sﬁéaglpﬂgk ﬁbﬁi%rﬁgegﬁe‘gtggmgfm%tdy ti ssue having a
si gt HAkomeARIRA Bblly AfsussREutaNRAYS libhtin il hdaBgeFhrédirange of

near-infrared range under illum nation of highly L
about 700 to 900 nanometers, while blood absorbs radiation in this range. Thus, in video

images of body tissue taken under infrared illumination, blood vessels appear as dark lines
against a lighter background of surrounding flesh. However, due to the reflective 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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diffuse infrared light, there is significantly higher
contrast between the bl ood vessels and surrounding

wo b@gls2h@n when the tissue is viewed under di PEDUS2004/005669
infrared illumnation. 30 Al though the invention
should not be limted by any particular theory of
operation, it appears -3 WO 2004/080276

thattaddt WBRe AR R0 HFfded Ii %ﬂieﬂé@&& b9 thelstiboudadebiist is dire@t®shvay from
l'ight reflected by the subcutaneous fat is directed

the ygyying diggetiqnn elesewhwg hightyed ltfﬁlgmmframdshgme Hseldi tgHllyminate the
isfi, b 86t P et BERIS Aottt WS Sy esn

maiegs®l. s and the surroundlng flesh is nalntalned 5
Shown in Fig. 1 is an inmagi ng system 2 for

i |1 Shawinin g bis aptipaging systens 4 dpr illgminating anjobiege32, wirgthas body

tlssGé 3&%1%’?1%&% cﬁﬁﬁse 1ﬁ1ﬁ'£ra é ?g%{, agg%dré)g cfjuggn%[)a PG OdUCA n%g the object 32
basbdl gpdn nGhieddigherdflecsd ﬁbﬁl tBopbett 2. As“@es&ﬂiddflh deil herein, when

detail herein, when the object 32 is body tissue,
the st isdody issusablogd sessels Hant ere dignased belpwistbpdaneeus it in the

rl i deo i mage
tissy g Be 16T o TR PR pdaE Ty sty em 5
I n CTh@m‘iagﬁ{g dybtetirD inetud@anSNehRATidVsyistiad 10 thhtillumada@s the object
the object 32 with infrared light fromnultiple

32 with mfraé?d light from mwlpbﬁlﬁareréeﬂmmn@ﬂomwcmt Ehg system 10 includes
AL 555 B e 0 S i 5y P22 o

diffefeppillamistitioheliretion. b dirdétions Bf zd-hﬂzﬁ@fﬂ@ﬂnfrﬁ@&hght from each light
directions of arrival of the infrared |ight from each

promdghtl Oa-pPhgedrepresapsed i Figr & Wyetheaghiedl. Asphgwniingig. 1, the
5 direc
e R 5f b o PR bl e P o e St o
the pRTRR M Lt 82, t6 paBlIEIRF RER Pl thdsurfabSoHé 5@3@& 30f Since
t he obj ect 32, to paral l el or near parallel to the
the dufrargd dllwpingtien amiveret the obRih32 fromhsichrr widegenge of illumination

n.,aprive t ect 32 fromsuch a w de
dlréc lﬁH%lh%%eﬂﬁ{l%ﬁadW ls&’il&g%al%@ﬁ the infrared
|| MEdetibedin gredibraiatay Hikdiharee. théﬁgﬁqﬁ@m&@@oa-mf are preferably
greater detail hereinafter, the I ght providers

light aeflerting suréacgs Gpbdizast yghtz“mnn p gmelerl@ll mwig‘wstdiihaobﬁct 32. In
o8BS gl Al A B 080 P SR e 7 miaions

ofl[gfh@yélﬁ@éssanﬂr%ctdrs O are individual Ii ght sources, or

conmbi nations of |ight sources and reflectors. The
i naghsignagingsysted 2aloan¢Inddsad éaging deml@l 38gsudle s a:\adaﬁz,amera for

o 95 FRR b Bk DS P e aineton
whigh SNPELsEHE® & I Flgnl. by theVMptowh6 | Thé ﬁﬁé@%@&éﬁ& 3sﬂre6é19es the diffuse

y the arrow 6. The i magi ng devi ce receives
infrgiedlflighg reflected from the object 32, and generates an electronic VldeO 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 elongate
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infrared light reflected fromthe object 32, and

generates an electronic video i nage of the object 32
whamemswm t he refl ected infrared [ight. Shown PCI/BS184/005669

2a and 2b is a preferred enbodi nent of the

illumnation system 10. Fig. 3 depicts a

cross-sectional view of the system 10 corresponding to

-, |
ookl O vy Bl RNy AT, PR T ST
eldnggblouien enclosige 26 dreoivhite 1|nloghir Ailfefrasively, tbsdrefledtive lsérfaces are
The Ilght di ffusing structure 14 includes an el ong

mirrgr axss/ Yaorrdiption gEyhioa pebdrered suitages.e At ihs §mi ef the light
d1f}\f§n%?s d £ éﬁ)%%ft%/ ﬁ’l 'h@ﬂfsroul?blérlfzaﬁ a%io11b% Bt gﬁhéé 2%_2.&? described

I NN ace ate’ outer en

in wiokd @tambeio\bvpuhe light gride2d seeireﬁ as thetput gidrived foy the d1ffuse light.
surfaces are mrrored surf or _a conbi nati on
whi (1B 8loaes#s prigy enelosurer fdealudendivstiad aasand soctines Magn@ 16b, each

ARSI OB ABE A SR P 6

sulshednginlly lp@fama/dalt ineshapg hdacky l]hiadﬁg Zdus aaperdidab fars.oUh ke preferred
The el ongate outer

t f the djff |
emDhdmsl the or frapgalal e %fltt %?F‘&“Q’é%lcﬁ?oangéx%g aghiglentizgl, such that
ca et S8ohs BALTI6R 057 4390 aBlfing ATThowElichigy paand 2,
theelagger mds&if dint it dnd Ryomi¥etidnsi 16a ahdp6h adoted togeth@r to form the

four trapezoidal faces. In the preferred enbodi nent,
en¢lagie 0t r apezoi dal faces of the sections 16a and 16b

ar € Atﬁ%p%%la%nd SHUAD AR Leb] 1826 ﬁﬂu&{ el ﬁeﬁ)ﬂlgpg% the four

16a a rnms a square aper own i n

sh&tasidexchfZhe fohh&aﬁe@b@&lfaea@@ﬁ théfsectﬁm 1f6ar She ﬁ@lﬂ; s6@@0M2lis preferably
sections 16a and 16b are joined together to formthe

attachen & eesmedl cnskofiihe isshagdtion e g therapytiapsrusdd | s, the light
gexée?%g% ﬁ}éﬁl@ thﬁﬂﬂ‘;ﬁhrc%q? Lféfse[hel% {1@#@“&1@1& tl%eat h%lfrgqut gl%e?tu}e 18, and

our rapezoi aces of the'se

illitGidated He ihegbt suefroéCer tﬂe?enciosﬁfeelf@r ably 15 attached to
the small end of the first section 16a at the input

aperit d‘reesn@él engpfihe seqoad peciing 1 eisanquiyt aperure0) fmgqu by the four

R T TR —

is S dnd @ shedtiolloheli g ghids ane ThE light olile23 ﬁ@féralﬁ? @a@%h&@%ﬂecuve
second section 16b is an output aperture 20 forned

innep gurfasgy similapiot the jnnes Suifac@ theenclesuspb®oi dal f aces of

th 6 hed, at .th .20

20 1B SR Bp SRR3R Pisibatt e i TBHor ZERHS ifpsed within
and ptelaalls derghewaklive baer wWidsard 4. o6t bl‘éﬁ'%y k¥ Bher reflector 24 is

surfaces simlar to the inner surfaces of the

sh@m: inosigr 2b regnoved drogy teemict Gnelbsiwe il fic ﬂmda@spraﬁarred embediment, the
intlef' Teflectol EJL 1sct{rwlonrled2 éom a salrllarle %ubuia? ICs)ec%on 2\% Jomed to the square base of a

pyramidal section 24b. Preferably, the pyramidal section 24b has four sides that taper down
to an apex. As shown in Fig. 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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and preferably coaxial with the outer enclosure 16.
For clarity, the inner reflector 24 is shown in Fig.
wQbommsnved fromthe outer enclosure 16. |n thECT/US2004/005669
preferred enbodi nent, the 25 inner reflector 24 is
formed froma square tubul ar section 24a joined to the
square base of a pyramdal section 24b. Preferably,
ol BB Rl b B by el U B BB ABEIALG. When
enpigized] talanse26 produtizldcsronhiaginticeadipt@xinrtas ﬁ)rmt dfe;vhiteﬂigﬂlt
aperture 18 of the outer enclosure 16.. The inn
r ef IR9E PYPOses ¢fhisdepqritionsbe Jnp 40 wﬂ@rthgwm 9 as a point source

f
S B0 g RL e PO ARS8 S A M 30 s
shOthﬂ Figs 61 thetray 28 i:éﬂeatsa'r(hﬁslﬁe imnelﬁtﬁfaoe) df thietsBetion 16b of the outer
reference to Fi %le&?{ Wthin the light source 1

okl dt Ty e vt G Sine Tght guide 22,

B T -,

ex[tlapbmllre R31THe fay mmcheﬁﬁs t]JlIeZ@Ht solufee 12argim Bﬂlﬂﬁe’rﬁﬁilaﬁglﬁ than the
electronagnetlc radiation in the formof white |

ray-a. oA theringes reflegtos ¢4 e 11 30 thea rﬁkﬁ?ﬁfwlﬂwmﬁé surface of
thd Elﬁl&'i‘} 66’%fl tfri‘ée%nﬁf%%gf?ﬁs%% bl ;&rﬁ fraydl ? {1@6%&% b&gﬁt d@thure 20 and into

the Mgt gﬁﬁe apdA&er mﬁBlpleSreﬂEmian fromAhginné; sutthess béthe li@ht guide 22, the
flects fromthe jnner surface of the section

of
ray %% alsp ewmiits figm e gxid apgturg B3 hukpt pdifferrah artgl%lﬂv@pghat ot e ray 28,
thr GWﬁQn H‘&#%BQ e 190%8 [%éfrtﬁ et EI%I% ;Sht?le k % a%ié(ﬁjﬁ'rwe atthe

22, and ctrons fom € i nn

obﬁem:t Batem d]ffeﬁehﬂaﬂgi@h 1[t vglllll Wdepgciatsditha the 0ght Trettﬁaur@ﬁdm the light
aperture 23. The ray 30, which exits the |ight source
sowtgefl? 6owid baepreaeung a%pﬁnﬁwmheﬁ af raysyyhiph sirike pndeflect from the

mﬁér%ﬁéc 2l BR®the 'il’ﬁﬁ# gtﬁi‘a%% gtél% érl.ﬁgr e'h@l)é L:[)i‘g 16 ?rg) il*e'%ﬁﬁé flumber of

romthe 1 nner surface e SEC Ion

angleb e They) tHediplit @nited fivndthe cait e éi'tlﬁ'@ﬁ@a@hei NehOokjeet32 from many
df#oerture 20 and into_the lig gui de 22. After
i

prent angles,and) 1 theredore mglﬁﬁdtffvée halﬁe r’fhgwrra@zd@ngltes ramge from near
pe e e ol i e T 2 0 BB 3o, S g

stﬂhﬂtﬁré& is When diadenSibh&CH Wil bé ?p@é@&@cﬂthﬁﬁi’ght hIRE refelcts from the other
erture 23, the rays 28 and 30 arrive at the object

su chswfmh@. quter @rwﬂosarﬁgﬂésandlme vinmer ngBecipPécsurheas th®a¢ that are

from.th spurc
Lo B0k LA S i, AL R et
23smr tHéGillﬁllihﬂlah@ﬁ Ispaémf 10019 Kifidly| diffede, bpjdadial 96 b%ﬁgeﬁa@teuhfy many
i nner surfaces of the outer enclosure 16 froman

differenilight seiiegser of angles. Thus, the light emitted

fro ' srtu 23-arrives at.the
o o BERGH UE  SPRG S Qb Gy g 16and

thelidffebise éut@mufaaé@eﬁeh@fnhemhe@mgi@ $he @PRISink rs&ﬁ&tﬁl%am  efficiently
per pendi cul ar to near parallel w th the pl ane of

traggfiers thp dightradiargl frginrtbe larhe 26iité thes¢xigaperture 23. Thus a very large
fraction 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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20 structure 14 is three-dinensional, it will be

appreciated that light also reflects fromthe other
wa@ohagess of the outer enclosure 16 and the i NPEF/US2004/005669

reflector 24, such as those that are perpendicular to

the surfaces shown in Fig. 3. Therefore, the |ight

emtted at the exit aperture 23 of the illum nation
thesi}{x?én%h }so%dt? Pjg’%egE& eQic%{ ﬁ%g.u’rr@é'égf%f’e% ﬁ&:}%ﬁg gﬁ? gg D69 iffuse

thrsoarcgémgmemfpltdn@graﬁﬁbpmmbm i nner surfaces of the
outer enclosure 16 and.  _the reflectivye outer suyrface

of {hepieie cpdpdimentef tba INVEROTH 2§ FpiGLeHIndtg-de dightspurce 12
inc?jcfeb g 5@8&1{1}%0%54 cﬁi}ﬁ{ S€d BetivBén thb g%{p Wd"ﬂtleqqeﬁtr gépr-fr@ £8 of the outer

aperture
enélomé 1 @rThefeoldrirtor Géhteflects subkeahtinlly ﬁlhﬁgﬁtamngﬁfavelafgﬂ&)utmde a
the,  ohject 32, and very lLittle light energy

selggied wiraredangs ofwavslenaihs. iPreleiably, av@tsalpvte@)@nswnc{%s wavelengths
frOH %ﬁ@@%&ﬂeﬁggﬁ¥§ F &1 rgagoﬁlgﬁﬁ%j ?xnﬂ%ﬂﬁte‘iy%\?\%\%‘rte’c{ﬁ? (f‘cﬁélm &11{110:'1'634, and
dishesed ptveznahecbld Inatrot B and thednmft aperfur¥\08 210 G /idB4ad &ansmitting

PCT/ US2004/ 005669 the invention is not |imted t
filtgipdfy which fyther aﬂmatgs/%glﬁ hevine wavalengiisoytsisie ﬂisﬁssgkfcfﬁé Spfrarcd range

whitk ftlfaﬂs?lﬁlttnll% ﬁ’éﬁg h% %VE%B%%E Qgtl‘rhrﬁr{e trllltg I@g]%&gﬁ ﬂﬂirryrgd I F%.n”,l‘hus, the

pur poses erre e 1 nven
lightsthateyissets eld-otigh Pﬁieg:oldﬁmrtd‘réMl dndhthe fibetr 3einto?the iontek vakdssude 16 is

. 34 d Db the | 26 dth
infipsL oG PEvaIEnaRS VBRI SAcctsd BREICOTHIES. 10, The
col ¢ dbhila¥e ag rekfal detﬁﬁtsth%gct e@tﬂ s?l).}is%h lthe ilglﬂlyi)#@vl?r&uld be

wavel engt hs tside a se rare ran
comfagmécbmgeh&ateﬁnﬁﬁled siphty ,Fdr IeEampllegmé ¢ight sange I2nolitemsist of an
wavel engt hs, from roxi mately 700 to 1000
aild) Atins

infrpg srutting dindg (lR12) ¢ apasRy axedl & ERG$. dl sy theypondiguration of
theg eﬁcﬂfrre ;ﬁ%%n infrar e%%eggﬁé{éﬁrlg % P I%%e dﬁnﬁﬂ?ﬁn@&@ﬂﬁly, and

thewhvettioh g ididimigidtie anppasichluodunfigantion oﬂ\ﬂl‘é dghngiubce 12.
outside the selected infrared range 10 while

tr aﬁwtd@plﬁg thff @menﬁavs ol mafperd ﬁ@bﬁ@mwm ofi the {lgnination system

10385058 B0 98 U OB ) el

34 8Qtisshes MThedseiihe adbwidih of M bafee endldulnd l@ﬁ‘ﬂldy@ncture of the first and
wavel engt hs within the sel ected infrared range.

secting @Mlos%l @wﬂé 6b itapproxiraetelyHO04 inghss. oThre:refmyé lepauhtof the light
gufdggj 1's 8})10:(1 tgl§|__1]4200c ﬁl%gsr di %t% %n{%hg #I%(? (i}ﬁ d g}?}%&%itgfﬂt%y 5.08

rare examnpr e

inchens Pﬁdfer@lﬁly,atﬁe totdl 1énpkl of e 1ﬂn!eﬂfb‘ﬂe@;6} 24 isR@pbixiifelyiBR6 inches.
or an array of infrared LED s. Thus, the configuration

The prefreed length ofghefubalag aecgn@%a ofithedinger rgﬂm 24 ésapprdxéndately 7.93
incABOVEnd Reifht Bh& wf&tfl 0 the 1(1jl|arn§erc]:{10n EJIEY is approx1mately 3.5 inches. The

height and width of the light source 12 is approximately 2.11 inches.

As shown in Fig. 4, a preferred embodiment 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 invention is not Ilimted to any particul ar
configuration of the light source 12. Fig. 4 depicts

wo be4dsarecisi ons of a preferred enbodi ment of tPET/US2004/005669
illumnation system 10. As shown in Fig. 49 the total
l ength of the light diffusing structure 14 is
approximately 20 34.82 inches. The height and w dth

ha\Fhflg 3GelHdhftier 611520610080 1@h@1fen§ moﬂtH@gjfePerrFed%fnbbﬁ&Jn't {5325 mm
and section sections 16a and pproxi mately

f0:96 Mgvie narhers lerbmeanpfaefured dAhgengeux. of the | ght gw de

oF e FERES R late 0 of hereftra sEtbopinaant A figposg vithin the

tubh% &lctibB a4 Br @k nfn@?reﬂ@&@f 24. 44 s@fé%rm #4b_4Sthe open end of the tubular
approxi mately 15. I nches. he preferred I'ength of

sectibe 28al ﬁnmsranapexture mmda wimichtthe camere38raadl lens 40 rarezpblmsd In this

[ ely . 7.9, he h ht
mephl, P Sl nise 234 st gmiarory e sk ew of the
cant&18 38N A0 th&BLn M, AR tBeééfve% lﬁ%sd hil fefBdte® ﬁHhctﬁe 3@] ebt532 that enters the

approxi mately 2.11 i nches. shown 1 n
lighntr gl der 22 ttaeeib‘dniou@rthe efclashre §6pamdéntens tlnempeu «taé oﬁthb eetion 24a.

e s e?fﬁﬁi%%%@lprfenﬁéﬁﬁf P g S ahapfrared-
traﬁ’énfuﬁﬁﬁeﬁlkérg@t dlﬁﬁ(fsle&?ﬂ & ggﬂ Thd BE 1RSIy §e%t10n 24a. This filter 42

Preferably, the inaging vice 38 of this
recewbmﬁghtaﬂﬂeqtal faoro Hizer ag}geqt 82pindcingi @thier hgl(n(tﬁﬂ)mam ahéay the enclosure

16,0 B BT GhEaeH ST Al el HrRe s IPBEn: Ui hd Gugerd range of

apﬁbﬁnﬁa@cﬂ? () R)f lbdﬂ? nﬁﬁcﬁﬁéiéﬂéedhle AROgIIERI ERbSdifrntThe filter 42

0.95 hovie canmera | ens nanufactured by Angeni elx
sub'Etvauaﬁymhml%esahghtl kavingd Oauélendtles poisidera escies&tad)mﬂﬁraredltrange of

e TR e A
1nt%hetlﬁfst hgpﬂﬂ'l%fed 1&%1?@911 2 ftlte g%é@leﬁ%th"i‘ﬂgit ‘f‘h@refoﬁcyvﬁ{eq:amera

canmera 38 an ens 40 are poi
38 prinnasily, retdieeshiofrareddiglitgitticlgen gieat@&Xrom vathirstha ilunailbhtyon system 10

entered within the field of view of the canera 38.
anél;'WB§%1§ Ff‘éleﬁ"ﬁaéﬁ" E’ Ol7ves light reflected fromthe
obj t
thr %ﬁg%ds&hgﬁg%gc gééifj{rc%d an dglg%%ter é%h‘g%%eggéﬁgéﬁééa%es a video

1mag!a&>f$lmnbjm 32tethe Agmstfonelcbtricki WideokigrbheAguhetarin Exg 5 the video
nt. of the invention includes an,infrared-

Slgp?ﬁr?sm rﬁ'ﬂ-@’ Priomdssl 9081y ARss SANANGCIER BRRER i Fush %h@ board
manH u?éd Vﬂl r%la'lﬁodgghﬁlﬁﬁengéE jo%ﬁell"ﬁgpodrﬂ gjﬂkﬁnetrates an

refl ect e om t ect any ot her

entimyedvitles irhipe scgmal esed en theGidearsibrabifrsinahé cahdry 38. The enhanced
elimnates all 1] ght haV| ng wavel ;ngt hs outS| de_the

v1qeﬁf1mggee§3glgaé%@og@e MAYidss FaptEe g display cardgi®, such as a model 20-
T i e

whicli mbylbe saveé iredipial fommhat an adligiaih gi@rape device. The card 46 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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15 approximately 800 to 850 nanoneters. Thus, the
light that passes through the filter 42 and into the
wo eng/0827¢ s infrared light within the sel ect edPCT/US2004/005669
wavel engt h range. Therefore, the canera 3 8 primarily
receives infrared |light which originates fromwthin
the illum nation system 10 and which is reflected
thd §u@f£bé bfemembg&ﬁ 332 1n BRIGEr YhbolBndrt 4L 1 gﬁ{ lhl%efdefi 1foaqr@f would
the object 3 the camera 38 generates
corrmgadtjﬂhehteh‘aﬂ}l@ldﬁmz in thetaay.f or m of an el ect ri cal

o1 o gt 2abac ek A TR e ST an S5k §a.amd 6b, the
imaies Sﬁﬁeﬁﬁ%??“f%%? TR PRALCAG OB P JA B2 %ith an image

of émmbmbftﬂ tpierbance theegdsusil gmrﬁtasﬁmwndlghtdn end datker as¢agofithe object

52, A PP B Eh o SR 3P e GO AR T anCING

ILEUMIN@&“OR TRAQIntetis ASVhiENdr¥ ﬁw@ﬁfo@a‘cé@%ﬂ&ﬁ%& WEBn &Y, the features of

Mro. The card 46 captures still images fromthe | mage
angpjgatre vmmlbfwnhweé éoranwbstrvar Vdueg thtefbatfss nfia projected visible-light

impct ol SPGRLRerGRemafing Hofus of B Suish ks ayepeid viible-

lighPidhdge lcadkds tHetbrféﬁP ?éaﬁlr&eoﬁﬁ@ bBjettab @Ppda dtighfwhile the dark areas
illumnation system 10 coul use ot her nmeans for

remeindhesameg di f f use | nfrared l'ight in accordance with

t he ]?lagVB]&t | O n. nt fof%%{eﬂ)‘(’gn Sgprtwggl? t]ég % a&g BP 5%)%?1/ eé ﬁ,{f?use infrared
light (r%@se'nt&my o) rh?sr mttbvtﬁé ¥biedt $ (A nBhnd §id1aPfo HEPdScribed

coul'd be uséd to 1llumnate "a plastic transmtting
PTQMWHSU’S dlowwévet.anl thmbodnaem@uz@mm Bige.Bagind 6b, the optical path of the

PCT/ US .0 f bj.ect 32. |1
NG Vel PRt SHE e R GRS N i e gt gp s rotated by
90\ BHeEs refRIVE €S MRt herbie shaveh M Epal-4.ED s in the

array. In an alternative enbodi nent of the invention

de p i“stsbown in Hzg®, a beanasapaditor, sueh as  heigningr §4, secemeﬂmfrared light

A B ) AL DS e
thd Hgm\guﬁiéaiz ﬁﬂnﬂo&@ﬁf theeiyeen | rgb th@f m?l%jr Sjﬁﬁélg@ Eec@fv@?én infrared

t he obj ect . As described In U S patent
1m5g€9@he7@$j¢ct éﬁt(n@t%cht@twr RABT TE)EMNGIINGS iflthrbehid] twmra 38. The

hof dia cebenion e e rlidt Broctreolapaed Dfhe ray Sudfanythe projector
50900 3aa&etd 19[nt@ﬂ16q{%ﬁ?glxlﬁé 2W0EDd d{l‘ﬁ%gij eCOf a

projected visib | mage o t overl ay

t he Acsoemptmndnm g]@térawmt asUd. pateat ninhbert 5,969 8540 ey Vided output
. bI e J{e e causes the (g ght features of
sigPfs %‘J thg g 8 Cap6 mramde agpivideor igput signal 49 digsprojector 50.

Bab&'& fhetvli&osiﬁ‘ﬁm 51gna1, the projector 50 projects the visible-light image 58 of the
object 32 toward the hot mirror 54. The hot mirror 54 receives the 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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The enbodi nent of the invention show in Figs. 6a and
6b provides diffuse infrared I|ight (represented by

W0 b4/080236 52) to the object 32 in a manner si NMPCHDS1004/005669
that described previously. However, in the enbodi nent
shown in Figs. 6a and 6b, the optical path of the 15
illTumnating light is folded, such that the exit

aperth{r?thg% _téf:t L) deg hissdU hﬁ@th%%n‘i'e?ltlbﬁ"isaﬁs%g t@iﬁnd WBbcutaneous

degrees relative to the exit aperture shown in Figs
blabd3vesgeds shtimarboidy tissug, thebhload bessels sippear as dark hmﬁshna:he arojected

ATl 8 RS S P e 958 0 B e oy

t1s§u%f 18 Qﬁ&utéﬁ@ods'ﬁécﬂr\fégseié xglhtlle%?rebﬂﬁL&neﬁth ehd daBPEind¥h 8 projected
and toward the object . ot mrror 54 also

Vlmldcélgh'esn@w & f Imthes n@p@nénrdhpeinyéntidvesighifieattly3igaproves a medical

e B o e b B B B e

aﬁén?tl ble-1ight inmage (represented by the ray 58) from
the projector 50 and transmts it into the |ight
gui dégs2?a anddbtdepiat ah dlieenativg embodmentad thevipteatioetdr ise as a contrast

B 0 B S R e 45 S e
endPo@MA IR Ef Bigs. Ba ¥hAGD HEPer, 3h 933 IbbAIniACoTid. 961b0the %Qmera 38is

25 Based oR the video input signal, the projector
loqatetdj oaitside thtbightidsiifsing striugtute I%ﬁ@mc&ﬁnmbdath thediffeernt 1®2t10n of the

d.the hot 3 hot m 4 ' yes .
cab R0 ek BBl Sl BT o P R SRR o
to th 9BditiG i gg ZaltPVEIhEWiSe tRPhA Hhirrde 54 gé’rv@é’ PBRlilar function as that
alignment of the projected visible-light i mage 58

desaribed tahevepinojedaense tBCFlg\a tGa-H. hélsonﬁorme:dmodmgdhéﬁlfﬁérent camera

oo PR e S ol 28 A B! B 2. 4

Y L i er v

sourhe 12 bjtete light gidd2thnditowauddhe anithpeitere 23v Entfemably) the panel 60 is

find bcut bl d th
o 450 E<ipsve HECURBBIE ApaTUBe dhetppganl ot Taht e BRPEwFet hagbicct 32

PRl &RleB8 MSiBierol sght i mage 58. Thus, when the
anw si bl e-1 |ght®rnj§gg 58 is projected onto the body

tis sﬁupz;efdrtwd esodimtemh ebans]dtivolydompast@hd highlyl relialde imaging system

directl eat h dark Jines in_the proje
7005 et lrnglﬂss a’bat, B8 maaamgrﬁygt%m&mo\ﬁth@efearabiwp%ﬁgured to
111&%91%{4&%_{&# Y, S0 ¥6dy fi‘ssﬂ@ﬁﬂcﬁfl& li vess &%ﬂ\%ﬁﬁvﬁeo image of the

Ity to I'nid subcut-aneous

objech? hibased gipdi feanédlight freflectddefromahé ebject Hi dkhe iftaghiptsystem 70
tive enbqdi ment aof the invention

prqt%wgﬁﬁa&t 455 ERE 430V G RO APPREIRE FREs of fhesystem 70.

t 0 9% SR & Fig. 95 thd AobsiRP SR ERrdbly Rad %%'b%m?dlf? }e@{angular
configuration. The housing 72 preferably has a length of between about three and about five
inches and a width of about three and one-halfinches. 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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10 enbodi nent of Figs. 6a and 6b. However, in the

enbodi nent of Figs. 7a-b, the canera 38 is | ocated
wooeaogigie7é he |ight diffusing structure 14. To PCT/US2004/005669

accommodate the different |ocation of the canera 3 8,

the hot mrror 54 shown in Figs. 7a-b is rotated by 90

degrees clockwise relative to its position in Figs.

62- v BRIz WeSRe 74, fz«,ﬁcmta méorcaﬁle%a%ﬁ{ \a%@ssmdl&b processing

function as that ‘described above in reference
compgmntsewsme willgo theohausingrit?o deindgng] dévier %41and:mde<p @rocessing

oAl 5B A0S s WA Sl om e
objeeﬂﬂ B in%agmggéygeﬁm }?oaﬁaé aﬁﬁ&hszgu BREd of %Jd&éc&erlnﬁared light

direct the [ fromthe light Source 12 into t
refldctgidt fragu rtlmbeolﬁa:t dhgast desenitgtdthereimx As sheen inuFigs 283and 9 the imaging

defigs (s HrfbisphiineBRehuidng feedirs GprhavEs S Wil the lens 7
exféﬁ&wg %ottﬂ@h&m&%lte'ﬁ%r 7204 cfeglﬁlb"éé Qﬁrtl?er 3810 dMBf@%e_gﬁ&Qérly, the

preferred enbodi ment of a relativel
camea Hiig ptqfembllylcam@ly and gymesycepilg moungedi witlie phechowding72. This

preffed yUadien cump aieHGE BhanogHbtze e s Bh o Eighred by the

caltnbl%s Wi EnHal6es! thK 8magd ngdﬁceRf BHYRE sfstdth 490 tﬁerﬂaﬂ’eer{?ifa.ncmg the
he  object 71 based upon infrared [1ght reflected

llhimmmw)rhef bibgpdamssal& disfidred beteyi swhcutymonnitatdn bedyetissuabl y

i ncl s ah 7 ich contai.ns the i in .
t eatliEEBugng Pl u frls SO aRL RIS dompangigopgeble foutransmit
difRigAD frée A SRERTOMoRER the DHREE AN Aﬁlo'vdé 8"0%%1%?@1%’ hﬁﬁ.xse light
configuration.” The housing 72 preferably has
trap$mibtted b the sptieomt70t Wrmevs&A depabsout the llgh’t reﬂemddefsomﬂm obj ect71. As
of . about e.and one-hal f ches. 1t.w
sl in i 9. Bavyeq fUBE AEioR BRI Ao wh SR Heshionige A4 of Fig. 8,
¥
the WROTS Shufaifd Fiflnlibr S FAMIRIIIN SHMERAiORs RLEBY) SidlorRed ina LED
arrgp 86 ifbn emittrgnipliessddighe nbbal LEBrirsydiSsdefimseal LEEY ﬁama oiﬁ@ference

0 exa housi n s deplcted as, bei ng
ToasiA ﬁamhnlr@é?%w?%& RRE Y lighicats 2, texplength of about 740

S ASRTah. s S S AR O e

Lagarghmily ofl dwktria uhider modeh nasber KiDkgd08der a havi ng a
| ens, 7 and _yi rocessi ng conmponents _reside wthi
t he %Sg«gWHgn 7 q%f % aoeQyrtmg tH&hA Rretopied spipodimasa, the LEDS 84 are
[ t f; e
S s GO B0 RRLE AL R b L £ holyRih ler S shere premost
prd:ﬂsmblycei:ghe gtoupd 92, Phef LERg Bhcormysitieailydrgppedistoastha imaging system

e based t he detectedlnfraredl ht 5 reflected .
74¢ Bsiconcentog P@E%mwgela@ﬁ&‘@éém msevide giagimal dipersiogand fransmission

of iffiSe hgn’c e s s@é?n hRgid 2 fﬁ}%@d’ ffhﬁ{seaZﬁL Ffo%g eﬁfﬁd@}%ﬁ% 84 contain

mounted w thin an apertu nmoun
at leasthen hEDIse8ds H&wever, the system 70 can include more or fewer LEDs within a

particular group depending upon a desired implementation of the system 70. Furthermore,
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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extending into the housing interior 77, as described

further below. Mre particularly, the canera 74 is
wpe@hesend y centrally and synmetrical |y nount ePCTHS1904005669

the housing 72. This preferred symmetrical canera

| ocation tends to maxi m ze the anmount of |ight

detected by the 10 canera, which enhances the inmge

7 ' . .
o4RERREE R Abhobon NSAERLERs of BEAEBEIAANATG Th Mort regons s
locitddaubanals béttech Badhudyne rspsate94. TVostpRefsiably, dtdeatein LEDs 84

preferably contains various conponents operable to

arq ¢igppsed i cagh fateralaegiog 98 of theh kP array8%.em 70 toward the
bi . i i ..
Crarsiet s AR BT EERBRS 3% e it ) Liibead nirqitpoma s

Inlcofifuinctic@f wigtc the dositrqd 8y sidig 90 thecitcurt board86kihcl6de\6Onttd] circuitry that
[ as viewed in the direction of the arrows al on

Fig. 9, as ) ) .
Cotﬂﬁfgs theeetivatiopiof angormere LEDs 84gvithin p parfignlar grgup ergrappsd2, 94 of

: o  aht. i . .

LEDRATRRl 1D WAL % o R U R Fiet 1 E Al soure 88

andl b @biitrol Tysterh BD), saich aya Bficrdpiloceresr @ siooRrRbaAnéel de¥vice, are electrically
reference. . Wien activated, each LED 84 preferab

|

coppestadip the qiseytiboand 8. dawall bnanseciated hstis ahsgepossible’to control the
i D 2

L Juf {lgi%lé 9 %ntré}%g%/tglﬁoépz ﬂja? {s! 8%&@&%& ¥R L |b§ Q\chﬂ'e'(:i on” or

I'S manutacture ner Lasertec

“offistb ractivatachad deackivatd the BEDEithy/ 86).- SR 4villAbe apmrétiated that pulse
5kgi,10, and according tg the preferred enbodi nent, .
mqdykatiopechpigues can alsg b Usad 18 FomuRstionyith pasier gowee $dioactpte and

OB BB oL LTINS B i s
cy€clejinedih defimdd a¢ ey LBD e amewélafivistoithDED o8y Sin@in  74.

The concentric_ LED arrangenent tends to provide o
naxiAehown éhde blask diagerne pElHE Is i apretesred em@pdimestof the imaging

' t t Lt i ferr th ch
s 808, 5Py SY B oS o gy
88iHatetrol systeen 8§ ST BonRo s Ete nOlikledd¥Rbitr ol Tedt@eSfor bdeR®1ling the
within a particular group dependi n}g upon a desired
1

LEDvprashehtoaamib infeared hight dgward mnobject-it-t Asdassrided hetgim, the control

i_ncl r ewer_ groups  of | o

BT BB e TR o S e g AR ey

to thériphtsatihossl06auRsmARny. TERSs, 3fe LEDAIELSH 2 @iraBBMILEDS 84
the corner regions 96 of the LED array 85. Most

camypegedqctagiapd centrqlled 4o emit infeased lighbintgmittently otpantivueuslsi taward the

cor.neh. . reg 6.qof the LED array.85. There are
oHGRE P PR SR 00 e R ERY Rl gartil s e i
arBET SRR AéraRbafDs afld corthbibiins S LBDERASRE/or DEDRERBLA 92, 94.
regions 98 of the LED array 85. Each |ateral region 98

i s Refursinggowuteskiani 0.a8 fiyst idififusiamlayeic O isr disposed gilieeent to the

SRR PN N ——

enfbediment, the first diffusion layer 100 is glued, such as using known adhesives, 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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As descri bed above, the LED array 85 i s nost
preferably di sposed on circuit board 86. 5 In
w@oovasieré on with the control system 90, the cP@TUB1004/005669
board 86 includes control circuitry that controls the
activation of one or nore LEDs 84 within a particul ar
group or groups 92, 94 of LEDs 84 in the LED array
hal® ﬁmhéss g«@ ut e dnf fle ! ‘ﬂhffﬂ{cﬁgﬂ %d £ hﬁckm]:gs of GbHROEN0 inches.
sourc a control system 90, as a
M{dnmne or m&sﬁ@he IoFDs84rinlthe LEDriapBS5 dle\alcﬁ%,tedaﬂﬁ first dlfﬁ.lsmn layer
el ectrical| connected to th ircuit board 86.
100 dftfusse ﬂ‘&p‘ﬁ%‘é@ﬂdf%‘& epfiiad fram e i%grg%fi %rebsbﬁfcmmg a first
amb{ift Jf%lfﬁ%%t\@tﬁ@&g%t eliggNt 1 ol SySt em 90 t hat
I'S, power source can be sWitched "on" or "off' to
act Mhairertrdudaes 1 04/afitke hdvsingtD amshaWn&SF igl 0. Midsk pieéerably, the
appr ecj at e% that pu

ul ati on tech u can als
intgjgor sugigogsnl U4 s e??é%i BHL r@ﬁeﬁwa%% Such afgwhige pamt or the like,
§ Lbl§,Epﬁ
Wh?‘?]ﬁt te %Dgar ray ggﬁg%(b:éér igﬁlgéht%gggfﬁ%‘raen er érggﬁ%l(}t y %gl (%t Ig ?ffuswn
layhet(lﬂ rW dk ﬁmmﬂnilrgsreﬁefmcd:ﬁm iAW, a secord diéfuaibh Veyet 0@ ik epaced apart
from g §_t dlff},}élgne b‘aryéqs my\n’l I c? Frbllﬂe ]gﬁlog’rf lll’("F elraﬁ;g}g ﬁ%gifstance LDD
beitveeh HP # S ankl @@cohg@g‘gfsfﬂa%g’s 160 £1190k5d £301 %}ééé‘?ﬁkgl%g.t Bitk second
via circult boar power source an

diffisidorlayer 496 isanosd prefetiidy a hnlogniph&;twbﬁmd@@ee ditfuselesimilar to or the
control features for cntrolln LED_arra 51

sarggps the gpoverdegenfeg st oo e&?‘e gecon lfé@§>e§%>@é306 hasa

pr%?ﬁfdhgn%@gg ag)g{ftt fafle arﬁyoﬂeq{yl@gcﬁﬁna %\H?tlﬂlt cﬁ"é%ﬁﬁb@%e;e‘%deone-half

in a group or groubs 0
uuﬁﬁsZﬁdammehmxsbﬁ@mUtabﬁhmhaously or |ntern1ttently

lg ?téfélﬁ sépoRf glf}éva E%Wr rb%a@aiiur a‘;f&SE%@gfak%gy mféés light A etleeied from
the _llﬁjléjaglropk bRBH ﬂd}%@ﬂhé@@gﬁ%lfﬂ ttd?ffﬁsli%‘l fa.g& 10@bJAescsﬁ10\ZIﬁ in Fig. 8,

e system can configure transm
thel finkst mdsémbnckﬁlffuﬁb@l’ﬂyéﬂs @rd dubstantialByplarar, \thatiis) dise layers 100 and 106
tations and conbi natj ons of LEDs 84 and/or.  LED
‘231( s agplanag geopglniar ALFRIIIMEC e WPE. Prafgrred epbpdiment, the planes

oSBT  fRORE PSR L P i

respbet t@mmmﬂﬂmg The efprred garalbd plapaidecingBnént of the diffusii layers 100,
di ffusion layer 100 is %tued such as u5|n? known
106%@%1%91110%%1&@?@ leeadsumifapm gwenaiad diffuye light emenatingirom the
t se the |ight
sy@h 38 iRn HBSE A8 AREL EEDRALE Habfase the 1iont

The Witlli Sbntﬁiuitfgl,l‘éfmhcb &y Bfz. 1002 b&kmgsﬁlaﬂéflﬁf H3abhch =8 LUCITE, is
hol ogr aphi c twenty gaee dlffuser such as a_ product

dlSﬁawdwglJ gogiirie thei S@@andcm soLayer 1060t orirRl 0F papking material
ha%%gﬁ%gy5f%apy ? %‘9’ fﬂcﬁ%ﬂlﬂlr g ]pgf?ag% v 191‘0' gglspﬁegtadjacent to the

rran

backihd tiaicpial 168y he 31&%18 gﬁlaﬂzérelﬂ glidmedt S?éf@ﬂdblyﬁﬂa[r@l@aoﬁﬁgd by Visual
one- -12 WD 2004/080276 PCT/ US2004/ 005669
Pursuits of Vernon Hills, Illinois under part number VP-GS-12U, and having a thickness of

about 0.075 inches.

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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hal f inches, a width of about three and one-half

i nches, and a thickness of about 0.10 inches. Wen
wop®40802n0r e of the LEDs 84 in the LED array SBCHDIS2004/005669

activated, the first diffusion layer 100 diffuses the

infrared light emtted fromthe LED array 85, thereby

providing a first anount of diffusion to the emtted

106 ,HabiBhe Shdtdriit s %ﬁ%lfhﬁ%ﬁ[ 10)r Tﬁért;r hacRs of kaﬁgfontﬂaﬁnts after the

housing 72 are shown in Fig. Mbst preferably, the
emlttedélghbpassensrthmgh thbdiistahﬁusmalae@t it nathee favelxifidiffusion results

frofihp LI HaoR S RIERorTF RESC TR et shpariteri D of thealready
diffulsEd i gt pRANERh e ﬁl@tedlfﬂ.&@ﬁ la‘fs’flﬁ:l‘C 100S 'YRandtiaf Bvel il results

continuing reférence to Fig 0, a second diffusion
aft¢rahedifosliglt rmpms ddtoughethe secbmb diffuseonflayest106i f f usi on

o 3B RS BReaaan poheer T Qe D afonraopion 112

mo's@%h%fe?abﬁQQn sHH ?@ of % ARRUkavAY Sfouk ﬁ%ﬁncﬁrﬁﬁn&?&‘)'ﬂle central

fusion layer 106 is nost preferably a hol ographic
porttinei iy g@mngartessndst pfederebly ceinpidesiwith theshapdand dsnemsicof theeamera

a v-des . dflr t diffusi.on yer The ecn
lendi 1Py g éﬁ?gf’nfé it el PYHER BRERS P{%ﬁ@‘ﬂﬁ rpiftegppproximately
ninetyf cfe%réég didnesgedd & th@ﬁél%aﬁ@n%ﬁfe@uﬁﬁmﬁﬁﬂ%ﬁrgﬁ ?([)43 8f AB Polarizer

one- i nches, and a thickness of abo )
110.rottlesprefetred hebedioent] thtichfesi loms 15aopatactB@1£e lfagkingmatenal 108 As

o 767 D B R S R o
cmﬁblﬁéy@itﬂ Br 1Y theldfhe cAStral R4S iHB cEﬁtshl p&tiontl h@ ofﬂhe pblarizer 110.
and second diffusion | ayers are subst ant| ally planar,

The bexttral portliohé 12 af/the polutiverd Al coipidingacith theffiomtofthpleas 5 tends to
eomet rﬁrgf ggordl ﬂ% tolt he rmst‘lng)referred enbodi nent ,
TETHQYES A9 SHARCC SIuF I B TERMHNSLACFA A%/ second di f fusi on

| ay alsShdQf iR ks, ]1@6t1f%rlﬁ,cl§ %ﬂa@éﬁaﬂ 2b8 ¥nd ﬁ{easlrlhﬁi ﬂMlérEeg@lo have

respect to one anot her. T%e preferred parall I'anar
planar surfpeeewhichf prefemblli fnclwle mmﬂndmephndﬂfhentalﬁﬁ mﬁnn@pm to the

ple RN Tt el diStasnleero iin e ASFofEco @ most
pre@érréd@nﬂoﬁ@ﬁeﬁ"’ g8 fﬁ tm&ﬂa?éy 1'0? %&@ Iefdds E(%IC%QEH& Qiffusion
| 08, such as , 1S

to Fig. 10, a ng mater
layels Hpﬁobmh@paemdtl Ot\%,mnﬂlvmlﬁepoiaﬂmillﬁo defiren dﬁgmg sif6m 116 (Fig.

10} e E‘@g e Pga%/?oﬁélg do %g;h%ﬁ ey i @bg .aBPr@CIE%ﬁ&WztB? diffusing
str&%@re can 9 ﬁfo‘?e %%#oﬁeﬁtg EndRE ki (ﬂﬁi% 664 18 be fiftfted by any

The vi si epo arlzer I'S nost pre

spaviindxaniplesed elmpodinensldiscRsedhirein. Gbr dbampds) tl‘:dl dlffssmg system 116
1 %I S un er _part nunber 2U and haV|

car} HS Senihe BBb0 -6 sieheen Taysis 04 HbsySha wigout the
polaﬁiz&pﬁr@?)g Saﬁ glboﬁl{ | Stﬁg ?iréf%ﬁ%@orlde%’ Ellv.@loﬁfla}%hsfe i(?{?,'rlgt@ Whthout the

e emt f "progresses through
polrikénidi0on | ayer 100, reflects off of t he interior
surfaces 104
Once actuated, the system 70 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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of the first conpartnent 72a, and continues to

progress through the second diffusion |layer -13 WO
wQeMIRR 76 PCT/ US2004/ 005669 106, backi ng nmecEUSBNN4/005669

108, and pol arizer 110. Thus, a level of diffusion

results after the emtted |ight passes through the

first diffusion |layer 100. Another |evel of diffusion

108 @Sttet 8iffuké QRifRRe 'h@ﬁﬂ @ednb Oy fré:A M M8t dlﬁﬁﬁbh Qx?rer 100. The second

surfaces 104 of the first conpartnment 72a of
dlﬁw@aldxer 1@6 ﬁﬂﬂsedllfﬁls@hhe gready difuisddight whichiis then transmitted through

tng bl BE ad e nefaricRL e e s atiug tesabicshiah pdescribed
ab&RS§ %d)bj%‘cf 791%&1@5& LRittd PGirubSlaR @Wﬁrddﬁcﬁ:lgghfﬁ%e réﬂ'é%ted light 82

vi Si bl e pol ari zer 110 preferably includes a centr
thap ds edptimed by the imagingpystber Zb| Thei 1maghug Ssrktame74dhempmduodsel video

aut o e- | ch di.anet C orti
g b Bt FoorppRi sy Suitie PBsS ebh SpanliBh gp @ unique
dlﬁlﬁ!ﬁ’orgpm%goﬁs&h 1618h& 8YSRI2 70 bRB S Yo'?:atn:fé1 %@&Tﬁfénﬁﬁﬁﬁé’ﬁbtween
of the central portion 112 is preferably rotated
diffgypmtonatenial @qupentmmf thest abjebe gt .cusch og bdtm@slpieod vessels bhad tissue.

ol 3 Saienitaf. dmifyilibelspenencid sRin Redinthe iof fam the preceding
deScHiPEbAahPIRE ac?o%nﬁféﬁ%ﬁg Hiawing t@ﬁ%d’fﬂcaﬁﬁﬁ@a{dd%r cﬂQ‘%es A8y be made

shown in Fig osi tional |ocation of ens
in 1715 epibodinengsed th@mgﬁmtgw Fopexsimplea the planssidetinettyy the fitst or second

har ntral ax as the c 0
RSt 0T B 5B R gl Rerale) 7 iec 9 Opg avother,
thérl%?y R6VidingdefFerdrtQe ey df‘éﬁﬂ’ds@ G frdin HRRydtEAD. BirtHeRBore, the plane
|lens 75 tends to 15 renove any surface glare in the
defipedbytthe\bEDamey 85 ismaest preferaldiyi oveubitantial garallel relatien with respect to

g8 naThte B At BsTteer ol dfewesr s Aerd geoacdby e aay
85SAndl ﬂh@ Ifirf (ﬁfﬁ.ﬁmg NaRR1ADI AR BY $ahich &8 %@%mﬁ@dﬁt@ Qfan@ﬁ@gﬁe?auonal

defined b irst and second diffusion [ayers
condigonspes mlilj be gppromateddwtthoqsrskﬂbd e theearb oAcmrdﬂ1glyt itds expressly

sion | er 100, terior surfaces 104,
mts&%ﬁh&&f“? e tine CTIB%} e aw&maﬂgnﬁaﬁww arg ijustrative of
pr%ﬁied/ érﬁb(mu%eﬂ@ |oﬁfy’ a0 hrgnltgngEérélBeal?d fﬁh{ i $hRGp N $he Rope of the

6 (F 10) for providing diffuse [ight 8 an

pr@sbpteuvenﬁmn bt detgirhined by sgfprene Lattmiappbadedt dimrmh ffusing

structure can include nore or fewer conponents and the

invention is not to be limted by any specific

exanpl es or enbodi nents di scl osed herein. For exanpl e,

the diffusing system 116 can include either the first

or the second diffusion |ayers 100, 106, with or

wi t hout the 25 pol arizer 110, or can include the first

and second diffusion |layers 100, 106 w thout the

pol ari zer 110. Once actuated, the system 70 operates

to transmt diffuse Iight 80 toward an object 71
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and produce a video imge of the object 71 with the

i magi ng system 74, as described above. Mre
w@aootiogelrar | y, once the power source 88 is enaPtBUS20041@05669

or nore of the LEDs 84 in the 30 LED array 85 enmt

infrared light fromthe emtting surface(s) 102. The

first diffusion layer 100 provides a first anount of
whiifif Mging ko the emtted infrared Iight. The interior

surfaces -14 WD 2004/ 080276 PCT/ US2004/ 005669 104

further diffuse the diffuse |ight emanating fromthe

firdt di fAneppamntisdgenroviding diffiesedightindn oblicetitaenhancd supeytaneous

106 further diffuses.the.already diffuse |ight which

i s then E’?Q(fr‘ilsvﬁﬁerglﬁlsqﬂﬁ?oﬁﬁﬁppﬁrﬁ%s AR et eri al 108

and the palafalZFMigdheERitlng lsbiads) hdsbukdrefoR Rinfifing Adfrared light

As descri bed above, the object 71 reflects the

em tted diffudevinggtwavglengthdawaidithe obitdtuse refl ect ed

light 82 5 that | aptured by the jnagin tem.74. .
The | magi R ey Sy 5% Bratiqing Pt R Hvths Bl Sffidipg infrared
t he obj ect 71.1igﬁ{:@ﬁérd{h@\ Wer $00r&@ Tk thdblgl, di ffuse | ght

according to a unique diffusion providing system 70, _

t he syst erdiffasieg sigicture haxdag ote tharlont diffusiemstage pragiding various
between different r.ia ropertj of .t he. obj.ect

71, "such as bt (et G tnaBt SREed A Rrnitel g fihray as the
cont enpl at ed, egfifleddight g_hﬁe.@ﬂ@@fgﬁr’che dfukigshusdsd. | ed in

the art fromthe preceding 10 description and the

acconpanyi ng draw ngs that nodifications and/or .
chadges i apparatgef clpim | Rewsibibadifeiing ssucturpfurther comprises a

i nvention. Fors ex . I S i by t P
first or secorﬂ‘igc %lﬁg%lg% ilEEr?{:ﬁl’F f@?‘g&?ﬂg afgagglgﬁg fﬁéy’ctg‘% ﬁESet diffusing
adj usted to noiyeberdiadiat hetrstletd] ofQsihasdn foothe mi?ht emitted by the
another, thereby providing different |levels o

di ffuse |ight a@Hm the system 70. Furthernore, the

pl ane defined by the LED array 85 is nost preferably

the bl ancrigePyEs B2 el Mol ek SRRESr hitgrcomprisesa
However, the motspesphitediffied. by LED array 85 and the

first diffusing layer 100 can be varied to accomodate
various operational = conditions,

as Wil be
appfeci at’ey 2ppargiys sEclawn P mbgreimnthe difusing stonstey farthgr spmprises a

it is express lséc%nﬁ%&ugﬁ%%ﬁgﬁrﬁé’%é% .rsﬁcg)ghggveel of diffusion to the

description an e acco
illustrative dfght anitfedibyale &vdyodi nents only, not
l[imting thereto, and that the true spirit and scope

of the 2Q present invention be determ ned by .

r ef &r encel Eo2RIFEAYS, ;92 ng%lHl ¢ ¥hggein thes Smnéo@éfﬁlmmer further

PCT/ US2004/ 00 m j Al is: 1. An apparatus
%gﬁﬁ?lﬁ ok (I)lg,%ttaﬁlil@klﬁﬁge

for providing 0 an obj ect to enhance
subcut aneous
6. The apparatus of claim 4 wherein the second diffusing layer is spaced apart

from the first diffusing layer.

7. The apparatus of claim 4 wherein the first diffusing layer has a first planar

surface and the second diffusing layer has a second planar surface.
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10

bl ood vessel visibility, the apparatus conprising: an
array of light-emtting sources, each source for

weprioksn2ge i nfrared |ight having a wavel engt h POWESZH04/005669

the object, 5 a power source for providing power to
the array, the array emtting infrared |ight when the
power source is enabled, a diffusing structure having
nore than one diffusion stage providing various

level s of il dpbatuRdr bRRirh PSvidAdih At d@%@ccﬁﬂ&ﬁ&ﬁg sUrFARBY of the
the array as'the emtted |i1ght passes through the

di f f usi ng st r Uostand. secondKiffusipglyears ase substentalinphrallel.
wherein the diffusing structure further conprises a

firgt diffusing |ay di spased adjacent the array, the.
Firet di fHHARE R sy D ofien ohPrtiRg ¢ ROGyEr B¥ polarizing the
di ffusion to tipt bingfed v5thé el by the array. 3. The
apparatus of claim2 wherein the first diffusing | ayer

further conprises a holographic diffuser. 4. The
appdfat usThsf appreatusm of oliey & whereirethd ipolagigemirther eamprises first and

further conprises second diffusing |ayer.providing . .
a second | evel 81 dF¥PH%; re[,uatl‘le#zr.st rfgglﬁﬂ%roé’ﬁ‘%tstaetlgs arization
the array. 5. rbfa€ioRRiRBIhebstona fegidriirbvidesREQIdpoldRation rotation
second diffusing |ayer further conprises a

hol ogr aphi c dith#tis differegnt frphrethg Sisst patagigatisn rotatiom 4
wherein the second diffusing |layer is spaced apart

L AU 888 SR o

pl anar surf achffertsy dboat siaewrdgded.f usi ng | ayer has a
second pl anar surface. -16 WD 2004/080276

PCT/ US2004/ 005669 8. The apparatus of .claim7 wherein

t he 18i r st ThnePreetsnef §lpundr fusther eauarrisig ¢ fyideorimagingagpyice for
second di ffusi 1 r [ . .
The appar at us Ig%l‘!gﬁ%?iﬁ]ﬁtll%? g%@% 21?) hg{glﬁc}po;%# ésc |¥’ r;[gggﬂeh ?Jnaglgg device

pol ari zer for qpetabidtaiprgyiddeviddd ighige 6hthe bEjdctdrsddum the reflected
array. 10. The, apparatus of claim9 wherein the

pol ari zer f ur tliebe. conprises first and
13. An apparatus for providing diffuse light to an object, the apparatus

comprising:

an array of light-emitting sources, each source for emitting infrared light
having a wavelength toward the object,

a power source for providing power to the array, the array emitting infrared
light when the power source is enabled,

a diffusing structure for providing various levels of diffusion to the infrared
light emitted from the array, the diffusing structure comprising:

a first diffusing layer disposed adjacent the array, the first diffusion
layer providing a first level of diffusion to the light emitted by
the array,

a second diffusing layer spaced apart from the first diffusing layer and
providing a second level of diffusion to the light emitted by

the array, and
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second regions, wherein the first region provides a
first polarization rotation and the second region

w@e@nviogiegss a second pol ari zation rotation thatP@BUS2004/005669

different fromthe first polarization rotation. 11.

The apparatus of claim 10 wherein the first and second

pol ari zation rotations differ by about ninety

degr ees. 3l@jaritBeroApPafiAhY %he(ﬁgh@ leﬁit;@dlb fthé

conprising a video I magi hg device rece|V|ng l'i ght
reflected fromthe object, the video inaging device

opet4bl e Arx:appanams des paoviilimg diffusa fightab an bejecsit etentssubeitancous

on the r cted 13. An apparatus for

provi di n‘g VFﬁ@EV?ﬁbgHY thi aBparalps ‘g&“?pr % appar at us
conpri si ﬁgtghﬁfbu?deri@ir'elﬁfttllllg %tare%rngm iR @ Mielobft, each
source for emtting infrared |ight having a

wavel engatirstalifinging lagergisjssioned B intepeppelight diane theflight source, the

provi di ng po rray, the array ent

i rared |1 onestEHPEndesist fividBert B oiah o iffusion to the
di f f usi ng st I G AdEe 1iERY erRFHRY 165 M8 1SR bokde, tRY Bkt dffusing layer
diffusion to the infrared light emtted fromthe

array, the di ﬁlﬁmsgﬁ@irﬁttdnf@wmg]damwrl sing: a fi rst

O TS A G oG Bonb Shevie
di ffusion to thesihg 8RlicedPetdbRto PYoviddByvidddi t?dége af e 6Beek based

di ffusing | ayer spaced apart fromthe firs i ffusing
| ayer and pr owvitlki 1efected Bglgnend evel of d| ffu3| on to

the light emtted b the,.arra -
2004/ 080 PSR IGH 6%%%50"\4%0 ep?é’Pﬁ‘iaP‘fer f or
polarizing the light emtted by the array. 14. An

appas.at Ught appapRataysfdildas 1dififhg ol ﬁglhgb@eo@ﬁd aﬂ‘ﬁﬁﬁig 1hyer spaced
enhance subcut aneous bl ood vessel visibil

appar at us conppatsifrrgn the Iﬁrghtilfﬁtsmgc tayero rthe rﬁeGQndn Qlffusmg layer
infrared light to rdthe ect |rst i ffusi
| ayer positi oR&Od'I BE P fropd SBJP“?WJH‘E HPHP eenifrlabegtq%ht diffused

source, the bythefirst diffusing layer, the second diffusing layer having a second

diffusing plane.

16. The apparatus of claim 15 wherein the first and second diffusing layers

comprise holographic diffusers.

17. The apparatus of claim 15 wherein the first and second diffusing planes are
substantially parallel.

18. The apparatus of claim 14 further comprising a polarizer for polarizing the
emitted infrared light.

19. The apparatus of claim 14 wherein the light source further comprises groups

of light emitting diodes arranged in a select pattern.

20. An apparatus for providing diffuse light to an object, the apparatus

comprising:
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5 first diffusing |ayer providing a first anmount of
diffusion to the infrared light emtted by the light

w@ouwnog)27¢ he first diffusing |layer having a fPCBHUS2004/005669

di ffusing plane, a video inmagi ng device for receiving

light reflected fromthe object, the video imging

devi ce operable to provide a video i mage of the object
based  18:R8s b Ghtedrhie: odldsMEDsR Qﬁal%gﬂqmrsefe@ﬂﬁ&%m which
for providing power to the apparatus. . The

appar at us of defaeran LB planer eachnbEDshavingar epvitigg surface for

di ffusing | ayer .spaced rt fr the.first diffusi.n

| ayer, the _seE’Ei‘Hg‘H%if _t Fg{\}@ﬁ%roémch%a%elggggﬂdgput for
amount of di f;:fb%/ﬁcﬁﬁlg hitelbBBichiNigmal RAné LEDL di ffused by

the first diffusing layer, the second diffusing |ayer

havi ng aaseuwtorldirct elédificaiyegnprctaddo thealecTinel impptaoithed EDs for

o L e Shie i sl WP dg§ 98 5% o HeHELBs in a selct

apparat us of elabmriEpsherein the first and second
diffusing planes are substantially parallel. 18. The
appar at udifffsing strueturd positiohed te antprcepti angl diffyse dh¢ mdrared light
for polarizing th emtted infrare ight. 19. The

appar at us of ginéﬁt%fi%n\ﬂﬂ%%‘i“ﬁret@?ﬁﬁhf' source further
conprises groups of light emtting diodes arranged in

a select Thatabpdratus 30 clafih 20PMadéih Ybe ERupPOPVEDS Ak symmetrically
diffuse light to an object, the apparatus conpri si

ng.
-18 WO 2004/ 08927sdrdputgro 641D pheep ang o tips gspup of LEDs are

light-emtting.,di ode arranged i lLect
bastern i ¢h A4S Socay pild AMAGE of e B8 iRk and g second
em tting surfagfiplofLEDR afyTbédtdttwedn adfRent/pl618 torners of the LED

towards the ob]! ect and an electrical input for
providing an @@etrical signal to the LED, a control
circuit electrically connected to the electrical

i npyts of . rovi di . ' .
0. O TR A, b 0 el i
diffusing layer having a diffusion plane, the diffusing layer located
adjacent to the emitting surfaces of the LEDs, wherein the diffusion

plane and the LED plane are substantially parallel.

23.  The apparatus of claim 20 further comprising a video imaging system
operable to produce a video image based on the diffuse infrared light

reflected from the object.

24.  The apparatus of claim 20 further comprising a control circuit for providing
control signals to the LED array, the control circuit operable to
control one or more LEDs in one or more groups of LEDs to emit

infrared light towards the object.
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group of LEDs, 10 diffusing structure positioned to

intercept and diffuse the infrared light emtted from
woer@40802n0r e of the LEDs. 21. The apparatus of PCT/as2002005669

wherein the groups of LEDs are symetrically arranged

about the LED plane, and a first group of LEDs are

adj acently located to plane corners of the LED pl ane

and a second group of LEDs are | ocated between

adj azent THeapBaraRE BLEIEINDD0 Fltthel Bohprisiid #BéhtroR dirculd¥r providing

apparatus of claim20 wherein the diffusing structure

further conpricoakolasigeily tashen§EDaguay, thw iconfral circuit operable to

di ffusion plane, .the diffusing | ayer |ocated adjacent
Lo the emi L1 g0l Pufst stofflafiln'seals cclfidilty 9 5% to the
di ffusion plaEp akgy.t he LED pl ane are substantially
paral lel. 23. The apparatus of claim 20 further
conprising a video imagi ng system operable to produce
a video image based on the diffuse infrared Iight

refl ected fromthe object. 24. The apparatus of claim
20 further conprising a control circuit for providing
control signals to the LED array, the control circuit
operable to control one or nore LEDs in one or nore
groups of LEDs to emt infrared |light towards the
object. -19 WD 2004/ 080276 PCT/ US2004/ 005669 25. The
apparatus of claim 20 further conprising a contro
circuit for providing control signals to the LED
array, the control circuit operable to provide pulse
nodul ation signals according to a duty cycle to the
LED array. -20
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